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ABSTRACT

This study was undertaken in order to determine the budget impact of
advances in thalassemia management for transfusion-dependent thalassemia children
under the Universal Health Coverage scheme (UC) in the fiscal year 2007. A budget
impact analysis was conducted from the National Health Security Office (NHSO)
perspective. A scenario analysis was constructed to examine whether or not the
treatment model was dependent upon the recommendations of the Thalassemia
Foundation of Thailand (TFT) as well as conventional treatment. Parameters such as
the proportion of beta-thalassemia diseases, treatment regimen, and iron chelator price
were inputted.

There were 37,452 beta-thalassemia children for whom all the direct medical
costs were subsidized. The base case scenario was classified into 2 circumstances.
First of all, the global budget was 2,521,961,116 THB for patients receiving a high
transfusion with single deferoxamine (DFO) and a low transfusion with a combination
package. Secondly, it was 1,895,218,833 THB for patients receiving a high transfusion
and a low transfusion with a combination package. The sensitivity analysis indicated
that the global budget was about 1,466,256,308 — 4,304,895,260 THB. In addition, the
variation of iron chelators constituted the vast majority of the total cost.

The global budget of the base case scenario was higher than the conventional
treatment scenario approximately 397,083,709 — 1,023,825,993 THB. Moreover, it
was around 2.14 — 2.85% of the total health budget of the NHSO in the fiscal year
2007.

KEY WORDS : BUDGET IMPACT / THALASSEMIA / COST / THE NATIONAL
HEALTH SECURITY
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CHAPTER I
INTRODUCTION

There are thalassemia carriers approximately 18 — 24 million of Thai
people,(1) therefore it is estimated around 630,000 thalassemia patients. Meanwhile,
there are 12,125 thalassemia newborns every year.

The problem was interested by the Ministry of Public Health (MoPH), the
medical school, and the Thalassemia Foundation of Thailand, the organizations
assisted to execute with the program ‘“Prevention & Control of Thalassemia and
Abnormal Hemoglobins in Thailand” in 1994. Then, the National Health Security
Office (NHSO) has participated since fiscal year 2005. In addition, the MoPH
announced the national project of thalassemia, 2007 — 2011 (2550 — 2554, B.E.). The
national thalassemia project aimed at reduction births of thalassemia major and
improvement quality of life in living thalassemia patients. The 5 strategies were the
development of the program of control/prevention, treatment, laboratory diagnosis,
and research. Moreover, the evaluation program was monitored regarding to
improvement.(2)

The outcomes were expected to decrease new births of severe thalassemia
50% or 6,371 cases, then the health expenditure (treatment cost) was assumed to
diminish over 32,197,880,000 THB.

The health insurance schemes in Thailand are mainly consisted of the civil
servant medical benefit scheme (CSMBS), the social security scheme (SSS), and the
universal health coverage (UC) scheme. While Thai population is under the UC
scheme approximately 74.51% of total population, so that the UC is the important
scheme of most Thai population. Budget of the UC is generally allocated based on the
capitation payment method. For patients with high cost care, it is reimbursed under the
disease management program.

Beta-thalassemia is a chronic condition that regularly requires blood

transfusion and influences with iron chelation therapy. Consequently, the high costs
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were incurred from thalassemia treatment procedures. However, the reimbursement is
included in the capitation payment. Based on such reimbursement method, the patients
trend to receive limited care from the hospitals. Hence, the disease management
program is proposed to cover the thalassemia. Then, information on budget is
required for the planning and management of the NHSO.

This study was designed to determine budget impact of thalassemia
management under the NHSO. It can be used for budget planning, forecasting and

computing the impact of health intervention changes on premiums in the UC scheme.

General objective
To determine the budget of transfusion-dependent beta-thalassemia

management under the Universal Health Coverage scheme (UC).

Specific objective

To determine the direct medical costs which cover types of blood
transfusion, types of blood components, and package of iron chelating agents of
transfusion-dependent beta-thalassemia, that the NHSO will finance this budget for
hospitals.

Expected outcome and benefit

This research was expected to provide the budget impact estimation of
thalassemia management for the NHSO, since the NHSO is the UC budget
administrator. Consequently, the NHSO had options of decision-making on the budget

management.
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Definition of terms
Transfusion-dependent thalassemia patients

This study means the beta-thalassemia children such as homozygous beta-
thal and beta-thal/Hb E who usually require both regular blood transfusion and iron
chelation therapy.
Thalassemia children

Children generally are 0 — 12 years of age but they were aged 0 — 15 years
old in this study. In addition, they were thalassemia patients.
Cost of Thalassemia and other related conditions

This cost was composed of treatment cost of thalassemia and complications
excluding co-morbidity cost. The costing relied on the proposed of the TFT or
conventional (practical) treatment.
Global budget

A limit on the amount of money available to a health care system during a
specified time period, all medically necessary care must be provided to all eligible
patients within the limits placed on the provides by the fixed budget.
Direct medical costs

Costs are consistent with medical resource utilization, so they are comprised
of cost composition such as drug, medical devices, and medical services. Moreover, it
was considered only treatment costs which were occurred in hospital because of the
NHSO perspective.
Reimbursement

Reimbursement relates to NHSO (public) payment to contracted hospital

(provider) for the delivery of health care products and services.
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CHAPTERIII
LITERATURE REVIEW

1. Introduction to thalassemia

1.1 Pathophysiology of thalassemia

Thalassemia is an autosomal recessive blood disease. The genetic defect
results in reduced rate of synthesis of one of the globin chains that make up
hemoglobin. Reduced synthesis of one of the globin chains causes the formation of
abnormal hemoglobin molecules, and this in turn causes the anemia which is the
characteristic presenting symptom of the thalassemia patients.

The two main types of thalassemia are called "alpha" and "beta," depending
on which part of an oxygen-carrying protein in the red blood cells is lacking. Both
types of thalassemia are inherited in the same manner. The disease is passed to
children by parents carrying the mutated thalassemia gene. A child who inherits one
mutated gene is a carrier, which is sometimes called thalassemia trait. Most carriers
lead completely normal, healthy lives. The treatment procedures depend on phenotypic
diagnosis. In Thailand, thalassemia can be classified into 4 types, it was classified by
severity of disease as followings: (3, 4)

1.1.1 Hb Bart's Hydrops Fetalis / Homozygous o-thalassemia 1

Genotypes characteristics of a-thalassemia are a-thall/a-thall or --/--.
Alternatively, there are no alpha genes in the individual's DNA which causes the
gamma globins produced by the fetus to form a hemoglobin abnormality called
hemoglobin Barts. Hb Barts has an extremely high oxygen affinity and therefore
delivers little oxygen to fetal tissues. The severe hypoxia results in cardiac failure,
massive ascites and intrauterine death. Most individuals with this condition die before
birth or shortly in life. This condition is generally occurred toxemia to pregnancy,

hypertension, and postnatal hemorrhage.
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1.1.2 Homozygous p-Thalassemia or B-Thalassemia Major

Homozygous beta thalassemia major, also known as Cooley's anemia,
is an inherited blood disorder that affects a person's ability to produce beta protein,
causing anemia. This genotype is B-thal/B-thal. Cooley's anemia is the most severe
form of beta thalassemia in which the complete lack of beta protein in the hemoglobin
causes a life-threatening anemia that requires regular blood transfusion and extensive
ongoing medical care. The extensive, lifelong blood transfusion leads to iron-overload
which must be treated with chelation therapy to prevent early death from organ failure.
Generally, chelation therapy is any drug treatment that helps the body rid itself of
excessive levels of iron, a condition known as iron overload.

1.1.3 p-Thalassemia/Hb E disease

This genotype is B-thal/Hb E. Hemoglobin E is usually found in people
of Southeast Asian ancestry, such as Cambodians, Vietnamese and Thai, it is one of
the most common abnormal hemoglobins.(5) When hemoglobin E combined with
beta-thal gene, it produces Hb E-beta thalassemia, a moderately severe anemia which
is similar in symptoms to beta thalassemia intermedia. However, there is a wide range
in the clinical severity of this condition. As some of the patients with thalassemia grow
older but they become transfusion-dependent. In contrast, the others remain
asymptomatic throughout late adulthood.

1.1.4 Hb H diseases

The patients with Hb H disease usually have no symptoms and in a
steady state do not need treatment. Genotypes characteristics are a-thall/a-thal2 or a-
thall/Hb CS. Hemoglobin H Disease, also called the abnormal hemoglobin H, it was
created by the remaining beta globin. Hemoglobin H-Constant Spring is more severity
than hemoglobin H disease. Individuals with this condition tend to develop severe
hemolytic anemia, jaundice. When they were infected, they require blood transfusion
and other appropriate treatments.

1.2 Clinical practice guidelines treatment of Thalassemia (3, 6, 7)
Early comprehensive treatment is aimed thalassemia patients from a

childhood period to live with productive lives throughout adulthood. The results on
advanced treatment were a potential cure and quality of life improvement.

Consequently, health personnel should educate to individual diagnosing thalassemia
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and their families. To achieve optimal quality of life, adequate proper management is
offered, recommendations are listed below.

1.2.1 General recommendation for patients with thalassemia as detail.

- They should eat low iron diets, especially avoiding high iron or
iron-supplemented foods. Besides, they should be encouraged to drink tea, dairy and
coffee with meals, which decreases iron absorption.

- Children who have thalassemia trait should be treated and
immunized in a manner identical to all other children. However, patients with
thalassemia have increased risk to infection, especially after undergoing splenectomy.
Vaccinations and antimicrobial prophylaxis are recommended in these patients,
particularly Streptococcus and Haemophilus influenzae vaccination and penicillin V
prophylaxis.

- Be careful for skeletal fracture from intensive exercise.

1.2.2 Education and counseling for thalassemia management by
physicians or health personnels.

1.2.3 Patients with thalassemia need to receive folic acid for
compensated erythropoiesis. Dosage regimen as follows.

- Age > 1 year: 5 mg daily

- Age <1 year: 2.5 mg daily

Thalassemia trait, thalassemia minor, and patients receiving high transfusion
are unnecessary to supplement with folic acid.

1.2.4 Packed red cell transfusion

Transfusion dependent thalassemia should receive safe packed red cells
(PRC) transfusion which prepared by leukocyte-poor, leukocyte depleted/filtered, and
screening for infection agents such as HIV, HCV, HBV, and syphilis.

Nucleic acid Amplification Testing (NAT) can detect viral antigen
earlier than current tests because it detects with viral genes rather than antibodies or
antigens (proteins from the virus). The viral genes permit early detected the infection
since the antibodies were appeared after a time period to develop an immune response
and the antigens were detected when a large number of virus appearing in the
bloodstream. NAT can simultaneously detect the presence of HIV and HCV in blood

using a semi-automated system, it is expected to ensure the safety of whole blood and
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blood components, including fresh plasma, red cells and platelets. Accordingly, NAT
can be early detected HIV and HCV from blood donors. At present, 6 European
countries such as France, Germany, Italy, Spain, Switzerland and the United Kingdom
recently implemented NAT between 1999 and 2001. It was introduced into the
screening of blood donations in order to reduce the residual risk of bloodborne viruses
transmission.(8)

However, blood donors currently are tested for antibodies to HCV,
antibodies to HIV and HIV-1 antigens, which are the virus’s own proteins. However, it
still has a window period during infection that it can be showed negative result. Using
NAT for HCV, the window period is reduced approximately 57 days from 82 days to
25 days. For HIV-1, the average window period with antibody is 22 days. This
window period is reduced approximately 16 days by antigen testing and 12 days by
NAT.(9) Consequently, NAT will add incremental cost of processing a unit of blood at
a blood collection center, the National Blood Centre — the Thai Red Cross Society and
other hospitals when it was implemented.(10)

Each PRC transfusion should be amounted 10 — 15 ml/kg of recipient,
not over than 2 units in same occasion due to complications that called HCC syndrome
(hypertension convulsion cerebral hemorrhage). Patients who always receive
transfusion will have antibody with minor blood groups, so patients may specify their
own blood donors for an expected transfusion. If it is possible, it should be offered
matching: human leukocyte antigen (HLA) testing and minor group red cell antigens
before the first blood transfusion. In addition, the PRC should be freshly prepared, not
more than 7 days. The operation of transfusion is defined as:

1.2.4.1 High transfusion

Homozygous beta-thalassemia and severe cases of Beta-
thalassemia/Hb E who have just diagnosed should be treated with high transfusion, for
suppression of erythropoiesis. Tranfusion is used to prevent hemolytic anemia, and its
complications such as defective physical development, mongoloid or thalassemic
facies, bone deformity, and hepatosplenomegaly.

High transfusion begins with L-PRC amount 10 — 15 ml/kg per
week until hemoglobin level caught up 10 g/dl, then continuously remains every 2 — 4

weeks to keep pre-transfusion Hb level not lower than 9 — 10 g/dl. Therefore, patients
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regularly receive treatment 12 — 15 times a year, annual total blood volume around
180 — 225 ml/kg. Meanwhile, the major cause of illness and mortality shifted from the
problems of hemoglobin-deficient anemia to iron overload associated with chronic
blood transfusion therapy. Consequently, iron chelation therapy should be
concurrently given for transfusion-dependent patients.

Severe thalassemia patients with hypersplenism and skeletal
deformation that cannot initially receive high transfusion, when changed to high
transfusion, they need to receive more blood or they may be operated with
splenectomy to achieve treatment goal.

1.2.4.2 Low transfusion

If patients who require high transfusion but they cannot receive
that, hemoglobin level may not adequately maintain erythropoiesis suppression. The
blood transfusion operation may shift to occasional transfusion. If patients with
thalassemia intermedia have Hb level greater than 7 g/dl, they will be likely received
high or occasional transfusion. Alternatively, patients with thalassemia intermedia
often have acute hemolysis after infection. Nevertheless, transfusion when Hb level <
6 — 7 g/dl (Het < 18 —20%) should be given LPRC 10 ml/kg and monitored blood tests
every 4 — 12 weeks. In addition, the assessment of spleen size and the evaluation of
ferritin level are regularly considered.

1.2.4.3 Transfusion in special occasion

Patients with cardiac dysfunction and pretransfusion Hb level
lower than 5 g/dl should be given LPRC:

Blood volume is taken 2-fold of Hb level but not greater
than 5 ml/kg.

Transfusion rate < 2 ml/kg/hour with low volume but more
frequent (every 24 — 48 hrs).

Diuretic therapy may be required before transfusion.

Check blood pressure (BP), pulse rate (PR) 30 minutes
before/after transfusion and in case of abnormalities were occurred with them.

Patients who had febrile non-hemolytic transfusion reaction
(FNHTR) should be immediately given chlorpheniramine and paracetamol before

transfusion 2 — 1 hour. If FNHTR were occurred during on transfusion, it is
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recommended to terminate transfusion. Then, it should be monitored vital signs,
substituted transfusion with 1.V. fluid such as NSS or 5% D/NSS, administered as the
mentioned drugs.

Patients who anticipate with hematopoietic stem cell
transplantation (HSCT) in the future, they should be given leukocyte depleted PRC,
also called leukocyte filtered PRC during HSCT anticipation.

1.2.5 Tron chelation therapy

Patients with significant iron overload should be routinely given iron
chelation drug to remove excess iron especially in regular transfused patients.

Iron overload is occurred because of transfusion (1 ml of RBC contains
iron 1.16 mg) and increased intestinal absorption of dietary iron. Serum ferritin is used
as a marker of iron. If persistent ferritin level is greater than 2,500 ng/ml or hepatic
iron by liver biopsy is over 15 mg/g dry weight, resulting in liver dysfunction until
hepatic failure, heart failure and fatal cardiac arrhythmias.

Indications for iron chelation therapy:

Serum ferritin level is > 1,000 ng/ml or hepatic iron is > 3 times
of normal level.

Regular blood transfusion for over 1 years

Received blood transfusion more than 15 times

1.2.5.1 Desferrioxamine (Desferal®) is an effective chelator.
Iron generally is removed much more efficient when DFO was infused over a longer
period of time. The dose depends somewhat upon the age of the patient and the degree
of iron overload. The mainstay of therapy is subcutaneous (Sc) DFO, slowly infused
by infusion pump at 20 — 60 mg/kg/for 8 — 12 hours, 5 — 7 days weekly. It should be
evaluated ferritin level every 6 months and properly adjusted iron chelator regimen.

If patient had cardiac problems from iron overload, it should be
taken continuous intravenous infusion with DFO, slowly infused by infusion pump at
50 — 70 mg/kg/for 12 — 24 hours, 5 — 6 days per week.

1.2.5.2 Deferiprone (L)) is an oral iron chelating agent. At
present, L; is licensed in Europe for whom single DFO treatment is inadequate.
Dosage range is 50 — 100 mg/kg/day.

1.2.6  Splenectomy
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Splenectomy generally is not recommended for thalassemia patients
especially in children age < 5 years because of the risk of the complications. However,
in selected cases may be indicated in case of significant hypersplenism in thalassemia
intermedia and thalassemia major patients, resulting red blood cells have been
destroyed. All post-splenectomy thalassemia patients require prophylaxis treatment
such as Pneumococcus and Haemophilus influenzae vaccination 1 month of pre-
splenectomy, penicillin V 250 mg twice a day for 2 years or onwards.

1.2.7 Hematopoietic stem cell transplantation (HSCT)

HSCT represents a potentially curative treatment of thalassemia. HSCT
is the transplantation of blood stem cells which derived from blood or bone marrow,
also called as bone marrow transplantation. HSCT remains a risky procedure with
many possible complications and treatment costs also are expensive. It is reserved for

life-threatening patients.

2. Epidemiology of Thalassemia in Thailand
Epidemiological studies of thalassemia in Thailand showed prevalence which

differs among people, resulting from ethnicity and migration. Examples of these
studies are as followings.

Incidence of beta-thalassemia, thalassemia disease and abnormal
hemoglobins in Yasothon hospital by Choenta et al.(1999) (11)

The prevalence of thalassemia and thalassemia carriers in pregnant
woman who attend at antenatal clinic of Yasothon hospital in fiscal year 1996 — 1998
by Tunsuwan and Cheunsuparobon (1999) (12)

Prevalence of thalassemia and hemoglobinopathies in pregnant women at
Surin hospital by Sattarattanamai et al.(1999) (13)

Screening for thalassemia disease, [B-thalassemia trait and abnormal
hemoglobin in pregnant women at Nongkhai hospital by Amornkitbamrung (2003)
(14)

Thalassemia and hemoglobinpathies in pregnant women at Surin

hospital: determination and prevalence by Sattarattanamai et al.(2005) (15)

Prevalence of thalassemia and thalassemia trait in pregnant women at

Bantan hospital, Chaiyapoom by Sunwichit (2006) (16)
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Detection of Thalassemia and Carriers in Primary School Children in
Mae Sot district, Tak in 1998 by Pisuttakoon (1999) (17)
Prevalence of thalassemia trait from screening program in pregnant

women of Phitsanulok by Wong et al. (2004) (18)

Risked of a couple having a child with severe thalassemia syndrome,

prevalence in lower northern of Thailand by Wong et al.(2006) (19)

Thalassemia and abnormal hemoglobin in pregnancy among irregular
migrant workers in Phuket by Bunyaraksyotin and Nampetch (2003) (20)
As mentioned researches, the prevalence of thalassemia and abnormal

hemoglobins in Thailand (5, 21) was consistented as detailed as followings:

a-thalassemia 1 and a-thalassemia 2 20-30 %
Hb Constant Spring 1-11 %
B-thalassemia 3-9 %
Hb E 13-50 %

Table 1 Life expectancy of Thalassemia Syndromes in Thailand (22, 23)

Thalassemia and . . Life expectancy
% ) Thalassemia disease
Hemoglobinopathies genotype (years)
1. a-thal 1/a-thal 1 Hb Bart’s hydrops fetalis 0

2. a-thal 1/a-thal 2 or

u-thal 1/Hb CS Hb H disease 60
3. B-thal/B-thal Homozygous B-thalassemia 10
4. B-thal/Hb E B-thalassemia/Hb E disease 30

Table 1 showed the thalassemia and hemoglobinopathies genotype which are
frequently found in Thailand and life expectancy of each genotype.

Table 2 showed the estimated annual newborns and living thalassemia
patients in Thailand. The B-thalassemia patients 103,750 cases can be classified into
homozygous B-thal 6,250 cases and B-thal/Hb E 97,500 cases. Meanwhile, there are

420,000 cases of a-thalassemia.
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Table 2 Estimated numbers of annual birth and living patients with thalassemia major

diseases (6, 21, 23-25)

Diseases Couple at risk/year Birth/year* Living patients
Homozygous B-thal 2,500 625 6,250
B-thal/Hb E 13,000 3,250 97,500
Hb Bart’s hydrops fetalis 5,000 1,250 0
Hb H disease 28,000 7,000 420,000

Total 48,500 12,125 523,750

Note * Estimation annually born of affected case from 1 million newborns

In addition, the prevalence of thalassemia genes in Thailand can be used to

calculated severe thalassemia in Hardy-Weinberg’s Law.

formula: n = a’+2ae+b’
when n = Total number of severe thalassemia cases
a = Prevalence of B-thalassemia genes
e = Prevalence of Hemoglobin E genes
b = Prevalence of a-thalassemia genes
results:  Nmax = (0.09) + 2(0.09)(0.50) + (0.30) = 0.1881
Ninin = (0.03)* +2(0.03)(0.13) + (0.20)* = 0.0487

At last, there were approximately 48,700 — 188,100 severe thalassemia
patients from the calculation with Hardy-Weinberg law.

If it was estimated severe thalassemia patients from literature review, the
incidence estimation of risk couples that may give birth of severe thalassemia per
10,000 pregnant women is showed as Table 3. It was estimated annual births and
living thalassemia patients from 800,000 Thai births per year. Thus, there were 826
couples having risk of homozygous f-thal, and 12,853 couples having risk of -
thal/Hb E per 800,000 annual births. Moreover, it was calculated chance of severe
thalassemia newborns with Mendel’s Law that both husband and wife were
consistently thalassemia carriers. The couples have chance to give severe thalassemia
neonates 25% in all pregnancy. Accordingly, there were annual 207 births with

homozygous B-thal and 3,213 births with B-thal/Hb E. The annual birth of each [-
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thalassemia was multiplied with the focused age-period of thalassemia disease that is
10 years in case of homozygous B-thal and 15 years in case of B-thal/Hb E. Finally,

there were -thalassemia patients 50,265 cases as detailed.

2
Nbeta = Zbeta —thalassemia when 1 = type of B-thalassemia
i=l
Total patients both B-thal/B-thal and B-thal/Hb E

2
z (Incidence of B-thal x Life expectancy of B-thal children)
i=1

(207x10)+ (3,213 x 15) = 50,265 cases

Table 3 Estimated number of annual births and living patients with thalassemia major

diseases from Tienthavorn et al.(1)

Diseasesd Couple at risk/year  Birth/year Living patients
Homozygous B-thal 826 207* 2,070
B-thal/Hb E 12,853 3,2137 96,390
Hb Bart’s hydrops fetalis BIRIB 833 0

Total 17,012 4,253 98,460

Note * Focused age-period of Homozygous B-thal in childhood = 10 years
" Focused age-period of p-thal/Hb E in childhood = 15 years

3. Cost assessment of thalassemia in Thailand

Woramongkol (2000) (26) estimated the difference between the prevention
and control of thalassemia and abnormal hemoglobins in Thailand program and
treatment expenditure, found that the investment budget in fiscal year 2000 was 12
million THB which it could be reduced severe thalassemia 193 newborns. If the
MoPH did not implement the program, lifetime treatment cost will be around
203,196,000 THB. This program could be economized because it was saved treatment
expenditure 191,196,000 THB.

Wanapirak (2002) (27) reported the achievement of the prevention and
control program of severe thalassemia during 1994 to 2001 by screening and followed
by prenatal diagnosis with OFT test, Hb E screening, PCR for a-thall test. In
pregnancy with thalassemia trait, the staff persuaded her spouses for thalassemia

screening. If the couples were at risk, the staff gave counseling for prenatal diagnosis
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by cordocentesis and Hb analysis of the blood samples by high performance liquid
chromatography (HPLC). When the fetuses were diagnosed severe thalassemia
syndrome, the couples were indirect counseling for termination. The overall
expenditures 3,091,000 THB was a budget of screening 21,975 samples, 80 cases
could be prevented from thalassemia diseases; they consisted of 32 cases of
homozygous a-thall, 15 cases of homozygous B-thalassemia, and 33 cases of B-
thal/Hb E thalassemia. If no the implementation program, the lifetime treatment costs
were estimated as 222,961,250 THB. Thus, the program showed it was economized
over 200 million THB.

Tienthavorn et al.(2005) (1) estimated incremental lifetime treatment cost of
beta-thalassemia major from the determinant of Sanguansermsri (2002). The annual
lifetime treatment costs were 1.26, 3.48, and 6.66 million THB per person whom had
life expectancy 10, 20, and 30 years, respectively. Accordingly, the incremental cost
per annum of [-thalassemia major was 260,820,000 THB, p-thal/lHb E was
21,205,800,000 THB, and Hb Bart’s hydrops fetalis was 20,825,000 THB. Finally, the
total cost of incremental thalassemia patients increasing in 1-year period was
21,487,445,000 THB.

Torcharus et al.(2006) (28) determined treatment costs of thalassemia
children aged 2 — 18 years in 3 hospitals: Phramongkutklao, Chulalongkorn, and
Saraburi hospital in fiscal year 2006. Time horizon was during October 1, 2004 —
September 30, 2005 and there were 351 samples. The average of total direct medical
costs (DMC) including outpatient and inpatient services of thalassemia treatment in
the government hospitals were 4,776.71 — 23,461.75 THB/case/year. It could be
divided into DFO cost (average only patients who received DFO) 13,824.40 —
25,440.91 THB/case/year and blood cost (average only patients who received blood
transfusion) 2,489.86 — 6,550.56 THB/case/year. This research was classified to DMC,
non-DMC, and indirect cost. In summary, the average DMC of 3 hospitals was
20,502.32 THB/case/year. The maximum cost was 30,649.69 THB/case/year at
Phramongkutklao hospital; on the contrary, the minimum cost was 7,756.12

THB/case/year at Saraburi hospital.

4. Financing of thalassemia treatment in Thailand (29)
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Each health scheme in Thailand is reimbursed in different payment
mechanism. The CSMBS is reimbursed by fee for services, whereas the SSS and the
UC are reimbursed in the capitation payment. At present, the thalassemia management
is not including in high cost reimbursement. The high cost services have to implement
with disease management program which contracted to the NHSO.

In fiscal year 2007, Thalassemia foundation of Thailand proposed the disease
management guidelines for thalassemia patients under the UC scheme. The patients

were targeted 1,800 cases (Children 1,100 cases, Adults 700 cases) as followings.

Type of Transhigll} Target cases in fiscal year 2007

Child Adult
High Transfusion 600 200
Low Transfusion 500 500

Time duration: October 1, 2007 — September 30, 2008
Specific condition:
1. Thai nationality and under the UC scheme
2. Transfusion dependent beta-thalassemia patients
Reimbursement for disease management procedures of thalassemia
Health budget allocation for thalassemia patients were consisted of
= [ron chelation drugs: DFO, DFO + L,
» The disease management procedures of thalassemia
Disease management procedures of thalassemia for health budget planning
e Package I : High transfusion
Inclusion criteria

Diagnosis: homozygous B-thal or -thal/Hb E (Hb typing or DNA)

Baseline Hb <7 g/dl or blood transfusion > 6 doses/year
Privileges

Leukocyte — poor packed red cell (LPRC)

Blood transfusion > 12 doses/year

Iron chelation therapy as mentioned guideline

Ferritin test 2 times/year

Infectious markers investigation for HIV, Hepatitis B& C
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Excluding infusion pump
Excluding filtered blood
e Package Il : Low transfusion
Inclusion criteria
Diagnosis: homozygous B-thal or f-thal/Hb E (Hb typing or DNA)
Blood transfusion 6 - 12 doses/year
Privileges
Leukocyte — poor packed red cell (LPRC)
Blood transfusion > 6 doses/year
Iron chelation therapy as mentioned guideline
Ferritin test 2 times/year
Infectious markers investigation for HIV, Hepatitis B& C
Excluding infusion pump
Excluding filtered blood
Hospital qualification
1. Specialized physicians usually work at thalassemia clinic.
2. LPRC should be afforded enough by blood bank and it was prepared with
the standard practice guidelines of the National Blood Centre, Thai Red Cross Society.
3. Patients should be treated with holistic approach by the specialist
physicians in medicine, pediatrics, and hematology.
Thalassemia clinic qualification
1. Available blood transfusion service at least 1 day/week.
2. Affordable iron chelating agent in the drug registration of hospital.
3. Capable of genetic counseling to thalassemia patients/families.
4. Health personnel should affiliate with thalassemia conference at least 1
time a year
Cost requirements for thalassemia patients were dependent on these data:
High transfusion
Package A: LPRC(NAT) 17 units/year, DFO 650 vials/year
Package B: LPRC(NAT) 17 units/year, DFO 260 vials/year + L; 1,460
caps/year

Low transfusion
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LPRC(NAT) 6 treatments/year, DFO 20 vials/year + L; 1,460 capsules/year
= LPRC(NAT) 780 THB/unit
= DFO 200 THB/vial
» L;(local) 10 THB/capsule
= L;(import) 30 THB/capsule
The proposed of the Thalassemia Foundation of Thailand (TFT) showed the

calculation as detail in table 4.
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Table 4 Proposed cost calculation of the Thalassemia Foundation of Thailand

High transfusion (child 30 kg)

Couper Ui Aot oo
Blood transfusion [LPRC(NAT)] x 17/yr 780 17 13,260 7,956,000
Iron chelation
1. DFO (40 mg/kg/D; 5 D/wk) 200 650 130,000 78,000,000
2.DFO +L,
- DFO (40 mg/kg/D; 2 D/wk) 200 260 52,000 31,200,000
- L, (70 mg/kg/D; 7 D/wk) (Local) 10 1,460 14,600 8,760,000
(Import) 30 1,460 43,800 26,280,000
Ferritin 250 2 500 300,000
HBV, HCV, HIV tests 750 1 750 450,000
Total cost per patient DFO 144,510 86,706,000
Total cost per patient DFO + L, (L, :10 THB/cap) 81,110 48,666,000
Total cost per patient DFO + L, (L, :30 THB/cap) 110,310 66,186,000
Low transfusion (child 30 kg)
R i | -5
Blood transfusion [LPRC(NAT)] x 6 Tx/yr 780 6 4,680 2,340,000
Iron chelation - DFO + L,
- DFO (40 mg/kg/D; 2 D/wk) 200 20 4,000 2,000,000
- L, (70 mg/kg/D; 7 D/wk) (Local) 10 1,460 14,600 7,300,000
(Import) 30 1,460 43,800 21,900,000
Ferritin 250 2 500 250,000
HBV, HCV, HIV tests 750 1 750 375,000
Total cost per patient DFO + L, (L, :10 THB/cap) 24,530 12,265,000
Total cost per patient DFO + L, (L, :30 THB/cap) 53,730 26,865,000

In summary, Health budget allocation (currency unit: THBs) for Thalassemia

according to the mentioned table could be presented as followings.

High transfusion Low transfusion Total
Program A — DFO 86,706,000 - 86,706,000
Program B1 — DFO + Local L; 48,666,000 12,265,000 60,931,000

Program B2 — DFO + Import L; 66,186,000 26,865,000 93,051,000
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The mentioned benefit packages should be advanced reimbursement by the
NHSO. Thalassemia treatment is a part of the minimum benefit package that it was
paid by capitation method under the UC scheme in fiscal year 2006, therefore it will
be advanced for iron chelating agents, blood components, but excluded infusion pump.
Likewise, thalassemia patients under the SSS and the CSMBS also have to out of

pocket.

5. Budget Impact Analysis (BIA)

BIA is an essential part of a comprehensive economic assessment of a health-
care technology and 1is increasingly required before formulary approval or
reimbursement. The purpose of a BIA is to estimate the financial consequences of
adoption and diffusion of a new health-care intervention within a specific health-care
setting or system context given inevitable resource constraints. In particular, a BIA
predicts how a change in the mix of drugs and other therapies used to treat a particular
health condition will impact the trajectory of spending on that condition. It can be used
for budget planning, forecasting, and for computing the impact of health technology
changes on premiums in health insurance schemes.(30, 31)

Mauskopf et al. published an analytic framework for budget impact modeling
in 1998. Others have struggled with the need to include budget impact as part of
comprehensive economic evaluation. Since the 1990s, several regions in the world
including Australia, North America (Canada, United States), Europe (England and
Wales, Belgium, France, Hungary, Italy, Poland) and the Middle East (Israel), have
included a request for BIA alongside the cost-effectiveness analysis (CEA), when
submitting evidence to support national or local formulary approval or reimbursement.
(30, 31) These guidelines are variable in terms of defining what constitutes a BIA and
most of them provide only limited details on the important factors in a BIA. An
exception are the Polish guidelines, which provide precise recommendations on
perspective, time horizon, reliability of data sources, reporting of results, rates of
adoption of new therapies, probability of redeploying resources, inclusion of off-label
use, and sensitivity analysis. Alternatively, Principles of Good Practice for Budget
Impact Analysis: Report of the ISPOR Task Force on Good Research Practices is also

available.
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5.1. Polish Guidelines for conducting BIA — Financial Analysis (32)
BIA is aimed on the impact of the decision on the reimbursement of a given

drug on the health-care budget for drugs or the health-care budget (as total).

5.1.1 Data sources

Key data for the BIA (e.g., epidemiological data, data on resource use,
and unit costs; therapy probably replaced by new drug; target population) should be
country-specific. The selection of unit costs attached to resource use data should be
consistented with the study perspective. The data on the influence of new therapy on
mortality, progression of disease, events rates (e.g., side effects) may come from
various sources, not necessarily country-specific, but must first be “translated” to the
Polish situation. Relevant data should be searched, appraised, and presented according
to the principles and methods of evidence-based medicine and systematic review. The

selection of sources used should be justified.

5.1.2  Perspective

The perspective should be stated to the government, public purchaser.

5.1.3 Time horizon
Annual financial implications to the health-care budget (for drugs as
well total) until the proposed drug is predicted to have achieved a peak or stable

market share or for at least 2 years after the date of listing on the reimbursement list.

5.1.4 Sensitivity analysis

At a minimum one-way sensitivity analyses to determine where
uncertainty or lack of agreement about some key-parameter’s value or the functional
form of the model could have a substantial impact on conclusion. Inputs such as
diffusion rate and probability of redeploying resources should be varied in any
interactive model.

5.2. Principles of Good Practice for Budget Impact Analysis by
International Society for Pharmocoeconomics and Outcomes Research (ISPOR)
(30, 31)

5.2.1 Design
Proper design of the analytic framework is a crucial step in BIA. The

design must take into account the current understanding of the nature of the health
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condition and the evidence regarding the current and new technologies. There are
several dimensions that must be considered: acuteness of the health condition, whether
it is self-limiting, and the type of intervention (preventive, curative, palliative, one-
time, ongoing, periodic). These dimensions will affect the degree to which time-
dependence is important in the design, how the size of the population is estimated, the
unit of analysis (episode vs. patient, for example), how the intervention uptake is

addressed, and the choice of computational framework.

5.2.1.1 Perspective

Budget impact analyses are primarily intended to inform health-
care decision-makers, especially those who are responsible for national, regional, or
local health-care budget. Therefore, the recommended perspective is that of the budget
holder. Thus, unlike a CEA, where the recommended perspective is that of society,
which includes all cost implications of an intervention, a BIA needs to be flexible
enough to generate estimates that include various combinations of health care, social

service and other costs, depending on the audience.

5.2.1.2 Scenarios to be compared

Budget impact analyses generally compare scenarios defined by
a set of interventions rather than specific individual technologies. The reference
scenario should be the current mix of interventions for the chosen population and
subgroups.

These need to be modeled explicitly with realistic and
justifiable assumptions before the comparisons among scenarios can be made. Thus,
the analysis should consider how the current mix of interventions is likely to change
when the new intervention is made available. For example, the new intervention might
be added to all existing interventions or it might replace all of the current interventions

or only those in a particular drug class. These constitute the new scenarios.

5.2.1.3 Population

The population to be included in a BIA should be all patients
who might be given the new intervention in the time horizon of interest. Specifying
who is included in this population is not straightforward. It depends, of course, on the
approved indication, but it also reflects local intended restrictions on use (and

reimbursement), possible beyond-restriction use, induced demand (i.e., the proportion
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of previously untreated patients who now seek treatment because of improved
outcomes, greater convenience, or fewer side effects), and the extent to which
practitioners adopt the technology or change patterns of use of existing ones. The
budget impact model must be designed to allow for examination of the effect of
alternative assumptions about the nature and size of the treated population as well

changes in its nature and size over time.

5.2.1.4 Time horizon

Budget impact analyses should be presented for the time
horizons of most relevance to the budget holder. They should accord with the
budgeting process of the health system of interest, which is usually annual. The
framework should allow, however, for calculating shorter and longer time horizons to
provide more complete information of the budgetary consequences. To be most useful,
the output must be the period by period level of expenses and savings rather than a

single “net present value.”

5.2.2 Costing

The steps in costing are identifying the resource use that may change,
estimating the amount of change, and valuation of these changes. In a BIA,
identification must be done according to the perspective and interest of the budget
holder. Moreover, the resource use considered should be that which is relevant to the

health condition and intervention of interest over the chosen time horizon.

5.2.3 Sensitivity analysis

There is considerable uncertainty in a BIA. Therefore, a single “best
estimate” is not a sufficient outcome. Instead, the analyst should compute a range of
results that reflect the plausible range of circumstances the budget holder will face.
Indeed, it might be argued that the analytic framework itself is the most important
product of BIA rather than any particular set of results. It is useful to consider both a
most optimistic and most pessimistic scenario. Also, the ranges to be presented must
be based on realistic scenarios regarding the inputs and assumptions. Various forms of
sensitivity analysis (univariate, multivariate, probabilistic, etc.) may be carried out.
Their usefulness depends on the amount and quality of available data and the needs of

the decision-maker.
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5.2.4 Discounting

As the BIA presents financial streams over time, it is not necessary to
discount the costs. The computational framework should be constructed so that the
decision maker can readily discount these results according to local practice back to a

decision time point if they wish to do so.

5.2.5 Validation

Like all models, those used for BIA must be valid enough to provide
useful information to the decision maker. The steps to be followed in validation are
conceptually identical to those already identified in the ISPOR Modeling Studies Task
Force Report.(33)



Siyadhorn Bunyadharokul

CHAPTER III
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This chapter consisted of 8 parts;
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Study design

Perspective

Scenarios to be compared
Study population

Time horizon

Costing

Data sources

Data analyses

1. Study design

1.1 Design

Methodology / 24

This study was a budget impact analysis which estimated the budget impact

based on the Principles of Good Practice for Budget Impact Analysis by the

International Society for Pharmocoeconomics and Outcomes Research (ISPOR) (30)

and the Polish Guidelines for conducting BIA — Financial Analysis (32). It was a

prevalence-based approach that conformed to the conceptual framework in Figure 1

and the treatment regimen model in Figure 2.

1.2 Conceptual framework

(30)

1.2.1 Budget impact analysis model

It was modified from ISPOR Task Force on Good Research Practices
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Total Population

Incidence /
| Prevalence
Sick Population
Disease hManagement
1 Guidelines of WHSO
Target Population
"' Treatment Hegimen
4
Resource
Utilization
L Unit Costs

Financing Criteria

Budget Impact |

Figure 1 Budget impact analysis model

1.2.2 Treatment regimen model

Package A:
DFO 40 mgfkg/day

5 days a week

High
Transfusion

Package BEl:
DFO 40 g gliday for 2 daysfweek
with Ly 70 mgkg/day every day

Beta-thalassemia

Package B2:

Low DFQ 40 mgikgldose concurrently
Transfusion treatment with Ly 70 mgikg/day
every day

Figure 2 Treatment regimen model
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The target diseases were homozygous beta-thal and beta-thal/Hb E that the
patients will be received treatment regimen as followings.
Either single DFO (Package A: DFO 40 mg/kg/day for 5 days
weekly) or combined on iron chelation package (Package B1: DFO 40 mg/kg/day for 2
days a week with L; 70 mg/kg/day every day) concurrently treated with high
transfusion, the treatment regimen was dependent upon the physician’s consideration.
Patients received low transfusion concurrently with combined on
iron chelation package (Package B2: DFO 40 mg/kg/dose concurrent with treatment
and L1 70 mg/kg/day every day).
1.3 Reimbursement for the thalassemia management
The researcher assumed that cost of thalassemia management may be
reimbursed soon to encourage delivering the standard treatment for thalassemia
patients. The reimbursement should be covered such the thalassemia management that

composed of drug, blood, medical device, medical service, and complication cost.

2. Perspective

This study was analyzed by the National Health Security Office (NHSO)
perspective which is the budget administrator, so it was considered only the direct
medical costs. It was excluded any patient’s expenditure, for instance, infusion pump,

transportation, and opportunity cost.

3. Scenarios to be compared

3.1 Conventional treatment

The current thalassemia treatment was both optimal and suboptimal. The
NHSO was not reimbursed like as the high cost care in fiscal year 2006, hospitals
(health provider) have to share budget from the UC capitation. The mentioned
management might be originated from the budget constraint of hospital or thalassemia
patients/parents, for example, although the physician considered that patient should be
received blood transfusion concurrently with DFO 20 — 60 mg/kg/day for 5 — 7 days a
week. The serum ferritin should be checked up every 6 months to prevent iron
overload. Due to high blood transfusion, the physician may adjust in proper treatment

regimen. However, thalassemia patients cannot comply because they have no money
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for infusion pump or transportation payment. Thus, it was changed to low blood
transfusion.

3.2 The proposition of the Thalassemia Foundation of Thailand (TFT)

The TFT has proposed of the thalassemia management and reimbursement to
the NHSO. The proposed treatment regimen is continuously treatment for
erythropoiesis suppression and prevention of organs damage, for example, spleen,
cardiac, and liver. Patients who received high transfusion will be treated with single
DFO (Package A: DFO 40 mg/kg/day for 5 days a week) or combination package
(Package B1: DFO 40 mg/kg/day for 2 days/week with L; 70 mg/kg/day every day).
Patients who received low transfusion will be treated with only combination package
(Package B2: DFO 40 mg/kg/dose concurrent with treatment and L; 70 mg/kg/day
every day). Everybody is annually checked up with laboratory tests; HBV, HCV, HIV

for 1 time, and ferritin level for 2 times.

4. Study population

The study population was the beta-thalassemia children aged up to 15 years
who were transfusion-dependent thalassemia. Based on the epidemiological
estimation, there were 50,265 patients. Then, it was adjusted by the proportion of UC
population 74.51%, the number of UC thalassemia children was 37,452 cases. It could
be divided into homozygous B-thalassemia 1,542 cases and B-thalassemia/Hb E 35,910

casces.

5. Time horizon

It was analyzed for the fiscal year 2007.

6. Costing

The budget impact which based on the treatment guidelines of the TFT was
same calculated covering iron chelation regimen, blood component, and laboratory test
as the proposed cost calculation in table 4. Whereas, the other medical resource
utilization such as outpatient and inpatient visit was obtained from Torcharus et al.(28)
For the conventional treatment, the budget impact was calculated based on the

resource utilization from the study of Torcharus et al.(28)
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7. Data sources

The number of beta-thalassemia children was estimated from the prevalence
of thalassemia diseases in Thailand.(6, 21-25, 34) Treatment regimen and the resource
utilization of beta-thalassemia management was derived from TFT (4) and Torcharus
et al.(28) The unit costs of medical services were relied on the CSMBS reimbursement
of medical facilities to government hospitals in 2006.(35) Iron chelating agent prices
were from the average prices provided by the drug-medical supply information center
website, the Ministry of Public Health.(36) The consumer price index (CPI) was
obtained from the Bureau of Trade and Economic Indices website, the Ministry of
Commerce,(37) it was used to adjusted to the present value in 2007. Some unavailable

data were estimated by the researcher.

8. Data analyses

8.1 The unit cost of beta-thalassemia was calculated by micro-costing/
bottom-up method. The costs were composed of iron chelation package, blood
component, laboratory test, medical material, medical service, complication, and hotel
cost. The eligible patients were derived from Torcharus et al.(28) The direct medical
costs (DMC) were determined from the multiplication between unit cost and resource
utilization.

8.2 DMC in 2006 was adjusted by the consumer price index (CPI) to the
present value of 2007.

8.3 Budget determination of simulated scenario was the summation of total
direct medical cost in each scenario.

8.4 Descriptive statistics were employed by the SPSS program version
13.0, it was summarized to the number, percentage, maximum, minimum, mean,
median, and standard deviation.

8.5 Sensitivity analysis was used to analyze uncertainty of the data and
methodology by the scenario analysis. The computation covered plausible range of
circumstances that the budget holder will face. The input parameters: patient group,
treatment regimen, blood component, type of transfusion, and iron chelating agent

price were varied as table 5. In short, the parameters were programmed as followings:
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e Base case scenario

All of input parameters in this scenario were derived from the proposed of
TFT. Samples were grouped in beta-thalassemia and transfused with LPRC(NAT).
Indeed, patients receiving high transfusion (58.92% of beta-thalassemia) might be
treated with single DFO or combination package based on the physician’s
consideration. Patients receiving low transfusion (41.08%) were treated with
combination package. GPO-L1 (local) was priced at 10 THB per 500 mg capsule.
Everyone was checked up for HBV, HCV, HIV test 1 time a year and ferritin level 2
times a year.
e Scenario analysis based on the proposed of TFT

In this matter, it was explained the input parameters adjusting from the base
case scenario in particular.

1) L, manufacturer

L, price, an input parameter, was used Kelfer"(Import L;) 30 THB/500 mg
capsule.

2) Diagnosis

The PB-thalassemia patients were divided into homozygous B-thal and B-
thal/Hb E. Then, the proportion was calculated from the number of target B-thal
patients, it was 4.12 and 95.88, respectively.

3) Transfusion_ allHigh

All patients were blood transfused with high transfusion.

4) Transfusion allLow

All patients were blood transfused with low transfusion.

5) LPRC

All patients were blood transfused by LPRC.

6) Proportion of beta-thall

The percentage of homozygous B-thal and B-thal/Hb E were adjusted to 6.02
and 93.98, respectively. Both values were retrieved by the percentage calculation from
table 2.

7) Proportion of beta-thal2
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The percentage of homozygous B-thal and -thal/Hb E were adjusted to 2.10
and 97.90, respectively. Both values were retrieved by the percentage calculation from
table 3.

8) Chelator pricel

It was added DFO price up 1.5% (181.90 THB/ 500 mg vial) to 184.63
THB/vial which derived from DMSIC website. (36)

9) Chelator price2

It was added DFO price up 1.5% to 184.63 THB/ 500 mg vial and added
Kelfer®(Import L;) up 20% to 18 THB/ 250 mg capsule which derived from DMSIC
website.(36)

e Conventional treatment

All of input parameters in this scenario were obtained from the cost study of
Torcharus et al.(28) Comparison with the base case scenario, the different issues were
laboratory tests, blood components, and DFO dosage regimen. Indeed, thalassemia
patients were transfused by PRC / LPRC / LDPRC / Single donor PRC, it was incurred
from affordability and the physician’s consideration. They were transfused with high
or low transfusion and treated with single DFO 20 — 60 mg/kg/day for 5 — 7 days a
week, the physician will be adjusted treatment and DFO dosage regimen.

e Scenario analysis based on the conventional treatment

In this matter, it was explained the input parameters adjusting from the
conventional treatment scenario in particular.

1) Diagnosisl

The patients were divided into homozygous B-thal and B-thal/Hb E. The
other parameters were same as the conventional treatment scenario.

2) Diagnosis2

It was liked as the diagnosisl scenario and adjusted DFO dosage regimen
based on treatment regimen model of TFT.

3) Transfusion_allHigh

All patients were blood transfused with high transfusion.

4) Transfusion allLow

All patients were blood transfused with low transfusion.

5) LPRC
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All patients were blood transfused by LPRC.

6) LPRC(NAT)

All patients were blood transfused by LPRC(NAT).

7) DFO

DFO dosage regimen was an input parameter, it was adjusted based on the
proposed of TFT.

8) GPO

Iron chelation therapy was adjusted from real DFO to combination package
with local L;. The local L; price was GPO-L;.

9) CIPLA

The scenario was liked as GPO scenario but used import L;, so it was used

Kelfer® price.
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CHAPTER 1V
RESULTS

The results were divided into 6 parts;
1. Thalassemia patient characteristics
2. Average medical service utilization classified by patient characteristics
and type of services
3. Direct medical costs classified by cost composition and scenario analysis
4. Budget impact analysis for the beta-thalassemia management
5. Scenario analysis (Sensitivity analysis)
6

Impact of iron chelation package and blood components to the budget

1. Thalassemia patient characteristics

There were 201 samples from Torcharus et al.(28) Then, they were selected
only B-thalassemia patients, they were 58.92% of total patients. The p-thal/Hb E was
transfused with high transfusion (>12 times/year) 42.20% and low transfusion (6 — 12
times/year) 57.80%. On the contrary, the homozygous B-thal was transfused with high
transfusion 61.54% and low transfusion 38.46%.

The eligible were selected by DFO usage, so they were remained 71 cases.
There were B-thal/Hb E 58 cases (81.69%) and homozygous f-thal 13 cases (18.31%).
Average age was 9 years old. Male was nearly as female. The B-thalassemia patients
were transfused with a high transfusion 32 cases (45.07%) and a low transfusion 39
cases (54.93%). They had splenectomy 26 cases (36.62%) and no complications 61
cases (85.92%) as detailed in table 6.
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Table 6 Thalassemia patient Characteristics

Homozygous p-thal p-thal/Hb E Total
Category
Number  Percent Number Percent Number Percent
Number of patients 13 18.31 58 81.69 71 100.0
Age (year); mean (SD) 9@3.7) 10 (2.9) 9 (3.0)
Gender (N =71)
Male 5 7.04 32 45.07 37 52.11
Female 8 11.27 26 36.62 34 47.89
Blood transfusion (N = 71)
Low (6-12 times/year) 5 7.04 34 47.89 39 54.93
High (> 12 times/year) 8 11.27 24 33.80 32 45.07
Splenectomy™ (N = 71)
Yes 8 11.27 18 25.35 26 36.62
No 5 7.04 40 56.34 45 63.38
Complications* (N = 71)
Yes 2 2.82 8 11.27 10 14.08
No 11 15.49 50 70.42 61 85.92

Note * prevalence

2. Average service utilization classified by patient characteristics and type of
services

As table 7, it showed that the patients visited to the hospital at least 1 time a
month (13.32 times/year) and they had hospitalization 8 cases (11.27%). The average
of blood transfusion was approximately 1 time a month (12.31 times/year). There were
3 packages of iron chelation therapy that relied on the proposed of the TFT. The first,
single DFO (40 mg/kg/day for 5 days a week) — the average DFO 500 mg vial usage
was 497 vials a year. The second, the combination package for high transfusion (DFO
40 mg/kg/day for 2 days a week concurrently with L; 70 mg/kg/day every day) — the
average DFO usage was 199 vials a year and the L, usage was 1,221 capsules a year.
The third, the combination package for low transfusion (DFO 40 mg/kg/day
concurrently with treatment and L; 70 mg/kg/day every day) — the average DFO usage

was 24 vials a year and the L; usage was 1,221 capsules a year.
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3. Direct medical cost classified by cost composition and scenario analysis

The assessment of average costs as detailed as table 8, the cost composition
was classified to the NHSO’s reimbursement. It showed that annual budget of B-thal
was over 100 thousand THB per person. The average direct medical costs comprised
of iron chelating agents (single DFO) 79.82%, blood components 10.00%, laboratory
tests 3.40%, medical devices 2.69%, medical services 2.35%, complications 0.86%,

other drug (excluding iron chelating agents) 0.65%, and hotel cost 0.24%, respectively

as figure 3.
The composition of be ta-thalassemia manage ment costs
Routine services Complications
()
Medical materials A 0-86%
0,
2.69% Other drugs 0.65%
Investigation / Hotel 0.24%
340% 0 = R
LPRC(NAT)
10.00%
DFO 79.82%

Figure 3 The cost composition of beta-thalassemia management

4. Budget impact analysis for the beta-thalassemia management

The direct costs and total costs were multiplied with the number of p-thal
patients under the UC in Thailand specified to the programmed scenarios. Afterwards,
they were collected the budget of each circumstance in the scenario, then the
summation was the total budget of each programmed scenario in fiscal year 2007 as
the last column of table 9.

The cost of B-thalassemia management children for patients receiving high
transfusion with single DFO was 111,209.73 THB/case/year, patients receiving high
transfusion and combined with local L; was 72,289.38 THB/case/year, and patients
receiving low transfusion and combined with local L; was 34,246.09 THB/case/year,

respectively. Meanwhile, the iron chelation combination package was combined by
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import L, the cost was 94,901.13 THB/case/year in patients were transfused with high
transfusion and 60,123.65 THB/case/year in patients were transfused with low
transfusion.

The budget impact analysis for thalassemia management was classified into
20 scenarios. For instance of patients receiving high transfusion might be divided into
2 circumstances like as the base case scenario, it was multiplied with the number of
patients receiving high transfusion. The results showed the budget in the different of
iron chelation package. Otherwise, the budget of low transfusion circumstance was
calculated by the multiplication between the number of patients receiving low
transfusion and average costs of low transfusion circumstance. Finally, the global
budget was calculated from the summation of the budget of all circumstances in the
programmed scenarios.

In summary, the NHSO will be advanced the budget for B-thalassemia
management under the UC. There were 37,452 children in fiscal year 2007. The base
case scenario could be divided into 2 circumstances. Moreover, the base case scenario
could be divided into 3 packages. Firstly, the patients were received high transfusion
with single DFO and low transfusion with combination package, the global budget
was 2,521,961,116 THB. Secondly, both high and low transfusions were received
combination of iron chelators, the global budget was 1,895,218,833 THB. The global
budget was obtained from the summation such the budget; the budget was accounted
for 1,790,832,819 THB in patients receiving high transfusion with single DFO,
1,164,090,535 THB in patients receiving high transfusion and combined with local L,
and 731,128,298 THB in patients receiving low transfusion and combined with local
L, as detailed in table 10.

As a result, the NHSO should be arranged 1,895,218,833 — 2,521,961,116
THB in the base case scenario as illustrated in table 10. It was indicated that the global
budget was saved for 33%, when the combination package was used instead of single

DFO.
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5. Scenario analysis (Sensitivity analysis)

The sensitivity analysis was analyzed by adjusting the input parameter values
in analytic framework that classified to the programmed scenarios as table 5. The
results of the circumstances were the direct medical cost (currency unit: Thai baht)
classified by cost composition and scenario analysis as showed in table 9, and the
annual budget (currency unit: Thai baht) for B-thalassemia children classified by cost
composition and scenario analysis as detailed in table 10.

The scenario 1.1 — 1.9 were constructed treatment model based on the
proposed of TFT, whereas the scenario 2.1 — 2.9 were constructed based on the
conventional treatment. Due to the scenario analysis, the percentage of global budget
alteration was decreased 6.99 — 46.11%. On the other hand, it was increased 2.31 —
127.15%.

The analytical framework was reflected the plausible input parameter values:
the proportion of beta-thalassemia patients, the package of iron chelation agents -
package A/ B1/ B2, price of iron chelating agents - DFO/ L,, type of blood
components - LPRC/ LPRC(NAT), type of transfusion - high transfusion/ low
transfusion, and laboratory test - CPG/ Real. All of them were comprised to the
treatment cost. The total budget of each scenario was compared with the base case
scenario in the difference of budget or percent.

The scenarios based on the proposed of TFT (Scenario 1.1 — 1.9) were
compared with the base case scenario. The details were displayed as followings.

The scenario 1.1 was employed to tested import L, the global budget was
increased over 900 million THB. (48.36%)

The scenario 1.2 was employed to tested beta-thalassemia diseases, the
global budget was specified to the diseases and treatment.

The scenario 1.3 was constructed all patients receiving single DFO and high
transfusion, the global budget was increasing the greatest 1.78 billion THB. (127.15%)

The scenario 1.4 was constructed all patients receiving combination with
local L; and low transfusion, the global budget was decreasing the greatest 873 million
THB. (46.11%)

The scenario 1.5 was employed to tested blood component parameter, the

global budget was decreased 163 million THB when using LPRC.
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The scenario 1.6 was employed to tested the proportion between
homozygous B-thal and B-thal/Hb E, the global budget was increased for 44 — 66
million THB. (2.31 —2.62%)

The scenario 1.7 was employed to tested same parameter with the scenario
1.6, the global budget was increased for 51 — 77 million THB. (2.69 — 3.09%)

The scenario 1.8 was priced up DFO, the global budget was increased 1.74
billion THB. (69.07%)

The scenario 1.9 was priced up both DFO and L, the global budget was
increased 1.20 billion THB. (63.36%)

Comparison between the conventional treatment and the base case, the global
budget was decreased 0.4 -1.0 billion THB. (20.95 — 40.60%) Moreover, the global
budget of the scenarios based on the conventional treatment also compared with the
base case as detailed.

The scenario 2.1 was employed to tested beta-thalassemia disease and
constructed all patients receiving single DFO in dosage regimen as the conventional
treatment. The difference with the conventional treatment was not clear, but the global
budget was decreased 19.88 —39.79% when compared with the base case.

The scenario 2.2 was constructed like as the scenario 2.1 but using single
DFO and dosage regimen based on the TFT, the global budget was increased 1.6
billion THB. (63.54%)

The scenario 2.3 was constructed all patients receiving high transfusion and
LPRC, the global budget was decreased 966 million THB. (38.31%)

The scenario 2.4 was constructed all patients receiving low transfusion and
LPRC, the global budget was decreased 1.1 billion THB. (43.91%)

The scenario 2.5 was constructed all patients receiving LPRC, the global
budget was decreased 1.06 billion THB. (41.86%)

The scenario 2.6 was constructed all patients receiving LPRC(NAT), the
global budget was decreased 918 million THB. (36.40%)

The scenario 2.7 was constructed all patients receiving single DFO same the
base case, the global budget was increased 1.56 billion THB. (61.80%)

The scenario 2.8 was constructed all patients receiving combination iron

chelators with local L, the global budget was decreased 133 million THB. (6.99%)
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The scenario 2.9 was constructed all patients receiving combination iron
chelators with import L;, the global budget was increased 1.07 billion THB. (56.36%)

There were many results restricted on the constructed scenarios. Therefore, it
tends to create optimal clinical decisions while balancing costs with the quality of
patient care. Nevertheless, the thalassemia management was discussed by the
multidisciplinary care team adjusting the treatment regimen model and setting the

reimbursement system of thalassemia management.

6. Impact of iron chelation package and blood components to the budget

The iron chelating agents were the large majority of total direct medical cost,
since the iron chelating agent cost and total cost were clearly decreased in which the
scenario was changed the related parameters such as package and price. Table 11
illustrated the effect of iron chelation package on the cost and table 12 illustrated the
effect of blood components on the cost.

The alteration of iron chelation package as the circumstances of the base case
scenario, there were 3 packages of iron chelation treatment. It can be saved cost of the
iron chelator 46 — 81% and the total cost 37 — 65%, if patients were treated with
combination package instead of single DFO as showed in table 11. The average saving
cost was range 41,993.96 — 73,934.07 THB a year, thereafter the saving global budget
was accounted 1,572,757,790 — 2,768,978,790 THB a year.

However, the patient’s compliance may be arose from the oral iron chelating
agents. It assisted thalassemia patients comfortable to prevent iron overload. It had
evidence-based (13-16) supporting safety and efficacy. In particular, it will be saved
budget over 1 million THB.

The alteration of blood component, it was assumed that the Thai Red Cross
Society may not produce LPRC, that is the hospital have to transfused with
LPRC(NAT). The management cost will be increased 3,994.72 THB/case/year. Even
though the blood cost was increased 55%, the total cost was increased only 4% as

showed in table 12. The incremental annual budget was 49,610,253 THB.
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Table 12 Effect of blood component on the direct medical costs

c Base case Normal blood
ategor 0 o
- (I&I;l}f():l pMC* LPRC? chzl/;ge pmc! cha/;)lge
B-thalassemia disease
Homozygous B-thal ~ 12,350.02  106,098.11  7,991.19 -54.55%  101,739.28  -4.28%
B—thal/Hb E 11,087.15 114,819.17 7,174.04 -54.55% 110,906.06 -3.53%
Blood transfusion
Low transfusion 9,897.53 n/a 6,404.29 -54.55% n/a n/a
High transfusion 13,050.04  111,189.44  8,444.15 -54.55%  106,583.54 -4.32%
Total (n=71)
Mean 11,318.38 113,222.36 7,323.66 -54.55% 109,227.64 -3.66%
Median 11,101.88  109,625.23  7,183.57 -54.55%  105,706.92 -3.71%
Standard deviation 2,519.81 25,783.57 1,630.47 -54.55% 25,569.82 -0.84%
Maximum 19,641.78 197,781.90 12,709.39 -54.55% 190,849.55 -3.63%
Minimum 5,123.94 65,367.79 3,315.49 -54.55% 60,545.26 -7.97%
95% Confidence Interval
Lower 10,721.95 107,119.49 6,937.73 -54.55% 103,175.36 -3.82%
Upper 11,914.81 119,325.23 7,709.58 -54.55% 115,279.91 -3.51%

Note ' Leukocyte-poor red blood cells (Nucleic acid Amplification Testing)
? Direct medical costs
3 Leukocyte-poor red blood cells

The blood component and blood transfusion could be saved the budget range
100 million — 1.1 billion THB; likewise, the combination package of iron chelating
agents. However, because of risk to complications, prognosis and financial limitations;
the thalassemia management in which all patients receiving low transfusion was
suspected.

In brief, the results can be interpreted that it should be financed in the
scenario which used both LPRC and combination package with local L;, especially the
scenario based on the proposed of TFT. It is likely to be introduced as suitable
circumstance because the global budget was 1.73 billion THB which decreased 8.6%

of the base case scenario in the combination package of iron chelating agents.
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CHAPTER V
DISCUSSION

The discussion was divided into 3 parts:
1. The difference from another determinations
2. The possibility of health financing in thalassemia management

3. The limitation of this study

1. The difference from another determinations

In general, cost analysis have to identified the analytic key elements;(38, 39)
the objectives, cost objects, perspective, time horizon, affected population, financing
criteria since it can be compared with the others.

1.1 Cost analysis of the other researches

The report of Sanguansermsri (2002) (1, 40) explained that the estimation of
treatment cost of beta-thalassemia major was determined with blood, iron chelating
agents (DFO), and hospital care cost. In short, homozygous B-thalassemia patients
who had 10 years of life expectancy, it was determined 1,260,000 THB/person. The
patients who had 20 years of life expectancy, it was determined 3,480,000
THB/person. However, -thal/Hb E patients who had 30 years of life expectancy, it
was determined 6,660,000 THB/person. Due to the accessibility of the data, the
comparison cannot be assessed.

If the cost asssessment of Torcharus et al.(2006)(28) was discounted to year
2007 and considered particularly 201 B-thalassemia patients. It found that the average
DFO cost was 8,065.72 THB/case/year, the average blood cost was 4,315.58
THB/case/year, and the average total direct medical cost was 20,598.58
THB/case/year. Otherwise, the results were compared with the conventional treatment
scenario as showed in table 5, the input parameters were same as the resource

utilization of Torcharus et al. The results of the conventional treatment
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scenario in patients receiving high transfusion, the average DFO cost was 26,966.68
THB/case/year, the average blood cost was 9,100.34 THB/case/year, and the average
total direct medical cost was 49,858.87 THB/case/year. Likewise, the results in
patients receiving low transfusion, the average DFO cost was 17,644.30
THB/case/year, the average blood cost was 6,453.23 THB/case/year, and the average
total direct medical cost was 32,565.44 THB/case/year as detailed in table 9. It
indicated that both studies were consistented, though the costs of this study were
higher than the costs of Torcharus et al. In contrast, the average resource utilization of
this study was higher than the study of Torcharus et al. because it was based on the
treatment regimen model of TFT. Owing to the resource utilization of the study of
Torcharus et al., the average outpatient visit was 9.23 times a year, the average of
admission was 0.54 day, the average of blood transfusion was 7.40 times a year and
average DFO usage (500 mg vial) was 44.13 vials a year.

1.2 Estimation cost of the Thalassemia Foundation of Thailand (TFT)

The proposed cost estimation of thalassemia management to the NHSO by
TFT as showed in table 4, it was estimated the direct medical costs specific to blood
component, iron chelating agent, and laboratory test. Even so, the cost determination
in this study was analyzed by micro-costing method or bottom-up approach. Then, the
cost was classified into the cost composition.

The proposed cost estimation established that the costs in case of high
transfusion were 144,510 THB/case/year in patients receiving single DFO, 81,110
THB/case/year in patients receiving combination package with local L;, and 110,310
THB/case/year in patients receiving combination package with Import L,
respectively. Otherwise, the costs in case of low transfusion were 24,530
THB/case/year in patients receiving combination package with local L, and 53,730
THB/case/year in patients receiving combination package with Import L,
respectively.

Regarding iron chelating agent, blood component, and laboratory test which
cost was same as the proposed calculation, it indicated that the costs which high
transfusion were lower than the proposed of the TFT. The cost of single DFO was
100,893 THB/case/year, when the cost of combined on iron chelation package was

61,973 THB/case/year in case of local L; and 84,585 THB/case/year in case of import
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L;. On the other hand, the costs which low transfusion were higher than the proposed
of the TFT. The cost of combination package was 28,638 THB/case/year in case of
local L; and 54,516 THB/case/year in case of import L.

Considering the average service utilization as table 7, patients receiving high
transfusion visited as out-patient 15.66 times a year, 3 cases of them were hospitalized.
Average blood transfusion was 15.28 times a year. Patients were treated with single
DFO, DFO usage was about 461 vials a year. Otherwise, DFO usage was 185 vials a
year and L; usage was 1,132 capsules a year in patients receiving combination
package. Furthermore, patients receiving low transfusion with combination package,
they visited as out-patient 11.41 times a year, 5 cases of them were hospitalized.
Average blood transfusion was 9.87 times a year. DFO usage was 21 vials a year and
L, usage was 1,132 capsules a year.

The medical resource utilization in thalassemia patients was estimated by the
proposed of the TFT, it was displayed in table 4. It showed that patients receiving high
transfusion will be transfused and outpatient-visited at least 17 times a year. Patient
were treated with single DFO; DFO usage was 650 vials a year, but patients were
treated with the combination package; DFO usage was 260 vials a year and L; usage
was 1,460 caps a year. In contrast, patients receiving low transfusion with combination
package, they will be transfused and outpatient-visited at least 6 times of a year. DFO
usage was 20 vials a year and L; usage was 1,460 capsules a year.

In summary, the medical service utilization of this study in patient receiving
high transfusion was lower than the proposed of TFT. Meanwhile, it was higher than

in patient receiving low transfusion.

2. The probability of health financing in thalassemia management

The issue to consideration was occurred from the limited budget, it was
questioned what and how to financed the thalassemia management in Thailand. The
possibility due to advance the thalassemia management should be recognized, there
were 2 methods to health budget administration. The treatment cost should be
reimbursed with the major cost composition or the reduction of thalassemia newborns

in Thailand. Both methods can be decreased the thalassemia management budget.
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The cost composition was divided into iron chelating agent, blood, medical
device, medical service, complication, the other drugs (excluding iron chelating
agents), and hotel cost. The percentage of overall cost over 90%, there were iron
chelator cost 79.82%, blood 10.00%, laboratory test 3.40%, respectively. As a result,
the advanced reimbursement may be considered on the priority of cost composition.

The patients should be screened to receiving the proper treatment. For
example, table 11 showed the cost comparison with iron chelation packages. The
maximum saving budget was 82.32% in case of iron chelating agents and 67.01% in
case of total costs. Table 12 showed the cost comparison with blood transfusion types.
The maximum saving budget of was 54.55% and in case of blood components and
4.32% in case of total costs.

The scenario analysis is intended to influencing methods to save the global
budget such as the combination of iron chelating agents with local L; was saved 626
million THB. (33.07%) Not only the combination of iron chelating agents with local
L; but also LPRC (scenario 1.5) was saved budget 163 million THB. (8.6%) Besides,
the conventional treatment scenario was saved budget range from 0.4 to 1.0 billion
THB. Because of the quality of treatment, complication risk, and prognosis may be
worsen that the researcher cannot evaluate the disadvantages. However, the researcher
tended to recommend the combination package with local L; and LPRC.

The beta-thalassemia management budget was calculated from the direct
medical costs, it was range 1,895,218,833 —2,521,961,116 Thai baths. The percentage
of the budget was range 2.14 — 2.85% of the total health budget of the NHSO around
88.6 billion baths in the fiscal year 2007.

Furthermore, the sources of health expenditure were considered. The
government had portion lower than the private. While the private also including
household expenses, the individuals still paid themselves for 66.8% of total health
expenditure in 2005. As a result, the government expenditure was 33% of overall
health expenditure.(41) Accordingly, the government may be increased investment to
health expenditure. However, the government must thoroughly consider and realize to
health policy that correlated with budget allocation, payment mechanism, and budget

planning.
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3. Limitation of this study

Budget impact analysis might be inexact from the uncertainty of input
parameters, for example, the prevalence of thalassemia in Thailand. Hence, the
prevalence-based approach deemed to be assessed the overall health budget of
thalassemia management.

3.1. The number of living patients which used in this study may be varied
since the number of living thalassemia patients were derived from literature review.
However, there were many reasons as following:

If life expectancy of living thalassemia patients were increased
because of the high technology in treatment procedures and optimal treatment of the
thalassemia management.

The population structure of Thailand will be changed since the
childhood people continuously were decreased from 24.7% in 2000 to 22.4% in 2007.
Whereas, the elderly people trended to rapidly increasing from 9.4% in 2000 to 10.7%
in 2007.(42)

3.2. In fact, no samples regarding with all parameter values as the proposed
of TFT, so the proper samples were selected by transfusion type and iron chelating
agent usage. Then, the eligible patients were adjusted dosage regimen of iron chelating
agents. To set the reimbursement rate of thalassemia management, the selected
samples were determined. Although, the sample group was not big enough to the
representative.

3.3. The determination of thalassemia management cost may be deviated
from costing since the uncertainty of the data. Moreover, the cost characteristics are
dynamic in nature. When the parameters change, the costs will change as well.
However, the sensitivity analysis was employed according to the constructed
scenarios. As a result, the costs will be changed if the parameters were differed form
the programmed scenarios.

3.4. The hospital potentiality was caused different in quality of patient care.
The high level of the reimbursement rate can be encouraged the health providers to
improve quality of care.

3.5. Time horizon was 1-year period, although the policy-makers might be

expected in longer period. Nevertheless, thalassemia management is not likely to
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change at the beginning of implementation program therefore such it was useful for
this aspect. Besides, the limitations of prognosis and treatment outcomes after the
program which associate with the adjustment of thalassemia management in the future.

As a result, the researcher cannot evaluate the budget in longer period.
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CHAPTER VI
CONCLUSION AND RECOMMENDATION

1. Conclusion

In this study, the budget impact analysis was conducted scenarios based on
the proposed of TFT to the NHSO and conventional treatment. The thalassemia
management was established for thalassemia children under the UC. The TFT
proposed the thalassemia management to advance the reimbursement, it was expected
to improve quality of treatment and also decrease health expenditure for hospitals
(health providers). The NHSO is a public purchaser, so the costs were considered only
the direct medical costs excluding other patients’ costs such as infusion pump,
transportation, and opportunity cost.

Based on the Economics, the thalassemia management was not efficient but
the prevention & control program was efficient. However, the government cannot be
provided only the efficiency program. The NHSO must be considered in accessibility,
equity and ethical issue, so a social welfare was provided by the government. As a
result, the research can be used to budget planning, financing, providing the health
promotion and prevention in the future.

The issue to reduced thalassemia patients in Thailand, the MoPH should
continually performs the prevention & control program by developing education,
screening, and follow-up program to prevent newborns with thalassemia major, these
programs need to clearly evaluate and integrate to all strategies.

Besides, local L; and co-payment with equity (the rich pay much, the poor
pay less) are methods of saving budget. Moreover, the co-payment mechanism is
likely to encourage thalassemia trait to realize with health expenditure. The oral L; can
be improved the compliance and local L, also saved cost. In addition, the reduction of
thalassemia prevalence is also increased probability to advance/expand the

reimbursement and quality of treatment in the future.
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At last, the NHSO has to consider thoroughly in health policy that regularly
updating of cost and charge is therefore necessary. It needs efficiency in the data
storage and cost analysis tool. These tasks will result in sufficient and correct data for
decision. In addition, efficient data management will decreases working time of

document resulting in gains more time of patient care.

2. Recommendation

2.1 The recommendation for the budget administrator

The NHSO is a budget administrator and public purchaser. The NHSO has
the specific committee to setting the related policy and controlling the quality of
medical services. As a result, the NHSO becomes the major authority to negotiate the
cost of thalassemia management for thalassemia patients under the UC scheme. The
costs can be controlled which it must not be excessively expensed for hospitals.

If the NHSO’s reimbursement is expanded to cover all related treatment
costs, it may be encouraged health providers to provide and deliver efficient services
to thalassemia patients. Thus, the data can be used for setting the appropriate
reimbursement rate. Hence, the payment without regarding with outcome may not
encourage providers to deliver the efficient care. If the outcome is used as a
performance indicator for additional payment, more efficient care may be delivered to
the thalassemia patients.

As conclusion, the MoPH is a major health organization which should be
seriously responded. In addition, the prevention & control program should be
promoted and clearly co-operated with the related organizations to entirely resolve the
problems.

2.2 Recommendations for the further research

Since the limitations of complication risk, prognosis and treatment outcomes
after the implementation program, it is associated with the adjustment of thalassemia
management in the future. Therefore, it should be collected the treatment outcomes for
the cost analysis and evaluation program, for example, the lifetime treatment cost may

be reassessed based on cost analysis and updating data.
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