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KEYWORDS : COST/UTILITY / HEMODIALYSIS / ERYTHROPOIETIN /
HEMOGLOBIN
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The purpose of this study was to evaluaiesthe cost utility analysis of EPO for
maintaining the different hemoglobin target levels®in anemic hemodialysis patients in
routine clinical practice. In cost utility analysis (CUA), there were two important variables
involved: cost and utility of HD patients using erythropoietin (EPO). Face-to-face
interview using KDQOL-SF (SF-36'and kidney disease specific questionnaire) and EQ-5D
was conducted during Nevember-December 2009 with 152 hemodialysis patients. The
mean SF-6D score wass 0.748£0.139 ‘showing significantly higher than EQ-5D
(0.704+0.341), and VAS (0.684+0.191) scores. Pearson’s correlation coefficients between
utility scores withKidneydiscase specific ‘questionnaires illustrated that all three utility
scores were correlated awell with the symptoms and problems dimension, but had low
association with the burdeniand effects of kidney disease on daily life dimension. The SF-
6D presented better agreement with kidney specific scales than EQ-5D and VAS. The
average utility scores of SE=6D were significantly different across Hb levels (ANOVA,
p=0.005) while otherutility scores were not significant different (p>0.05). These findings
implied that SF-6B could, tg a certain extent, reflect HRQoL status of hemodialysis
patients and might be uséd asthe/inputparameterinithe analysis. Another input parameter
was transitional probabilities that were obtained mainly from a systematic review and
meta-analysis. The data showed that using EP@]_@; maintaining the different Hb levels did
not indicate a significant gffect on increasing cardiovascular (CV) events or CV mortality
rate in HD patients without the History of CV events but showed a significant effect on
increasing CV mortality rate in HD patients with CV history. The direct medical cost was
estimated based on the reference price of the Siritaj hospital and direct non-medical costs
were from the structured questionnaire interviews. After detived all input parameters, the
Markov model was used to estimate the incremental cost and Quality, Adjusted Life Year
(QALY) associafEd=with-EP©-ireatment-for-maintaining-hemeoglobifi.lévels of >9-10, >10-
11, >11-12, and #12 g/dl, comparing with <9 g/dl and adopting both.the hospital and the
societal perspectives. All future costs and outcomes were discounted at the rate of 3% per
annum. When providing EPO to raise the Hb level up to >10 to 11 g/dl, up from the initial
Hb of less than 9'g/dl, yields the minimum incremental cost per QALY in the hospital and
societal perspective about 492,808.59 and 609,997.53 Baht per QALY, respectively. From
PSA, Hb,level >10 to 'l g/dl was the optimal choice at the willingness to pay (WTP) at
420,000=1,285,000:and '503,750-1,512,500/ Baht“with the probability of cost effective was
31.43-96.17%;1 and 1 29.32-95.94% for| the hospital and the societal’ perspectives,
respectively. The findings should be proposed to policy decision makers to set up the
guideline for appropriate and cost-effective use of EPO in the hospital as well as to
establish the reimbursement criteria for EPO use at the national level.
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CHAPTER1
INTRODUCTION

Rationale

Anemia is a common clinical problem in patients with chronic kidney disease
(CKD) and is associated with increased morbidity and mortality in these patients.
Anemia treatment can be managed by either blood transfusion or erythropoietin
(EPO). EPO is a hormone synthesized in'the kidney responsible for red blood cell
maturation in the bone marrow. It is deficient in.the majority of patients with
advanced kidney disease thereby predisposing to anmemia. Several erythropoietin
analogues or derivativesare now awvailable. . However, there are only a few
randomized controlled trials-eomparing outcomes at pre-specified Hemoglobin (Hb)
concentrations. Several unanswered questions remain regarding the optimal use of
EPO, including the ideal tagget Hb level for an individual and a CKD population. The
results based on obseryational data havé| supported the coincidence of normalization
or optimization of Hb with the concept of increasing coneentrations to a maximum,
and suggested survival advantages, even «though trials and meta-analyses clearly
pointed in the opposite digection.

Currently.a lot of efforts haVe been invested in developing guidelines on the
basis of the strongestpossible evidence to,be able to justify the recommendations as
well as to provide a decision tool for physicians. However, creating and updating
evidence-based guidelines 'is  extremely difficult to unity. The nephrological
community has been trying to set up a sing'le"'set' of international guidelines under the
guidance of Kidney Disease Imptoving gﬂobal Outcomes (KDIGO) and while
awaiting the publication of the KDIGO anemia guidelines possibly in 201 1." In 2004,
the European Dialysis and Ttansplant Association (EDTA) published the European
Best Practice Guidelines or. EBPG (at present EBPG is changed the name to
European Renal Best Practice-or ERBP) for the treatment of anemia® and the US
National Kidney Foundation published the evidence-based Kidhcy Disease Outcomes
Quality In1t1at1ve (KDOOD) guidelines n 2006 _Both omdelines have suggested the
treatment target/for the anemia of chronic renal failure at hemoglobin (Hb)
concentration higher than 11 g/dl (or hematocrit (HCt) at hlgher than 33%) while
United Kingdom Renal Association (RA) have suggested the target Hb in the range
10.5-12.5 g/dl as shown in the table 1.1.°

Table 1.1/Summary; of-current renalanemia guideline.

RA (2007) EBPG (2004) KDOQI
(2007)

Hb, g/dl

Male <13 <13.59<12° <13.5

Female <13, <12° <11.5 <12
Target Hb, g/dl 10.5-1255 >11 11-12
Maximum Hb, g/dl unspecified 14 (HD), 13 (caution)

12 (DM)

a: If>70 yearsold, b: Pre-menopausal.

Source: Courtney AE, Maxwell AP. Critiques of clinical guidelines in nephrology: anaemia. Nephron
Clin Pract2008; 110(2): c115-25.



However, no benefit evidence of using until Hb concentration is 13 g/dl.*
Nevertheless, the US Food and Drug Administration (FDA) changed the labelling for
EPO and added a boxed warning stating that Hb targets of >12 g/dl should be avoided
because of the increased risk of death and serious cardiac events, and also noted that
EPO should increase Hb only to the lowest level necessary to avoid transfusion in
March 2007. Nowsaday, no evidence has shown the best target level of Hb for
anemia CKD patients. While it is widely accepted that the renal anemia patients
should receive EPO therapy, the appropriate target Hb level is still controversial.
Many chronic kidney disease patients receive recombinant human EPO for their
anemia as a part of routine therapy. Since EPO#is an expensive therapy, it has created
economic burden onto the health carc system«6f every country. In 2006, EPO has
generated US$10 billion in sales worldwide and+=$2 billion in the USA from the
Medicare program alone: This was increased from $1 billion in 2002°.

In Thailand, EPO"is listed in the National List.of Essential Drugs (NLED)
under the Jor 2 categorywand is covered by every health benefit scheme. The use of
medicines under.the Jors2 category 18 subject fo the predetermined criteria and
requires prescribing authorization. ' However, any hospital that does not set up the
prescribing authozity is not qualified for the financial support for EPO from National
Health Security OfficgNHSQ) or tinder the Universl Health Coverage (UC) scheme.
The use of EPO is limited under Social Security Scheme (SSS) and can be reimbursed
for 4,000 or 2,000 TU per week in patients with Hb level below 10 or 11 g/dl
respectively. The Civil Servant Medical Bencfit Scheme (CSMBS) is the only health
scheme providing full c¢overage for EPO. The inequity between 3 public health
schemes is inevitably expeurienced: ‘While patients under CSMBS are provided under
minimal cost containment policy, those under UC and SSS have no or inadequate
access and if needed, they have to pay out of pecket.

Since the health €are spending becomes more stringent, economic evaluation
could be a useful tool to assist policy makers in making their decision on alternatives.
The health resource allocation pelicy could then be more efficient and the inequity
dilemma could, to a certain extent, be answered.

Top 10, highest expenditures for injectable drugs in 2009 of Siriraj hospital,
the largest univeisity-hospital-(a-2203-bed tertiary care-university hospital; Bangkok)
in Thailand is shown in table 1.2. Eprex® and Recormon® represent the two highest
utilizations with approximately equal share.

Table 1.2 The top 10 of high injectable medicine expenditure at Siriraj Hospital
in 2009

Rank Medicine Drug expenditure (B)
1 Eprex® 76,643,691.00
2 Recormon® 74,364,125.00
3 Mabthera® 57,639,988.00
4 Velcade® 53,848,658.00
5 Meropenem® 45,475,890.00
6 Pegasys® 40,532,301.00
7 Gammaraas® 38,881,678.50
8 Gemzar® 37,151,355.50
9 Taxol® 31,425,696.00

10 Enantone® 30,721,290.00




Trend of Erythropoietin expenditure is increasing between 2006 and 2009 as
shown as figure 1.1.
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In 2007, overall of EPO @@endﬁé& Siriraj Hc’spltal is 119,597,547 Baht

and increased to 171,666,386 Ba?&f: 200 ted for approximately 22% increase

annually as shown in table 1*&!.:*_‘, g J,p‘

Table 1.3 The expenditure: ’jm) 'of alll E%tin at Siriraj Hospital during

2007 to 2009. -
i 5. __VA
Medicing |~ 2007 | ] 2009
Recormon® -
[Erythropoietin befa] 5333816180 | 74,364,125.00
Eprex®
[Erythropoietin alfa] 49,174,078.50 _|  64,268,955.00 76,643,691.00
9 | 3 8 8 “20.658.570.00
[E t oieti a 1 b o 6 . ) , .
Total 119, 597 547.00 146 908,764.00 171 666,386.00

R e SRAISRHIR

The problem between containing drug expenditure and managing the anemia in
chronic kidney disease (CKD) is the major issue that many studies cannot agree upon
the appropriate target Hb level. Thus, the decision to treat anemic chronic kidney
disease patients depends on the practice guideline that physicians rely on.

In Thailand, the studies that were conducted to find the most useful target Hb
have not included the cost effectiveness and/or cost utility analyses. The level at
which quality of life is maximized and risk is minimized would be the optimal target.
Dialysis patients carry higher risk of death than general population. Anemia is the



common complication found in dialysis patients that could lead to mortality. Risk of
anemia is occurred in HD patients more than CAPD patients because blood loss is less
marked and residual renal function maybe better preserved in patients who receive
peritoneal dialysis. Also, in HD patients, blood is usually drawn before a dialysis
session; as a result, hemoglobin is likely to be partly diluted.®*

Although EPO has been included in the National List of Essential Drugs
(NLED) for the treatment of anemia caused by end-stage renal disease for maintaining
the target hemoglobin but the cost of EPO is so expensive. The study on cost utility
analysis of using EPO for anemia treatment of end-stage renal disease would allow a
decision to balance between economic burden of the government and quality of
patient life. The cost wutility analysis is+cednomic technique for assessing the
efficiency of healthcare “intervention. measuiing “combined outcomes as the
effectiveness, i.e., survival and quality of lifc in combination as quality adjusted life
years (QALYs). Attheprescat, the clinicians and poliey makers are recognizing the
importance of health-related guality of life (HRQOL). This measure does not only
reflect patient peispective’it takes into consideration the holistic outcome of care
provided. This is a_benefit measure at the care giving level by using as a part of
planning patient management program and at the policy level for decision making.
QALY is the most commonly used as the tility measure. It consists of 2 parts; 1)
quantity of life andi2) quality of life. The results obtained from this study will give a
better view on the QALY of patients withithe different Hb concentration levels. This
information will be used as an input for determining the Hb concentration level that
would provide the highest QALY and the'incremental cost that needs to be paid per
an incremental QALY when treating anemie patients from chronic kidney disease
with EPO in HD patientss The results would assist in developing the guideline of
anemia treatment under Thai clinical care smlatlon

Research Question 7 f,

What is the incremental.cost effectlvep,ess ratlo (ICER) of EPO in maintaining
the different hemoglobin target for HD patlents'? ’

Research objective "

General Objective

To study-the=cost=utility=analysissof=EPO=forsmainfaining the different
hemoglobin target levels in anemic hemodialysis patients in routine clinical practice

Specific Objectives

(1) To assess the utility scores of hemodialysis patients who use erythropoietin
to maintain the hemoglobin at different target levels.

(2). To evaluateithe cost of erythropoietin for treating anemia in hemodialysis
patients,

(3) To« analyzer the | incremental; cost-effectiveness | ratio (ICER) of
erythrop@iétin at the different hemoglobin target levels in hemodialysis patients in
routine clinical practice.

(4), Tow assesse~them=quality of) lifey ofy, hemodialysisy patients, who use
erythropoietin to maintain the hemoglobin target level.

Expected Benefits:

(1) The utility as well as quality of life scores of hemodialysis patients who
use erythropoietin to maintain the hemoglobin level will be determined and could be
used as a standard for future utility study.

(2) The cost of erythropoietin for treating anemia in hemodialysis patients in
Thailand will be assessed at the hospital and national levels.

(3) The compiled results from the study will be used to determine the targeted
hemoglobin level for anemic treatment in hemodialysis patients.
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CHAPTER II

LITERATURE REVIEW

This chapter is divided into 3 major parts. The first part shows the details of
anemia in end-stage renal disease (ESRD) which treated by erythropoietin (EPO) and
the hypothesis mechanism of EPO for anemia treatment, the adverse events, which are
consequences, as well as treatment approaches were conceptually structured in
markov models. The second part shows the details of the tools used in measuring
utility scores and the kidney specific disease questionnaire. Subsequently, the
concept of cost utility .analysis is presented including the key structures related to
calculation of the incremental cost effectiveness ratio(I€ER) by modeling technique.
I. Anemia treatment in.end-stage renal disease

1. End-stage renakdisease (ESRD)

The National*Kidney Foundation of The United States of America defines
chronic kidney disease(CKD) as an evidence of kidney damage based on abnormal
urinalysis results (gig, proteinuria, hematuria) or structural abnormalities observed on
ultrasound images or an absolute glomérular filtration rate (GFR) of less than 60
ml/min for 3 monthg'or longer. Based on this definition, guidelines are developed by
classifying the progression of renal discase into 5 stages. Stage 1, there is an evidence
of kidney damage bug'GFR is/preseryed (390'ml/min). Stage 2 is identified by mild
kidney damage with' GFR 60~90 ml/min. Stage 3 is moderate kidney damage with
GFR 30-59 ml/min. Stage 4 is severe kidney damage with GFR 15-29 ml/min while
Stage 5 is end-stage renal disease (ESRD) with GFR <15 ml/min. Patients in Stage 5
are often treated with dialysis or kidney transplantation.

At present, the incidence and prevalence of end-stage renal disease (ESRD)
patients is increasing both adjusted by age or byfrace " The ESRD is a worldwide
public health problem. In the US alone, the number of patients eventually reaching
ESRD is projected to rapidly-inerease from 354,754 in 2006 to 533,800 patients in
2020." This high prevalence of ESRD, the attendant need forfanemia treatment with
EPO, and the*high-cosis-associatedwith-ancmia-ticatacntin=ESRD calls for a more
structured apptoach on the use of these agents. These patients at one time will need
renal replacement-therapy, of which there are 3 available methods, i.e., Continuous
Ambulatory Peritoneal Dialysis (CAPD), Hemodialysis (HD), and Renal transplant.
Anemia from erythropoietin deficiency is a common complication of chronic kidney
disease. It can bel treated with EPO administration, red blood cell transfusion
(RBCT);"6r & combiration of bothy'® Mostpatiéntsireteivitig HD, fof ESRD currently
receive  erythropoietin (EPO) or erythropoiesis-stimulating agents (ESAs) for
treatmentof anemia.

The end-stage renal disease (ESRD) is a chronic health problem and cannot be
cured.; . Furthermore,.the.management, of .ESRD_is costly, the.average. dialysis
expenditures are'250,000-300,000 baht per person per year,' ' In 2004, the data from
the Nephrology Society of Thailand found that therevare 12,614 hemodialysis (HD)
patients, about 729 Continuous Ambulatory Peritoneal Dialysis (CAPD) patients, and
1,542 renal transplanted patients. All of the data can be summarized that the
estimated incidence rate of patients receiving all 3 treatment methods per Thai
population is 236 per million while the new patients in 2004 is 7,871 or 125 cases in 1
million population."® However, this quantity did not include the patients who could
not afford the cost of their disease therapy. This unidentified group is estimated to



have around 3 folds of known cases. The incidence and prevalence of end-stage renal
disease (ESRD) patients, who need renal replacement therapy, are increasing.

2. Anemia treatment

Anemia defined as Hb concentration less than 13.0 g/dL for adult males and
post-menopausal women, and hemoglobin below 12.0 g/dL for pre-menopausal
women (World Health Organization 1968). Anemia is a common clinical problem in
patients with chronic kidney disease (CKD) including ESRD and is associated with
increased morbidity and mortality in these patients. Erythropoietin is a hormone
synthesized in the kidney responsible for red blood cell maturation in the bone
marrow."” Anemia is a contributing factor in many of the symptoms associated with
reduced kidney function. These include” fatigue; depression, reduced exercise
tolerance and dyspnea. "In addition, anemia has direct adverse cardiovascular disease
(CV) consequences’’; stich as 1eft ventricular hypertrophy (LVH) and left ventricular
systolic dysfunction,.eoronary artery disease, and stroke.. Thus, ESRD patients with
anemia have the high riskeof heSpitalization, increased hospital length of stay, reduced
quality of life andam@rtality® including the expenditure consequences.

Normally kidaeys produce a hormone called erythropoietin (EPO) which
stimulates the bone marrew to produce the proper number of red blood cells needed to
carry oxygen to vital organs. In ESRD, their kidneys don’t make enough EPO. As a
result, the bone magrow makes fewer red blood cells. Nevertheless, ESRD who have
HD face the severe angmia from blood loss when hemodialysis and low levels of iron
and folic acid. These mutrients from food help young red blood cells make
hemoglobin, their /main oxygen cartying ‘protein. Nevertheless, EPO therapy is
associated with increased iron utilization, further leading to iron deficiency. If a
person’s iron levels are t9o low, EPO won’t help and that person will continue to
experience the effects of anemia’ Thus, iron deficiency will develop in dialysis
patients receiving EPO unless-supplemental iron therapy. Some patients are able to
take an iron pill, but many studies show that iren pills don’t work as well in people
with kidney failure as iron given iniravenously. Iron can be injected into an arm vein
or into the tube. that returns blood to the body during hemodialysis. Evaluation of iron
stores should include red blood cell indices, reticulocyte count, serum iron, total iron
binding capacitys-percentage-transferrin-saturation; serum=ferritin, and testing for
occult blood in'stool. The common evaluate the iron deficiency-is serum ferritin level
and the transferrin saturation (TSAT) which should higher than 200 ng/ml and 20%,
respectively.'’

Most patients receiving HD for ESRD currently receive erythropoietin (EPO)
or erythropoiesis-stimulating agents (ESAs)for treatment of anemia. Anemia from
erythropeietin deficienCylis'a/common complication of chronic-kidney disease. It can
be treated with EPO administtation, red; blood cell transfusion” (RBCT), or a
combinafion of both.'® But in the widely accepted use in anemia patient is EPO
administration. Twenty five yeats have passed .since the first patient received
recombinant/human erythropoietinjinsSeattley November; 1985y % 2ERO, isseffective
in reversing/anemia of renal failure and all/its diverseé consequiences. A ‘teduction in
Hb concentrations in these patients has been shown to be associated with impairment
in quality of life, reduced energy, neurocognitive decline, decreased exercise capacity,
and increased mortality.”"**>*" The cause of anemia in the patients is mainly related
to a deficiency in the synthesis of endogenous erythropoietin.® Therefore, the use of
recombinant human erythropoietin represents a logical and commonly used treatment
for this disorder. EPO has been shown to improve quality of life, exercise capacity,
cognitive function, sleep disturbances and ameliorates left ventricular hypertrophy,
which is a major contributor to cardiac mortality and morbidity in ESRD patients.”*



It is remarkable that the three largest studies, involving 3,268 subjects, have had a
very consistent outcome, a 21-48% increased risk for mortality in the higher Hb target
group that in each study nearly reached statistical significance. >’

Target hemoglobin

There is no agreement on target Hb. In 2004, the European Dialysis and
Transplant Association (EDTA) published the European Best Practice Guidelines or
EBPG (at present; EBPG is changed the name to European Renal Best Practice or
ERBP) for the treatment of anemia’ and the US National Kidney Foundation
published the evidence-based Kidney Disease Outcomes Quality Initiative (K/DOQI)
guidelines in 2006. Both guidelines have suggested the treatment target for the
anemia of chronic renal failure at hemoglobin (Hb).eoncentration higher than 11 g/dl
(or hematocrit (HCt) at'higher than 33%) whilc.United Kingdom Renal Association
(RA) have suggested the tarset Hb in the range 10:5-12:5 g/dl as shown in the table
1.1 Because of EPQueost, target Hb should be individually determined, with near
normal levels in activegworking patients, and those with heart disease. The most
useful informationson tagget Hb requites a study in which a very large group of
patients would be randomized to multiple different Hb targets, such as 9,10,11,12, and
13 g/dl.*® The lovel at.which quality of life was maximized, whereas risk was
minimized would be the optimal target. We will explore the major treatment effects
that inform the scigntific/balanging of benefit and risk for Hb target; the tradeoff of
quality of life benefigragainst safety risk. Other factors such as cost should be
considered in the costutility of EPO to maintain the Hb in renal anemia patient.

3. Erythropeietin (EPO) 4

The U.S. Food and Drug ‘Administration (FDA) recommend that patients
treated with EPO therapy Should achieve the target hemoglobin between 10 and 12
grams per deciliter (g/dlJ). Reeent studies have shown that raising the hemoglobin
above 12 g/dL in people who haye kidney disease increases the risk of heart attack,
heart failure, and stroke.”® People who take EPO shots should have regular tests to
monitor their hemoglobin. If it climbs above 12 g/dL, their doctor should prescribe a
lower dose of EPO. The FDA recommends that patients.whose hemoglobin does not
rise to the targetilevel with normal doses of EPO ask their doctor to check for other
causes of anemiazif-no~other-cause=for-anemarissfoundymit.can be treated with a
genetically engineered form of EPO. The EPO is usually injeeted under the skin two
or three times a week. Patients on hemodialysis who can’t tolerate EPO shots may
receive the hormone intravenously during treatment. The intravenous method,
however, requires a larger, more expensive dose and may not be as effective.

Erythropoietin {EPO) is a hormone~that produced by the kidney, EPO
promotes, the formation of red blood cells inrthe bone marrow. EPO-is a glycoprotein
(a protein withia sugar attached to it). Human EPO has a molecular weight of 34,000.
The kidn@y cells that make EPO are specialized and are sensitive to low oxygen levels
in the blood. These cells release ERO when the oxygen level is low in theikidney then
EROrstimulates theybone marrew; to ptoducermore ped cellsjand [increagestheoxygen-
cartying capacityof the blood.. EPO is the regulator of red blood cell production. Its
major functions are to promote the differentiation and development of red blood cells
and to initiate the production of hemoglobin, the molecule within red cells that
transports oxygen. EPO is produced not only in the kidney but also, to a lesser extent,
in the liver. Different DNA sequences flanking the EPO gene act to control kidney
versus liver production of EPO. The measurement of EPO in the blood is useful in the
study of bone marrow disorders and kidney disease. Normal levels of EPO are 0 to 19
mU/ml (milliunits per milliliter).  Elevated levels of EPO can be seen in



polycythemia, a disorder in which there is an excess of red blood cells. Lower than
normal levels of EPO are seen in chronic renal failure.

EPO is a glycoprotein hormone. It controls erythropoiesis, or red blood cell
production and erythropoietin plays an important role in the brain's response to
neuronal injury.”* EPO is also involved in the wound healing process.*
Erythropoietin is available as a therapeutic agent produced by recombinant DNA
technology in mammalian cell culture. It is used in treating anemia resulting from
chronic kidney disease and myelodysplasia, anemia secondary to AZT treatment of
AIDS, and anemia from the treatment of ¢aneer (chemotherapy and radiation), and
from other critical illnesses (heart failurc). #ERPO have many analogues as the
following :

1. rEPO: recombinant erythropoietin oi-epoetin. That classified by epoetin
alfa (Recormon®), beta (Eprex®) | omé‘éa, delta (Dynepo®), etc.

2. uEPO: cadogenous etythropoietin (secreted naturally by the athlete's own
tissues) as found in the usine.

3. NESP. (Arancsp® Amgen): Novel erythropoietin stimulating protein, the
erythropoietin analogué known.as darbep'pietin alfa.

4. CERA{(Mircera®; Roghe): Continuous Erythropeietin Receptor Activator,
the methoxy polyethyléne gly¢olsepoetin beta, a derivative of epoetin beta. CERA is
available used in Thailand in 2009. CERA or a continuous erythropoietin receptor
activated and the pricg'list is around 6,338 Baht per vial. In the view of chemical
structure, it is look like EPO but it has poly'ethylne glyeol molecule that gives the drug
have a longer lasting effegct. CERA ‘has been developed for the treatment of anemia in
patients with chronic kidney disease: The different of other EPO, CERA has a longer
elimination half-life and slower clearance rate. Thus, CERA can be administered at
extended intervals up to once -per monthly ‘while the erythropoietin-alfa and beta
needed to inject the drug for 23 times Weekly,.‘u,42

EPO at Siriraj Hospltal m-2008 are e@hropmetm beta and erythropoietin alfa
are available in 3 trade name: Recormon® Eprex® Hemax®. In Thailand,
erythropoietin has been-included in the National List of Essentlal Drugs (NLED), in
subclass 5.2 or.category Jor.2 for the treatment anemia that catised by end-stage renal

disease for malntm—mga—hmmgbbms%crstﬁtrade name EPO at Siriraj
Hospital in 2010 was shown in the table 2.1.



Table 2.1 EPO brands and average cost per 1,000 unit at Siriraj Hospital in 2010.

Generic name Trade name Price (Baht)
Erythropoietin- | Recormon Pre-filled Syr. Inj. 1,000 IU. 380
beta Recormon Pre-filled Syr. Inj.2,000 IU. 688
Recormon Prefilled syringe Inj 3,000 IU 1,026
Recormon Pre-filled Syr. Inj. 5,000 IU. 1,633
Recormon Pre-filled Syr. Inj. 10,000 IU. 3,239
Recormon Pre-filled Syr. Inj. 30,000 TU 9,595
Erythropoietin- | Hemax Pre-filled Syt laj. 4000 IU 400
alfa Hemax Pre-filled Syr:1nj,.250004U 370
Hemax Pre-filled Syr. Iny+3,0004U 685
Hemax Pre-filled Syr. Inj. 4,000 iU 730
HemaX Pre-filled Syr. Iny. 10,000-1U 2,235
Erythropoietin- | Epzex Presfilled Syr. Inj. 2,000 IU 811
alfa EprexfPretilled Syr. Inj. 3,000.1U. 1,179
BprexPresfilled Syt. Inj. 4,000 1U. 1,473
Epuex Presfilled Syr. Inj. 10,000 ITU 3,984
Eprex Pre-filled Syr. Inj. 20,000 IU 7,329
Epuex Bre4filled Syr, Inj. 40,000 [U 13,008
Ayeragecost per "1] 000 unit 325

* Subclass §.2: The essential drug for especially patient, this drug is expensive, need to have
the experts prescribed, have the trend ofmisuse; and need'to authorized system.

Routes of administration. i d Al

Four possible routes of EPO administration cxist.

1. Intravenous (i.v.) application was initially used i 1n chmcal trials with EPO,
because it was easy access in patients on hem9d1a1y51s (HD)* This is an inconvenient
route for outpatients. The adverse effects (flu- like ‘syndrome, bone and muscle pain,
headaches) seemito occur more frequently than in subeutaneods, (s.c.) administration.
Patients on HD) do—havefh&w—mufe—bm—wmﬁeﬁﬁthﬁught to be more economical
and most patients'receive EPO by this way.*

2. Subcufaneous (s.c.) administration is the most convenient and cost-
effective alternative and preferred route at the present is subcutaneous application.
Though bioavailability was low compared with i.v. route, longer plasma half-life and
persistence of continueiis. stimulation is as ‘effective as i.v. given EPO. The studies
soon showed! that, compared with'i.v. the's.c. toute ‘allowed a-reduction in doses of
approximately«30-40% ¢ with | similar results.® *°| However, | regent prospective
randomized crossover studies show the same elevation of Hb level weather the EPO is
given by iv. or s.c. route. * #Another advantage is the possibility of self
administrationy, Fon pre-dialysistand jpatients; onyCAPDyste. applieationyisgthe only
practicable one.

3. "Intraperitoneal route is appropriate for patients on peritoneal dialysis, who
often do not even demand EPO treatment. Larger doses of EPO are required
compared with intravenous (i.v.) or subcutaneous (s.c.) application because
bioavailability of hormone is very low.*’

4. Intradermal injection. Preliminary results with intradermal injection of
EPO suggest that it is at least as good as i.v. or s.c. route.*



Dosage of EPO

The safest starting dose is not defined. A "low and slow" dosing protocol,
common in Europe, means 50-60 U/kg 3 times weakly.* The side effects of treatment
(hypertension, seizures, vascular access thrombosis) are more likely to occur if the Hb
level increases rapidly. When the satisfactory Hb value is reached, the dose of EPO
should be titrated down gradually. Individual differences to EPO should be
considered. In children® and adults®' with. CKD that the same absolute dose of 1,000
IU EPO intravenously is able to.inerease the Hb level by 0.04 g/dl. The initial EPO
dose can be calculated individually, based on.the Hb level before treatment, the
desired Hb level at steady state. The following fermula can be used to calculate the
dose (d) which is expected to increase hemoglobinfrom a pretreatment level (Hb0) to
a desired steady state level (FTbSS) whenlgiven infravenously three times per week:

d = 2400 TUM* 067 HBSS,|{HbO) | - 1

Controversy of Erythrepoietin use

Treatment with ERO has/altered the lives of CKD patients, with fewer blood
transfusions and‘improyved guality of life. However, randomized trials have suggested
that targeting greater’ hematoerits/hemoglobin levels and exposure to high doses of
EPO is associatedawith a greater risk of cardiovascular complications and mortality. A
major critical point in thinking about hlgher’ Hb targets was the publication of two
large studies in nondialysis CKD in 2006: Cardiovascular Risk Reduction by Early
Anemia Treatment with Epoetin (CREATE)35 and Correction of Hemoglobin and
Outcomes in Renal Insufficiency (CHOIR).”™ Both studies found trends toward
increased mortality risk and for other adverse outcomes as well as a recent meta-
analysis in 2007 found that treatment to higﬁé{f'_lb targets resulted in an increasing of
risk for mortality. Thus, the liypothesis for the explanation of increased risk with
treatment to higher Hb targets was studied that can summarized”® >* as Hb can raising
by EPO and this increasing-of b -lead to 2 mechanisms: 1) increased blood oxygen
carriage; 2) increased viscosity and increase platelet number and aggregation that
even the relatively small increases in blood viscosity as-Hb rises/to 13 g/dl may have
the harmful effect on the vascular disease. For the healthy person, the 2 mechanisms
is balance togethery the body always restores the Hb back to normal when provided
with adequate substrates and time. However, individuals with kidney disease differ
from those in the healthy state in a number of ways. The tradeoff of blood oxygen
carriage and viscosity .is optimized at normal Hb levels in this population when
compared/with those;without kidney: diseases >

The hypothesis of the harmful condition of the higher Hb as follow:

1) High Viscosity

At" very high Hb levels,, as seen in states of primary or secondary
erythrocytosis, this shear stress produces endothelial injury that may result in
increaséd riskfon vascular thrombosis™

2) Hemoconcentration

The risk related to elevate Hb may be accentuated by HD induced
hemoconcentration. Hb levels are measured before the dialysis session in HD patients
when the patient is most hemodilute. This results in a spuriously low measured Hb
concentration but is the value that is actually used to adjust EPO dosage. Because Hb
targets tend to be the same in HD and nondialysis CKD, actual time-averaged Hb
levels are actually raised to a greater extent in HD patients. This may be particularly
relevant among patients who are large interdialytic weight gainers. Even in moderate
weight gainers (up to 2 to 3 L per interdialytic period), the time-averaged Hb averages



approximately 1 g higher than that obtained before dialysis.”” Changes immediately
after dialysis are of cause larger. Those who gain 5 to 9% of their dry weight
interdialytically would undergo much larger transients, and with the substantial
ultrafiltration that they must undergo, these patients may experience extreme
hemoconcentration of 5 to 10 Hct points. Although the Hct in clinical trials or in
general practice has usually fallen short of those seen in secondary erythrocytosis,
significant hemoconcentration can occur. It may be especially risky to target higher
Hb levels in such patients because changes in Hct and in viscosity, producing large
changes in shear rate and shear stress, may occur thrombosis. This may partially
explain evidence from the studies of increased moziality risk among HD patients with
larger interdialytic weightgains. >’

3) Hypertension

Hypertension “i§a c¢ommon and widely known complication of EPO
treatment.” It is estimated thai-20 to 40% of patients whe are treated with EPO have
new onset or a worsecning of BP that requires intensification of antihypertensive
therapy.®” ®  Hypettension' isfone of the most clearly cstablished independent risk
factors for cardiovasetilar €vents ‘and death. Cardiac risk reduction is effective
treatment with antihypestensive drugs. Increased BP induced by EPO treatment to
high Hb targets in @KD/population could be especially problematic. In fact,
relatively small im€reases in /BP_are associated with substantive increases in
cardiovascular risk; therefore, it is highly plausible that increased BP could partially
explain the increasedirisk for death inthehigher Hb target groups.*

4) Higher dose of EPO and higher supplemental iron

We consider the direct effect of Hb level, the potential role of EPO treatment
and supplemental iron needed to achieve higher Hb levels. The aspects of EPO
treatment that differ from normal biclogy are the very rapid rise in serum levels after
injection, the high peak™serum concentration, the rapid decline in levels, and the
decline in some patients to very low serum coneentrations. > The amount of EPO
used and/or iron treatment, may play a causative role in increased mortality risk. Most
of the Hb target studies “in- HD wused ‘erythropoietin alfa (a first-generation
erythropoietin) as the EPO treatment. About iron, the possibility that iron contributes
to increased risk-wassiron-must-be-administered-in-greater-amounts to produce more
Hb, Iron increases oxidative stress via the Fenton reaction. In-HD patients, treatment
with intravenous iron is associated with systemic evidence of increased oxidative
stress®, oxidation of plasma proteins”, and evidence of vaseular injury.®® In addition,
increased concentration of serum ferritin has been associated in some but not all
studies with increaséd risk for death as a result-6f cardiovascular causes.”” Among HD
patientsfreatment with intravenous iron and-mortality risk has beenrteported in some

studies to' bé.associated with |ldad to atherosclerosis’® ' and inereased risk for
death.*’



I1. Utility and the kidney specific disease questionnaire

Utility theory

Utility Theory is based on the Theory of Games and Economic Behavior.”
In the area of cost utility analysis study, the concept of utility measurement is referred
to “expected utility theory or von Neumann-Morgenstern utility theory” which treats
utility as an ordinal measure. The utility measurement is not quantified but ranked,
and thus the utility rank cannot be added up. A person can say that a new shirt is
preferred to a sandwich, but not that it is ten times more preferred to the sandwich.
The reason is that the utility of ten sandwighes is not ten times the utility of one
sandwich, by the law of diminishing returns: 30 it'is hard to compare the utility of the
shirt with “ten times the wtility of the sandwich”. But Von Neumann and
Morgenstern suggested the way of making a comparison like this. Their method of
comparison involves considering probabilities. . If a person can choose between
various randomized events. (lotteries), then it is possible to additively compare the
shirt and the sandwiche" Tt 1s'possible to compare a sandwich with probability 1, to a
shirt with probability p ef nothing with probability 1-p. By adjusting p, the point at
which the sandwichubecomes preferable defines the ratio of the utilities of the two
options.”"

Quality of life (QOL.)

Quality ofidifc (QOL) is being used mcreasmgly as an important parameter of
health and well-being. QOL' is an 1mportant outcome representing a person’s
concerns. QOL also s anjdmportant indicator of other outcomes, such as mortality and
hospitalization. There ate several reasons that QOL study is emerging in patients with
end-stage renal diseasg (ESRD) undergoing hemodialysis (HD). With the increasing
prevalence of patients with ESRD treated by HD therapy, which is proven to prolong
life, there is a significant reduetion m the ﬁa'tfent QOL. ESRD is a chronic disease
associated with comorbidities'and comphcatlons ‘that were adversely influence many
aspects of QOL in HD patients.

Constructs of QOL.consist of several health related concepts such as physical
health, mental health; social health, general health.”” There arg2 types of instrument
used for measuring QOOL: 1) generic instrument. 2) disease-specific instrument. Both
generic and discase-targeted questionnaires help increasing the understanding of
health-related quality of life in patients with disease conditions. General instruments
include health profiles and assessments of the overall health state. They can be used
to compare the telative burden of illness in the general population and between
different diseases. Examples of generic instrument are Nottingham Health Profile,
Sickness-Impact Profile;, MeMaster,Health Index, Questionnaire,, EurolQoL (EQ-5D)
and Shoit Form 36«(SF-36).””' Examples of disease-specific instrumerit are Condition-
specific instruments, Quality of Life after AMI Questionnaire, Quality of Life Index-
Cardiac version III, Seattle Angina Questionnaire, Edinburgh Postpartum Depression
Scale, Asthma Quality of Life Questionnaire (AQEQ) and The Kidney Disease
Quality of] Liic/ Short Form(KDQOL-=SE)." Discase*specific/ instruments-are known to
be more sensitiveito assess changes within patient§, may be _more résponsive but
limited in cases of populations or interventions and do not allow cross condition
comparisons.”*"®  Generic instruments are less sensitive to assess intra-individual
changes, may not focus adequately on specific area of interest, may not be responsive,
are difficulty in determining utility value but are specifically designed to detect
differences between individuals from a general population.”® "’

Domains measuring disease-related symptoms as well as physical, social,
cognitive, and emotional functions that are included in QOL or health-related QOL
(HRQOL) instruments vary. Thus, concerns about what dimensions are included to



measure HRQOL/QOL have been raised. QOL and HRQOL are in fact different
constructs. QOL is usually described as an overall assessment of well-being across
various domains’®. Whereas QOL includes all aspects of an individual’s life
(housing, neighborhood, and school), HRQOL only refers to aspects of health.

In HRQOL instruments, many of the domains refer to problems or limitations,
such as somatic distress, physical limitation, discomfort from medical treatment, and
pain, rather than to wellbeing or positive health. These domains are based on the
assumption that the absence of problems (physical, social, or emotional) equals the
presence of wellbeing.” Those who oppose argue that the optimal effect of negative
domains, such as the absence of pain or/'sematic.distress, can only have a neutral
effect on QOL, not a positive effect. A further.eoncern with the domains is that many
HRQOL instruments measuic functioning (C.g-=physical functioning, mobility,
sensation, self-care, cognitive functiorﬁng, and social functioning). Measures of
health related qualitywof life-(HRQOL) have become widely used by clinical
researchers and can prowide wscful descriptive information on the effectiveness of
health care interventions €overing such disparate range of outcomes for HRQOL.
However, these measures have not been designed for use in economic evaluation. The
limitation of using such’ instruments in economic evaluation is that they do not
explicitly incorporate preferences into their scoring algorithms. The HRQOL scoring
systems provide utility (preference) scores on a generic scale where 0 is equivalent to
death and 1.00 to'full health®  Thus, utility is a measurement of the preference for a
specific health outeome (HRQOL). - The example of multi-attribute utility
measurement is SE<6D." ! id

Clinicians and jpolicymakers are recognizing the importance of measuring
health-related quality of life (HRQOL) forinformed patient management and policy
decisions. Questionnairgs in «<the form “of self-administration or interviewer
administration can be used fo-measure cross-sectional differences in quality of life
between patients at a point of time or longitudinal changes in HRQOL within patients
during a period of time (evaluative instruments). Both discriminative and evaluative
instruments must be really méasuring what they are supposed to measure and have a
high reliability and responsiveness, respectively. Reliable discriminative instruments
are able to reproducibly=differentiate=between=personss Responsive evaluative
measures are able to detect important changes in HRQOL during a period of time,
even if those changes are small. HRQOL measures should also be interpretable;
clinicians and policymakers must be able to identify differences in scores that
correspond to trivial, small, moderate, and large differences. Two approaches to
quality-of-life measuréinent are availablei’generic instruments that provide a
summary, 0f HRQOL; and specifie instruments that foeus on problems associated with
single disease.states, patient groups, or areas/of function. Generic ingtruments include
health profiles and instruments that generate health utilities. The approaches are not
exclusive. Each approach has the §trengths and weaknesses and may beysuitable for
differenteiretmstancesy, Investigations inyHRQOL~have ledtopinstrumentsysuitable
for detecting. minimally important effects in/clinical trials, for measuring the health of
populations, and for providing information for policy decisions.”

Utility Methods
1. Directly measured Utility Methods
2. Indirectly Measured Utility Methods

1. Directly measured utility methods include:
(1.1) Standard Gamble (SG)



SG is the method for measure the preferences that the individual has for the
outcome and the quantitative score represents utility. The respondent considers what
probability of painless and immediate death she would risk in order to be restored to
perfect health, or better health than the health state under consideration. SG, now
known in health applications, is the name by which von Neumann and Morgenstern
described the method measuring utilities. In utility elicitation with SG, the respondent
is asked to compare a known intermediate state to a gamble, and to choose which of
the two is preferable. The gamble has one of two outcomes:

o The best health state under consideration (perfect health), with probability p
e The worst health state under consideration (often "dead"), with probability 1-p.

In decision models; this outcome can‘berdeseribed as any outcomes suitable to
the question. In health utility assessments, these.outcomes are conventionally set as
perfect health, immediate and painless death.

The probabilitysin the gatable is varied until the decision maker is indifferent
between the gamble andsthe intermediate health state. For example, if the subject is
willing to take up«to a 25% risk of death in exchange for an 75% chance of perfect
health rather than aceept the intermediate state for certain, then the utility of the
intermediate statc.a§ 0.75:01 75 percentages.

Developing Expected Utility Theory (EUT), Von Neumann and Morgenstern
showed that if a cardinaliutility/could be expressed as equivalent to a gamble, under
certain assumptions, itWwould be a linear function of the risk involved in the gamble
that means the level of risk involved in standard gamble questions is linear in utility.
This is the reasontlead to regard the SGas the "gold standard" for health status
measurement. ’

(1.2) Time Trade-Off (TTO)

TTO method™ was developed by Torrance et al. (1972). It measures one's
willingness to live a shorter but healthier life.. The respondent considers how much of
remaining life expectancy he orshe would be willing to trade off in order to live in
perfect health. The TTO is.a direct question about how much life expectancy an
individual would trade off to improve quality of life.. It attempts to present the
respondent with.a task that some believe is simpler than the SG task, while preserving
an element of| tradesoff-in-the-assessment:—Fhe-FFO-utiity cquals one minus the
maximum propettion of time that the subject 1s willing to trade‘off. For example, if
she is willing to give up | year from 10 years of her life expectancy in return for
perfect health, hez utility for the intermediate health state is 1-0.1 = 0.9.

(1.3) Visual Analogue Scale (VAS)

VAS* % is‘a psychometric response.scale when responding to a VAS item,
the respondent answer theirlevel of agreement to'a statement by indicating a position
at a continuous line between two end-points. Each tespondent is agked to rate each
item on {§éme response scale. For instance, they could rate each item on a 1-5
response scale where strongly disagree, disagree, undecided, agree, strongly agree.
Thererareyvariety possiblerresponse scalesy(@-7:%1-97040) Thefinalrscore for the
respondent on'the, scale is the sum of their ratings for all of the items. ' In /practice,
computer-analysed VAS responses may be measured using discrete values due to the
discrete nature of computer displays.

(1.4) Willingness-To-Pay (WTP)

WTP also known as "contingent valuation", the respondent considers how
much she would be willing to pay for insurance, to avoid an undesirable health state.
WTP can be used as a measurement of the strength of individual’s preference or
referred to a maximum amount of money that can be paid for receiving the good may
be called as compensated variation.™



(1.5) Person Trade-Off (PTO)
PTO seeks to equate a certain number of persons with a given health state
with an equivalent number of persons with normal health or a different health state. It
asks people to say how many outcomes of one kind they consider equivalent in social
value to x outcomes of another kind.*’ If treatment typel costs twice as much as
treatment type 2, then two people can be given treatment type 2 for the money needed
to give one person treatment type 1. This is the person trade-off in terms of production.
While society would want to spend money on'twe treatment type 2 more than one
treatment type 1, depends-on the person trade-off interms of value: Are two treatment
type 2 's valued higher by socicty than one treatiment'type 1?7 One way of estimating
person trade-offs in terms of social Value is to calculate the QALYs gained by
different treatments..dn'this example, if treatment type I and treatment type 2 provide
20 and 5 QALYs respeetively per person treated, then one treatment type 1 is
assumed to be worth 4 folds of freatment type 2. Accordingly, if cost of treatment
type 1 is only twice agsmuchias cost of tréatment type 2, then money is should to spent
on treatment type wr
From many methods that available for measuring the utility, 2 of the most
widely used have been the SGand TTO. SG is the gold standard but based on the
uncertainty decision ox'the/patient determined their sclected way by trading off the
risk while TTO is based on the amount of lifc expectancy. The utility derived from
SG is assumed by a nggative funetion of such a risk whereas that from TTO is
assumed by a positive function/of life' time duration. Generally, SG gives the higher
valuation of utility than TTO.*
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2. The Indirectly measured ufility instruments

Indirectly measured” ‘utility *instruments ' are multi-domain health status
questionnaires completed by patients. These ratings result in a large number of
possible health states. The.-utility of each health state is obtained through a scoring
function derived, from direct utility assessment of the healthy population. Indirect
utilities have  the advantage that they can be —assesscd “through self-report
questionnaires'and are easy to understand.

(2.1) EuroQol-5 Dimensions (EQ-5D)

EQ-5D is a standardized instrument used as a measure of health outcome.
Initially the system is developed with six attributes; mobility; self-care, main activity,
social relationship, pain, and mood. Then, five attributes, including mobility, self-
care, usual sactivity; pain/discomforts, and-anxiety/depressions, ate..selected. The
original “"EQ-5D is EQ-5D-3L. “Each attribute thas«3 levels:| no problem, some
problems, ‘and ‘major problems thus generating'a total'of 3° or 243 possible health
states. Ineluding 2 more health states on unconsciousness and death, EQ-5D contains
total of 245 healths states. At present, the standard-5:levels of EQ-5D(EQ-5D-5L)
would improve the descriptiver richness and ability of ‘the measure to,discriminate
among different levels of health.{ In answering ithel EQ-5D, the respondent selects
his/her health state by ticking in the box against the most appropriate statement in
each dimension. Generic utility measure is used to characterize current health states
and usually scored by VAS technique. The respondents are asked to evaluate their
health state on a “thermometer” calibrated from zero (worst) to 100 (best health state).
Based on the answer, the health state can be identified by a five digit number such as
22223 indicating some problems with mobility, self care, usual activities, and
pain/discomfort, and extreme problems with anxiety/depression.” EQ-5D-3L is a
generic health outcome measure which is easily completed and is available to use but



we should ask for permission to use this instrument. This measure was selected
because it has been translated officially into Thai and the measure seems to be
straightforward to use. A preference based scoring algorithm for estimating EQ-5D
index scores was successfully derived from the general population using TTO.”" The
final score could be calculated according to the following algorithm.”

Utility = 1 — X (coefficient of all dimension) — 0.081 - N3
(Including N3 when the level 3 occurs within at least one dimension)

The coefficient of all dimension (EQ-5D) were shown as the table 2.2.

Table 2.2: Coefficients for TTO tariffs

Level 2 Level 3
Mobility dimension 0.069 0.314
Self-care dimension 0.104 0214
Usual activity dimension 0.036 0.094
Pain/ discomfort dimension = 0.123 0.386
Anxiety/ depression dimension 0.071 0236
Constant term = 0.081
N3 =0.269

For example, we can estimate utility score: for the health state 11223 as following
calculation: 2l f4
Full health =1

Constant term =-0.081
Dimension

Mobility (level 1) =-0
Self-care (level 1) =-0
Usual activity (level 2) =-0:036
Pain/discomfort (level 2) =-0.123
Anxiety/depression (level 3) =+0.236
N3 (level 3 occurs within at least one dimension) =-0.036
The estimate utility score of 11223 = 0.255

Not only calculation the utility score from the.manual method as the above
example“but we can estimates the EQ-5D utility score from the EQ-5D index
calculator program which available from http://www.ahrq.gov/rice/EQSDscore.htm.
The UK-bascd, preference~weights ate applied to /Othet' populations when/eountry-
specific weights are not available, However, the evidence  suggests waluations of
health states could differ for people in different countries due to differences in
demographic backgrounds, social-cultural values, and economic systems.”>°* Thus, it
is advisable to use country-specific weights in a given country if available.
Fortunately, Thai population based preference scores for EQ5D is available now.”

(2.2) Short Form 36 (SF-36)

SF-36 is a widely used for a survey of patient health. The SF-36 is commonly
used in health economics as a variable to determine the health-related quality of life.
SF-36 can be converted to utility and QALY's using Short Form-6 Dimensions (SF-




18

6D); indirect utility that was developed for the utility measurement. SF-36 consists of
multiple item scales measuring the 8 health concepts; physical functioning, bodily
pain, vitality, physical role functioning, emotional role functioning, social role
functioning, general health perceptions, mental health. Eight domains scores can be
summarized to 2 major components, the physical and mental components. SF-36 can
be responded by self-administration, 1-4 week recall periods, interviewer-based,
computer-based. SF-36 is useful for comparison both general and specific groups,

comparing the relative diseases, the different health benefits by the various
interventions or treatment. S ~.{-,_ Sists dimensions (10 selected questions
from the SF-36). These dimensions are functioning 2 questions, (2) role
L BRI, <.~ T : :

limitations 4 questions, (3) bodily pa vitality 1 question, (5) social

functioning 1 question, and (6) mental he 1 The response scales vary for
each of the questions.: Of" ; possible health states, 249 different
health states were scleeted to_clicite ilities:« The ility equation results on a
utility value ranging from 0.3 00.7 A computer algorithm to automate utility is
used for deriving.aspreference<based index for the 6D.%. The SF-6D is the multi-
attribute health statu " Each att

presented in table.2.3 and cach leve SESSes se o algorithm as detailed in table
2.4. By using the SF-6D; 1 éalth stat

AUEINENINYINS
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Table 2.3 SF-6D classification system

Physical functioning

PF1
PF2
PF3
PF4
PF5
PF6

Your health does not limit you in vigorous activities.
Your health limits you a little in vigorous activities.
Your health limits you a little in moderate activities.
Your health limits you a lot in moderate activities.
Your health limits you a little in bathing and dressing.
Your health limits you a lot in'bathing and dressing.

Role limitations

You have no problems with your work or other regular daily activities
as a result.of your physical health-or any emotional problems.

You are limited in the kind of work or-other activities as a result of
your physicalshealth.

You accomplish less than you would like as a result of emotional
problcims:

You are Limited‘in/the klnd f work or other activities as a result of
your physical health and aceomplish less than you would like as a
result of gmotional prc;blems. »

Social functioning

SF1 Your health limit§ your 5001%1 activities none of the time.
SF2 Y our healthimits yougsocial activities a /ittle of the time.
SF3 Youghealth limits yoursocialiactivities some of the time.
SF4 Your health limits your social@etixgities most of the time.
SFS Your health limits your socialragtivities all of the time.
Pain — s
PAIN1 | You have 0o pain. “aesd Yy

PAIN2 | You have pain butitdoes not interfere with your normal work

(both outside the -home and house\a[erk)_

PAIN3 | Yeu have pain that interferes with your normal work

(both outside the home and housework) a little bz_t,

PAIN4 | Yowhave pain that interferes with your normal work

(both outside the home and housework) moderately.

PAINS | You have pain that interferes with your normal work

(bothroutside the home and housework) quite a'fittle bit.

PAING6 | You have pain that interferes with your normal work

(both outside the home and housework) extremely.

Mental health

MH1
MH2
MH3
MH4
MHS5

You'feel tense or downhearted ‘and low nene of'the time:
You feel tense or downhearted and low a little bit of the time.
You feel tense or downhearted and low'seme of the time.
~'ou feeltense-or downhearted and low niosé of the time.
You feel tense’oridownhearted and low @/l of the 'time.

Vitality

VIT1
VIT2
VIT3
VIT4

You have a lot of energy all of the time.

You have a lot of energy most of the time.
You have a lot of energy some of the time.
You have a lot of energy none of the time.

From Brazier et al. (2002) The estimation of a preference-based measure of health from the SF-36.
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Table 2.4 SF-6D utility scoring model

General | Term C MOST
terms Score 1 -0.061
Physical | Level | PFI PF2 PF3 PF4 PF5 PF6
functioning | Score 0 -0.035. |.-0.035 | -0.044 | -0.056 | -0.117

Role Level | RLI RLE R13 RL4
limitations | Score 0 -0.053 1/-0:083 4#-0.053
Social | Level | SF1 SF2 SF3 SE4 SF5
functioning | Score 0 -0.057"| -0.0591"=0:072 | -0.087
Level''PAING*I PAIN2 | PAIN3 | PATN4 | PAIN5 | PAING
Score 0 -0.042, | -0.042 | -0.065 {.-0.102 | -0.171
Mental | Level ##ME1 J MH2 || MH3 | MH4.| MHS5
health | Segre | 4704 | 0,042 | 0.042 | 0.1 |-0.118
Levelf| VATY [ VIT2 = VIT3 || VIT4 | VIT5
Score 0 -0.071 T-o.pﬂ 0.071 |°=0.092

Pain

Vitality

Where Utility 0-1 dead-healthy scale, C = constant ‘Ferm, PEx = level x on the physical functioning
dimension, same for other dimensions, MOST = term to use if any dimension is at its most severe level.

From Brazier et al. (2004) The estimation of a preference-based measure of health from the SF-12%

' F
The equation for calculate the utility is —7

Utility = C + PF + REA=SE £ PAIN = MH4 VIT + MOST

The quality of life data obtained from the questionnaire can be transformed
into the utility as the above formula. However, there are SPSS programmes available
that produce alternative SF-6D estimates based on rank/ordinal data. Utility scale
ranges between O-and 1, the higher score of utility represents the better health-related
quality of life.

(2.3) Quality of Well-being (QWB)

QWRB ¢an be classified into 4 attributes such as physical activity (3 steps),
social activity (5 steps), mobility (3 steps), and symptom problem complex. The score
of QWB is a single ‘scoré and used in general populations, the score range from 0.0
(death){ to| 1°0 (asymptomatic full function)s Thel QWBs' can, be tused in evaluating
programs for.d wide raige of disecase. But QWBs has. been criticized for being too
long and‘¢omplex.

(2.4) Health Utility Index (HUI)

HVY, isfclassified” into HUI2 andy HUI3™Fot fboth lindices;the scoring
formula is based on standard gamble utilities measured on the general public, and the
scores range from 0 (death) to 1 (healthy). The utility scores for HUI, derived from a
combination of VAS and SG techniques, are based on von Neumann-Morgenstern
utility theory. Utility scores are available not only for the overall health state of
patients, but also for each attribute independently. HUI2 consists of 7 attributes:
sensation (vision, hearing, speech), mobility, emotion, cognition, self-care, pain, and
fertility. HUI3 consists of 8 attributes: vision, hearing, speech, ambulation, dexterity,
emotion, cognition, and pain. HUI is scored using single- and multi-attribute utility
functions. Utilities are preference scores measured under conditions of uncertainty
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and utility functions convert descriptive information into utility scores. For
application, HUI provides descriptive health profile measures and HRQOL scores on
a generic scale. HUI also provides single-attribute scores of morbidity for each
attribute. Users are encouraged to report single-attribute scores when applied for the
specific health attribute deficits.”

What is the different between the multidimensional 36-item Short-Form health
survey (SF-36) and EQ-5D.

e The EQ-5D are recorded on a three point scale, which might force responses
to the midrange category, as few patients iendorse the ‘severe’ value, and some
limitation is often present, which diverts theranswer away from the ‘no limitation’
value. However, EQ-5D could be used merc. fréequently by the dialysis centers in
abroad, because it is easy to use, has been translated and validated in many languages,
and its five questions andewisual analogue seale impose a minimal burden on
patients.”” But the'one poiatofinteresting is the disease specific mostly use SF-36 in
their questionnaire.

e The SF-36 health survey 13 a standardized questionnaire used to assess patient
health across eight.dimensions.”® 'SF=36 can detect the health problem and provide
more detail than"BEQ-5B."" /This is,the reason that the disease specific questionnaire
such as kidney discase use SF-36 inthe part of their question such as KDQOL or
CHEQ. It consists of jtcmas or questions which present respondents with choices
about their perception of their. health; the ‘physical functioning dimension. For
example, there are 10 itgms to which the Ppatient can make one of three responses:
‘limited a lot’, ‘limited @ little” or ‘not fimited at all®. These responses are coded 1, 2
and 3, respectively, and the 10 coded responses ‘summed to produce a score from 10
to 30. These raw dimension scores are tran,sj{)gned onto a 0—100 scale, which are not
comparable across dimensions.— The SF-36 is one of the most widely used generic
measures of HRQOL in clini¢al rials. It has the potential to considerably extend the
scope for undertaking economic evaluation in health care using existing and future
SF-36 data sets. Measures-of-health-related qua.ltty of life (HRQOL) have become
widely used in ¢linical trials and routine outcome assessment fo provide information
on the effectiveness of health care. One of the most commonly used measures of
HRQOL is the SF-36 which has been reduced to 12 items with minimal loss of
information to foem the SF-12.'"" Although the psychometric properties of these
instruments are well established across many conditions '°"'% but it cannot be used in
economic evaluation in its current form. The SF-12 was revised into a 6-dimensional
health state classification (SF-6D). Six dimensions with multi-level (n) classifications
include physical functioningy(6.levels); releimitation(4 levels);soetal functioning (5
levels), pain (6, levels), mental health (5 levels), vitality (5 levels) and are combined
by selecting one level from each dimension to form 18000 health states. Brazier et al.
has estimated the relationship between the SF-6D and SG values using their
coefficients, overall fit, and the ability to_predict SG*values for all health states.'”!
Finally, SF-60 data havegenerated, a preference based single index ' for, use in
economic.’!

e SF-6D focused more on social functioning, while EQ-5D gave more weight to
physical functioning. Pain and mental health had similar contributions. The scoring
range of the EQ-5D was twice the range of the SF-6D.'” (Range: range of EQ-5D is
between - 0.59 to 1.00 while SF-6D is between 0.30 to 1.00)

e SF-6D indices are based on SG exercises and EQ-5D indices are based on
TTO exercises so that the score of SF-6D is higher than the score of EQ-5D.'%



22

e EQ-5D had a ceiling effect relative to SF-6D, and that SF-6D had a floor
effect relative to EQ-5D.'”” For example, more patients who have chronic fatigue
syndrome would score at the high end of EQ-5D than low end. This would be
difficult to differentiate among patients with better function. Another reason is the
different of the valuation methods between TTO and SG. The SG technique usually
results in higher values than the TTO. The worst SF-6D states are scored less severe
than the worst EQ-5D states thus EQ-5D indices score lower for patients in severe
states will be lower than SF-6D indices. "

Kidney specific instrument

Several kidney disease—specific HRQOIL iamstruments are available such as
Kidney Disease Quality'of Lifc (KDQOL), Kidncy.Disease Quality of Life short form
(KDQOL-SF), Kidney ‘disease questionnaire (KDQ), Dialysis quality of life
questionnaire (DIAQOL); Dialysis discontinuation quality of dying (DDQOD),
CHOICE Health Expericnce Questionnaire (CHEQ).'”® The Kidney Disease Quality
of Life (KDQOL)sinstruments were initially developed to evaluate the impact of
erythropoietin in HDgpatientss ‘The first assessment is KDQOL-long form (LF)
included 134 questions that spanned 11 kKidney disease targeted scales. The long form
questionnaire lead to_the low responsive. “Thus, the KDQOL-SF (short form) was
introduced containing questions from the SF-36 plus an additional 43 kidney disease—
specific items. A'shorter version of this instrument, known as the KDQOL-36 is also
available, which consists ©of the same items as in the generic SF-12 along with an
additional 24 questions that are kidney disease specific. The KDQOL-36 is the
preferred measurement tool for large-scale 'a_t,sse_ssments in dialysis facilities because
of its ease of administration with relativelysminimal burden on patients and staffs.'”
The KDQOL has the SE=36 assits generic €ore and is supplemented with items of
relevance to the HRQOL of dialysis patients. Dimensions related to dialysis patients
includes symptoms problem, effect of kidney disease on daily life, cognitive function,
burden of kidney disease, work status, sexual fufiction, quality of social interaction,
and sleep. Other dimensions are the social support, patient satisfaction with care,
global rating of health and encouragement from dialysis staff and a global rating of
health.  Wu| did—his—colieagues—deveioped—the ~CHOICE"| Health Experience
Questionnaire,“of CHEQ, to comprehensively measure quality-of life of patients on
dialysis using patients' reports of the importance they attach to different aspects of
their life. CHEQ is the self-reported health-related quality of life. It includes 83
items including the generic measure SF-36, other aspects of life anyone might be
concerned about, such®as physical and sog¢ial functioning, and 6 ESRD specific
domains.(diet, freedom, time, body image,‘dialysis aceess; and symiptoms). CHEQ is
the instrumentthat is reliable and valid but has not/been used by other research group
except the the Choices for Healthy Outcomes in Caring for ESKD (CHOICE)
study,''® unlike the KDQOL instrumient, which was used by many study groups.'"!

This studypuse~thesKidney jDisease; Qualitysof Life, -gShortsForm (KDQOL-
SFIM[ 3) 'questionnaire with' hemodialysis patients. = The' KDQOL-SF™ was
translated " into' Thai and “mecthodologically validated.” "This questionnaire was
developed in 1994 by the Kidney Disease Quality of Life Working Group (Hays,
Kallich, Mapes, Coons, and Carter) as a kidney disease specific measure of HRQOL.
This tool summarized the selection of a short-form item set for the kidney disease
targeted part. The KDQOL-SF™1.3 includes 36 items of generic core and an overall
health-rating item as showed in the appendix 1 as well as 43 disease specific items.



23

KDQOL-SF™ Kidney Disease-Targeted Scales consists of
1. Generic core and an overall health-rating item
The SF-36 Measure of physical component summary or PCS (21 items),
mental component summary or MCS (14 items), and overall health rating item
The items are on general health, activity limits, ability to accomplish desired
tasks, depression and anxiety, energy level, and social activities
2. Kidney disease targeted items
e Burden of kidney disease (4 items)

The questions include kidney disease targeted items on how much kidney
disease interferes with daily life, takes up.time, causes frustration, or makes the
respondent feel like a burden.

e Symptoms and Problems subscale (12 items)

Items consist of how bothered a respondent feels by sore muscles, cramps,
itchy or dry skiamyeshortness of breath, faintness or dizziness, lack of appetite,
feeling washed out er'dramed; numbness in the hands or feet, nausea, or problems
with dialysis ae€ess.

e Effects of kidney disease on daily life subscale (8 items)

Patients are asked how bothered the respondent feels by fluid limits, diet
restrictions, ability to work ‘around the house or travel, feeling dependent on
doctors and other medigal staff, wortk status, Sexual function, Sleep, stress or
worries and personal appearance.

e  Work status/(2 items) J

Respondents answer whether they can work at a paying job and their
health keeps them from workitg at a paying job.
e Cognitive function (3 items) j J

Questions are how miuch the tlme that the respondent reacts to the things
others said or done, has difficulty concentratmg or thinking, has confusion.
¢ Quality of social interaction (3 items)

Items are how_much ‘the time that the respondent is isolated from the
people, actsiirritably toward those afound them gets along well with other people.
e Sexual function (2 items)

Questlons concern the sexual activity that the respondent has in the past 4
weeks and enjoys sexual activities.

e Sleep (4 items)

Items 1clude how the respondent would rate theif'sleep overall, how often
that the responderit is awake during the night, gets the amount of sleep they need,
feels-trouble staying-awake.during;the day:

3. 'Additional'quality of life scales consist of
e Sgcial support (2 items)

The scale is on the amount of time that the respondent is able to spend
with their family or friends and the support from their family.
o | Dialysis staff encouragement (2 items)

The respondent’is asked about the encouragement-that the'staffs-give to
him/her for being as independent as possible and the support to cope with their
kidney disease.

e Patient satisfaction (1 item)

The question asks the satisfaction on the friendliness and interest from the

dialysis staff.
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Scoring rules of KDQOL-SF™' "2

The higher value of KDQOL-SF™ reflects a better health state. The raw
score of each item is recoded so that a higher score reflects a more favorable health
state. Table 2.5 shows the recoding necessary for the majority of the KDQOL-SF™
items.

The first step of the scoring method is transforming the raw precoded numeric
values of items to a 0-100 possible range. The higher transformed scores always
show better QOL. Each item is put on a O to 100 range so that the lowest and highest
possible scores for each item are set at 0 and 100, respectively. For example, the 0-4
response scales of an item are transformed 1ato0- 100 as follows: 0=100, 1=75, 2=50,
3=25, and 4=0. A total:scale score can alse"bec.ealculated, so that higher scores
indicate better health related quality of life. Fourefthe KDQOL-SF™ items, which
are not listed in table 2.5, need additional instruetions: Ttems 17 and 22 need to be
multiplied by 10 to.put‘therm.on the 0-100 possible ranges. Item 23 is on a 1-7
precoded range. This item i1s.aecoded by subtracting I (possible minimum) from the
precoded value, then dividing the difference by 6 (the difference between the possible
maximum and the possible minimum), alfter that multiplying the result by 100. Item
16 needs to be comsidercd with creating the sexual function scale. In the second and
final step in the scoring procedure, items within the same dimension are averaged
together to create the scale scores.

Table 2.5 Recode item of KDQOL (Step 1)

Item number W, Origin;;_-l:tgsgqnse category = to recode value of

4a-d, Sa-c, 21 7 125004 ;,,, 2 -=>100

3 7 Tt ‘ -. % 2->50 3 -->100

19a, b 1==>0 T'_‘. 2-->33.33 3 -->66.66
Vi 100: .-- =

10, 11a, ¢, 12a-g 0 >0 2.>75 7 _ 3-->50

y 4-->175 5--> 100;,,——
9b, ¢, f, g, 1, 13e, 18b 1->0 2-->20 3-->40
- 4->60 5.>80 6 -=> 100

20 1 2>+100 2 =>0

1-2, 6, 8, 11b,dy14arm, 1-2 100 2:>75 3-->50

15a-h, 16a-b, 24a-b 4 -->25 5->0

7492, dje,'h, 13a-d,f, 18a,c 1==> 100 2 52180 3 -=60
4=>40 5-=20 6 -->0

Note: Item 1 and items 7-8 are scored slightly differently by investigators from the New England
Medical Center (cf. Hays et al., 1993). Four of the KDQOL-SF™ items not listed in this table (items
16, 17, 22, 23) require additional instructions

Source: Ron D.Hays et al, Kidney disease quality of life SHORT FORM (KDQOL-SF™), Version
1.3: A Manual for Use and Scoring''?



Table 2.6 Averaging Items to Form Scales (Step 2)
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Scale Number of Items

the

After Recoding, Average

following Items

ESRD-targeted Areas
Symptom/ Problem list
Effects of Kidney Disease on Daily Life

Burden of kidney Disease
Work status
Cognitive function
Quality of social inter
Sexual function
Sleep

Social support
Dialysis staff enco
Patient satisfaction
36-item health su
Physical functioning
Role-physical
Pain

General health
Emotional well being
Role emotion

Social functioning

Energy/fatigue e

Note: The SF-36 ¢hang

141 is answered by those ¢ oneal

T

Source: Ron D.Hays-et al, Kidney disease qﬁty of life SHORT FOk
1.3: A Manual for Use an Scoring

- BUYININI NSNS

sent the average of all answered items in the scale. If the answer to item
ed as missing.

scores r
16 is "no’ the sexual function scalegcore should be

’Q‘W’mﬂﬂ‘iﬁumﬂﬂﬂﬂ

14a-k, 1 (m)*
15a-h
12a-d
20,21

13b,d, f
13a,c, e
16a, b
17, 18a-c
19a, b
24a, b
23

3a-j
4a-d
7,8
1, 11a-d
9b,c,d, f,h
Sa-c
6, 10
9a,e, g, i

- i
o g cored as single items,

dialysis

188

'JJ (KDQOL-SF™), Version

blank (missing
hus, the scale
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Table 2.7 Central tendency, variability (including floor and ceiling effects), and
reliability of KDQOL-SF™scales

% % Internal
Measure Mean SD Floor  Ceiling cons.ist?l'lcy
Reliability

Kidney disease specific
Symptom/ Problem list 108 16.77 0.0 1.2 0.84
Effects of Kidney Disease on Daily Life 57.30 24.53 0.6 5.0 0.82
Burden of kidney Disease 49.62 U 24 6.1 8.0 0.83
Work status 25.26 37.82 63.5 16.4 0.83
Cognitive function 795l 1 i 0.0 15.9 0.61
Quality of social interaction 76.65 18.71 0.0 15.9 0.61
Sexual function 69.30 36.17 11.6 44.9 0.89
Sleep 60.68 28.61 0.0 7.5 0.90
Social support 64161 L 7%/S 3.1 16.9 0.89
Dialysis staff encouragement 69:90 2303 s 19.1 0.90
Patient satisfaction 7138 da 2204 0.6 22.0 NA
SF-36 :
Gg‘:&%};ﬁrtﬁlg 42:38 o482 .0 1.8 0.78

SF-36™ scoring 43.87 24.75 3.0 1.8 0.78
Physical functioning ST8I=%. 29.73 3.6 3.6 0.92
Role physical 32.46< % 39.68 49.4 20.4 0.87
Pain , 60.40% #,30.11 31 20.2 0.87

gﬁ‘?gﬁfgﬁi . 57602970 4 3.1 202 0.90+*
Emotional well being 69.54 20§|3'6 0.6 43 0.80
Role emotion 51T artee0 29.2 47.2 0.86
Social function 63:5 %~ ~20T 43 25.0 0.87
Energy/fatigue 45.89 24.06 2.4 1.2 0.90
Overall health rating 59:37 19.54 0.6 5.0 NA

Note: Feedback from'international consultants to the Baxter Renal Outcomes Study Iead to
modifications to the sleep, dialysis staff encouragement, sexual function, cognitive function, and
social support items. Results presented here do not reflect these modifications.

Also includes one ifem assessing change in health.

** Internal consistency reliability estimate is inflated because scoring of one of the items is conditional
on the value of the other. Differnces in RAND and SF-36:5coring of pain and general health
perception scores and dis¢ussed/clsewhere (Hays ot al..1993).

NA: Not applicable for a'single-item measure:

Source: Ron D.Hays et al, Kidney disease quality of life SHORT FORM (KDQOL-SF™ ), Version
1.3: A Manual for Use and Scoring''*

To use. KDQOL-SF™ L.3 questionnaires, the tramslation into Thai language
(appendix'2)"is essential for implement this "questionnaire with Thai patients. The
researcher was the one of two forward translators from English into Thai language.

The Thai version of KDQOL-SF™ 1.3 questionnaires have been tested for
content, validity, and reliabilit.'"> The scaling of convergent and discriminant validity
in dialysis patients were 74.17% and 88.81%, Cronbach’s alpha (a) in dialysis
patients ranging from 0.44 to 0.86 as showed in the table 2.8. Several dimensions
showed the internal consistency reliability less than 0.70 including cognitive function
(Cronbach’s a = 0.59) quality of social interaction (Cronbach’s a = 0.44) sleep
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(Cronbach’s o = 0.68) social support (Cronbach’s o = 0.60) and dialysis staff
encouragement (Cronbach’s o =0.69). Only Cronbach’s a of sleep dimension was
increasing to 0.73 when deleting an item 18c (have trouble staying awake during the
day). Cronbach’s a of other dimensions were decreasing when deleting the item-total
correlation less than 0.3. The percentage of floor scoring was highest on role-
emotional and the % ceiling was highest on role-physical.

Table 2.8 Mean, SD and Reliability of Kidney disease specific in KDQOL-SF™
Thai version scales.'’ (n=64).

Scale NP \can® SD*  Reliability”
Items

Kidney disease specific

Symptom/ Problem list 12 81.55 13.99 0.77
Effects of Kidney Disease on Daily L ife 8 68.80 21.65 0.74
Burden of kidney'Disease 4 44.35 31.44 0.79
Work status 2 56.45 44.80 0.81
Cognitive function 3 82.04 17.60 0.59
Quality of social interaction IS 4 88.06 11.71 0.44
Sexual function 2 76.25 28.53 0.86
Sleep E 63.23 21.41 0.68
Social support = 84.95 19.25 0.60
Dialysis staff encouragement 2hdi : 83.26 18.52 0.69
Patient satisfactici i 69.360 19.37 -

a: the population is the hemodialysis patients (n=62)
b: the population consists of hemodialysis, peritoneal-dialysis and kidney transplant patient (n=126)

About the SF-36 sections in KDQOL-SF™ questionnaire, Cronbach’s a of the
SF-36 Thai version exceed the 0.7 leyel (0.72°— 0.86) in all dimensions. Convergent
validity was 96.3%. The highest and lowest mean scores were on physical functioning
(86.1 + 13.0)"and role-¢imotional (54.3 + 40.5). The.% Floor was highest on role-
emotional ‘and the % ceiling was highest on role-physical. In conclusion, this study
has yielded evidence supporting the validity and religbility of Thai versién./of the SF-
36. although’_caution’.i§ fecommended it the” interprétation’ of vitality and role-
emotional scales. !

ITI. Cost Utility analysis (CUA)

CUA 1is one of the economic techniques for assessing the effeiciency of
healthcare interventions.''> Health care has different objectives. For instance, the
objective of oncologists is on striving to keep their patients alive and being satisfied
with a short survival time, the objective of diabetes patient’s care is to reduce the
complication, whereas primary care providers focus on shortening the cycle of
illnesses. All of providers attempt to improve the health of their patients. But they
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measure health in a different way since there is no one best way to directly compare
the productivity of different providers. This is a reason why many focus on using
mortality or life expectancy as the simplest common ground. Mortality allows the
comparison between different diseases. We can compare the life expectancy between
the cancer and the heart disease. The CUA is considered by dome to be a specific
type of cost effectiveness that measures the effectiveness in a utility value or
preference adjusted outcome. Utilty is the value on a level of health state or
improvement in health status, as measured by the preferences of individual or society.
The necessary of measurement the utility is the calculation of quality adjusted life
year (QA1ITﬁYS) gained of which the measure.combines the quality and quantity of life
outcome.

Development of utility measurements and cost utility analysis in healthcare.

The investigation _is-~described for the individual and societal levels.
Constructing a 'Robinson_Crusee' society of only a few individuals with different
health needs, prefercnees and willingness to pay is suggested as a method for gaining
insight into the problems The intenval property of utilities and QALY's provides the
answer to specific goncems on the 4mportant requirement that changes of equal
magnitude anywhere on‘thesutility. scale,.or alternatively on the QALY scale, should
be measurable. Unfortunately, one of the original restrictions on utility theory states
that such comparisons age not permitted by the theory. It is an important new finding,
that while this restricgion applies in 'a world of certainty, it does not in a world of
uncertainty, such as healthcare. Further research is suggested to investigate this
property under both certainty and uncertainty. Other research ideas that are described
include: the development of a precise maxim basis for the time trade-off method; the
investigation of chaining as a method of Ijr‘gference measurement with the standard
gamble or time trade-off; the development and training of a representative panel of
the general public to improve the:completeful, eoherence and consistency of measured
preferences; and the investigation, using a medel of the conflict between the patient
perspective and the societal perspective regarding preferences. Finally, it is suggested
that an important area of research would be to work closely with specific decision
makers on spegific decision problems, to help them solve the problem, provide useful
analyses, and to announce these as case studies to give the better understanding of the
problems and the gssentialness of decision makers.""’

Quality adjusted life year (QALYs)"" i

In 1968, Herbert Klarman and colleagues introduce the concept of QALY in
their study on chronic rénal failure, they use'cost per life year gained by the different
treatment (Kidney transplant ‘and dialySis)~but they did ‘not “use the word “quality
adjusted life year! QALY isadvantage for measure the health outcome from reduced
morbidity (qualtity of life), and reduced mortality (quantity of life) and combine these
into single value. The QALY gaihed can be calculated using the probabilities to
determine, the-mean, vatianee, and probability, distribution for the QAL Y-gained. The
scale of QALY weights must be on thelintérval scale such as~death = 0 and" perfect
health = 1. Zero is represent in the practical 'score more ‘than the score‘that less than
zero, zero can be used for death (forever). About one, we use one for perfect health is
that the results of 1 QALY that mean 0.5 QALY are the half year in perfect health,
and so on.

Life expectancy

Life expectancy in the form of life years gained or saved is the expected
number of years of life remaining at a given age. The life expectancy of a group of
individuals dependent on the criteria used to select the group. Life expectancy is
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usually calculated separately for males and females. Life year gained refers to a
single year prolongation of a patient life by means of a certain intervention.

Calculating life expectancies

LE =1/ pc
When; pc = Mortality rate der
LE = Patients ..
From the literature
calculate the disease spee
Approximation of Life
survival by a simple @
translate data from :
survival rates, surv1val curves ival) int ingle, unified mortality scale.
In this paper, w : ality rat fain approximations of the
disease specific mortz i )

MDs™ L ASR
When; pp: DiSeasés specific excess

the study in the literature

nd mortality rate and then we
“ALE (Declining Exponential
ach is the approximation of

ompound 1 a 1‘}11 c derived from the's udy in the literature
Masg = 1/ m.“ 7 ,
LEAsr (ASR: age. ad u sted life expecta derived from Life table
of Vital statistics Thai d O% o . %
For example, assume CW¥ mor, ,_, j clinical trial is 0.202 and the
average age of the patie was: ) s the diseases specific excess
mortality rate? And what is "v_;;:m; d o y rate when the age of the patient

was 79 years old.

Diseas y ¢ AN #: fixed rate so that
we can cateulate

hen the age of the patient was
79 years from the same formula:

=0.137+0.105 = 0242

ﬂumwﬂmwmm
Qﬁqﬂﬂﬂ‘im UAIINYIAY
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Table 2.9 Vital statistics Thailand 2006 (LEsgr)

Age (Male) LEsr (years) | Mortality rate from age sex race =1/ LEagr
55-59 22.34 0.045
60-64 18.69 0.054
65-69 15.31 0.065
70-74 1 2°0% 0.082
75-79 9.54 0.105
80-84 .ol 0:139
85-89 5.36 0.187
90-94 3.99 ' 0.255
95-99 2.86 L 0.350
100+ £°5Q Fi r 0.400

When we know the mortality rate'in the different age, we can convert rate to
probability (P) assuming an cvent occurs at a constant rate (r) over a time period

between time zero to'Some time beyond such as time periods between the first year
and the fifth year is 4 (1); dda

P=1-exp {-it} =270
= probability of an event over’the period t

And we can convert probabilities back 10 rates to exploit their mathematical
features (e.g. chahging cycle length)'*" '**:

r=-[In(1-P)]/t

For example, asstime 596 patients are followed up for 1.55 vears after which 33 have
had a CV event and death. Assuming a fixed rate with respect to time, what is the
failure rate? And what is the transitional probability of dying from CV event.

Rate = -[In (T <433 /596))] / 1.85 =0.03079

To.canvertio ayearly probability\(ortraasitional probability).

Probability = 1 - 5°%1"= [ - EXP (-0.03079x 1) = 0.0303

Why is CUA appropriate?

CUA may be the most appropriate analysis tool when:

¢ Qualityof life (QOL) is an important outcome when-evaluate ‘the outcome
associate with the the'intervention which related to the patient function and well-being
combine with the mortality such as evaluation of the outcome of acute myocardial
infarction that the objective is life saved with the quality of life, evalutation the
treatment of cancer; chemotherapy may increase survival but decrease quality of life.

e The intervention affect not only mortality but also morbidity and a unit of
outcome is desired such as estrogen use by postmenopausal women for reduce
mortality from heart disease, improve quality of life from the menopause symptom
while estrogen may be increase mortality from uterine cancer.

118,123
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e The intervention affects the outcome for comparison. For example, when
the decision maker allocate limited resources between the intervention that have
different objective and resultant benefits such as between providing increased prenatal
care or expanding a hypertension screening.

e The analysis need to evaluate the benefit that derived from the different
healthcare intervention.

e The goal is comparison the intervention with others that have been evaluated
in terms of cost per QALY gained.

Useful of HRQOL in economic evaluations

The use of functional and health status” and health-related quality of life
measures by clinical nephrologists has begun.«That use must grow if health status
measurement is to suivive.as-a useful elinical practice. Clinical use of functional and
health status measures_is.being produced, reference values for ESRD patients have
been established, and clinieal experience with health status outcomes is increasing.
All major dialysis chains agé cxamining the use of health status measures and many
are moving to implement widespread use as supporting data for quality of care
assessment From the Health wtility scores meet the criteria for calculating quality-
adjusted life years (QALY), and the ‘requirements of published guidelines for
economic evaluations of phasmaceutical and other health care services. The formula
to calculate the QALY is following124 4

4
QALYS = Life year gained (years) x . utility

When utility is value between 0-1 ¥/
0= worst health state
L=petfect health state

Measuring health-state ufility is usually based on a definition of utility as the
individual’s relative preferences between different health states. Normally a scale
between 0 and liis used, where O represents death or the wofst-case scenario and 1
represents perfeCi-heaith--However,-utihty score-can-be-iess.than (0 that mean the
health state for.them is worse than death.'” "*® QALYs are a' commonly accepted
measure of the health benefit from a certain intervention.

Utilities in Cost-effectiveness Analysis

Pharmacoeconomics has become an important discipline in the development
and marketing of drugs.in the 1990s and.it will continue. to.grow. in.importance in the
21" Cenfury, Pharmaceutical companies aré becoming mare awaré of the need to
gain expertise in this arca as'they start'to use-‘these techniques in clinical trials to help
get regulatory approvals and more importantly to convince pharmacies of the value of
stocking the products. It is the éver increasing ¢ost of medical care’that has led
manufacturets, of medical‘deviees and pharmaceuticals to therecognition ofi the need
to evaluate produets in terms oficost wersus effectiveness in_addition: to the usual
¢fficacy and safety criteria that are standard to regulatory approvals. The regulatory
authorities in many countries are also seeing the need for these studies.

A cost-effectiveness analysis calculates the ratio of additional net costs of a
health care intervention to additional effectiveness (benefits) associated with the
intervention compared with the next-best alternative.”® The health effects may be
measured in life-years alone, or may include the quality of life in each year as a
weighting factor, yielding quality-adjusted life years (QALYs5s).
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Note that some authors refer to a CEA that uses QALYs as an outcome
measure as a "cost-utility analysis." A quality-weighting factor (utility rating) of 1
indicates that a health state is equivalent to full health, while a quality-weighting
factor of 0 indicates that a health state is equivalent to being dead. The QALYs
associated with an intervention are estimated as the sum of the future expected life
years weighted by the quality of life (expected utility) in each time interval. An
intervention can increase the number of QALYs by changing the quality weighting
(utility) even if it has no effect or a negative effect on survival; an intervention that
improves symptoms can increase the expected utility.

The incremental cost-effectiveness ratiofis ealculated as the ratio between the
incremental differences in costs associated” with iwo alternative treatments to the
incremental difference in QALYs associated with-the alternatives. This ratio is
defined only if the more expensive intetvention is also more effective, since otherwise
one choice would dominate the other. The challenge of incorporating quality of life
effects into CEAs ariseseffomarthe difficulty in measuring the utility associated with
the health states. .Fhe results of CEAs can be highly sensitive to the methods used to
calculate utility. Thesestimation of the quality weight for a given time period and
treatment requiresSuccessfully completing two tasks:

e Measuringathe dmpact of the intervention on the distribution of health

states, whigh requires completely  characterizing the health states that are

influenced by the treatment.

o Assessingthe preferences (ut111t1es) for these alternative states of health.

Anemia treatment using EPO in‘chronic kidney disease has consistently
improve HRQOL as demonstrated by 2 met:«x—ana]yms(53 Y In conclusion, the use of
utilities provides a valuablé method for assessing and incorporating quality of life for
decision making at the clinical and health poliey levels. Ultilities provide a common
metric that allows comparison across different health states. They can be used as
quality weighting factors to éstimate quality adjusted life years for cost effectiveness
analysis. Chronic kidney diseases that need to have a dialysis, the considerable
burden should consideron patients and families. Selfscare patient correlated with co
morbidities that may worsen the self-care of patient while previous study only interest
focused mostly eirmedical-and technical-aspects ot dialysiscaie, psychosocial aspects
are now increasingly studied, among them quality of life (QOL)and satisfaction with
care.

In this study, the change in health status is measured as changes in Hb
concentrations and following changes in QOL. During each branch in the model, the
Hb level is used to detéiimine the QALY weight. Information about changes in QOL
associated with/changés in ‘Hb concentrations. “Utility levels ‘are measured using the
SF-6D instrument.

Costs

1. Direct medical cost includes expenses‘associated with various levels of
physical activities such as medicine, physician visits, costs of in center &D (costs for
physician fee,; personnel and material), emergency rodém visits, cost of cardiovascular,
non-cardiovascular side effect treatment and hospitalisation per year, home care,
supportive care, ICU cost from the event

2. Direct non-medical cost is the out of pocket expenses for the product and
service incurred as a result of care which are not medical care, such as cost of
informal care (food, accommodation), transportation, paid caregiver time.

3. Indirect cost is the opportunity cost associated with loss of work
including the days of hospitalization that are calculated for people employed using the
human capital approach, days off work per patient, days for which a caregiver has to
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stay away from work to look after the patient, loss of school days or the number of
days away from school; these costs are derived from the number days loss work
multiplied by the average daily earnings. This is the official figure reported by the
National Statistical Office in Economic and social statistics Bureau; the labor force
survey in 2010 (206 Baht per day in Bangkok).

Perspective

The study will be performed from the view that appropriate with the objective
such as if the researcher’s status is the provider, they will handle in the provider
perspective. However, societal perspective has been recommended by national health
policy experts.*® This perspective includes awidé range of costs and outcomes. It
also provides information applicable for deeiSion"making that intergrates all parties
involved in the health care system not $pecific only at patients or hospitals or third
parties.

Decision model

Decision analysis (Degision.tree) /% /7712

Decision analysis i§ a systematic approach to decision making in the condition
of uncertainty. Because of decision/under the absolute certainty is difficult. Decision
analysis can be usedio assist the decision maker to
Ideniify the available oﬁfion_s of their facing.

Predict the outcomes of :ﬁac;h option.
ASsess theprobability ofithe possible outcome.
Determing the value of outeomes.
o Seclect the determination options which give the best pay off.

Decision analysis use the' decision free to organize the elements involved in
the decision, start with the ¢hoice alternatives. A choice node indicate the point in
time when decision maker determine to choose the one of the several options, the
possible option then originates as branches, to the right of the initial choice node. This
tree will provide the structuré for the cost of study. Thebranch.option with the lower
expected cost will be the selected option for the decision. Decision tree model can be
applied to the estimnates of financial-impacts of new drug: |

Analysis«for a chronic illness is also derived using datasfrom a CEA with the
addition of epidemiologic data on the incidence, prevalence, and natural history of the
disease of interest. It is assumed that the cost effectiveness model for chronic
condition takes a lifetime perspective and tracks the person after treatment with the
new drug over their remaining lifetime.

Limitation of decision tree

1. | The structure/allows progress in ¢ne way (left to right), this model can not
move back and forth between states. Thus decision tree may not be very suitable for
some health conditions where therefare recurrent events such as chronic disease.

2%, The, decision tree does|not haveiastemporal) element 0t everysituation
happen at a single time point. Thus, if anything happens at othér periods of time or
sequentially it has to be calculated outside the model and entered in the terminal node
stage.

State-transitional model (Markov model) //* #2726

Markov model is the complex model form. It can categorize to health status
with a higher level of detail and divide the model’s time perspective into finer
intervals more than decision tree. They can reduce the size of decision trees and show
the option clearly. This model can represent a series of situations that unfold over
time. Markov model defined health state, at the end of each cycle, the patient can
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move from one state to another, defined by transition probabilities. Transition
probabilities can depend on the current item such as chance of death. The probabilities
of moving from one state to all possible state should always add up to 1. There are 7
steps in set up a Markov model

1. Identify the Markov states and the allowable transitions
Choose the length of the cycle.
Find out and set the initial and transition probabilities
Give values (pay off) to the outcomes in the model.
Set the stopping rule
Decide on the progessiforanalysis

7. wlkest the validity ofthe model.

Decision tree is one of the simplest mieans of modeling uncertainty, they
explain or predict short'outcomes by addressing choices and uncertainties associated
with diagnosis and. tieatment decisions. Markov model is used to predict long term,
more complex outcomes«of atreatment. In some cases, the models are complex but
give a little benefit*overanformation from RCTs when predict the real practice of
outcome.'”’” The valué from the models lies partly in their ability to predict “real
world” cost effectiveness unden a variety of assumption. The value can be robusted
with the appropriated sensitiyity -analysis’ when assumptions and the estimated
outcomes are varied: -t

Both Markov and decision tree model can be used to generate estimates the
impact of the new interyention on the outcome of treatment because the model
objective or structure orjassumptions can be assisted the users with understanding of
the analysis and its approach. - Fer health condition definition, the different levels of
severity and treatment pathways wcan be presented. Additionally, the model is
programmed to accept various situations. Input parameters such as prevalence, drug
costs in this module, the'decision models such as Markov or Decision tree can be used
to estimate the cost of this_study. —Finally, analyses using Markov model is
appropriate for chronic illness where the new drug slows disease progression. CKD
with HD is a chronic disease which should be modeled-by using the complex model
such as Markow model. HD patient almost have the adyerse event such as
cardiovascular aad-non-cardiovascular-event:-Aithough many Study shows that the
normalized Hb-€an defined the benefit of QOL and decrease the cardiovascular
event”>* such as cardiovascular effects with regression of left ventricular
hypertrophy (LVE) but 3 large RCTs* " found that the opposite results.

ARl el

Sensitivity Analysis' %% '*

All output in the study have ‘the vatiation (uncertainty) from many reasons
such as the different sources of variation in the input/of a model sueh as pooled data
sets, meta-analyses, unverifiable assumptions. Sensititvity analysis is a technique for
systematically changing parameter§ in a model to.determine the effects of such
changes« Uneertainty-and-sensitivitysanalyses investigatesthe, robustness of a: study
when the study inclides some form ofl the modelling. | Sensitivity analysis* can be
support decision making ‘or ‘the* development ‘of “recommendations™ for “decision
makers, making recommendations or compelling or persuasive from modellers to
decision makers. Nevertheless, sensitivity analysis increased understanding
relationships between input and output variables and model development such as
searching for errors in the model. While uncertainty analysis studies the overall
uncertainty in the conclusions of the study, sensitivity analysis is a tool to ensure the
quality of the assessment and sensitivity analysis tries to identify what source of
uncertainty weights more on the study's conclusions. The term sensitivity analysis
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encompasses several techniques and it is useful to distinguish three approaches as
following:

1. One way sensitivity analysis examines the impact of each variable in the
study by varying it across a reasonable range of values while other variables still
holding constant at their estimate value.

2. Extreme sensitivity analysis involves setting each variable at the same time
to take the most optimistic or pessimistic value in order to generate the best or worst

loneliness, and nor are they perfe related, so one way sensitivity analyses will
Xt ysis overestimate.

3. Probabilistic sensitiv . S g:e effect on the results of an
evaluation when the fu ental o vary all together across a

plausible range acc 7 . ese probabilistic analyses
may be expected calistic 1n ability analysis derived

from a large number of

Discounting
In health i i§, cOstS : sidered over a period
that longer than r ing- allow, di t treatment alternatives in

which costs and b _
times to be co / a i i r a defined period of
time, in exchange fo 1 th ' value of $1 today is not
i i i nce value between the
original amount owed i s to be paid in the future to
settle the debt. The i rate is often 3-5 %'*® and
non monetary outcomes ounted.in te calculation.

AUEINENINEYINS
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CHAPTER III
METHODOLOGY

This chapter started with explaining components of the study and followed by
the research design and method. In cost utility analysis (CUA), there were two
important variables involved: cost and utility of HD patients who used erythropoietin
(EPO). Number of use and the estimation of possible costs of drug and the treatment
were done and illustrated in this part. The Markov model was applied to this study.
Details of modeling technique used includedhow the model was constructed by type
and data inputs. The study adopted the sogietal perspectives. The results were
presented in terms of.incremental cost, inCremcntal Quality Adjusted Life Years
(QALY3s) gained and ineremental cost-effectivenessratio (ICER) in Baht per QALY.

I. Components of the'study

To conduct costatilityanalysis, three components are required as followed:

1) Cost isithe dizect of indirect expense incurred as a part of treating anemia
with EPO such as cost'of adverse event freatment, cost of hemodialysis, cost of EPO,
direct non medical costs.and indirgct costs.

2) Probabilityfis the chance that each clinical incidence will be occurred. For
example, the prebability ©f ' cardiovaseular event, non cardiovascular event,
probability of death from cardiovascular disease and non cardiovascular disease.

3) Utility scores of hemodialysis patients who use erythropoietin to maintain
the hemoglobin target level, specifically quality adjusted life year (QALY), is a
measure of the relative satisfaction,  desirability, consumption of various goods and
services. The individual’s relative preferences between different health states.
Normally a scale between 0 and"1is used, whete 0 represents death or the worst case
scenario and 1 represents perfect hcalih. Howeve,r‘,: utility score can be less than 0 that
mean the health state for them is-weorse than &Qa‘fh

,‘. oy
[l ed ol

I1. Research Design

The costatility analysis model was used to compare lifetime costs and health
outcomes of HB-patients who-used-EPOfor anemia treatment in the different Hb
levels. The asseéssment of health economic model was used+and input parameters
were obtained by systematic reviews of the literature on the clinical and cost-
effectiveness of ERO in HD patients.
(1.1) Model structure

This study combined both the decision tree and the Markov models. The
decisiontree:model was used to optimize the'maintenance of the different hemoglobin
targets in HD+patients i routine clinical pfactice using EPO for gnemia treatment
portfolio: In developing the decision tree, 5 maintaining Hb levels, i.e., Hb <9, >9 to
10, >10 to 11, >11 to 12, >12 g/dl were displayedras choice node as shown in the
figute 3.1y Connected 1o, each ehoice flodeiwias onie Markoy modélwhich tan‘after the
decision of Hbitarget, as shown.in the figure 3.2.
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Figure 3.2 Schematic diagram of the Markov model
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CV state), and dead fio 1"* state). Thus the Markov
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calculated as patien erg’ characterized by their
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In this Markov model, we classified hemodialysis patients for 2 groups; 1) the
patients who were alive with hemodialysis (HD state) and 2) the patient who were
alive with hemodialysis and required cardiovascular treatment (HDCV state). When
the HD state’s patients moved to the HDCV state (the arrow no.1), they could not
move back to the HD state (dotted-line arrow no.7) because CV disease was the
chronic condition that once attacked, required medical treatment until death. They
could stay on the HDCV state with or without nCV events (the arrow no.6). HDCV,
if with nCV, would be treated and returned to HDCV which would finally move to the
absorbing state, death from CV state (the astow no.4). If the nCV treatment was fail,
they would move on to another absorbing state, death from nCV state (the arrow
no.8). No event in the first cycle was allowed,whichiimplied no event within the first
year after treatment. At the HD state, patients could'stay on (dotted-line arrow no.2)
with or without nCV"events (the arrow no.3). Patients could then move to the death
from nCV state (arzows no.5).which was the absorbing state. It was assumed that
once the patients have .HD of HDCV, they would continue with HD until death
(absorbing health.state). Fhe moving to any state was assumed to be independent of
their changing hemoglobinslevels ‘and dose escalation was not considered in this
model. The moyement between each state is determined by probabilities that were
obtained from randomized gontrol ifial and Systematic reviews.

Case scenario "

Male patient, 59 years old, diagnostic as ESRD and anemia (Hb = 8 g/dl) so
that he need to hemodialysis and use EPO. The question of this situation: what is the
appropriate maintaining Hb ‘targetthat 1s'the lowest incremental cost effectiveness
were choosed. In this model, patient started to receive EPO for anemia treatment
when hemoglobin level fell at 8 g/dl. -And the physicians decide to increase his Hb
level to higher Hb. For example,/Hb level‘target is1'1 g/dl so EPO dose for him is
4,854.24 1U/ time, 3 times weekly until he has any event that attack his life. Assume
that all patient response imniediately at the end of the cycle but lasting for only one
cycle. If he have the CV event in this cyele, he still have CV treatment with HD
forever (HDCV) until he die but in the next eycle he has.the probability to have nCV
event or CV event attack again and he has to treat, then he has.a probability to dead or
alive. If he aliveshehas-the-probability-of anyeventagam:=He still alive with HDCV
state and continue move to other state (except HD state) or stable at the HDCV state
in the cycle unfil dead. The movement between cach state is determined by
probabilities that.yvere obtained from randomized control trial'and systematic reviews
which are clarified in section 1.2

(1.2) [Input parameters

i) Transitional probabilities

Transitional probabilities used in this studyswere obtained mdinly from a
syStematic rCuiew! of “the literature using’ they PubMed database,the (National
CoordinatingyCentre for Health Technology Assessment (NCCHTA), the Cochrane
library, and the ClinicalTrials.gov website. Searching was conducted during 1 January
1966 and 31 December 2009. All searches included the keywords and corresponding
MeSH terms for erythropoietin, kidney disease, renal disease, hemodialysis,
randomized controlled trial (RCTs), meta-analysis and practice guideline. The
inclusion criteria and exclusion criteria were as follow;

Inclusion criteria
1. The studies of efficacy of EPO (e.g. erythropoietin beta, and alfa).
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2. The methodology of the studies was randomized controlled trials, meta-
analysis of RCTs, which assessed the effects of targeting different Hb concentrations
when treating patients with anemia caused by CKD with EPO. Potential therapies
used to achieve target hemoglobin concentrations were erythropoietin beta,
Erythropoietin alfa.

3. The studies were targeted patients aged greater than 18 years.

4. The studies of hemodialysis patients.

Exclusion criteria

1. Non-randomised trials or RCTs which were the evaluating other
interventions such as subcutaneous versus inirayenous EPO treatment for anemia of
CKD, the outcomes were reported such as bloodwiscosity, hematopoietic progenitor
cell assays. J

From the clinical trialywe derive the eompound mortality rate and then we
calculate the diseasespecifiesmortality rate from the following formula:

Hc = pp' T+ [LaSR

- ; | :
when, pp: DiSeases'specific exeess mortality rate (fixed rate)
pet Compound mortality rate derived from the'study in the literature

=

nask = 1LEASR i

LEasr (ASRiage, sex, race adjusted life expectancy) is life expectancy of the
Thai general population€lassified by age group (derived from Life table of Vital
statistics Thailand 2006) asiShowr'in the table 2.7
.

For example, assume GV mortality rate ﬁJ"ofh the clinical trial is 0.202 and the
average age of the patient in'the trial was 69. What is the diseases specific excess
mortality rate? And what is the compound —r’tahty rate when the age of the patient
was 79 years old.

D = Up + ,LtASR

I --__|_ -

0202 = 4ip +0.065
Wi =0.137

Diseases specific excess mortality rate = 0.137 and ip is a fixed rate so that
we can calculate the compound mortality rate when the age of the patient was
79 years old from the same formular,

Ue =0.137+0.105= 0.242

When we know the iimortality tate in-the different/age,"we ¢an convert rate to
probability(P).assumingran event occurs at-a constant rate (r) over a time period

between itime zero to some time beyond such as time periods between the first year
and the fitth year is 4 (t):

P=1+exp {-rt}
= probability of an event over the period 't

And we can convert probabilities back to rates to exploit their mathematical
features (e.g. changing cycle length)'?" '**:

r=-[In(1-P)]/t
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For example, assume 596 patients are followed up for 1.85 years after which 33 have
had a CV event and death. Assuming a fixed rate with respect to time, what is the
failure rate? And what is the transitional probability of dying from CV event.

Rate = -[In (1 —(33/596))] / 1.85 = 0.03079

To convert to a yearly probability (or transitional probability):

Probability = 1 - ¢""°7" = | — EXP (-0.03079 x 1) = 0.0303

Model parameters, data sources and values of transitional probability used in the
model are presented in the results.

ii) Utility score

Utility score is derived.fiom the SF-6D of whieh iteims were drawn from the SF-36
instruments. The utility-score represented the quality-of life of patients during the
interview as the input parameter1n the model. Thusy the Hb level identified was the
Hb of the patient collectedsduring the lastest visit before the questionnaire interview.
The questionnaire of this® study included KDQOL-SE™ 1.3 in Thai language
version'"? that contained questions from the SF-36 plus an additional 43 kidney
disease—specific items and EQ-5D/questionnaire. One hundred and fifty two patients
were enrolled from 5 hemeodialysis sites of Nephrology Unit at Siriraj Hospital that
was the universityhospital ‘where the patients came from throughout Thailand.
Microsoft Excel spreadsheet version 2003 and SPSS version 14 were used for utility
analysis. \ N

Inclusion Criteria i

Patients us¢ EPQ at least 6 months with titration of EPO therapy is permitted.

Exclusion Criteria i

e Patients under 18 yearts old. /M 7

e Patients who have blood transfusion for, anemic treatment within 6 months

before EPO treatment and before the study starts

e Patients who change the.modality of didlysis

e Patients who switch to other anemia tréatment method between the study

e Patients 'who cannot answer the questionnaire and are not willing to

participateinthe-study |

Face-to-face interviews were conducted during November-December 2009
after patients signed informed consent. The ethics approval was obtained from Siriraj
Institutional Review Board Ethics Committee. The patient specific information
regarding demographics, health care scheme, clinical laboratory, prescriptions were
collected«at sbaseline and at, the time, when.face to face~interviews=was conducted.
Demographic data=were obtained- included age, gender, marital status, duration of
hemodialysis, hemodialysis frequency ‘per week, underlying disease such as diabetes,
hypertension, or myocardial infarction. The clinical lab data of patients were included
in the retrospective chart review, data were collected: for the one year period since
starting the face toface intenyview and'this study separated Hb levels of 152 patients to
5 levels such.as Hbi<19, 5910 10,=10t0 11, >11 to 12, >12 g/dl.

The quality of life data obtained from the questionnaire can be transformed
into the utility. About the utility, EuroQol were used to calculate the EQ-5D utility
based on the scoring function that was derived from a UK and Thai (TH) population
utility”® *>. The visual analog scale (VAS) of the EuroQol was used as the direct well-
being score. From the SF-36, the SF-6D utility was calculated by applying the scoring
method that was also derived from a UK preference scores by using the computer
algorithm.*’  Pearson’s correlation coefficient was used for statistical testing of
correlation between EQ-5D, SF-6D, VAS and Hb level. The utility which are highly
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correlated with Hb level could be use as the utility parameter in the model of this
study and then, the utility score of 5 group levels were examined for cost utility
analysis.

iii) Costs

Cost data in the model consists of;
(1) Direct medical costs, the cost of HD treatment, cost of EPO use, cost of treating
CV and nCV events (nCV event including other event except cardiovascular event
resulting in hospitalization for 24 hours on morec or prolongation of hospitalization);
CV event including myocardial infarction, sfroke, heart failure, revascularization
(percutaneous transluminal eoronary angioplasty,.er coronary-artery bypass grafting)
resulting in hospitalization for 24 hours or more or prolongation of hospitalization.

a) The costs of HD treatiment were calculated by the number of HD per year
multiplying'by HD cost'(Baht/HD visit).
Annual cost of D = Number jof HD per year * HD cost (Baht/HD visit)

b) Costs of €V treatment were calculated by the number of in-patient visit per
year because€V event niultiplying by its CV treatment cost (Baht/in-patient

visit)
Annual cost gf CV, fredtntent = Number of in-patient visit per year*treatment
cost per Vvisit - -

c) Costs of nCV greatment were calculated by the number of in-patient visit per
year becausg nCV event mult1ply’1ng by its nCV treatment cost (Baht/in-
patient visit)

Annual cost of nCV tredimeint = NLiﬁfb'ef-'of in-patient visit per year*treatment
cost per visit ‘ .*

d) Annual EPO cost per pahent it should' be caleulated from the unit cost (the
societal perspective; utlif cost = selling pP;Ce =10.325 Baht while the hospital
perspective; unit cost =—acquisition cost = 0.262 Baht) multiplied by the
amount of use per year. The avcrage unit cost for EPO is calculated based on
the drugyprice list in 2009 at Sll‘lraj ahospltal concermng the consumption of
erythropoietin (Recormon”, Hemax® and Eprex").- The amount of EPO dose
should 'b&calculated as the formular, the dose per tim& (D) which is expected
to increase. hemoglobin from a pretreatment level (Hb0) to a desired steady
state level (HbSS) when given intravenously three times per week for 11
weaks.”

D.= 2400 IU /N'[9:6 L (HbSS —Hb0)]-= 1

The treatment costs which incurred at inpatient department were estimated
based on the actual costs of the event treatment (the event that classified by, the Tenth
Reyision.of the International Classification. of Diseases and Related.Health Problems
(ICID-10) as table,3.1) at Siriraj hospital in 2009 and calculated-using th€'average cost
method.
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Table 3.1 Classification of CV events that including in the study by ICD-10.

Code (ICD 10) Disease

120 ANGINA PECTORIS

121 ACUTE MYOCARDIAL INFARCTION

122 SUBSEQUENT MYOCARDIAL INFARCTION

3 CERTAIN CURRENT COMPLICATIONS FOLLOWING
ACUTE MYOCARDIAIL INFARCTION

124 OTHER ACUTE ISCHAEMI@HEART DISEASES

125 CHRONIC ISCHAEMIC HEART DISEASE

142 CARDIOMY.@PATHY.

146 @ARDIACARREST

147 RAROXY SMAL TAGHYCARDIA

148 ATRIAFFIBRIELATION AND FLUTTER

149 OTHER CARDIAC ARRHYTHMIAS

150 HEARF FAILURE,» /¥,

160 SUBAR ACHNOID HAEMORRHAGE

161 INTRACEREBRAI. HAEMORRHAGE

16 OTHER NONTRAUMAfJC INTRACRANIAL
HAEMORRHAGE <

163 CEREBRAL INFARCTION &,

164 STROKE, NOT SPECIFIED AS HAEMORRHAGE OR
INFARCTION ,

165 'OCCLUSION AND STENOSIS OF PRECEREBRAL ARTERIES,
NOT RESULTING IN CEREBRAL INFARCTION

166 OCCLUSION AND STENOSIS OF CEREBRAL ARTERIES,
NOT RESULTING IN CEREBRAL INFARCTION

170 ATHEROSCLEROSIS

173 OTHER PERIPHERAL VASCULAR DISEASES

174 ARTERIAL EMBOLISM AND THROMBOSIS

177 OTHERDISORDERS OF ARTERIES AND ARTERIOLES

For this model, EPO were given when the hemoglobin level start at 8 g/dl.
The target results were that the patient’s hemoglobin level reached to the Hb level as
the choice node. The amount of EPO use for increasing the Hb levels to the different
Hb level per patient per week was shown as the table 3.2.

After the Hb level reach to the target level, the maintenance dose of EPO is
still in these dose until the patients have any situation which attack their symptom
such as the operation or bleeding, then the physician have to adjust the EPO dose.
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Table 3.2 Amount of EPO per patient per week for increasing the Hb levels to
the different target level.

Hb level Dose EPO per week (IU)
Hb level from 8 to 9 g/dl 2,455.18
Hb level from 8 to 10 g/dl 3,693.52
Hb level from 8 to 11 g/dl 4,854.24
Hb level from 8 to 12 g/dl 6,085.11
Hb level from®to13g/dl = 7,506.52

Annual cost ofBPO =Unit cost * amount of use per year

For example, annuals€ost of EP@ for the patient who have the start Hb at 8 g/dl and
she use EPO fowincreasing #ih 10 10, she need EPO 3,693.52 IU per week as Table
3.2 and one year = 52 wecks, EPO'settingprice = (0.325 Baht/unit

Annual costof EPO = 01325%3,69342*52 Baht
(2) Direct non medi¢al costs 4

Direct nonsmedical costs (¢.g., food cost, travelling costs and accomodation
for patients and their carcgiver) derived from the structured questionnaire interviews
(as showed in the appendix 3 and’the example of filling data were showed in the
appendix 4) from 152 patients receiving treatrnent for HD at Siriraj hospital between
November and December 2009. ‘ J

(3) Indirect non medical ¢psts such-as in¢o.me lost as a result of sick leave or
hospital visits... It should be calculated from the minimum.-wage in 2010 (206
Baht/day) multiplied by the length of stay from \the sick leave or providing informal
care (days). While-mortarity costs were excluded toravoid-double-counting since
helath outcome<as QALYs had already been taken into account the mortality
effects.'**

All costs were included when the societal perspective.was considered but only
cost item (1) was included for the hospital or health care provider’s perspective. For
inter-country comparisons, costs can be comverted into $US using the purchasing
power parity exchange'rate of SUS1 =32.45(April 2010) Thai Baht.<The values used
in the model are presentéd in the tesults section.

(1.3) Perspective
This study was-eonducted based onrsoeietal and hespital perpectives.

(1.4) * Time horizon
This study was chosen to model cost and treatment effect for lifetime period.

(1.5) Treatment alternatives

In this pharmacoeconomic evaluation, four Hb level such as >9 to 10, >10 to
11, >11 to 12, and >12 g/dl, which are the possible Hb level in HD patient after
treated with EPO for anemia treatment in Thailand were compared to the lowest Hb
level (<9 g/dl).
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(1.6) Sensitivity Analysis

i) One way sensitivity analysis was conducted on rate of having CV and stay
on HD from RCTs (rate = 0.194). And we consider the changing of net health benefit
(NHB) when providing this rate between 0.1 to 0.9

ii) Probabilistic sensitivity analysis was performed by Monte Carlo
simulation. It was carried out using TreeAge™ Software. Monte-Carlo simulation
was used by involving random sampling of each variable under the specified
probability distribution within the model to produce more than one thousands of
iterations. All input parameters were assigned probability distributions according to
their feature to reflect the feasible range of valucs that each input parameter could
attain. Gamma-distribution, which ensures positivewalues, was modeled for all costs
parameters and Beta-distribution was chescafor the probability and utility
parameters, which were bounded zero-one. We caleulated the alpha and beta value
for push in the specifieddistribution from the following fermula:

Gamma distribution; alphia = (mean/SE)*
beta = mean/(SE?)

Beta distribution; alpha= mean®((I-mean) / (SE))
bofa = [mean(1-mean)/SE’]-alpha

The simulation dgew ‘one value from cach distribution simultaneously and
calculated cost and effectiveness pairs. “A Monte-Carlo simulation was repeated
10,000 times to provide a range of possible values given the specified probability
distribution, each time using different randomly all selecteéd values. The results were
expressed as average value of allieésts; QALJY ssand ICER in the Results section. And
we calculate , ey

1.6 Discounting rate

Discounting was pérformed since the' tlme horizon was longer than one year.
Discounting allows two different treatment alternatives in which costs and benefits of
a particular refCience—pomi-generally—occur—at-ditferent=times to be compared.
Discounting of costs and effects at 3% per annum by following WHO guide to cost
effectiveness analysis.

1.7 Determine incremental cost effectiveness ratio (ICER)
The incremerital-eost effectiveness ratiof(ICER) was calculated by incremental
cost diyidediby fincremetital &ffecétiveness.

IGER = (C/= Cy)/ (Ei - En)

When;.. Ci= Intervention.cost
Cx = Null cost
E; = Intervention effectiveness
Ex = Null effectiveness

1.8 Determine net health benefit (NHB)
NHB is the alternative approach is to measure cost-effectiveness. The NHB
was calculated by the following formular;

NHB = (Es — Ep) — [(Ca — Cg) / WTP]
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When; Ex = Effectiveness of strategy A

Es = Effectiveness of strategy B
Ca = Cost of strategy A
Cg = Cost of strategy B

WTP = Williness to pay

The strategy A is appropriate when the NHB values is more than 0 and the high NHB
is better than the low NHB

Y]

i ¥
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CHAPTER 1V
RESULTS

To conduct the cost utility analysis of erythropoietin (EPO) for maintaining
the different hemoglobin (Hb) target levels in anemic hemodialysis (HD) patients in
routine clinical practice, the following six key elements are required; 1) general
characteristics of the patients who answering the KDQOL questionnaire from face to
face interview, 2) utility and quality of life, 3) probability of cardiovascular event, non
cardiovascular event, probability of dead from cardiovascular disease and non
cardiovascular disease, 4) costs, 5) cost utility analysis and 6) probabilistic sensitivity
analysis. This chapter provides the details of cach clement in sequence.

1. General characteristics

Face-to-face'intervicws guestionnaire of the study was KDQOL-SF™ 1.3 that
included questions from'the SF-36 plus an additional 43 kidney disease—specific items
and EQ-5D questionnaite: One hundred and fifty two patients were enrolled from 5
hemodialysis sites .of Nephrology .Unit at Siriraj Hospital and their general
characteristic data'were shown in the Table 4.1

Table 4.1 Generalicharacteristic of 152 hemodialysis patients

Characteristi¢ 4 Value
Age (yrs, Mean +=SD) b 5732+14.52
Gender (%) ¥

Male — . 47.40%

Female Sl 52.60%
Marital status (%) —

Single R 41.45%

Couple 58.55%
Underlying-disease.(%,-i.)

Diabetes 27.63%

Hypertension 76.97%

Myocardial.infarction 14.47%

Other 9.21%
Frequency of hemedialysis

2'times per week (%) 41.45%

3 times per'week (%) 58.55%
Length of HD (yrs, mean + sd) 7.66 +4.87
Clinicallaboratory

Hb (g/di) 10.75 + 1.64

Albumin (g/dl) 3.96 £0.37

Creatinine (mg/dL) 11.21+5.49

BUN (mg/dL) 69.37 +16.77

Patients were grouped into 5 Hb levels, i.e., Hb <9, >9 to 10, >10 to 11, >11
to 12, >12 g/dl because these levels were approximately targeted in the real practice in
the institute. The difference of 1 g/dl Hb was the level which allowed clinical
symptoms and the evidence of mortality rate to be differentiated. The basic
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demographic data by Hb level of the 152 patients included in this study were shown
in the Table 4.2

Table 4.2 Basic characteristic by Hb level

<9 >9-10 >10-11 >11-12 >12

Parameter p-value
Mm=26) n=18) (n=40) (n=35) (n=33)
Age (yrs) 0.096°
Mean 50.88 55.06 58.456 59 60.48
SD 14.15 18.07 ¥ 14.16 13.29
Gender 0.006"
Male (%) 38.46 16.67 60 62.86 39.39
Female (%) 61.54 83.33 40 37.14 60.61
Marital status (%) 0.110°
Single* 65.38 38.89 (1% 34.29 36.36
Couple 34.62 ol J1% APAS 65.71 63.64
Underlying disease (%) .
Diabetes 34.62 3333 22 % 25.71 27.27 0.823°
Hypertension 7308 9444 '!7 75 77.14 72.73 0.441°
MI L. - AT RS 571 18.18  0.581°
Other 3.85 506 V4l ) 10 14.29 9.09 0.682°
Length of HD (yrs) =31 0.622°
Mean 8.73 7.64 ~ 7.5V 7.87 6.68
SD 5.62 4,28 ‘ 569 3.77 4.59
Frequency of HD per week 0.110°
2 times (%) 65.38 38.89 37.5 34.29 36.36
3 times (%) 34.62 61.11 62.5 65.71 63.64

a: ANOVA test
b: Chi-square test

* Including single, widow, divorce

Mean Hb for'all patients were 10.75 ‘g/dl."Mean Hb'levels were 8.06 in the < 9
group, 9.62 insthe > 9 ta 10 group, 10:58 ingthe >10 fo 11 group; 1160 in the >11 to
12 groupyand 12.79 in the > 12 group (P <0.001) as shown in the Table 4.2.Albumin,
creatinine, and blood urea nitrogen (BUN) levels were not different ingthe five Hb
leyels/(P>, 0,05); thesesmean of-albuminy ereatininerandfBUN+yvalues were similar in
all tive Hb levels'(Table 4.3).
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<9

>9-10

>10-11

>11-12

>12

Parameter p-value
(=26 (=18) (=40) (=35 (n=33)
Hb (g/dl) 0.000
Mean 8.06 9.62 10.58 11.6 12.79
SD 0.74 0.33 0.29 0.32 0.55
Albumin (g/dl) 0.700
Mean 391 2% 3.98 4.02 3.91
SD 0.43 0.42 0.37 0.29 0.39
Creatinine (mg/dL) 0.766
Mean il 10.7 10789 11.32 10.43
SD 2.94 2.99¢ 3.34 95 2.89
BUN (mg/dL) 0.201
Mean 63458 AR23 69.99 73.46 63.87
SD 1846 1’126 K, 5eld 13.6

I1. Utility and quality of life

2.1 Quality of life

. e
v

=

The score offquality of'life in KDQOL questionnaire were transformed onto 0 to
100 scale range showan as the Table 4.4 between symptom/problem, effects of kidney
disease, burden of Kidney disease, work Status, cognifive function, quality of social
interaction, sexual funetion, sleep. socia_l'__ support, dialysis staff encouragement,
patient satisfaction. The better status patients were indicated with the higher score.

The internal consistency teliabilify estimat'eE of the KDQOL-S

FTM

scale, mean and

SD of the questionnaire in 152 hemodialysis patients were shown in the table 4.4.
i i il

alllt™

Table 4.4 Mean, SD and Reliability of Kidney disease specific disease scales

Scale Number of Mean SD Reliability
Items

Kidney disease épveciﬁc

Symptom/ Problem list 12 77.45 15.05 0.780
Effects of Kidney bisease on Daily Life 8 61.29 22.98 0.772
Burdenof kidney DPisease 4 44:08 30:01 0.687
Work status 2 49.01 39.23 0.783
Cognitive function 3 83.33 17.75 0.579
Quality of so¢ial interaction B 86.54 14.89 0.484
Sexual function 2 73.91 30.37 0.883
Sleep 4 61.63 23.24 0.623
Social support 2 87.83 19.46 0.735
Dialysis staff encouragement 2 88.24 18.32 0.789
Patient satisfaction 1 75.99 20.28 NA
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Mean values for the kidney disease targeted scales ranged from 44.08 (Burden
of kidney Disease, SD = 30.01) to 88.24 (Dialysis staff encouragement, SD = 18.32)
on the percent of total possible (0-100) scores. Internal consistency reliability of the
six scales in kidney disease scale (the Symptom/ Problem list, Effects of Kidney
Disease on Daily Life, Work status, Sexual function, Social support and Dialysis staff
encouragement) was good (Cronbach’s w = 0.735-0.883). However, internal
consistency reliability estimates for the KDQOL-SF™ targeted scales less than 0.700
with four dimensions (O 687 for Burden of kidney Disease, 0.579 for cognitive
10.687 for sleep). Only Cronbach’s
a of sleep d1mens1on was /00 (Cronbach’s &= 0.716) when
deleting an item 12D (k- dec : amily). While Cronbach’s a of
Quality of social in i d Slee dlm_creasmg but stil less than

0.700 (Cronbach’s o _ ; eting an item 13C (Did
you act irritable toward hosg ¥ ave trouble staying awake
during the day) a \

For our hemodials yatic ejcompare th ity of life measures in the

patients 5 groups as Hb lev _ 0 >10-11 ¢ —12 g/dl and >12 g/dl.

ﬂﬁﬂ’ﬂ'ﬂﬂ'ﬂ‘iﬂﬂﬂﬂ‘i
’QW']ENﬂ‘iELJ UAIINYA Y
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Table 4.5 Kidney Disease Quality of Life Short Form Questionnaire scores and
hemoglobin levels.

Parameter <9 >9t010 >10to11 >11to 12 >12 Pvalue
m=26) m=18) (n=40) m=35 (n=33)

Kidney disease specific

Symptom/ problem list 74.8 78.6 76.6 77.3 80.1 0.723
Effects of kidney disease 49.0 68.1 62.0 64.2 63.3 0.042
Burden of kidney disease 349 434 41.7 51.6 46.6 0.274
Work status 51.9 50.0 47.5 54.3 42.4 0.781
Cognitive function 80.0 84.8 802 83.2 86.7 0.671
Quality of social interaction 35.1 88.9 8217 87.2 90.3 0.234
Sexual function 60.0 68.8 . 83.9 78.1 0.779
Sleep 5816 60.8 593 60.5 68.6 0.422
Social support 86.5 {59'.8 84.6 91.4 87.9 0.630
Dialysis staff encouragement 88.9 86.8 88.8 87.1 89.0 0.986
Patient satisfaction 64.6 69.4" 63.5 67.4 72.7 0.213
SF-36 !

General health 29.8 438055 354 43.1 442 0.023
Physical functioning 60.2 558y 60.0 63.6 67.1 0.836
Role physical 654 66.F =4 ¥ 87.5 79.3 82.6 0.060
Pain 58:0 94 715 73.9 747 0162
Emotional well being 725 T8 i h=l.2 80.2 84.1 0.106
Role emotion 59.0 79.6 85.8 79.0 84.8 0.015
Social function 79.8 833 93.8 9611 93.2 0.008
Energy/fatigue 58.7 56.7 59.9 60.9 71.4 0.173
Physical component summary 40.9 41.8 43.9 44.1 45.0 0.397
Mental component summary 48.1 50.9 51.1 53.7 55.9 0.039
Overall health 64.6 6943 6346 6745 72.7 0.235

About Kidney disease speeific,” only“effects ‘of kidney 'disease scores was
significantly difference between Hb,levels (p= 0.042). For SF-36, almost of physical
domains was not significantly difference except genéral health component'which were
significantly’.differeénce fin"the difference of Hb level (p=0.023) as theliable 45. For
mental domains, the difference betweenS groups of Hb levels were notsignificant in
a variety of quality of life domains but the difference was statistically significant in
role emotion scores and social functioning scores; p-value = 0.015 and 0.008
respectively.

Post-hoc analysis was conduct for the multiple comparisons, the significant
difference of pairwise from ANOVA tests can be detected by LSD more than
Bonferroni as the table 4.6.



Table 4.6 Post-hoc analysis
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Hb level comparison General Role Social SF-12 Elgficlfz; '
health emotional function Mental .
disease
LSD
1.<9 2. >9t010 0.013 0.039 0.564 0.359 0.007
3.>10to 11 0:289 0.001 0.006 0.239 0.023
4. >11t0 12 0.014 0.018 0.002 0.032 0.010
5. >12 0.009 0:003 0.011 0.004 0.017
2.>9 1010 1. <9 0.013 0.039 0.564 0.359 0.007
3. >10to 11 0.078 0.501 0.067 0.956 0.347
4. >1110 12 0.656 0.951 0.029 0.337 0.556
5. >12 0.794 0.584 0.093 0.095 0.468
3.>10to 11 1. <9 0.289 0.001 0.006 0.239 0.023
2. >9 iol0 0.078 0.501 0.067 0.956 0.347
ST (o 0.108 0.367 0.615 0.256 0.678
5. >il 0.072 0.897 0903  0.045 0.817
4.>11to 12 W< 0.014 0.018 0.002 0.032 0.010
2. >9010 0:656L 4 1 0'951 0.029 0.337 0.556
3 4810 toll 1 0.108 0.367 0.615 0.256 0.678
= >12 08280 .. 0462 0.550 0.383 0.864
5.>12 1. <9 0.0097} % 0.003 0.011 0.004 0.017
2459 tol0 0:7947/, 0.584 0.093 0.095 0.468
37 >1040 11 0.072—=+ 0.897 0.903 0.045 0.817
4. >fto 12 0828 —=4# 01462 0.550 0.383 0.864
Bonferroni ..I":"..
1.<9 2. >9t010 0.1304 470 s0 894 1.000 1.000 0.066
3.>10to 11" 1.000 ——0.013 0.061 1.000 0.234
4. >11t0 12 0.143 -~ 0.180 0.019 0.318 0.103
5. >1 oo 0.090 - 4 0:028 0.113 0.037 0.173
2.>9t010 ALd=<0 0.130 0.394 1.000 1.000 0.066
“ 300 b 0782 h000—0.669. T 1.000 1.000
4. >11to 12 1.000 1.000 0.287 .  1.000 1.000
oul >12 1.000 1.000 0.930 0.954 1.000
3.>10to 11 1. <9 1.000 0.013 0.061 1.000 0.234
2. >9t010 0.782 1.000 0.669 1.000 1.000
4. 11 to 12 1.000 1.000 1.000 1.000 1.000
5. 212 0.716 1.000 1.000 0.447 1.000
4.>11 10112 I <9 0.143 0.180 0.019 0318 0.103
229 t610 1.000 1.000 0.287 1,000 1.000
3.>10to 11 1.000 1.000 1.000 1.000 1.000
5.>12 1.000 1.000 1.000 1.000 1.000
SO0 [ <9 0:090 0:028 07183 0.037 0.173
2. >91010 1.000 1.000 0.930 0.954 1.000
3.>10'o 11 0716 1.000 1.000 0.447 1.000
4. >11to 12 1.000 1.000 1.000 1.000 1.000

Because of the LSD test is a two-step test. First the ANOVA test is performed.
If it is significant at level alpha, then all pairwise t-tests are carried out, each at level
alpha. If the ANOVA test is not significant, then the procedure terminates. The LSD
test does not control the set of comparisons while the Bonferroni multiple comparison
test is a conservative test, that is, the set of comparisons is not exactly equal to alpha,
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but is less than alpha in most situations. Even though the Bonferroni test controls the
set of comparisons rate, in many situations it may be too conservative and not have
enough power to detect significant differences.”*" **  About SF-36, the least
significant difference (LSD) test showed that the role-emotional scores of the Hb level
<9 were significantly lower than those derived from Hb >9 to 10 group (p=0.039), Hb
>10 to 11 group (p=0.001), Hb >11 to 12 group (p=0.018), and the >12 group
(p=0.003). The general health scores of the Hb level <9 were significantly lower than
3 Hb level such as Hb level >9 to 10 (p=0.013), Hb level >11 to 12 group (p=0.014),
and Hb level >12 (p=0.009). The social fuaction scores of the Hb level <9 were
significantly lower than 3 Hb level such as Hb'leyvel >10 to 11 (p=0.006), >11 to 12
group (p=0.002), and the >12 group (p=0.011)butthe score of Hb level >9 to 10 was
significantly lower than Hb level >11,to 12-(p=0.029). While the SF-12 mental
component summary scores of-Hb level <9 weie significantly lower than 2 Hb level
such as Hb level >0 12 (p=0.032), and Hb level =12 (p=0.004) but the score of Hb
level >10 to 11 was_signifieantly lower than Hb level >12 (p=0.045). However,
Bonferroni multiple comparison/shown that the role emotion scores of the <9 group
were significantly lower than those derived from the >10 to. 11 group (p=0.013) and
the >12 group (p=0.028). Fhedifference of post-hoc analysis results between LSD
and Bonferroni comparison can be ‘explained that the LSD test is a two-step test. First
the ANOVA test is performed.  If it-is significant at level alpha, then all pairwise t-
tests are carried out, cach at level alpha. \If the ANOVA test is not significant, then
the procedure terminates /The LSD test does not control the set of comparisons while
the Bonferroni multiple comparison test is. a conservative test, that is, the set of
comparisons is not exactly equalto alpha, but is less than alpha in most situations.
Even though the Bonferfoni test ‘control§ the set of comparisons rate, in many
situations it may be too ¢onservative and n('){hféve_ enough power to detect significant
differences. The social function scores of Hb level <9 were significantly lower than
Hb level >11 to 12 (p=0.019) and the mental component summary scores of the <9
group were significantly lower-than Hb 16V§1-_§12—Qp=0.037) as showed in the table
4.6. From the“results, the LSD test is largely different'to thé Bonferroni test, and
yields the p-valug highly significant difference when compared Wwith the p-value from
Bonferroni multiple comparisons as showed in the table 4.6. ©

About Kidney disease specific dimension, the significantly difference from
Post-hoc analysis (LSD multiple comparison) showed that the Effects of kidney
disease on daily [ife scores role-emotional scores of the Hb lével <9 were significantly
lower than those derived from Hb >9 to 10, group (p=0.007), Hb >10 to 11 group
(p=0.023); Hb > L to 12 group (p=0:001),-andythe >12 group=(p=0.017). However,
Bonferroni multiple comparison showed that no significantly difference between Hb
level as showed in the table 4.6

Pearson’s correlation coefficients of kidney specific disease dimension and
SF-36 were shown in Table 4.7.
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Table 4.7 Correlation of Kidney disease specific dimension and SF-36

53

Dimension Physical Role Pain General' | Emotional Role Social Energy/ SF-12 SF-12 Overall
functioning | physical health we‘l being | emotion | function fatigue Physical Mental health
Symptom/ problem list 0.385* 0.122 0.475%# 0.408* .° 0.5_95'* 0.361%* 0.238** 0.580* 0.351* 0.511* 0.352*
Effects of kidney disease 0.031 0.078 0.264% 0.409i‘ O.Z;!S*‘_ 0.275* 0.321% 0.301* 0.184%* 0.404* 0.381*
Burden of kidney disease 0.147 -0.039 0.211* 0.422* 0.4];_0_* 0.128 0.126 0.402* 0.167 0.324* 0.389*
Work status 0.345* 0022 | 0.143 010" 0.0:'7:9':: 10033 | 0001 | 0208 | 0287 | -0030 0.144
Cognitive function 0.279% | 0.186%** | 0.346* 0,302 0.45'5?_* ), 0-282¢ 0.122 0.433* 0.304* 0.345% 0.450*
Quality of social interaction 0.096 0.146 0.235* (;.293* 0.512}*?27:7 0.323* 0.227* 0.332* 0.164 0.400* 0.220%*
Sexual function 0.005 -0.055 | -0.204 & 0441 : 0.2731 S -’0‘.038 0237 0.165 -0.004 0.177 0.376
Sleep 0.232* 0.085 “0.411* 0.373* -~ 0.523 -0.252* 1 0173 0.493* 0.240%* 0.487* 0.310*
*Social support 0.097 -0.087 0.007 0.294* 0.364* 0.114 0.017 0.277* -0.038 0.337* 0.266*
Dialysis staff -0.064 0.038 0024 | 0093 0.072 0039 | 0071 0.019 -0.057 0.135 -0.065
encouragement
Patient satisfaction -0.145 =0:052 0.060 -0.006 0.1071 -0.031 0.0577 0.034 -0.043 0.097 0.027

Note: * p-value < 0.001, ** p-value <0.01, *** p-value <0.05
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Many dimensions of kidney specific disease were correlated with SF-36 dimensions
such as symptoms and problems, effects of kidney disease, burden of kidney disease,
cognitive function, quality of social interaction and Sleep dimensions. These findings
implied that this SF-36 dimension could reflect HRQoL status of hemodialysis
patients and might be used as the measurement tool for hemodialysis patients.
Especially the symptoms and problems dimension revealed the highest relationship
with all SF-36 scores except role-physical dimension. Follow by sleep and cognitive
function dimension which revealed the relationship with all SF-36 dimensions except
Role-physical and Social function as showed in the table 4.7. The Effects of kidney
disease and quality of social interaction revealcd the relationship with all SF-36 scores
except physical functioning, role physical and SF-12physical components. Burden of
kidney disease dimension have relationship with seme SF-36 dimension such as pain,
general health, emotional well being, energy/fatisue, SF-12 mental components and
overall health.

These findings implicdithat symptoms and problems, effects of kidney disease,
burden of kidney.diseasegCognitive function, quality of soeial interaction and sleep
scores of kidney disgase dimensions could reflect HRQoL status of hemodialysis
patients and might be used as the only kidney discase questionnaire instrument for
patient care to avoid patients’ burden on answering multiple questionnaires

2.2 Utility

Utility of 3 tgels, the average of utillty score in HD patient was highest from
SF-6D (0.748) while the utility from EQ-5D (UK) and VAS were 0.704 and 0.684,
respectively. The average and range of utility score from Thai algorithm was less than
UK algorithm as shown in the table 4.8.. SF 6D indices a much narrower range
compared to EQ-5D indiges has iartloor cffect with SF-6D near the lowest possible
value being associated with a wider range of EQ-5D values. Conversely, EQ-5D
indices a much wider range’ compared to SF-6D indices has a ceiling effect with
EQ-5D near the highest possible value being associated with a narrower range of SF-
6D values as shown in the table 4.8. This is a reason that the EQ-5D differentiates
less in the better health states. It should be emphasized that thg utility score of EQ-5D
or SF-6D or VAS:which-are-not-simply-interchangeably-to-niasure the utility in HD
patients.

Table 4.8 Summary utility of SF-6D, EQ-5D, and VAS questionnaires in 152 HD
patients.

Value SF-6D EQ-5D-(UK) ;| EQ-5D (TH) VAS
Mean 0.748 0.704 0.654 0.684
Median 0.758 0.796 0.693 0.700
SD 0439 0341 01312 0.191
Range 0.605 1.594 1.454 1.000
Minimum 0.395 -0.594 -0.454 0.000
Maximum 1.000 1.000 1.000 1.000

Ceiling effects were observed in the EQ-5D both UK and Thai preference
weight as the table 4.9. 25.6% of respondents reporting the perfect health (11111) on
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the EQ-5D, mean utility scores were 0.800 on the VAS (range 0.40—1.00) and 0.856
on the SF-6D (range 0.556—1.00). While only 1.32% of respondents reporting the
perfect health (645655) on SF-6D and 3.29% on VAS. About floor effect were not
observed in any instrument tools.

Table 4.9 Percentage of respondent reporting perfect and worst health state

% of respondent reporting
Instrument
Perfect state Worst state
SF-6D 187 0.00
EQ-5D (UK) # 25.66 0.66
EQ-5D (TH) 25.66 0.66
VAS 3.29 1.32

From the‘respondent who reporting perfect health, 8 from 39 of respondents
(20.51%) and 17 from 39,0f respondents (43.60%) reporting on the Effect of kidney
on daily life dimension and Burden*of kidney diseasc dimension scores less than 50,
respectively. For VAS, only 1 from 6 réspondents (16.67%) 2 from 6 respondents
(33.33%) reporting on the Symptoms and Problems and the Effect of kidney on daily
life dimension less than 50, respectively’.d- While measured with the SF-6D, no
respondents reported perfect health reporting the Kidney disease score less than 50 as
showed in the table 4.10 » /R
Table 4.10 Percentage of respondent repoitilfg;perfect health in utility score but
reporting Kidney disease score less than S0

% (n) of fé_sii'(;niient reporting
Instrument - Symptoms Effects of / Burden of
and Problems Kidney Disease kidney disease
SF-6D 0% (0 from 2) 0% (0 from 2) 0% (0 from 2)
EQ-5D (UK) 0% (0 from 39) 20.51% (8 from 39) | 43.60% (17 from 39)
EQ-5D (TH) 0% (0 from 39) 20:51% (8 from 39) | +48.60% (17 from 39)
VAS 20% (1 from 5) 0% (0 from 5) 20% (1 from 5)

Correlation coefficients of utility scores from SF-6D,; EQ-5D, VAS and kidney
disease specific disease scores werewshown in Table 4.11. 0 All ‘three specific
dimensions were better correlated with SF-6D than EQ-5D and VAS scores. The
Symptoms and Problems dimension revealed the highest relationship with the utility
measures.
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Table 4.11 Correlation coefficients of utility score from SF-6D, EQ-5D, VAS and
3 kidney disease scores.

Kidney disease-targeted Scales SF6D EQ-SD VAS
(UK)
Symptoms and Problems 0.518** 0.480%** 0.304*
Effects of Kidney Disease on Daily Life 0.363%* 0.150 (NS) 0.244%*
Burden of kidney disease o 3 0.240%* 0.201*

Note: ** p-value < 0.001, *p < 0.005, and NS = not significant,
-
The mean and SD ofwutility scores from SE-6D, EQ-5D (UK, Thai algorithm)
and VAS in the different Hbelevel were shown as the table 4.12. The average utility

scores of SF-6D werersSignificantly different across Hb levels (ANOVA, p=0.005)

while other utility sCoresswere not signiﬁ.lcant different (p>0.05).

Table 4.12 Mean£SD of utility scores ahd’Hemoglobin levels

=]

Hb level SF-6B-— E%IS(I))* E?TIS;))* VAS
<9 m=26) 0.67:0.16 1 0.665033 | 061:0.25 | 0.65:0.19
>9t010 (n=18) | 07140.13 | 0694039 | 0.63+0.38 | 0.73+0.17
>10t011  (n=40)/ 0.750.12 1 065+0.41 | 0.620.37 | 0.6620.20
>11to12 (=35 | /0727004 | 0.7880.23 | 0.72+0.23 | 0.67=0.18
>12 (n=33) | 080:0.12 @3;0.34 0.67£0.32 | 0.73+0.21
p-value “=70.005 / [ 103516 0.635 0.312

ved-from-a-Uk-and Thai (TH) population

Rank correlation of utility score from SF-6D, EQ-5D (UK, Thai algorithm),
VAS and Hb level were shown in the table 4.13; only SF-6D_¢orrelated with Hb level
and this correlation was statistically significant (p<0.001). These findings implied
that SF-6D could, to a €értain extent, reflect'Hb level of hemodialysis patients and be
use as the only utility parameter in the:modet:

Table 4.13 Correlation coefficients of utility score from SF-6D, EQ-5D (UK, Thai
algorithm), VAS and Hb level.

Utility Correlation coefficients p-value
SF6D 0.330 0.000
EQ-5D (UK) 0.082 0.313
EQ-5D (TH) 0.091 0.265
VAS 0.081 0.321
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2.3 Utility for Markov modelling

We use SF-6D score as the utility in the model and this model need to have the
utility of HDCV, HD patient. Table 4.14 show the SF-6D scores of all HD patients,
HD patients who have the history of CV event (HDCV) and HD patient who don’t
have the history of CV event (HD nCV) were 0.74+0.14, 0.70+£0.14 and 0.76+0.14,
respectively.

Table 4.14 Mean= SD of SF-6D score of HD, HDCVand HD nCYV patient

SF-6D score All HD HDCV HD_nCV
(n=152) m=22) (n =130)
Mean + SD 0.74+0.14 0.70+0.14 0.76+0.14

The utility of#HD aCV and HDCVpatient were estimated approximately
101.00% and 94.10% ofall HD patientsl, respectively. The utility parameters in the
model were shown as the table'4.135. !

Table 4.15 Mean and standard error (SE)J'.of utility parameter

Parameter

Utility Y - Mean;l +SE Resource
Utility of HDCV patient id Average utility of
Y 7 P HDCYV patient is
<9 di erosy ‘ !IO’03O 94.10% of average utility
>9to 10 Beta .14 0.667 340,029 of all HD patients.
>10to 11 Bcia 10,709 120,018 (Face to face interview HD
: —— patient at Siriraj Hospital)
>11to 12 Beta 0.7244-0.022
> 12 Beta~ ~ | 0.754 [ 0.020

Utility for HD patient-without € V-event .
* Average utility of

<9 : Beta 0.680 | 0.032 HD nCV patient is
>9to 10 Beta 0.716 | 0.031 | 101.00% of average utility
>10to 11 Beta 0.761 | 0.020 of all HD patients.

(Face to face interview HD
>11 to42 Beta 0777 40024

patient at|Siritaj Hospital)

>12 Beta 0809 | 0.022




II1. Probability data

We identified 277 potentially eligible articles, 204 of which were excluded
because these were not RCTs. Seventy three RCTs were consisted of 22 studies

assessed dose and route of administration, fifteen hematological and haemodynamic
effects studies and twenty one other intervention studies i.e., nutritional supplement.
Thirteen RCTs and 2 meta-analysis of RCTs of EPO in CKD were English full papers
but only 4 RCTs*>** 133 3% met the specified criteria (figure 4.1). These studies were
conducted in the Canada and Europe. There was no study conducted in Thailand or
Asia. Table 4.16 shows the description of included clinical trials. Briefly, the trials

differed in terms of the population studied, and duration of intervention.

277 potentially relevant
articles identified

73 potentially relevant
articles identified

A 4

Non randomized controlled trials
(n=204)

v

13 RCTs and 2 meta-analysis
of RCTs of EPO in CKD

| Route of administration (n=22)

Hematological effects studies (n=15)
Other intervention studies (n=21)

\4

4 randomized controlled trials

=W |

No hemodialysis patient (n=10)

. Study group consists of CKD and HD

(n=1)

Figure 4.1 Flow chart of the search strategy and selection of trials

From 4/randomized controlled trials, the average age of study population was 59
years. Average age should be calculated from the following formular;
age; = age;(n;) + age,(ny) + age(n3) + ages(ny) / (n;+ny+tnz+ny)
when; age, = Average age of all patients in the model of this study
age| =Average-age-of patientsiinithe firstrandomized controktrial
age, = Average age of patients in the second randomized control ttial
ages = Average age of patients'in the third randomized control trial
ages = Average age of patients in the fourth randomized control trial
n; = number of patient in the first randomized control trial
n, = number of patient in the second randomized control trial
n3 = number of patient in the third randomized control trial
ns = number of patient in the fourth randomized control trial




Table 4.16 The description of included 4 randomiz

59

Author, year CESG, 1990 Besarab, 1998
Years of follow-up / // “\\\1"“7 : 0.5 242
Number of patient ‘I/A Alt\x\\ 78 1233
777 2 AN E

we Z Y[BTRS v |
%male

Low l ‘\\\ 48% 52%

High .4 38 618
Number of patient

Low 40 615
Hb start (g/dl) <9.0 9.0-11.0

High 115-130 13.0-15.0
Hb target (g/dl) ‘ Wi

Low e S T8 S . —15 90-110 9.0-10.0
Type of EPO = ' alfa alfa
Route of EPO w SC or 1v "Lu v sc or iv
Country ﬂurope Canada U Canada Canada Canada
% Cardiovascular disease* Pl u I l 0 100

* Patients with clinical evidence of congestlv

eart failure or ischemic heax‘thsease

QW']MT]?EUNVI'TW]EJ']QH
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From the 4 clinical trials, they group the patient as the low Hb and the high Hb
group thus we imply to group the patient for 2 group such as the <12 g/dl and >12 g/dl
group for deriving the probability of the model. About HD patient who don’t have
cardiovascular disease (nCV), three trials > '** ** (n=820) reported non
cardiovascular mortality (Figure 4.2). The relative risk (RR) of non cardiovascular
death was not statistically significant difference between groups [RR: 0.747 (95% CI:
0.403; 1.383)] and no heterogeneity (I>=0%). Only study by Parfrey and colleagues
show the results of cardiovascular ¢ cyent, card iovascular mortality, and hospitalization.

The cardiovascular mortality, ¢ nt, and hospitalization were similar
in both target groups (p>0.05). About the HD patients who have cardiovascular
disease, we included only stu <=... B ab’and ague’’. The probability of CV

ly higher than other group
ty and can be calculated to
| parameters was shown

(P<0.01). From all stud
the transitional probabili
as the table 4.17.

ﬂ‘lJEl’J'VIEW]‘iWEJ']ﬂ‘i
’QW?ENFI‘?EU UAIINYA Y
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Study 1 RR [95% Con¥F.
_____________________ e ENEE———
Parfrey 2005 ] 0.659 0.334
Foley2000 ] 1.333 0.309
CESG 1990 ] (Excluded)
_____________________ - _

D+L pooled RR 1 0.747 0.403
_____________________ S g s

Heterogeneity chi-squared = 0.74 (d.f. =
I-squared (variation in RR attributable to
Estimate of between-study variance Tau-s

Test of RR=1 : z= 0.93 p = 0.353

Stoacdy

MNon cardiovascular mo)

[ ) AR oS C D [T
Parfrey 2005 [=E=c - = e =) =
Folesw2000 1 IEE O S, ST T s
CE=SC 19390 el = oo
Crverall Cl-=gquared = O.0%, o= O.53910 O.7S .40, 1.350 El--F-
HOTE: Welohls e hom raewlom et c b analysls

T T T

o . = o

faVDLW'I icah mterrmediatesowws

ARIAN TN INAE
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Table 4.17 Mean and standard error (SE) of transitional probability parameters

62

Parameter Parameter Mean SE
BAS Reference
distribution
Traqs1t10nal probability of adverse event among H patignts . Beta 0.79800 0.004
received EPO ¥
Traqs1t10nal probability of CV event among HD patients xi3e a 0.11000 0.026
received EPO L&
Traqsfuonal probability of nCV event among HD patients Beta _ 0.89000 0.006
received EPO A
T o bability of CV ddvi Y, : Parfrey et.al. 2005
ransitional probability o event and dying among HI patients o f

received EPO (All Hb) BE,:_te,r i1, 0.03000 0.029
Transitional probability of CV event and still alive among HD —-
patients received EPO (All Hb) B.e."t 2, i 0.97000 0.002
Transitional probability of no adverse event among HD patients
received EPO (All Hb) Beta 0.20200 0.070
Transitional probability of adverse event among HDCVpatients Besarab et.al. 1998

) Beta 0.39700 0.009
received EPO
Traqs1t10nal probability of no adverse event among HDCVpatients Beta 0.60300 0.022
received EPO
Transitional probability of CV event among HDC Vpatients received Béta 0.13200 0.021

EPO

29
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Table 4.17 Mean and standard error (SE) of transitional probability parameters. (continue)
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Parameter Parameter Mean SE
BAN Reference
distribution
i
- )
Transitional probability of dying from CV event among ’ Beta 0.08000 0.023
HDCVpatients received EPO (all Hb, except Hb>12) 4 =
Transitional probability of alive after have CV event among Ti%e " 0.92000 0.005
HDCVpatients received EPO (all Hb, except Hb>12) '-.! I, ;
Transitional probability of nCV event among HDCWVpatients -
received EPO (all Hb, except Hb>12) ]_.321345 50800 0.009
Transitional probability of dying from nCV event among . : s
HDCVpatients received EPO (all Hb, except Hb>12) ; B‘éta 2 0.03300 0.025
Transitional probability of alive after have nCV event among . T:
HDCVpatients received EPO (all Hb, except Hb>12) B?aﬂ_. - 0.96700 0.002
Transitional probability of dying from nCV evehf'e';among HD -3 Parflrey et. ? 1. 2005,
atients received EPO (all Hb, except Hb>12) . i U'Uzmo- 0.025 Foley et.al. 2000,
p J ] i CESG 1990
4 1i : Besarab et.al. 1998
Trapsﬁmnal probablhty of alive after have nCV event among HD Beta 0.97300 0.001
patients received EPO (all Hb, except Hb>12)
Transitional probability of dying from €V ewvent ameng
HDCVpatients received EPO (only the Hb>12) i Ml 0.023
Transitional probability of alive after have CV event among Beta 0.91000 0.005

HDCVpatients received EPO (only the Hb>12)
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Table 4.17 Mean and standard error (SE) of transition

64

Parameter %Ig " '\\\\

SE

Reference

Transitional probability of dying from nCV event ' \
HDCVpatients received EPO (only the Hb>12)

0.024

Transitional probability of alive after have nCV e \
CV patients received EPO (all Hb, except Hb>1: E

0.002

Transitional probability of dying from CV event am '
received EPO (only the Hb>12) ' F -, - 1 '

0.024

Transitional prob of alive after have CV event among HD.
received EPO (only the Hb>12)

0.86500

0.024

ﬂ‘LlEJ’JVIEJVIiWEJ’]ﬂ‘i
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IV. Cost

Cost data in the Markov model consisted of (1) direct medical costs,e.g., the
cost of HD treatment, cost of EPO use, cost of treating CV and nCV events (nCV
event including other event except cardiovascular event resulting in hospitalization for
24 hours or more or prolongation of hospitalization); CV event including myocardial
infarction, stroke, heart failure, revascularization (percutaneous transluminal coronary
angioplasty, or coronary-artery byp i ) resulting in hospitalization for 24
hours or more or prolonga i0 n in the Tenth Revision of the

es ealth Problems (ICD-10) as
table 3.1; (2) direct non e ; cost, travelling costs and
accomodatlon for patients and-the egi ct non medical costs such
as income lost as a resu C C tal visits. For this model, EPO cost

were calculated fror L0t COS societal perspective and
0.262 Baht per unit_for"hospital perspe \ -.._ the amount of use for
maintaining the diffe argets] oun e calculated from the
EPO dose for reaching andémaintai ' \ when the initial Hb was

8 g/dl). The avera
recorded in databasc
shown in the table

on the actual charges
nt as the annual cost as

\\. ouds

ﬂﬁﬂ’ﬂ'ﬂﬂ'ﬂ‘iﬂﬂﬂﬂ‘i
’QW']ENﬂ‘iELJ UAIINYA Y



Table 4.18 Mean and standard error (SE) of cost parameters

66

Parameter Parameter Mean SE Reference
distribution
Cost of EPO calculated from acquisition cost (Hospital perspective)
Annual cost of EPO to reach Hb level 8-9 g/dl Gamma 4,925.68 212.77
Annual cost of EPO to reach Hb level 9-10 g/dl Gamma ! 7 9,084.96 337.53 Dose of EPO from Port et al. and
Annual cost of EPO to reach Hb level 10-11 g/dl Gamma 1248185 |\ 319.87 acquisition cost of EPO from
g Siriraj hospital in 2010
Annual cost of EPO to reach Hb level 11-12 g/dl Gamma . 15,910.81 340.92
Annual cost of EPO to reach Hb level >12 g/dl (Fatama 22,039.83 614.20
Annual cost of EPO to maintain Hb level 8-9 g/dl Gamma 2§,285.04 2,423.98
Annual cost of EPO to maintain Hb level 9-10 g/dl Gamma 42.947.06 | 159558 | pose of EPO from Port et al. and
Annual cost of EPO to maintain Hb level 10-11 g/dl Gamma 59,005:12 [ 1;512.09 | expert opinion, acquisition cost of
EPO from Siriraj hospital in 2010
Annual cost of EPO to maintain Hb level 11-12 g/dl Gamma 75,214.76 1 1,611.60
Annual cost of EPO to maintain Hb level >12 g/dl Gamma 104,188.29 | 2,903.50
Cost of EPO calculated from selling priee (Societal perspective)
Dose of EPO from Port et al. and
Annual cost of EPO to reach Hb level 8-9 g/dl Gamma 6,110.10 636.06 selling price of EPO from
Annual cost of EPO to reach Hb level 9-10 g/dl Gamma 11,269.51 418.69 Siriraj hospital in 2010
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Table 4.18 Mean and standard error (SE) of cost parameters (contirnue)
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Parameter Parameter Mean SE Reference
distribution
Gamma 396.78
Annual cost of EPO to reach Hb level 10-11 g/dl 8 [#19,483%21
Annual cost of EPO to reach Hb level 11-12 g/dl Gamma ¢ 19,736.70 422.89
Annual cost of EPO to reach Hb level >12 g/dl Gamma ! 27,339.48 761.89
Annual cost of EPO to maintain Hb level 8-9 g/dl Gamma 7':2_82_884.1 1| 3,006.85
Annual cost of EPO to maintain Hb level 9-10 g/dl Gamma ._5_3_,274.03 197925 | Dose of EPO from Port et al. and
Annual cost of EPO to maintain Hb level 10-11 g/dl (Fatuta 73,193.38 | 1,875.69 | expert opinion, selling price of EPO
=7 from Siriraj hospital in 2010
Annual cost of EPO to maintain Hb level 11-12 g/dl Gamma 93,300.75 | 1,999.12
Annual cost of EPO to maintain Hb level >12 g/dl Gamma 129,221 19 | 18,601766
Direct medical care costs
Annual cost of CV treatment for HD patient when Survey from Siriraj hospital
admit at the hospital, but finally dead Gamma 263,372.32 | 50,203.00
Annual cost of CV for HD patient when admit at the
hospital and alive Gamma 173,573.22 | 15,057.70
Annual cost of nCV treatment for HD patient.when
admit at the hospital but finally dead Gamma 315,129.77 | 37,398.80
Annual cost of nCV treatment for HD patient when
admit at the hospital and alive Gamma 84,566.17 | 5,548.15

L9
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Table 4.18 Mean and standard error (SE) of cost parameters  (continue)

Parameter Parameter Mean SE Reference
distribution

. . . Gamma 4,169.33
Annual cost of hemodialysis for HD patient 268,894.74
Annual cost of CV treatment for HDCVpatient when -
admit at the hospital, but finally dead Gamma, | 328,696.25 |.74,510.50
Annual cost of CV treatment for HDCVpatient when A
admit at the hospital and alive Gamma 183,570.46 | 27,004.70
Annual cost of nCV treatment for HDCVpatient when L
admit at the hospital, but finally dead Gamima 220,246.75 | 61,376.00
Annual cost of nCV treatment for HDCVpatient when T/
admit at the hospital and alive (amima 162,776.31 | 17,083.20
Annual cost of no adverse event for HDCVpatient Gamma 152.613.65 | 24,721.30

Direct non-medical care cost i.e. travel costs, foods, caregiver, and accommodation

Total cost of direct non-medical cost when admit from

CV event (per time) Gamma 14,388.66 | 3,023.47 Survey from HD patient at
Total cost of direct non-medical cost when admit from Siriraj hospital
nCV event (per time) Gamma 13,688.91 | 2,876.43
. . .. . Survey from Siriraj hospital
Number of in-patient visit for treating of nCV event Normal 1.32 0.030
Length of stay when admits for treating/of nCV ‘eveént Notmal 1943 0877
Number of in-patient visit for treating of CV event Normal 1.07 0.025
Length of stay when admits for treating of CV event Normal 16.45 1.530
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Table 4.18 Mean and standard error (SE) of cost f) ameters. (cont nue)

69

A\ //

Parameter

% |

Indirect non-medical cost i.e. income loss fro
accounting from minimum wage per day in Bangk

\{\\ come loss from sick leave is a major part,

Income loss from CV event leave

Income loss from nCV event leave

I[ ? ’\\\\ W Minimum wage (206 Baht x Length

1M 02.00 of stay from CV event)

I ' %\\\\L Minimum wage (206 Baht x Length
6.00 )6.00 of stay from nCV event)

'J.;;' . \

=

#

g, S

A
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V. Cost utility analysis

70

Based on the hospital and societal perspective, compared with Hb level < 9
g/dl, the total costs and QALYs gained from each treatment options, and the
incremental costs per QALY gained from providing EPO in comparison to the
different Hb level, were shown in the table 4.19. Based on hospital perspective, the
incremental costs for patients at the Hb >9 to 10 g/dl, >10 to 11 g/dl, >11 to 12 g/dl
and >12 g/dl compared with the Hb </ 9 g/dl were 227,428.40, 418,887.30,
612,275.70, and 766,353.70 Baht, respectively while the incremental QALYs gained
were 0.36, 0.85, 1.04 and 1.08, respectively. /The'minimum ICERs was the ICER of
Hb level >10 to 11 g/dl (ICER= 492,808.59 Baht'per QALY). Thus, providing EPO
for the Hb level >10 to 11 g/dl had less cost at a higher effectiveness than other Hb

levels.

Table 4.19 Cost-effeetiveness results (probabilistic results)

L5

Hb level Total cost Total || Incremental | Incremental ICER
(g/dl) (Baht) effectiveness’| cost (Baht) effectiveness (Baht/QALY)
(QALY5s) 4 (QALYs)
Hospital perspectiye r 'I"
Calculates all incrementals relative to the /east coitly option: Hb level <9 g/dl)
<9 4,344,652.70 4. 780 LA W]
] :.Jr‘__
>9 to 10 4,572,081.10 == 227:428.40 0.36 631,745.56
& - e | .-_'j;l
>10 to 11 4,763,540.00 |. - 824 141?5_,_887.30 0.85 492,808.59
>11 to 12 .4,956,928.40 8.43 612,275.70 1024, 588,726.63
>12 5,111,006.40 8.47 766,353.70 1.08 709,586.76
Calculates all incrementalsitelative to the next least ¢ostly option.
<9 4,344,652.70 739
>9.to 10 4,572,081.10 7.75 227,428.40 0.36 631,745.56
>10 to 11 4,763,540.00 8.24 191,458.90 0.49 390,732.45
>11 to 12 4,956,928.40 8.43 193,388.40 0.19 1,017,833.68
>12 5,111,006.40 8.47 154,078.00 0.04 3,851,950.00
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Table 4.19 Cost-effectiveness results (probabilistic results (continue)

Hb level Total cost Total Incremental Incremental ICER
(g/dl) (Baht) effectiveness cost (Baht) effectiveness (Baht/QALY)
(QALYsS) (QALYs)

Societal perspective
Calculates all incrementals relative to the least costly option: Hb level <9 g/dl)

<9 4,416,875.10 /89
>9 to 10 4,698,738.70 7.75 | 281,863.60 0.36 782,954.44
>10 to 11 4,9357373.00 8.24 518,497.90 0.85 609,997.53
>11 to 12 5,173,753.40 8.43 \ 756,878.30 1.04 727,767.60
>12 5,398,945470 3.47 +982,070.60 1.08 909,324.63

il
Calculates all incrementalsitelative 10 the nexi least costly option.

<9 4,416875.10 7.39 ;
>9to10 | 4,698,788.70 W75 {2}&1,%3.60 0.36 782,954 .44
| 5l i
>10to 11 | 493537300 |/ 1 824 236,634.30 0.49 482,927.14
>11t012 | 5,173,753.40 - =843 25&&3@4@ 0.19 1,254,633.68
>12 =5892 045,70 47 225,192.30 0:04 5,629,807.50

From societal perspective, the incremental costs for patients with Hb < 9 g/dl
compared to >97to 10 g/dl, >10 to 11 g/dl, >11 to 12 "g/dl and >12 g/dl were
281,863.60, 518,497:90, 756,878.30, and 982,070.60 Baht, respectively while the
incremental QALYs, gained were 0,365 0.85,1:04 ;and -1.085, respectively. The
minimum ICERs was the ICER of Hb level >10 'to 11 (ICER=609,997.53 Baht per
QALY). Hblevel>10 to'1 1 appears more cost-etfective than other Hb levels.

The incremental costs per QALY between different Hb levels were shown in
figure 4.3 for the hospital perspective. The ICER for patients at the Hb >9to 10 g/dl
when compared with < 9 g/dl was 631,745:56 Baht pert QALY (a), at the+tlb =10 to 11
g/dl when campared with >9 to'10.g/dl'was 390,732.45 Baht per QALY (b), Hb > 11
to 12 g/dl when compared with >10 to 11 g/dl was 1,017,833.68 Baht per QALY (c),
and the Hb >12 g/dl when compared with > 11 to 12 g/dl was 3,851,950.00 Baht per
QALY (d).
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Cost-Effectiveness Analysis
(Hospital perspective)

5,140,000.0 Hb <=9 (8 to 9)
5,040,000.0 & b >91to 10
A ,
4,940,000.0— Hb >10to 11
Hb >11to 12
z 4,840,000.0 ¥ Hb =12
O 4,740,000.0—
4,640,000.0
a=631,745.56 QALY
4,540,000.0—] b = 390,732.45 QALY
¢ =1,017,833.68 QALY
4,440,000.0 d = 3,851,950.00 QALY
4,340,000.0——s—— : . : .

I I I T I
7.30 7.50% TG0 790 8.10 8.30_  8.50

Effectiveness

Figure 4.3 Cost-effectiveness EPO, treatment target Hb levels between <9 versus
>9 to 10, >9 to 10 versus >10to 11, and >11 to 12 versus >12 g/dl (Hospital
perspective)

The incremental costs per QALY between different Hb levels in the societal
perspective were shown in figure, 44. The ICER for patients at the Hb >9 to 10 g/dl
when compared with £9 g/dl was 761,793.51 Baht per QALY (a), at the Hb >10 to 11
g/dl when compared with>9 to 10:g/dl was 482,927.35 Baht per QALY (b), Hb > 11
to 12 g/dl when compared with =10 to 11 g/dl was 1,324,335.00 Baht per QALY (c),
and the Hb >12 g/dl when compared with > 11 to 12 g/dl was 5,629,810.00 Baht per
QALY (d).

Cost-Effectiveness Analysis
(Societal perspective)

5,400,000.0
5,300,000.0 |
5,200,000.0 —|
5,100,000: 04|
5,000,000.0 =
4,900,000.0"=
4.800,000.0 —|
4,700,000.0 —|
4,600,000.0 —
4,500,000.0%

4,400,000.0 % F—— 11— 17—
730 7.50 7.70 7.90 8.10 8.30 8.50

Hb <=9 (S to 9)
Hb > 9 to 10
Hb =10to 11
HOb <5l to 12
Hb =12

d=i' ) ¢ 0

Cost

a=761,793.51 ®QALY
b = 482,927.35 BQALY
c =.1,324,335.00 QALY
d = 5,629,810.00 QALY

Effectiveness

Figure 4.4 Cost-effectiveness EPO treatment target Hb levels between <9 versus
>9 to 10, >9 to 10 versus >10 to 11, and >11 to 12 versus >12 g/dl (Societal
perspective)
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In Thailand, many hemodialysis patients receive recombinant human EPO for
their anemia as a part of routine therapy but the problem between containing drug
expenditure and managing the anemia in hemodialysis patient is the major issue that
many studies cannot agree on the appropriate target Hb level. As the results, the
higher Hb yield the higher QALY's and cost of EPO thus the optimal strategy should
be consider from the lowest ICER. When the initial Hb of HD patient was less than 9
g/dl, providing EPO for the Hb level >10 to 11 g/dl was the less cost at a higher
effectiveness than other Hb levels. Practicing an EPO treatment target Hb-level of
>10 to 11 g/dl yields the incremental cost per QALY in the hospital and societal
perspective about 492,808.59 and 609,997.53 Bahtper QALY, respectively. In 2009,
Thai Gross Domestic Product (GDP) per capitaswas 135,073.138 Baht.'”> The
recommendations made by the Macroeconomiies~and Health Committee, it was
suggested that technology is considered to be cost effective if its ICER is lower than
three times of the GDPper capita;'*° this imply a ceiling threshold of 400,000 Baht
per QALY in ThailandwAs above results and based on the recommendations, all
strategy were comsidercdscostineftectiveness. However, the results of this study
clearly indicated that maintaining the Hbilevel about >10-11 g/dl by using EPO is the
most cost effective for treating angmia with EPO among HD patients when compared
with other Hb level. JFor instance, the QALY increases the medium quantity for a
shift from Hb levels <#9 fo Hb level >10-11 g/dl was 0.85 QALYs, and the
incremental cost incregasing for a shift from Hb levels <9 to >10-11 g/dl was
418,887.30 Baht thug ICER of Hb level >10-11 g/dl was 492,808.59 Baht per QALY
while it increases the most QALY for a move from Hb level < 9 to >12 g/dl was 1.08
QALYs, but the incremental cest increasing fora shift from Hb levels <9 to >12 g/dl
was 766,353.70 Baht'thus ICER of Hb level £ 9 to >12 g/dl was 709,586.76 Baht per
QALY. These findings suppost the need t&_'a_floc_:ate the available resource to cover
more people with the cost-effeetive Hb level (10411 g/dl) for anemia treatment and
their quality of life. The results-of this evaluation indicated that providing Hb level
>12 g/dl is associated with-unfavorable cost-effectiveness ratios based on both
perspective, which like to previous study.””’

VI Sensitivify analysis

One way sensitivity analysis based on hospital perspective

One way sensitivity analyses are displayed in a tornado diagram of the most
influential variables. In this diagram, each bar represents the impact of uncertainty in
an individual variable on the NHB. At the WTP 400,000 Baht/QALY gained, when
altering'the value of eachyparameter|(95% CIfofic¢osty=10%, for rateand probability),
cost of nCV treatment for HDCV patient when admit at the hospital and still alive was
the mostsensitive compared to other cost (95% CI). On the other hand, rate of having
CV and stay on HD (£10%) was the least sensitive compared to other variables based
on.boeth hospital perspective.(figure,4.5) and societal.perspective (figure 4.6)




4

4

L E P <= DS T A nt for HC satient when admit at the hospital and alive {325% CI
» 2 L J 2=t of treatrnen [ patient when adrodt at the hospital and alive (H25%, CI)

____________ L AR,

- r ' EA'Cbsto “ ‘It x
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, I J-Cgst oF O ﬁ\\ e jent when adrait at the hospital and alive (+95% CI)
4 L =l Y tre fi

tf nt fior HDIC patient when adrmit at the hospital, but finally dead (2959 CI)

Tornado Diagram

(Hospital perspective)

) e ient when admit at the hospital but finally dead (H25% CI)

or HD patient when admit at the hospital and almee (3H95% CI)

= HL patients receded EPO (F10%00)
r HI W paient when adrmit at the hospital, bat finally dead (H25%% CI)
ients recerved EPC (E105%0)
ent when adrnit at the hospital, but finallyr dead {395% CT)
ong HD patients recerved EFO {210%%)
z l%!. W patients recemred EPO (H10%%)
1 HD(E10%%)

7]
Lo

[
L

o =% = =% Ers b T

IMet Health Benefit (W T P=400,000) H :
‘a v |
Figure 4.5 Tornado diagram showing s%ﬁg’ %Eﬂoﬁl}%eﬁnﬂx%ﬁeﬂ i
(hospital perspective, WTP = 400,000 t) '
ARINNIUURIINGIAY
q o | .

YL


mook
Typewritten Text
74


Tornado Diagram :

{Societal perspective)
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(societal perspective, WTP = 400,000
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Probabilistic sensitivity analysis

For sensitivity analysis, probabilistic sensitivity analysis (PSA) was performed
using Monte Carlo simulation. It was carried out using TreeAge Pro 2009. All input
parameters were assigned probability distributions according to their attribute to
reflect the feasible range of values that each input parameter could attain as show in
table 4.15, 4.17 and 4.18. Cost-effectiveness acceptability curves were presented
using PSA based on societal perspective in order to inform the probability of multiple
treatment options being cost effectiveness at the different levels of willingness to pay
(WTP) per QALY gained. In developing countries, WHO recommended the ICER
per QALY gained of medical interventions below one time of Gross Domestic
Product (GDP) per capitawas cost effectivencss maximum, between 1 and 3 times of
GDP per capita was cost effectiveness, and more-than 3 times might be not cost
effectiveness. The results of the probabilistic sensitivity analysis are presented in
terms of cost-effectiveness acceptability curves from hospital perspective and societal
perspective as shown inthe figtite 4.7 and figure 4.8, respectively. Table 4.20 shown
that if the policy.makers wercwilling to pay at 100,000 Baht per QALY gained, no
strategy Hb level wasgonsidered cost effective. Furthermore, at the WTP of 400,000
Baht per QALY gained. the probabilities that providing Hb level >9 to 10, >10 to 11,
>11 to 12 g/dl and >12'g/dlwould Be cost effective when compared with the level <9
g/dl were 28.77%, 25.87%. 6:21% and 0.48%, respectively. Figure 4.7 shown that the
level >9 to 10 g/dl' wasiappropriate when the willingness to pay (WTP) was less than
420,000 Baht (a) while lovel 210 to 11 g/dl was the optimal choice at the WTP was
between 420,000 (a) and 1,285,000:Baht (b) and the probability of cost effective was
between 31.43% and 96.17%. ‘However, at Hb level 11-12 g/dl was an optimal choice
when WTP was more than/1,285,000:Baht: « )

|

= ?’1'.1

alllt™

o



71

Table 4.20 Probability of favouring the different Hb level compared with the
Hb level <9 g/dl and WTP in the hospital perspective

Willingness to Pay >9t010 >10to 11 >11to 12 >12
100,000 0 0 0
110,000 0 0
120,000 6 } 0 0
130,000 009" 0 0
140,000 16 | | 0 0
150,0 3 MY 0 0
160,00 42 4 0 0

7 W
170,000 .0067 0 0
180,000 0088 | 4 0 0
190,00 . 0.0128 0 0 0
200,000 700198 4 ,0.0001 0 0
210,000 709288 01 0 0
220,000 e 06 0 0
o, Ry d 4 o §
R e i
230&0 (= 0.0445 0
,
240:0¢ : 0
250, ; ~ 0.0001 0
260,000 0.0832 0.0087 0:0001 0
270,000 © | 0.0952 | 9.0.0134 0.0002 0
280,00 0.11 0.0200 H 0'2 ﬁ 0
290,000 0. 1%40 0. 0290 0.0007 0
S
1%‘_’ 13a QAN S A9 I"?R“"’i@‘\ 0 a gl
3100000 | | Doissa [V lo0s11® | Toleenz
320,000 0.1689 0.0670 0.0044 0
330,000 0.1817 0.0876 0.0068 0.0003
340,000 0.2001 0.1069 0.0106 0.0005
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Table 4.20 Probability of favouring the different Hb level compnared with the
Hb level <9 g/dl and WTP in the hospital perspective (continue)

Willingness to Pay >9t010 >10 to 11 >11 to 12 >12
350,000 0.2164 0.1312 0.0163 0.0006
360,000 0.2311 0.1555 0.0230 0.0011
370,000 0.2449 0.1800 0.0314 0.0014
380,000 0.2601 02088 0.0407 0.0019
390,000 0.2750% | 02338 0.0514 0.0026
400,000 02877 0.2587 0.0621 0.0048
410,000 073010 | |1,10.2867 0.0770 0.0067

Acceptability Curve (Ht;g;pijtgll perspective)

=9to 10
=10to 11
=11to 12

=12

%% Cost-Effective

0.0 'I | T T T | T ‘ T T
100,000, | 580,000 | 1,060,000 1,540,000 2,020,000 = 2,500,000

Willingness to Pay

Figure 4.7 Cost-effectiveness acceptability curve of the different Hb'level
compared with the Hblevel <9 g/dl (Hospital perspective)

About Societal perspective, table 4.21 shown that if the policy makers were
willing to pay at 100,000 Baht per QALY gained, no strategy Hb level was considered
cost effective. At the WTP of 400,000 Baht per QALY gained, the probabilities that
providing Hb level >9 to 10, >10to 11 g/dl, >11 to 12 g/dl and >12 g/dl would be cost
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effective when compared with the level < 9 g/dl were 17.55%, 7.76%, 0.60% and
0.01%, respectively. Figure 4.8 shown that the level >9 to 10 g/dl was appropriate
when the willingness to pay (WTP) was less than 503,750 Baht (a) while level >10 to
11 g/dl was the optimal choice at the WTP was between 503,750 (a) and 1,512,500
Baht (b) and the probability of cost effective was betwen 29.32% and 95.94%. The
results of PSA for providing EPO at the Hb level >10-11 g/dl confirmed the
robustness of the model.

Table 4.21 Probability of favouring the different Hb level strategy compared
with the Hb level <9 g/dl and WTP in the societal perspective

Willingness to Pay >9t0 10 ) >10t0 11 >11 to 12 >12
100,000 0 0 0 0
110,000 0 A\ 0 0
120,000 0 BY 0 0
130,000 0 ™ 0 0
140,000 0, L 40 0 0
150,000 0.0004 "0 0 0
160,000 0:0008 0" 0 0
170,000 0.0015 wdiy 0 0
180,000 6.0023 4 A 0 0
190,000 --0:0037 0 0 0
200,000- 0.0048 0 8- 0
210,000- 0.0066 0 0. 0
220,000 0.0099 0 0 0
230,000 0.0131 0 0 0
2404000 0.0178 0 0 0
250,000 0.0235 0.0002 0 0
260,000 0.0298 0.0003 0 0
2704000 010373 0.0009 0 0
280,000 0.0448 0.0015 0 0
290,000 0.0530 0.0025 0 0
300,000 0.0623 0.0040 0 0
310,000 0.0709 0.0062 0 0




Table 4.21 Probability of favouring the different Hb level strategv compared
with the Hb level <9 g/dl and WTP in the societal perspective (continue)
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Willingness to Pay >9t010 >10 to 11 >11 to 12 >12
320,000 0.0795 0.0082 0 0
330,000 0.0909 0 0126 0.0001 0
340,000 0. \a\\‘ M' ﬁoﬁ; 5 0.0004 0
350,000 0.1136 0402 0.0006 0

p—
360,000 0.0010 0
370,000 0
380,000 0
390,000 0.0001
400,000 0.0001
410,000 0.0001
1.0 ® Hb>9t010
0.9 ] ® Hb>10to 11
os ] A Hb>11to12
bW Hb -12
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Figure 4.8 Cost-effectiveness acceptability curve of the different Hb I
compared with the Hb level <9 g/dl (Societal perspective)
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CHAPTER V
DISCUSSION AND CONCLUSION

Discussion

At present, the committee for development of the National List of Essential
Drugs (NLED) has decided to include erythropoietin for the treatment of anemia
among HD patients from the NLED because it proved cost-effective but the cost
effectiveness of maintaining Hb level is not proved in Thailand. Thus, the decision to
treat anemic chronic kidney disease patients depends on the practice guideline that
physicians rely on. The recent treatment ifials reported that a maximum dose of
erythropoietin was associated with decrcasedSurvivaly especially when EPO was used
to maintain hemoglobin-at a level higher than #2°g/dl*> " Thus, the purpose of this
study was to evaluate the cost utility analysis of EPO for maintaining the different
hemoglobin target levelssin anemic hemodialysis patient in routine clinical practice.
In Cost utility analysis (GUA )y there ate two important variables involved: cost and
utility of HD paticat'who use erythropoietin (EPO). Face-to-face interview included
KDQOL-SF v. 1.3 (SE=86 and kidney disease specific questionnaire) and EQ-5D was
conducted during November=December 2009 with 152 hemodialysis patients. The
mean SF-6D score was 0.748+£0:/139 showing significantly higher than EQ-5D
(0.704+0.341), andsVAS (O.684i0.191)_§cores. Pearson’s correlation coefficients
between utility seores with/kidney disease specific questionnaires illustrated that all
three utility scores correlated well with Sy:mpjcoms and Problems dimension, but were
low associated withiBurden and Effects of Kidney Disease on Daily Life dimensions.
The SF-6D presented better agrecnent with kidney speeific scales than EQ-5D and
VAS. Nevertheless, the average utility SCQI'-G!S of SE-6D were significantly different
across Hb levels (ANOVA, p=0.005) whilesother utility scores were not significant
different (p>0.05). These findings implied that: SF-6D could, to a certain extent,
reflect HRQoL status of hemodialysis patients”and might be used as the input
parameter in the analysis. The results of systematic review and meta-analysis of this
study showed that using BPO-for maintaining the different Hb level did not indicate a
significant effection increasing CV event or CV mortality rate in HD patients who
don’t have the histery-of-EV-events-but-show-a-significanit-ctfect on increasing CV
mortality rate indHD patient who have the CV history. As the-results of cost utility
analysis, the higher Hb yield the higher QALYs and highet cost of EPO thus the
optimal strategy should be consider from the lowest ICER, When the initial Hb of
HD patient was less than 9 g/dl, providing EPO for the Hb level >10-11 g/dl was the
less cost at a higher‘effeetiveness than otheriHb levels. Practicing an EPO treatment
target Hb level >10-117g/dl yields thelincremenital cost per QALY about 609,997.53
Baht per QALY.' In 2009, Thai Gross Domestic Product (GDP) per capita was
135,073.438 Baht." World Health Organization (WHO) recommended the ICER per
QALY gained of medical interventions below one time of Gross Domestic Product
(GDP) per capita being, cost-cffectiveness maximumsbetweenyl jand 3 timesyof GDP
per 'capita being, cost effectiveness, and miore than 3 times might ‘be mnot cost
effectiveness? ©  These imply” a ceiling threshold of 400,000" Baht per QALY in
Thailand. As above results and based on the recommendations, all strategy were
considered cost-ineffectiveness. However, the results of this study clearly indicated
that the ICER increases the least for a shift from Hb levels < 9 g/dl to >10-11 g/dl,
while it increases the most for a move from Hb level < 9 g/dl to >12 g/dl. For
instance, the QALY increases the medium quantity for a shift from Hb levels < 9 to
>10-11 g/dl was 0.85 QALYs, and the incremental cost increasing for a shift from Hb
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levels <9 to >10-11 g/dl was 518,497.90 Baht thus ICER of Hb level >10-11 g/dl
was 609,997.53 Baht per QALY while it increases the most QALY for a move from
Hb level < 9 to >12 g/dl was 1.08 QALYs, but the incremental cost increasing for a
shift from Hb levels < 9 to >12 g/dl was 982,070.60 Baht thus ICER of Hb level <9
to >12 g/dl was 909,324.63 Baht per QALY based on societal perspective. These
findings support the need to allocate the available resource to cover more people with
the cost effective Hb level >10-11 g/dl for anemia treatment and their quality of life.
Although Hb level 11-12 g/dl is the recommendation for anemia treatment in the
guideline'”’, providing EPO for patients with Hb>11-12 g/dl was considered cost-
effectiveness less than Hb>10-11 g/dl in the deyeloping country as Thailand. And
Hb>12 g/dl was the least cost-effectiveness-option when compare with other Hb
levels. In sensitivity analysis, the leyel =9-10"g/dl was appropriate when the
willingness to pay (WTP) was less than 503,750 Baht while Hb level >10-11 g/dl was
the optimal choicewat the WTP was between 503,750-1,512,500 Baht and the
probability of cost effegtive was between 29.32% and 95.94%.

Conclusion |

Most ESRID patients with hemodialysis currently receive erythropoietin (EPO)
for anemia treatment/but mo eyidence has shown the cost-effectiveness of target
hemoglobin level in Thailand. Markov medel was used to estimate the incremental
cost and Quality /Adjusted Life Year (QALY ) gains associated with EPO treatment for
maintaining hemoglobin levels of >9-10, >10-11, >11-12; and >12 g/dl, comparing
with <9 g/dl and adopting both hospital and societal perspective. Systematic review of
EPO for anemia treatruent associated with hemodialysis was used to estimate QALY
gains associated with/¢hanges in hemoglobin concentrations. Direct medical cost was
estimated based on the reference ‘price of the Siriraj hospital and direct non medical
costs derived from the Strughured: questionnaire interviews. Probabilistic sensitivity
analysis (PSA) was conductéd-to-investioate the cffect of parameter uncertainty. All
future costs and outcomes were discounted at the rate of 3% per annum. The finding
of this study showed that if the WTP 100, 000 to 400,000 Baht (1 to 3 times of GDP
per capita in Thailand) per QALY gained, providing all Hb J¢vel might be cost-
ineffective strategy for anemia treatment with EPO"ifi HD patient both hospital and
societal perspective but practicing an EPO treatment target Hb=l€vel of >10 to 11 g/dl
yields the minimum incremental cost per QALY in the hospital and societal
perspective about.492,808.59 and 609,997.53 Baht per QALY, respectively. From
PSA, Hb level >10 to. 11 g/dl was the optimal choice at the willingness to pay (WTP)
was 420,000-1,285,000'Baht, and 503,750-1,512,500 Baht with the probability of cost
effectiveywas 31.43-96.17%, ‘and 29.32-95.94% in hospital ‘and societal perspective,
respectively. [ #The. findings 'should be proposed to 'the Pharmacyfand Therapeutic
Committee to improve the guidelines for appropriate and cost-effective use of EPO in
the hospital that imply to the decision of reimbursement system for morg people and
al§olincréases theluse of healthicarelre§olirCes motey efficiently in“Thaiyhealth care
setting.



83

Limitations of the study
This study assessed the cost utility of EPO for maintaining the different Hb
level. The limitations of this cost utility analysis were as following;

1) This study was no information on some epidemiological parameters such as
mortarity rate of CV event in HDCV or HD patient that related to the Hb level studies
in Thailand. For this study, it was derived from the RCTs of other countries that
might be different from race.

2) This study was to estimate the mortarity rate of CV and nCV for each Hb level
from the systemetric review that there were only 4 RCTs related to these events which
only one RCT related to these events among HD patient who have CV event.
However, the sensitivity analysis was petfofmed to ensure the quality of the
assessment and to produce a more realistic int€tvalon'the study's conclusions. While
3 RCTs related to these events among HD patient who don’t have CV event.
Therefore, meta-analysis of mortarity rate in the different Hb level due to using EPO
was performed.

3) EPO dose.of each b level was defined from the formula™ that is the nearest
practice for approximation/of EPO dose in the real practice. The initial dose for
reaching to the target Hbawasequal as the maintaining dose (from the expert opinion).
It was assumed that people with different’ CV risk or other characteristics would
receive a fixed dose of each Hb level target. However, titration to a higher or lower
dose of EPO might be found inithe realistic clinical practice.

4) Disease treatment costs pep annum of CV event and nCV event were
calculated by the summation of service quantities received multiplying by its average
cost. Quantities of service and: the average eost received were derived from the
realistic data in HD patieat of Siriraj Hospljr,al but the generalized to other settings
would be considered. il

5) The cost of out-patientvisit for adverse drug event treatment was excluded in
this study because the incidence and seve,l;Lty ‘of adverse drug events were not
available to include in the evaluation. .

6) The limitation of this study is'a non- rai’ldomlzed unselected cohort study
involving 152 hemodialysis patients were performed for represent the utility of HD
Thai patient in <the=different=-Hb-level~of Siriraj-Hospital:==Thus, the utility of HD
patient were estimated from the cohort which is not randomized-group and we can not
know the utility of patient when they face the CV or nCV event until admission
because we can not interview them at that time thus we assume the utility of HD
patient who have CV_events (HDCV) from the HD patient who ever admit from CV
event and then we ‘usé“the weight approximation technique'*® for calculation the
utility oF HDCV and HD patient and ‘imply~to the utility of different.Hb level in any
health state (HD and HRRCV health state). Besides, the utility score from the SF-6D
represent the quality of life of HD patient during the past 4 weeks before interview
and the Hb level is mostly stable at/least one month.~Thus, the utility ofjpatient from
SE<6D can represent the utility-of different Hbdeyvel Moreovery SE-6Putilityy is the
highest correlation with Hb_level of the HD patient when compared with EQ-5D (UK
and Thai algorithm) and VAS.” However, the utility score was estimate further study
should be done in longitudinal data.

Generalization

All costs of EPO from the price of generic product and original product that
available at Siriraj Hospital, which was different from generic product in other
settings. Costs of CV treatment, nCV treatment and HD cost in HD patient were
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obtained from the treatment costs that occurred in the realistic situation at Siriraj
Hospital in only 1 year (2009) because the treatment cost of Siriraj Hospital in 2009
were revised and increase from 2008 about 20-30% so that the treatment costs before
2009 were excluded in this analysis. However, we performed the sensitivity analysis
for all parameters

Finally, a systematic review and meta-analysis of RCTs were also performed
in this study, which minimized the biased and improved transparent and realiability.
Nevertheless, PSA were performed to ensure the quality of the assessment and to
minimize the variation.

In summary, based on the experiences amd perspective of caregivers and
nurses in hemodialysis unit, it was suggest that'HDspatient was an unfortunately life
and their kidney disease is-a much burden on patients both financially and personally.
The early diagnosis and provision the chronic kidney disease patients to access to the
healthcare system weould assist the delay of disease progression until dialysis or
kidney transplant. Alsg.the health care system should support HD patients and their
caregivers in ordewto maintain the best long term condition of HD patients. Finaaly,
the environment (their family, friend and health care personnel) of HD patient is
important for theig€ncouragementto survive in the real world.

Recommendations o the further study

(1) The datafof new available EPO such as' CERA " (Mircera®: Continuous
Erythropoietin Receptor Activator) were excluded from this study because the data of
this product has not been available, CERA using in Thailand has not yet been
available for every hospital and the.objective of this study was to compare the cost
utility of EPO for maintaining the different Hb level, thus the EPO which should be
included in this study ‘might.be the sin‘iilar frequency of administration and
pharmacokinetic information: -CERA differed from other EPO, CERA has a longer
elimination half-life and slower clearance rate. Thus, CERA can be administered at
extended intervals up to onge per. monthly. while the erythropoietin-alpha and beta
needed to inject the drug for-2-3 ‘times. However, EPO beta and alfa are available
when the study of epidemiology of any events and the comparison study between
CERA. Thes¢ datas-should-be-ineluded-m-meta-analysis-and-Cconomic evaluations to
compare the costfeffectiveness of the different type of EPO using'in Thailand.

(2) In this study, there was no information on som¢ parameter such as the
mortarity rate of HD Thai patient who use EPO that related to the different Hb level.
In addition, study related to epidemiology of these criteria in Thailand would be
useful for future analysis:

Recommendations for policy maker

These findings supported the need to allocate the available resource to cover
more people with the Hb level 10-1F g/dl for anemia treatment and their quality of life
that s, the nearest.criteria.of EPO. reimbursement for SSS patient, which the EPO
using ‘can be teimbursed for 4,000 or 2,000 [U per week in patients with Hb level
below 10 or 11°g/dl, respectively thusout-of-pocket rather than-those will ‘oceur when
the patient need to use EPO more than the criterion dose. However, the amount of
EPO dose should be revised for the real treatment that this EPO dose can increase the
Hb to the target Hb; should not be limit as the fixed dose. At the present, there is no
official restriction of using EPO, based on the historical dispensing pattern and
personal communication with physicians, EPO is tentatively used in patients with
CSMBS (Civil Servant Medical Benefit Scheme). Note that the official utilization
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policy should be set up for all health scheme; patients who became to be EPO users
should be meet either clinical-related criterion or setting-specific policy.  This
evaluation was conducted based on economic model. The model was based on the
important assumption that efficacy of generic EPO was considered to be equal to that
of original EPO. The results of economic evaluation were based on this assumption.
Thus, there was bioequivalence of generic product of generic product compared with
original product for registration of medicine but this criteria was except for injectable

(CERA) and the conventional EPO (EPO alfa and beta) should be conduct for the cost
effectiveness that imply to oCisic it

also increases the use o iently in the Thai health care

setting where the insuff; - s is increasingly causing
concerned. In the view of patient.c OL g ire can be used for health
related quality of life ig € pra and can be imply to the consideration of the

maintaining Hb level. Eer cxan if the score of the symptom and problem of
kidney disease dimens S lower th: ), the n '1ng Hb level should be
consider again ap if ¥ '
more than >11 g/dl.
level >10-11 g/dl is
analysis.

- an 50, the maintaing Hb
s the results of cost utility
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Appendix A

™ ™
Kidney Disease and Quality of Life Short-Form (KDQOL-SF ) Version 1.3

Study of quality of life for patients on dialysis

What is the purpose of the study?

with physicians and their patients.

ﬂth kidney disease.

out your health, how you

This study is being carried out in
The purpose is to assess th
What will I be asked
For this study, we want
feel and your backgro
Confidentiality of inf
with those of other

participants in rep of the study. Any ir nation that would permit
identification of yo i ; I¢ :d Yas ric dential. In addition, all
information colle i on % purposes of the study, and will not be
disclosed or released pUrpose without yrior consent.

The information you providé will tell us feel about your care and further
understanding_ about the effcets it n_the health of patients. This
information willhelp to evaluate the care delivered. j

Do I have to take p

a1

You do not haveﬂ fill out the st refusﬂ answer any question.

Your decision to partémpate will not affect your opportunity to receive care.

ﬂﬁﬁ’ﬂ'ﬂﬂ‘ﬂ‘ﬁﬂﬁﬂ‘i
QW']&NﬂiELJ UAIINYA Y
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Instructions for filling out survey

A. This survey asks for your view about your health. This information will help keep
track of how you feel and how well you are able to do your usual activities.

B. This survey includes a wide variety of questions about your health and your life.

We are interested in how you feel al these issues.

Example:

During t

7 -_r t of kidney disease on your life.

D. Several items in the suryey.ask abo ut
P

disease, and some items

Some items will &
." '

will ask about youn "H@ iers, but each one is
different. Please answer e as possible. If you are unsure

about answer the question, Please give the best answer you can. This will allow us to

o] E TR 1123 110 B
ARIASTITTITINg 8
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YOUR HEALTH

1. In general, would you say your health is:
(Circle One Number)

]

dF
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3. The following items are about activities you might do during a typical day. Dose

your health now limit you in these activities? If so, how much? (Circle One

Number on Each Line)

Yes, Yes, No, Not
Limited Limited Limited
a Lot a Little at All
a. Vigorous activities, such as
running, lifting heavy objects, 1 2 3
participating in strenuous Sports
b. Moderate activities, such as
moving a table, pushing'a vacuum 1 2 3
cleaner, bowling, or playang gelf
c. Lifting or carrying greceries 1 2 3
d. Climbing several flights of stairs AN 2 3
e. Climbing one fight of staits = 1 2 3
f. Bending, kneeling, or stgoping i-' " 2 3
g. Walking more than a mile = 1 4 2 3
h. Walking several blocks : - 3l 2 3
i. Walking one block X J-' 2 3
2 3

j. Bathing or dressing yourself

o

4. During the past 4 weeks, have you had any of the following problems with your

work or other regular activities as a result of your physical health?

(Circle One Number on Each Line)

Yes No
a. Cut do.w‘n‘the amount of time you spent‘on work or i )
other activitigs?
b. Accomplished less than you would have liked? 1 2
c. Were limited in‘the kind-of Wwork ot other activities? | 2
d. Had difficulty performing the work or other 1 )

activities (for example, it took extra effort)?
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5. During the past 4 weeks, have you had any of the following problems with your
work or other regular activities as a result of any emotional problem (such as

feeling depressed or anxious)

(Circle One Number on Each Line)

Yes No

a. Cut down the amount of T 1 2

other activities?

b. Accomplished less than 1 2

fl s]l?;il;l t do work othe Iff/ii \&H“\ 2
, NN
6. During the past'4 week / el \\n ' ealth or emotional
problem interfered'wit V ities mily, friends,
neighbors, or groups? \
e One Number)
........................... 1
............................... 2
..................................... 3
........................... 4
.................... 5
7. How much bog pain have you had during the past 4 :!' 57
- (Circle One Number)
ﬂ ............... 1
UHINe Wﬁﬂmﬂi .............. :
f Mlld ............................. 23
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8. During the past 4 weeks, how much did pain interfere with your normal

work (including both work outside the home and housework)?

(Circle One Number)
Not at all......c.oooooiii 1
....................................... 2
...................................... 3
-2 B e 4
Q ............................ 5
9. These questions a Ve gs have been with you
during the past 4 w \\ i\\\ e one answer that comes

closet to the way'y e beenl felling. How much ¢ ime during the past 4
weeks \u]  on Each Line)
‘1‘. 0 |\1 ; A
| Some little None
A\ of the of the
. of the .
ime . time
time
a. Did you feel full of pep 4 5 6
b. Have you been a very
4 5 6
nervous person?

c. Have you felt:so de

in the dumps thatr 5 6
could cheer youup? | |

e
d. Have you felt ﬁne and 5 6
peaceful? 1

e. Did you have a lotlofes,

1. Did you feel tired? 1 2 3 4 5 6
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10. During the past 4 weeks, how much of the time have your physical health

or emotional problems interfered with your social activities (like visiting with

friends, relatives, etc.)?

(Circle One Number)

mber on Each Line)

= = g
S |ZE |ZE
- © = o
=
a. [ seem to get sick a little e 3 4 5
than other people.
b. 1 am as heal hyi ¢ 4 5
c. I expect w 4 5
|
d. My health is ex 1' llent. 4 5

AULININTNEINS
RN TUNRINYINY



YOUR KIDNEY DISEASE

12. How TRUE or FALSE is each of the following statements for you?

(Circle One Number on Each Line)

103

family

| f"’-\
AEAN

s

2

ﬂ‘UEI’J‘VIEJ'ﬂﬁWEHﬂ‘i

=
<
zZ8 | 35 | S&
S B s 2 S 2.
x| 5 | 87
a. My kidney disease interfes 3 4
too much with my life.
b. Too much of my 4
dealing with my kidne
c. [ feel frustrated dealingawith = | 4
my kidney diseasc ' Bt
N s
d. I feel like a bu ﬂ‘ 4

ammniﬁuuwnwmaﬂ
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13. These questions are about how you feel and how things have been going during
the past 4 weeks. For each question, Please give the one answer that comes closet
to the way you have been feeling. How much of the time during the past 4 weeks.

(Circle One Number on Each Line)

a. Did you isolated yo
from people around yo

b. Did you react s
things that were said.@
done

¢. Did you act irzi
toward those around

d. Did you have difficu
concentrating or thinking

e. Did you get along we
with other people?

-
L] ] :'i_*l“l

A little | Some
pfi th of the
¥ 7

.. e

f. Did you become
confused? "

ﬂ‘lJEl’J'VIEW]‘iWEJ']ﬂ‘i
’QW?ENFI‘?EU UAIINYA Y

“;?t""tfl Most | All of
1o of the the
the . .

. time time
time
4 5 6
5 6
5 6
4 5 6
4 5 6
5 6




14. During the past 4
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weeks, to what extent were you bothered by each of the

following? (Circle One Number on Each Line)
Not at all | Somewha | Moderately Very Extremely
bother t bother bother much bother
bother
a. Soreness in your 3 4 5
muscles? 'L
b. Chest pain? :;:: 4 5
= —
¢. Cramps? 4 5
|
o "
d. Itchy skin? mﬂ%‘ 4 5
o \ -
//n\\x,m s
f. Shortness of \ 4 5
breath?
g. F a1gtness or E 4 5
dizziness?
h. Lack of appetite? "l g fi\‘\ﬁ\ 4 5
i. Washed out or r .
. ' 4 5
drained? 1"'1
j- Numbness in hand \ 4 5
or feet?
k. Nausea or upset 4 5
stomach? )
Hemodialysis w————‘; ;%Ei 4 5
patient only L -
Problems with yo m
access site?
Peritoneal patient f 5

with y

fitissed

TI&V]‘?WE']‘]‘E’

’Q‘mﬁﬂﬂ‘im UARNAINYA




EFFECTS OF KIDNEY DISEASE ON YOUR DAILY LIFE

15. Some people are bothered by the effects of kidney disease on their daily life,

while others are not. How much dose ki disease bother you in each of the

106

following areas?

\"‘
e

Y,

b

c One Number on Each Line)

M
o —
ot at.all Vvery Extremely
bothexk much bother
"}/ bother
a. Fluid restriction’ 4 5
b. Dietary restric 4 5
¢. Your ability to 4 5
around the house?
d. Your ability to 4 5
travel?
e. Being dependent o1
doctors and other 4 5
medical staff?
f. Stress or worries
caused by kidney 4 5
disease? ’k— =
. v
g. Your sex life’ T“ 4 5
1
h. Your personal :
appearance? ,"

’QW’W&Nﬂ‘iﬂJ UAIINYIAY
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The next three questions are personal and relate to your sexual activity, but your
answers are important in understanding how Kkidney disease impacts on people’s
lives.

16. Have you had any sexual activity in the past 4 weeks?
(Circle One Number)
A R 1 > Please skip to Question 17

How much of a problem was each'of the following in the past 4 weeks?

(Circle One Numberon'Each iiine)

Nota A little | Somewhat m‘;eclilya Severe
problem pr?_blem A problem problem problem
a. Enjoying sex? 1 2 3 4 5
b. Becoming sexually 1 5 3 4 5
aroused?

For the following question, please rate your sleep using a scale ranging from 0

representing “very bad” to/1} representing “very good.”

If you think your sleep is half=way between “very bad” and “very good” please
circle 5. If you think your sleep-is one level better than 5, circle 6. If you think

your sleep is one level worse than 5, circle 4 (and so on).

17. On a scalefrom 0 to 10, how would you rate your sleep overall?

(Circle One Number)

(Circle One Number)

Very Bad Very Good




18. How often during the past 4 weeks did you....

108

(Circle One Number on Each Line)

None A Some | A good | Most All of
of the | little | of the bit of | of the the
time | of the | time the time time
- time time
a. Awaken during the night 3 4 5 6
and have trouble falling
asleep again?
b. Get the amount of sleep 4 5 6
you need?
c. Have trouble staying 4 5 6
awake during the d
19. Concerning with..
aber on Each Line)
‘| Somewhat Very
Satisfied Satisfied
a. The amount of time you ate, 3 4
able to spend with your family~
and friends? 7T
b. The Support yOu-receive-from-{——; 4

*’ o
‘1€

11V

your family a

~/
20. During the past fﬂ(s, did you work afa paying job?

AULANININYMST

N
a

EIASAIH UM

&

NI

(Circle One Number)
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22. Overall, how would you rate your health?
(Circle One Number)

0 1 2 3 8 9 10
Worst possible Best

(as bad or worst possible
than being dead) health
SATISFACTIOM

23. Think abo ; dney dialysis. In terms of your

nerest shown in you as a

person?

Dne Number)

24. How TRUE or FALSE is each of the following statements for you?

t e llrphf% ]*qh Line)
n’t Il\‘oay Definitely

Know True True

suzmawmm wmm ‘s

10551b1e

b. Dialysis staff support me
in coping with my kidney 1 2 3 4 5
disease
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