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ABSTRACT 
 

This study was cross-sectional retrospective research. The objectives were to 
study the pattern of erythropoietin (EPO) utilization and to explore the outcomes of 
application prescribing standard guidelines to its consumption. An electronic database 
from June to November 2005 was retrieved from four government hospitals and 
demographic characteristics, prescribing patterns and laboratory outcomes were 
identified. The data of hemodialysis patients, dose (units/week) and hematocrit level at 
one government hospital was used for dose adjustment according to the In-Hospital 
Guidelines for proper use of EPO in Tokushukai Nozaki Hospital, Japan. 

Results revealed that, of the 1,856 patients, over 60% of EPO used patients were 
female and the average age was 61.7 years old. The majority of patients using EPO 
paid by themselves (52.6%) and Civil Servants Medical Benefits Scheme (CSMBS) 
(32.5%). On the point of diagnosis, 61.3% were other diagnosis and no diagnosis, and 
33.5% had International Classification of Diseases (ICD-10) code of chronic renal 
failure (CRF), follow by cancer (5.1%) 

In CRF patients, the mean dose of EPO was 8,109 + 5,134 (range 1,000-45,000 
units/week). There was a statistically significant difference in EPO doses among trade 
names of EPO’s. But in cancer patients, the mean dose of EPO was 15,445 + 12,495 
(range 1,000-60,000 units/week). From laboratory outcomes, CRF group had a higher 
mean hematocrit level than cancer and other diagnosis group (P<0.05). The mean (+ 
SD) hematocrit level for CRF patients was 31.03 + 4.84%, lower than the target 
recommended by  National Kidney Foundation Kidney Dialysis Outcome Quality 
Initiative (NKFK/DOQI) guidelines, but in the range recommended by Japanese 
Society for Dialysis Therapy (JSDT) guidelines. The mean (+ SD) hematocrit level for 
cancer patients was 29.07 + 4.69%. 

Results from dose adjustment according to guidelines showed that, for 33 
patients, amount of EPO used increased. When recalculated by limited maximum dose 
at 9,000 units/week , 13,500 units/week or 131 Baht/week/patient can be saved. 

Hospital administrators and chief pharmacists can make use of these extracted 
data from electronic database for management activities. Finally pharmacists can help 
to manage EPO utilization. A study about the EPO utilization and benefits of dose 
adjustment by guidelines in hemodialysis patients can improve rational use of EPO. 
 
KEY WORDS:  ERYTHROPOIETIN / UTILIZATION MANAGEMENT / 

CHRONIC RENAL FAILURE / HEMODIALYSIS /OUTCOMES 
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บทคัดยอ 
 

การศึกษานี้เปนการเก็บขอมูลยอนหลัง โดยมีวัตถุประสงคเพื่อศึกษาลักษณะการสั่งใชและผลการตอบสนอง
ทางหองปฏิบัติการของยาอิริโทรโพไอตินและผลของการปรับขนาดการใชยาตามแนวทางการใชยา โดยใช
ฐานขอมูลอิเล็กทรอนิกสจากโรงพยาบาลรัฐ 4 แหง ระหวางเดือนมิถุนายน ถึงเดือนพฤศจิกายน พ.ศ.2548   ขอมูล
ที่นํามาวิเคราะหคือลักษณะโดยทั่วไปของผูปวย, ลักษณะการสั่งใชยา, ผลตรวจทางหองปฏิบัติการ สวนการ
ทดลองปรับขนาดยาตามแนวทางการใชยาของโรงพยาบาลแหงหนึ่งในประเทศญี่ปุน ใชขอมูลจากแฟมผูปวยที่
หนวยไตเทียม โรงพยาบาลรัฐ 1 แหง ขอมูลที่ใชคือ ขนาดใชยา (หนวยตอสัปดาห) และขอมูลฮีมาโตคริต 

ผลการศึกษาพบวาผูปวยที่ใชยาอิริโทรโพไอตินจํานวน 1,856 คน โดยมากกวารอยละ 60 เปนเพศหญิงและ
อายุเฉลี่ยคือ 61.7 ป ผูปวยที่ใชยานี้สวนใหญชําระเงินเอง (รอยละ 52.6) และเบิกตนสังกัด (รอยละ 32.5) ในขณะที่
รหัสการวินิจฉัยโรคในผูปวยสวนใหญคือโรคอื่นๆและไมมีรหัส (รอยละ 61.3) รองลงมาคือโรคไตวายเรื้อรัง 
(รอยละ 33.5) และโรคมะเร็ง (รอยละ5.1) ตามลําดับ 

ขนาดการใชยาเฉลี่ยในผูปวยโรคไตวายเรื้อรังคือ 8,109 + 5,134 (1,000-45,000 หนวยตอสัปดาห)ซึ่งมีความ
แตกตางกันอยางมีนัยสําคัญทางสถิติของขนาดการใชยาเฉลี่ยระหวางยาอิริโทรโพไอตินแตละช่ือการคา สวน
ขนาดการใชยาเฉลี่ยในผูปวยโรคมะเร็งคือ 15,445 + 12,495 (1,000-60,000 หนวยตอสัปดาห) ผลทาง
หองปฏิบัติการของการใชยา พบวากลุมผูปวยโรคไตวายเรื้อรังมีคาฮีมาโตคริตสูงกวากลุมผูปวยโรคมะเร็ง และ
โรคอื่นๆ อยางมีนัยสําคัญทางสถิติ โดยคาฮีมาโตคริตเฉลี่ยของกลุมผูปวยโรคไตวายเรื้อรังคือ 31.03 + 4.84 ซึ่งต่ํา
กวาเปาหมายที่แนะนําไวในแนวทางการใชยาของประเทศสหรัฐอเมริกา แตอยูในชวงเปาหมายที่แนะนําโดยแนว
ทางการใชยาของประเทศญี่ปุน ในขณะที่คาฮีมาโตคริตเฉลี่ยของกลุมผูปวยโรคมะเร็งคือ 29.07 + 4.69 

ผลของการปรับขนาดยาตามแนวทางการใชยา พบวาจากผูปวย 33 คนมีปริมาณการใชยาเพิ่มขึ้น แตเมื่อ
กําหนดขนาดการใชยาสูงสุดไวที่ 9,000 หนวยตอสัปดาห พบวาสามารลดปริมาณการใชยาได 13,500 หนวย หรือ
สามารถประหยัดได 131 บาทตอสัปดาหตอคน 
 ผูบริหารโรงพยาบาลและหัวหนางานเภสัชกรรม สามารถที่จะนําขอมูลที่คัดเลือกมาจากฐานขอมูลมาใชเพื่อ
การบริหารจัดการได และเภสัชกรสามารถชวยในการบริหารจัดการการใชยาอิริโทรโพไอตินได การศึกษานี้มี
ประโยชนสามารถทําใหผูปวยใชยาอิริโทรโพไอตินอยางสมเหตุสมผลมากขึ้น  
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CHAPTER I 

INTRODUCTION 

 

Background and rationale      

       The National Center for Health Statistics (NCHS) estimates that at least 3.4 

million Americans are anemic and Healthy People 2010 identifies anemia as a serious 

public health concern (1). In the past, blood transfusion was the main stay of treatment 

for the anemia. Although it is the fastest method of alleviating symptoms, risks 

associated with its use include acute transfusion reactions and transfusion-transmitted 

infections. In addition, there are increasing in difficulties with available of blood 

transfusions and physicians are being encouraged to reduce the amount of blood used 

(2-3). 

EPO is a glycoprotein essential for the normal production of red blood cells 

(RBC) in mammalian species. The molecular events that result in an increase in RBC 

mass have recently been reviewed. Several forms of EPO are available for the 

treatment of patients with anemia related to chronic renal failure, end stage renal 

disease (ESRD), and other nonrenal disorders by either the intravenous or 

subcutaneous route. Epoetin alfa and beta (165 amino acids) are glycoproteins 

produced through recombination of the human erythropoietin gene with the Chinese 

hamster ovary cell. In the last several years, a variety of safety and efficacy trials 

investigating the use of  darbepoietin addressed correction of anemia at varying doses, 

routes, and frequency of administration; maintenance of stable hemoglobin 

concentration in setting of conversion from rHuEPO to darbepoietin therapy at a 

decrease dosing frequency; and long term maintenance of hemoglobin levels (4). 

Erythropoietin (EPO) was introduced into clinical practice for the treatment of 

anemia by increasing patients’ hemoglobin concentration and reducing exposure to 

allogenic red blood cell transfusion. Therapy with recombinant human erythropoietin 

was first shown to correct the anemia caused by chronic renal failure in patients
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undergoing dialysis. Subsequently, EPO was also approved for treatment of anemia of 

chronic disease and other disorders such as the anemia of cancer (3), patients infected 

with the human immunodeficiency virus (HIV) who are undergoing zidovudine 

therapy (5-6), diabetes mellitus (DM)(7), patients in intensive care unit (ICU) (8-9), 

patients undergoing surgery (10). The incidence of chronic renal failure (CRF) are 

increasing between 3.2%-7.6% per year varies between countries and more than 11 

million people are diagnosed with cancer every year (11-14). 

In Thailand 2003, the number of all chronic renal failure patients was 

101,131(15). The number of registered chronic renal failure patients was 11,208 

persons (13), when multiplies with the cost of erythropoietin, it is equal to 

approximately 1,582 million baht.  In 2002, estimated cost of EPO in hemodialysis 

patients was 57,780 – 141,210 baht/year and in cancer patients was 77,040 – 188,280 

baht/year (16). However, EPO is an expensive therapy, since annual costs due to its 

use for end stage renal disease in the United States in 2002 exceed $1 billion US. 

Moreover, this drug can be used in many indications, so the value of imported EPO to 

Thailand has been increasing every year.  Imported value in 2001 – 2003 was 

increased about two folds, from 584 million baht to 1,238 million baht (17).  

Side effects of EPO are as follow; hypertension, seizures, trombotic events and 

pure red cell aplasia (PRCA). PRCA is a rare and severe disease characterized by 

progressive anemia, mostly normocytic normochromic and occasionally macrocytic, 

marked reticulocytopenia and almost complete absence of red cell progenitors in the 

bone marrow. Besides, EPO is a biological substance, so the manufacturing 

technology impacts to incidence of side effects (18-20). 

One mechanism to ensure corrected prescribing and using is the drug 

utilization review (DUR) process. Pharmacist can help to manage EPO utilization. 

Great therapeutic and pharmacoeconomic data may impact to rationale use. A study 

about the EPO utilization and benefit of dose adjustment by standard guidelines in 

patients with chronic renal failure in Thailand could reveal the solution to these 

problems. Even though EPO is categorized as class D in national list of essential drug 

of Thailand (21), which DUR must be applied while dispensing. But in practical there 
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has not been any DUR prone to control its utilizations. This might be one cause of 

irrational use and rising imported value of EPO 

 

Research Questions 

1. What are the  prescribing patterns of EPO? 

2. What are laboratory outcomes after EPO utilization? 

3. Does standard guideline of chronic renal failure has any benefit?  

Objectives 

General objective 

 To study the pattern of EPO utilization and explore the outcomes of application 

prescribing standard guidelines to its consumption. 

Specific objectives 

1. To gather the prescribing patterns of EPO.  

2. To gather the laboratory outcomes after EPO utilization. 

3. To forecast the amount of EPO consumption after dose adjustment by standard 

guidelines. 
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Conceptual framework 
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CHAPTER II 

LITERATURE REVIEW 

 

1. Erythropoietin  

• Pharmacology 

• Potential adverse effect 

• Trade name of EPO in Thailand 

2. Drug utilization evaluation 

3. Guidelines of EPO using 

• Chronic renal failure 

• Cancer 

4. Related studies 

 

1. Erythropoietin  

Erythropoietin is a glycoprotein essential for the normal production of RBC in 

mammalian species. The molecular events that result in an increase in RBC mass have 

recently been reviewed. The activity of EPO is initiated by binding to its receptor 

(EPOR). Endogenous production of EPO is normally regulated by the level of tissue 

oxygenation. Hypoxia and anemia generally increase the production of EPO, which in 

turn stimulates erythropoiesis. In normal subjects, plasma EPO level range from 0.01 

to 0.03 unit/ml and increase up to 100 to 1000-fold during hypoxia or anemia (2).  

Several forms of recombinant human erythropoietin (rHuEPO) are available 

for the treatment of patients with anemia related to EPO deficiency by either the 

intravenous or subcutaneous route. Epoetin alfa and beta (165 amino acids) are
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glycoproteins produced through recombination of the human EPO gene with the 

Chinese hamster ovary cell (3). These rHuEPO molecules differ modestly in that the 

beta form contains quantitatively more basic sialic acid residues, which may confer 

slightly higher in vivo/in vitro activity. The half-time of EPO alfa is between 4 and 12 

hours when administered intravenously and is prolonged to approximately 25 hours by 

subcutaneous injection. Comparative pharmacokinetic studies in normal males have 

demonstrated that the beta form has slightly larger volume of distribution, a 20% 

longer terminal elimination t1/2 after intravenous administration, and delayed 

subcutaneous absorption when compared with the alfa form, although these 

differences do not appear to be reflected in any substantive difference in clinical 

efficacy.  

A third rHuEPO molecule, omega, produced in baby hamster kidney cells, has 

become available for clinical trials and possesses slightly different glycosylation and 

hydrophilicity characteristics. In the late 1990s a hyperglycosylated rHuEPO analog 

with five N-linked carbohydrate chains (rHuEPO contains three), designated 

darbepoetin alfa (also “novel erythropoiesis-stimulating protein,” or “NESP”), was 

synthesized and has been used in extensive clinical trials in which it has been 

approved for patient care (22-25).  

Table 1. Approval status of EPO therapy (26) 

Cause of anemia USA Canada Europe Australia Japan 

Chronic renal failure      

        Dialysis 
        Pre-dialysis 

1989 
1990 

1990 
1990 

1988 
1990 

1991 
1991 

1990 
1994 

HIV infection treated with AZT 1990 1990 - - - 

Cancer 1993 1995 1994 under 
review - 

Autologous-blood donation - 1996 1994 under 
review 1993 

Surgery 1996 1996 under 
review 

under 
review - 
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Pharmacology of EPO 

 There are 4 parts as follow; 

• Chronic renal failure (CRF) patients 

• Cancer patients 

• Zidovudine-treated/HIV-infected patients 

• Surgery patients 

1.1. Chronic renal failure (CRF) patients (27-32) 

In patients with chronic renal failure, production of EPO is impaired and this 

EPO deficiency is primary cause of their anemia. EPO alfa or beta has been shown to 

stimulate erythropoiesis in anemic patients with CRF, including both patients on 

dialysis and those who do not require regular dialysis. The first evidence of a response 

to EPO is an increase in reticulocyte count within 10 days, followed by increases in 

the red cell count, hemoglobin and hematocrit, usually within 2-6 weeks (27). Because 

several days are required for erythroid progenitors to mature and be released into the 

circulation, a clinically significant increase in hematocrit is usually not observed in 

less than 2 weeks and may require up to 6 weeks in some patients. Once the 

hematocrit reaches the target range, that level can be sustained by EPO in the absence 

of iron deficiency and concurrent illness. The rate of hematocrit increase varies 

between patients and is dependent upon the dose of EPO, within a therapeutic range of 

approximately 50-300 units/kg three times per week. Other factors affecting the rate 

and extent of response include availability of iron stores, the baseline hematocrit and 

the presence of concurrent medical problems. 

Intravenously administered EPO is eliminated at a rate consistent with first 

order kinetics with a circulating half-life ranging from approximately 4 to 13 hours. 

Within the therapeutic dose range, detectable levels of plasma EPO are maintained for 

at least 24 hours (31). After subcutaneous administration of EPO to patients with CRF, 

peak serum levels are achieved within 5-24 hours after administration and decline 

slowly thereafter. In comparison with intravenous administration, subcutaneously 
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administered is more slowly absorbed (27, 30-32) and results in lower serum levels 

which are maintained for 48 hours.  

1.2. Cancer patients 

Anemia in cancer patients may be related to the disease itself or effect of 

concomitantly administered chemotherapeutic agents. EPO was effective at reducing 

transfusion requirements and improving health-related quality of life parameters (33-

38) 

1.3. Zidovudine-treated/HIV-infected patients 

Response to EPO in zidovudine-treated/HIV-infected patients is manifested by 

reduced transfusion requirements and increased hematocrit. Responsiveness to EPO 

therapy in HIV-infected patients is dependent upon the endogenous serum EPO levels 

prior to treatment (5-6).  

1.4. Surgery patients 

Patients undergoing major elective surgery frequently require transfusion of 

allogenic blood, both intraoperatively and postoperatively, resulting from blood loss 

experienced during and after surgery. In patients with a pretreatment hemoglobin of 

>100 to < 130 g/L, EPO has been shown to decrease the risk of receiving allogenic 

transfusions and hasten erythroid recovery (i.e., increased hemoglobin levels, 

hematocrit levels, and reticulocyte counts) (10). 

Potential adverse effects of treatment (39-40). 

 At the time of release of EPO for use in anemia patients, many expressed 

concern regarding the development of a variety of serious potential complications of 

therapy, including worsening hypertension, seizures, thrombotic events, Flu-like 

symptom and pure red cell aplasia  

 Hypertension: The most frequent adverse reaction during treatment with EPO 

is a dose-dependent increase in blood pressure or aggravation of existing hypertension. 

Blood pressure may rise during EPO therapy, often during the early phase of treatment 

when the hematocrit is increasing. This occurred most commonly in chronic renal 

failure patients. 
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 Seizures: Given the potential for an increased risk of seizures during the first 

90 days of therapy, blood pressure and the presence of premonitory neuralgic 

symptoms should be monitored closely.  

 Thrombotic events: Thrombotic events, such as myocardial ischemia, 

myocardial infarction, cerebrovascular accidents (cerebral hemorrhage and cerebral 

infarction), transient ischemic attacks, deep venous thrombosis, arterial thrombosis, 

pulmonary emboli, aneurysms, retinal thrombosis, clotting of vascular access (A-V 

fistula) and clotting of an artificial kidney have been reported in patients receiving 

EPO. Reviews of 26 studies involving over 4000 EPO treated patients with mean 

hematocrit values of 34% (targets less than 36%) have revealed an average clotting 

incidence of only 7.5%. 

 Flu-like symptoms: Flu-like sign and symptoms such as dizziness, drowsiness, 

fever, headaches, joint and muscle pains, and weakness have occurred, especially at 

the start of treatment. 

 Pure red cell aplasia (PRCA) (18-20): Antibody-mediated pure red cell aplasia 

is a rare syndrome of anemia associated with a low reticulocyte count, an absence of 

erythroblasts in the bone marrow, resistance to EPO therapy, and neutralizing 

antibodies against EPO. Between 1988 and 1998, this syndrome was reported in three 

patients who had been treated with epoetin. By contrast, between 1998 and 2000, 13 

patients with chronic kidney disease in France were found to have pure red cell aplasia 

with neutralizing antierythropoietin antibodies after receiving EPO administered 

subcutaneously. 

Trade name of EPO in Thailand 

 In Thailand 2005, EPO alfa and EPO beta were registered. Trade name, 

manufacturer and imported company were shown in table 2. 
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Table 2 Trade name of EPO in Thailand (41) 

 Trade name Active 
ingredient Manufacturer/Country Imported company

1 EPREX EPO alfa ORTHO-BIOTECH/U.S.A. Janssen-Cilag 

2 RECORMON EPO beta Roche/Switzerland Roche Thailand 

3 EPORON EPO alfa DONG-A PHARM. /Korea Octa 
Pharmaceutical 

4 EPOKINE EPO alfa CJ CORP/Korea RX Co.,Ltd 

5 HEMAX EPO alfa BIO SIDUS S.A./Argentina BJC Trading 

6 ESPOGEN EPO alfa LG Life Science/Korea Novatec 
healthcare 

7 HEMAPO EPO alfa Royal Ruby/Indonesia Inter. Regulatory 
consulting service 

8 BIOYETIN EPO alfa Probiomed/Mexico Mala intertrade 
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2. Drug utilization evaluation (42) 

One of the most pressing problems facing public health providers and 

administrators in many countries is ensuring the rational use of drugs. The Conference 

of Experts on the Rational Use of Drugs, convened by the World Health Organization 

(WHO) in Nairobi in 1985, defined rational use as follows: the rational use of drugs 

requires that patients receive medications appropriate to their clinical needs, in doses 

that meet their own individual requirements, for an adequate period of time, and at the 

lowest cost to them and their community. Rational drug use implies an individual 

approach to patient treatment. Further, rational drug use depends on the performance 

of the pharmacy and nursing departments in preparing and administering drugs.  

One mechanism to ensure correct prescribing and use is the drug utilization 

review (DUR) process; although often considered a component of a drug formulary 

system, DUR programs can exist in the absence of other formulary activities. DUR 

programs should be carefully planned by the medical staff to include the drugs 

considered to be most problematic if not used correctly. By comparing actual drug use 

to predetermined standards, DUR can detect inappropriate and/or unnecessarily costly 

drug therapy. Programs can be designed to monitor individual drugs, or drug classes, 

as well as to monitor drug use in specified diseases. Most of the examples used in this 

guide are related to DUR for individual drugs. When problems are identified, 

interventions are designed and implemented to improve drug use. Interventions can 

include educational programs, provision of drug information, changes in hospital 

policies and procedures, and changes in the drug formulary. 

Criteria are predetermined parameters of drug prescribing and use established 

in a DUR program for comparison to actual practice. Criteria should be developed or 

selected by qualified health professionals, and supported by official drug compendia, 

unbiased drug information, and peer reviewed literature. 

Threshold is a percentage, established by the DUR committee, that identifies 

the point at which a drug therapy problem exists. For example, a threshold of 95% 

means the DUR committee has determined that a problem exists if less than 95% of 

the data collected for a given criteria shows compliance. 
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Prospective DUR involves comparing drug orders with criteria before the 

patient receives the drug. This type of evaluation is ideal for its preventive potential, 

and for its individual patient-centered interventions. 

Concurrent DUR involves reviewing drug orders during the course of therapy. 

This type of evaluation is ideal where adjustments to drug therapy may be necessary 

based on ongoing diagnostic and laboratory tests. 

Retrospective DUR involves reviewing drug prescribing and use after they 

have occurred. Although the easiest and least costly approach, with retrospective DUR 

there is no opportunity to modify therapy for the patients on whom the data were 

collected. 

Interventions are the activities selected by the DUR committee to correct drug 

therapy problems identified during DUR monitoring and evaluation. 
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3. Guidelines of EPO using 

Chronic renal failure  

Recently, the views toward renal anemia treatment have markedly changed, 

and in Europe and the United States, the Guidelines for the Treatment of Renal 

Anemia were published, and have been routinely used as followed 

• National Kidney Foundation Kidney Disease Outcomes Quality 

Initiative, 1997 (revised in 2001) (NKF-K/DOQI) (39) 

•  European Best Practice Guidelines for the management of anaemia in 

patients with chronic renal failure (EBPG) (1999, 2000) (43) 

• Japanese Society for Dialysis Therapy Guidelines for Renal Anemia in 

Chronic Hemodialysis Patients, 2004 (JSDT) (46).  

Summary of major content in 3 guidelines are shown in Table 3.  

 

Table 3 Guidelines for treatment anemia in chronic renal failure patients  (continue) 

Criteria NKF-K/DOQI EBPG JSDT 

1.  Criteria for anemia and diagnosis of anemia  

     Hb <12g/dl  in adult 

males and post-

menopausal women 

<11 g/dl in 

premenopausal 

women and pre-

adolescent patients 

<11.5 g/dl in adult 

female  

<13.5 g/dl in adult 

male  

<12.0 g/dl in adult 

male aged>70 years 

male  

20-59 yrs <12.4 g/dl  

60-69 yrs <12.0 g/dl  

70-79 yrs <11.1 g/dl 

female 

 20-59 yrs <11.3 g/dl 

60-69 yrs <10.5 g/dl 

70-79 yrs <10.4 g/dl  

     Hct <37% in adult males 

and post-menopausal 

women  

  male  

20-59 years <38.7% 

60-69 years <36.4%  
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Table 3 Guidelines for treatment anemia in chronic renal failure patients  (continue) 

Criteria NKF-K/DOQI EBPG JSDT 

<33% in 

premenopausal 

women and pre-

adolescent patients 

70-79 years <33.7% 

female 

20-59 years <34.5% 

60-69 years <31.4% 

70-79 years <31.1%  

2. Target Hb/Hct 

     Hb (g/dl) 11-12 11 10-11 

     Hct (%) 33-36 33 30-33 

3. Assessment of Iron status  

   TSAT (%) 20 20 20 

Serum ferritin 
(ng/ml) 100 100 100 

4. Route of Administration  

  subcutaneous 
dependent on patient 

group 
intravenous 

5.  Initial Dose  

  

SC: 80-120 u/kg/wk 

in 2-3 doses per 

week (6,000u/wk) 

20-30% of 

maintenance dose 

IV:  1,500 units 

three times a week 

  

IV: 120-180 u/kg/wk 

given in 3 divided 

doses (9,000u/wk) 

    

6. Titration of EPO dosage 

 
 - if the increase in 

Hct has been <2% 

- correction phase, 

the rate of increase 

- when the rate of 

increase of the Hb 
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Table 3 Guidelines for treatment anemia in chronic renal failure patients  (continue) 

Criteria NKF-K/DOQI EBPG JSDT 

over a 2-4 week 

period, the dose 

should be increased 

by 50%     

- if the absolute rate 

of increase of Hb 

after initiation of 

EPO therapy or after 

a dose increase 

exceeds  3 g/dl (or 

8% Hct) per month, 

or if the Hb/Hct 

exceeds the target 

Hb/Hct, reduce the 

weekly dose of EPO 

by 25% 

in Hb levels should 

be 1-2 g/dl per 

month.  

A change of <1 g/dl 

in Hb level may 

indicate the need for 

a 25% stepwise 

adjustment in the 

total weekly dose.  

A rate of increase in 

Hb level >2 g/dl per 

month is undesirable 

and should be 

adjusted by 

temporarily 

withdrawing therapy 

or by decreasing the 

total weekly dose by 

25-50% 

level is less than 1 

g/dl (Hct : 3%) 4 

weeks after the start 

of administration, 

intravenous injection 

of 3,000 units three 

times a week 

7. Resistance to EPO   

  

Fails to attain the 

target Hb while 

receiving more than 

450 u/kg/weekk (IV) 

or 300 u/kg/week 

(Sc)   

Fails to attain the 

target Hb while 

receiving more than 

300 u/kg/week 

(20,000 u/week) 

Fails to attain the 

target Hb while 

receiving more than 

9,000 u/week  
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Cancer   

Three guidelines for the Treatment of cancer related anemia were published, 

and have been routinely used as followed 

 European Organisation for Research and Treatment of Cancer 

Guidelines for the use of erythropoietic proteins in anaemic patients 

with cancer, 2004. (EORTC) (44) 

 American Society of Hematology and American Society of Clinical 

Oncology guidelines on use of EPO, 2002. (ASH/ASCO) (38) 

 National Comprehensive Cancer Network practice guidelines in 

oncology. Cancer and    treatment related anemia. V2. 2005. (NCCN) 

(45) 

Summary of major content in 3 guidelines are shown in Table 4. 

 
Table 4 Guidelines for treatment cancer related anemia patients   (continue) 

Criteria ASH/ASCO NCCN EORTC 

1. Criteria for anemia 
(g/dl) 10  10-11  10.5  

2. Target Hb (g/dl) 12  12  12-13  

3. Assessment of Iron status    

     TSAT (%) 20 20 20 

     Serum feritin (ng/ml) 100  100  100  

4. Route of 
administration subcutaneous subcutaneous subcutaneous 

5. Initial Dose 150 u/kg  3 
times/week or 
40,000 u/wk 

150 u/kg  3 
times/week or 
40,000 u/wk 

30,000-40,000 
u/wk 

6.  Titration of EPO 
dosage  

If in 4 weeks has 
not response, 
should  increase 
dose to 300 u/kg  
3 times/week 
 

If in 4 weeks has 
not response, 
should  increase 
dose to 300 u/kg  
3 times/week 
or 60,000 u/wk 
-if Hb change > 1 
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Table 4 Guidelines for treatment cancer related anemia patients   (continue) 

Criteria ASH/ASCO NCCN EORTC 

g/dl in 2 weeks 
reduce the 
weekly dose by 
25% 
-if Hb level >12 
g/dl should stop 
EPO and start 
when  Hb < 12 
g/dl in 25% of 
dose 

7. Resistance to EPO   
 

Fails to attain the 
target Hb while 
receiving more 
than 450u/kg/wk 
(IV) or 
300u/kg/wk (Sc)  
in 4-6 months 

Fails to attain the 
target Hb while 
receiving more 
than 8-12 weeks 
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4. Related studies  

Adams et al   assessed physicians’ use of EPO in cancer patients prior to the 

publication of American Society of Clinical Oncology/American Society of 

Hematology (ASCO/ASH) guidelines found that physicians in the United States 

reported they prescribed EPO to about 20% of cancer patients, in contrast to 8% of 

international physicians who reported prescribing EPO (47).  

The study of Greer et al presented descriptive data showing trends in EPO 

doses, charges, and patient hematocrits from the fourth quarter of calendar year 1989 

to the first quarter of 1998 for all recipients and recent data for patients treated by in-

center hemodialysis. In 1997 nearly all in-center hemodialysis patients received EPO 

regularly at an average cost per recipient of $6,245 per year for total allowed charges 

of $842.2 million per year (48).   

The study of Mark et al examined dosing and hematologic outcomes with 

epoetin alfa (EPO) and darbepoetin alfa (DARB) in community oncology clinics. 

Medical charts were abstracted retrospectively for 1005 patients (527 EPO, 478 

DARB) with CRA (hemoglobin [Hb] ≤ 11 g/dL) who received EPO or DARB at 10 

U.S. oncology clinics between January 2002 and March 2003. Outcome measures 

included dose and frequency of EPO therapy, change in Hb at 4, 8, and 12 weeks after 

initiation of therapy, and transfusion of packed red blood cells. Results: Baseline 

characteristics were generally similar between groups. Most EPO-treated patients 

received EPO once weekly, but 25% received EPO every 2–3 weeks, with 40,000 

units the predominant dose. DARB was usually given every 1–2 weeks in doses 

ranging from 200–400 mcg/injection. Mean treatment duration was relatively short 

(<8 weeks) in both groups, with a similar number of Hb determinations and similar 

incidence of red blood transfusion between groups. Hb increased from baseline in the 

EPO and DARB groups at 4 weeks (0.99 vs. 0.69 g/dl, p = 0.003), 8 weeks (1.39 vs. 

1.06 g/dl, p = 0.011), and 12 weeks (1.43 vs. 1.11 g/dl, p = 0.055). Early Hb response 

(≥ 1 g/dl increase by 4 weeks) was more common with EPO than DARB (48% vs. 

38%, p = 0.008). They are concluded that EPO was superior to DARB for early 

hematologic outcomes in patients with CRA in community oncology clinics. 

Retrospective data collection and relative inexperience with DARB at the time of the 
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study may limit the generalization of these results. Randomized, controlled trials 

comparing EPO and DARB are warranted (33). 

 In Japan, currently, more than 80% of patients undergoing dialysis in Japan are 

treated with rHuEPO. According to the data collected by the Japanese Society for 

Dialysis Therapy (JSDT), the mean hematocrit (Hct) value in the patients undergoing 

dialysis in Japan in 1988 was 24.9%; however, the Hct value has increased year by 

year since an EPO preparation became commercially available in 1990, reaching 

30.6% at the end of 2001 (46).  

 The study of Kimura et al complied in-hospital guidelines for proper use of 

EPO for outpatients with renal anemia under hemodialysis, and made 

recommendations, particularly about changes in the doses of EPO and administration 

of iron preparations, to physicians. The clinical test values and the dosages of EPO 

were monitored for 9 months and analyzed. As results of their participation, the 

number of renal anemia patients with over 30% of the hematocrit value as a 

therapeutic target increased from 7 to 32 among 41 patients. Twenty three of the 41 

patients could decrease the dose of EPO, and 5 patients could cease receiving the drug. 

Monthly total units of EPO used for the 41 patients could also be decreased from 

915,000 units to 642,000 units, resulting in considerable improvement of cost 

performance (49). 

 From the review literature, EPO has more efficiency than blood transfusion to 

increasing RBC.  Moreover, EPO are available for the treatment of patients with 

anemia related to chronic renal failure and other nonrenal disorders, such as cancer,  

patients infected with the human immunodeficiency virus (HIV) who are undergoing 

zidovudine therapy, patients in intensive care unit (ICU), patients undergoing surgery 

etc.  As a result, the needs of EPO are continued increasing.  Another problem is the 

complication in production.  The required recombination DNA technique causes 

higher drug cost and drug sometimes has to be imported from aboard.  So the rational 

use of drug may solve these problems.    

 Most of current researches studied the efficiency of EPO for various 

indications.  This results in more demand; especially in Thailand, which has no study 

and no method to control the use of this drug.  This study will collect data to analyze 
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the rate of drug utilization by indication and in overall.  Furthermore, we will study the 

impact of adjusted dose in high drug utilized patients (CRF patients), according to 

DUR concept guideline.  One mechanism to ensure corrected prescribing and using is 

the drug utilization review (DUR) process. Pharmacist can help to manage EPO 

utilization. Great therapeutic and pharmacoeconomic data may impact to rationale use. 

A study about the EPO utilization and benefit of dose adjustment by standard 

guidelines in patients with chronic renal failure in Thailand could reveal the solution 

to these problems.  
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CHAPTER III 

METHODOLOGY 

 

1. Study design 

 This is a cross-sectional descriptive research.  

2. Study location 

 Four government hospitals were selected under these criteria; 

• Use all of trade names of EPO (Eprex®, Hemax®, Recormon®  and Epokine®) 

• Has electronic database (recorded ICD-10 code, drug dispensing and 

laboratory). 

• Is willing to participate in this study. 

The following hospitals meet this selection criteria; two teaching hospitals, one 

regional hospital and one general hospital : 

• Maharat Nakhon Chiangmai Hospital  

• Sappasit Fort  Hospital 

• Rajavithi Hospital 

• Ramathibodi Hospital 

3. Study period 

The research was conducted during November 2005 to December 2006. 

4. Data source 

The sources of data came from: 

1. Electronic database, transferred to Microsoft Excel data format by 

programmer of each hospital were used for prescribing pattern study. Data recorded 

during June 2005 to November 2005 were our samples. 
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2.   ADR report from pharmacy department of each hospital. 

3.   Hemodialysis patient’s profile at Sappasit Fort  Hospital were used for dose 

adjustment scenario study. 

5. Study population and sample 

Population 

All patients who were given EPO. 

Sample 

All patients from electronic database who received EPO at chosen hospitals 

during June 2005 to November 2005.  

  Sample for adjusted dose by standard guideline scenario study were recruited 

from Sappasit Fort  Hospital according to the following criteria:  

• Patients in hemodialysis unit  

• Having data of EPO used (units/week) at least 3 times  

Exclusion criteria 

• Switching trade names of EPO 

6. Data collection 

6.1 After identify population from electronic database, the following data will 

be collected,   

• Demographic; HN, age, gender, type, diagnosis. 

• EPO use profile; type of drug (by trade name), unit of drug dispenses, date of 

drug dispensed. 

• Laboratory outcomes; hematocrit, hemoglobin, TSAT, serum ferritin.  

6.2. ADR report from pharmacy department of each hospital will be collected 

as following; 

• ADR of EPO 
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6.3. At “D Hospital”, patient’s data from hemodialysis unit were collected as 

following; 

• EPO use profile 

• Laboratory outcomes  

7. Data analysis 

Data were analyzed by Microsoft Excel 2003 and SPSS program.  

7.1.   Prescribing pattern study 

This part report  patterns of EPO prescribing in following indicators; 

• Proportion of EPO prescribing by indication, trade name, patient’s right 

• Quantity of EPO prescribed in the study period (6 months)  

• Mean unit/week in each  indication and mean unit/week in each  trade name of 

EPO 

7.2.   Laboratory outcomes study 

This part reports clinical outcomes (hematocrit, hemoglobin, TSAT, ferritin) in the 

following indicators; 

• Mean hematocrit, hemoglobin, TSAT, ferritin in each indication 

• Mean hematocrit, hemoglobin, TSAT, ferritin in each trade name of EPO 

• Frequency of laboratory outcomes measure 

• Percentage of patients who reach target hct/hb 

• Mean units/week of EPO that bring to target hct/hb 

7.3.   Study of dose adjustment in hemodialysis patients 

 The data from patient’s charts in hemodialysis unit at “D  Hospital” were 

analyze in terms of consumption (units) and cost changing after dose adjustment 

according to the In-Hospital Guidelines for proper use of EPO in Tokushukai Nozaki 

Hospital (49). 
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This part consists of 4 steps as following: 

7.3.1 Grouping patients by second hematocrit as shown in Figure 1 

• Group 1: Hematocrit < 30% 

• Group 2: 30% < Hematocrit < 33% 

• Group 3: 33% < Hematocrit < 36% 

• Group 4: Hematocrit > 36% 

7.3.2 Calculating next dose, base on second dose data as shown in Figure 1 

• Group 1: Double dose 

• Group 2: Maintain dose  

• Group 3: Halve dose 

• Group 4: Cease EPO 

 

 

 

 

 

 

 

 

 

 

Figure 1: Grouping patients and calculate next dose 

 

Hemodialysis 
pt.

Gr 2 
30% < Hct  < 

33%

Gr 3 
33% < Hct  < 

36%

Gr 4 
Hct  > 
36%

Gr 1 
Hct  < 
30%

Double dose Maintain dose Halve 
dose 

Cease 
EPO 
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7.3.3 Compare doses change between calculated dose and actual dose 

(the third record).  

7.3.4 Calculate cost: units multiplies by Thai government reference 

price of EPO in 2005  
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CHAPTER IV 

RESULT 

 

  The results of this study were divided into 4 parts: 

 

  Part I.  Patient characteristics 

  Part II  Prescribing pattern of EPO 

Part III  Laboratory outcomes after EPO using 

Part IV   ADR reported of EPO using during study period 

Part V  Outcomes after dose adjustment by standard guidelines in CRF patients 
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Part I Patients characteristics 

  

 A total number of 1,856 patients on EPO from 4 hospitals were collected in this 

study. Data in table 5 shows the characteristics of EPO using patients which consist of 

gender, age, type of payment/insurance, ICD-10 code of EPO users, and trade names of 

EPO. The data were classified into total picture and individual hospital. 

  Most of total patients (58.2%) and patients in 4 selected hospitals were female. 

Age was categorized into 5 groups: less than 35, 35-50, 51-65, 66-80, and older than 80 

years old. Most of them (33.8%) were 66-80 years old. The average age was 61.7 years 

old. The oldest patient was 100 years old, while the youngest was 3 years old. The 

majority of type of payment/insurance (52.6%) was under out of pocket. However in 3 

hospitals (B, C, and D) the majority were under Civil Servant Medical Benefit Scheme 

(CSMBS). On the point of diagnosis, 61.3% were other diagnosis and no diagnosis, 

and 33.5% had ICD-10 code of CRF. Most trade names of EPO dispensed were EPO-

1® (35.2%) and EPO-2® (32.9%). 

 

Table 5: Characteristics of patients who used EPO  (continue) 

Number of patients 
  Total 

(%) 
Hosp.A 

 (%) 
Hosp.B 

 (%) 
Hosp.C 

 (%) 
Hosp.D 

 (%) 

Male 773 
(41.6) 

379 
(39.6) 

117 
(38) 

231 
(47.4) 

46 
(43.8) 

Female 1,081 
(58.2) 

576 
(60.3) 

191 
(62) 

255 
(52.4) 

59 
(56.2) Gender 

NA 2 
(0.1) 

1 
(0.1) 

0 
(0) 

1 
(0.2) 

2 
(1.9) 

<35 123 
(6.6) 

64 
(6.7) 

15 
(4.9) 

42 
(8.6) 

2 
(1.9) 

35-50 300 
(16.2) 

156 
(16.3) 

29 
(9.4) 

102 
(20.9) 

13 
(12.4) 

51-65 512 
(27.6) 

263 
(27.5) 

70 
(22.7) 

138 
(28.3) 

41 
(39) 

66-80 627 
(33.8) 

351 
(36.7) 

74 
(24) 

160 
(32.9) 

42 
(40) 

Age  

>80 175 
(9.4) 

122 
(12.8) 

17 
(5.5) 

29 
(6) 

7 
(6.7) 
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Table 5: Characteristics of patients who used EPO  (continue) 

Number of patients 
  Total 

(%) 
Hosp.A 

 (%) 
Hosp.B 

 (%) 
Hosp.C 

 (%) 
Hosp.D 

 (%) 

NA 119 
(6.4) 

0 
(0) 

103 
(33.4) 

16 
(3.3) 

0 
(0) 

Out of 
pocket 

977 
(52.6) 

705 
(73.7) 

32 
(10.4) 

239 
(49.1) 

1 
(1) 

CSMBS 604 
(32.5) 

98 
(10.3) 

233 
(75.6) 

169 
(34.7) 

104 
(99) 

UC 66 
(3.6) 

34 
(3.6) 

22 
(7.1) 10(2.1) 0(0) 

SSS 169 
(9.1) 

90 
(9.4) 

10 
(3.2) 

69 
(14.2) 

0 
(0) 

Type of 
payment/ 
insurance 

Other 40 
(2.1) 

29 
(3.0) 

11 
(3.6) 

0 
(0) 

0 
(0) 

CRF 621 
(33.5) 

207 
(21.7) 

184 
(59.7) 

125 
(25.7) 

105 
(100) 

Cancer 94 
(5.1) 

44 
(4.6) 

21 
(6.8) 

29 
(6) 

0 
(0) 

HIV 1 
(0.1) 

1 
(0.1) 

0 
(0) 

0 
(0) 

0 
(0) 

ICD-10 
code 

Other*/NA 1,140 
(61.3) 

704 
(73.7) 

103 
(33.4) 

333 
(68.3) 

0 
(0) 

EPO-1® 653 
(35.2) 

485 
(50.7) 

51 
(16.6) 

100 
(20.5) 

17 
(16.2) 

EPO-2® 611 
(32.9) 

267 
(27.9) 

96 
(31.2) 

227 
(46.6) 

21 
(20) 

EPO-3®  31 
(1.7) 

0 
(0) 

0 
(0) 

3 
(0.6) 

28 
(26.7) 

EPO-4® 291 
(15.7) 

36 
(3.8) 

147 
(47.7) 

91 
(18.7) 

17 
(16.2) 

Trade 
name of 
EPO 

combine of 
trade name 

270 
(14.5) 

168 
(17.6) 

14 
(4.5) 

66 
(13.6) 

22 
(21) 

Total   1,856 
(100.0) 

956 
(51.5) 

308 
(16.6) 

487 
(26.2) 

105 
(5.7) 

Hosp. = Hospital, CRF = Chronic Renal Failure, HIV = Human Immunodeficiency Virus, NA = not available, 

CSMBS = Civil Servants Medical Benefits Scheme, UC = Universal Health Care Coverage, SSS = Social Security 

Scheme 

*Other diagnosis such as hypertension (10.0%), diabetes mellitus (5.4%), unspecified anemia (0.8%), ischemic heart 

disease (0.7%), tuberculosis (0.6%), heart failure (0.4%), etc. 
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Part II   Prescribing pattern of EPO 

 

This part is to illustrate patterns of EPO prescribed in following manners: 

1. Proportion of prescribing by indication, trade name, and type of payment/ 

insurance. 

2. Quantity of EPO used in the study period (6 months).  

3. Mean dose of EPO (units/week) by each indication and mean dose by trade 

name. 

 

1. Proportion of prescribing by indication, trade name, and type of payment/ 

insurance 

 1.1 Proportion of prescribing by indication 

 Table 6 shows that most of patients using EPO (exclude other and no diagnosis) 

had diagnosis of CRF (33.5%), follow by cancer (5.1%). Only one patient (0.1%) had 

diagnosis of HIV at “A Hospital”. 

  

Table 6: Proportion of EPO prescribed by indication and hospital 

Number of patients  
Diagnosis Hosp.A 

(%) 
Hosp.B 

(%) 
Hosp.C 

(%) 
Hosp.D 

(%) 
Total 
(%) 

CRF 207 
(21.7) 

184 
(59.7) 

125 
(25.7) 

105 
(100.0) 

621 
(33.5) 

Cancer 44 
(4.6) 

21 
(6.8) 

29 
(6.0) 0 94 

(5.1) 

HIV 1 
(0.1) 0 0 0 1 

(0.1) 

Other  704 
(73.7) 

103 
(33.4) 

333 
(68.3) 0 1140 

(61.3) 

Total 956 
(100.0) 

308 
(100.0) 

487 
(100.0) 

105 
(100.0) 

1,856 
(100.0) 

Hosp. = Hospital, CRF = Chronic Renal Failure, HIV = Human Immunodeficiency Virus 
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In table 7 shows that, the majority of CRF patients (38.6%) use EPO-1® trade 

name but the majority of cancer patients (51.1%) use EPO-2® trade name. 
 
 

Table 7: Proportion of EPO prescribed by indication and trade name 

Number of patients 
Diagnosis EPO-1® 

(%) 
EPO-2® 

(%) 
EPO-3® 

(%) 
EPO-4® 

(%) 
Combine 

(%) 
Total 
(%) 

CRF 240 
(38.6) 

148 
(23.8) 

28 
(4.5) 

130 
(20.9) 

75 
(12.1) 

621 
(100.0) 

Cancer 26 
(27.7) 

48 
(51.1) 0 12 

(12.8) 
8 

(8.5) 
94 

(100.0) 

HIV 1 
(100.0) 0 0 0 0 1 

(100.0) 

Other 282 
(51.1) 

139 
(25.2) 

2 
(0.4) 

44 
(8.0) 

85 
(15.4) 

552 
(100.0) 

NA 104 
(17.7) 

276 
(46.9) 

1  
(0.2) 

105 
(17.9) 

102 
(17.3) 

588 
(100.0) 

Total 653 
(35.2) 

611 
(32.9) 

31 
(1.7) 

291 
(15.7) 

270 
(14.5) 

1,856 
(100.0) 

CRF = Chronic Renal Failure, HIV = Human Immunodeficiency Virus, NA = not available 

 

1.2 Proportion of EPO prescribed by trade name 

  The most prescribed EPO was different in each hospital. At “A Hospital” 

50% of EPO prescribed was EPO-1®, while at “B Hospital” EPO-2® was prescribed 

about 47.7% among EPO’s. EPO-4® was prescribed 46.6% at “C Hospital”, and EPO-

3® was prescribed 26.7% at “D Hospital” (Table 8).  
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Table 8: Proportion of EPO prescribed by trade name in each hospital 

Number of patients  
Trade name Hosp.A 

(%) 
Hosp.B 

(%) 
Hosp.C 

(%) 
Hosp.D 

(%) 
Total 
(%) 

EPO-1® 485 
(50.7) 

51 
(16.6) 

100 
(20.5) 

17 
(16.2) 

653 
(35.2) 

EPO-2® 267 
(27.9) 

96 
(31.2) 

227 
(46.6) 

21 
(20.0) 

611 
(32.9) 

EPO-3® 0 0 3 
(0.6) 

28 
(26.7) 

31 
(1.7) 

EPO-4® 36 
(3.8) 

147 
(47.7) 

91 
(18.7) 

17 
(16.2) 

291 
(15.7) 

combine 168 
(17.6) 

14 
(4.5) 

66 
(13.6) 

22 
(21.0) 

270 
(14.5) 

Total 956 
(100.0) 

308 
(100.0) 

487 
(100.0) 

105 
(100.0) 

1,856 
(100.0) 

Hosp. = Hospital 
 

1.3 Proportion of EPO prescribed by type of payment/insurance 

As shown in table 9, the majority of patients using EPO paid by themselves 

and CSMBS. At “A Hospital”, the largest group of patient was self payment at 73.7%, 

followed by CSMBS (10.3%), SSS (9.4%) and UC (3.6%). 

At “B Hospital”, CSMBS was the largest group at 75.6%, followed by out of 

pocket (10.4%), UC (7.1%) and SSS (3.2%). At “C Hospital”, out of pocket was the 

largest group at 49.1%, followed by CSMBS (34.7%), SSS (14.2%) and UC (2.1%). 

At “D Hospital”, nearly all patients were CSMBS (99.0%), the amount of out of 

pocket was only 1%. 
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Table 9: Proportion of type of payment/insurance in each hospital  

Number of patients 
 Hosp.A 

(%) 
Hosp.B 

(%) 
Hosp.C 

(%) 
Hosp.D 

(%) 
Total 
(%) 

Self payment 705 
(73.7) 

32 
(10.4) 

239 
(49.1) 

1 
(1.0) 

977 
(52.6) 

CSMBS 98 
(10.3) 

233 
(75.6) 

169 
(34.7) 

104 
(99.0) 

604 
(32.5) 

UC 34 
(3.6) 

22 
(7.1) 

10 
(2.1) 0 66 

(3.6) 

SSS 90 
(9.4) 

10 
(3.2) 

69 
(14.2) 0 169 

(9.1) 

Other/NA 29 
(3.0) 

11 
(3.6) 0 0 40 

(2.2) 

Total 956 
(100.0) 

308 
(100.0) 

487 
(100.0) 

105 
(100.0) 

1,856 
(100.0) 

NA = not available, CSMBS = Civil Servants Medical Benefits Scheme, UC = Universal Health Care Coverage, 
SSS = Social Security Scheme 

 

Table 10 shows prescribing trade name of EPO by type of payment/ insurance. 

We found that majority of out of pocket group received EPO-1® (33.8%) and EPO-2® 

(39.4%). Most of CSMBS group received EPO-2® (33.6%) and EPO-4® (31.6%). The 

UC and SSS group received EPO-1® at 83.3% and 94.1%, respectively. 

 
Table 10: Proportion of EPO trade names prescribed by type payment/insurance 

Trade name of EPO 
 EPO-1® 

(%) 
EPO-2® 

(%) 
EPO-3® 

(%) 
EPO-4® 

(%) 
Combine 

(%) 
Total 
(%) 

Self 
payment 

330 
(33.8) 

385 
(39.4) 

1 
(0.1) 

93 
(9.5) 

168 
(17.2) 

977 
(100.0) 

CSMBS 93 
(15.4) 

203 
(33.6) 

28 
(4.6) 

191 
(31.6) 

89 
(14.7) 

604 
(100.0) 

UC 55 
(83.3) 

6 
(9.1) 

2 
(3.0) 

2 
(3.0) 

1 
(1.5) 

66 
(100.0) 

SSS 159 
(94.1) 

2 
(1.2) 0 3 

(1.8) 
5 

(3.0) 
169 

(100.0) 

Other/NA 16 
(40.0) 

15 
(37.5) 0 2 

(5.0) 
7 

(17.5) 
40 

(100.0) 

Total 653 
(35.2) 

611 
(32.9) 

31 
(1.7) 

291 
(15.7) 

270 
(14.5) 

1,856 
(100.0) 

NA = not available, CSMBS = Civil Servants Medical Benefits Scheme, UC = Universal Health Care Coverage, 
SSS = Social Security Scheme 
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2. Quantity of EPO used in the study period (6 months)  

Total quantity of EPO consumption from June 2005 to November 2005 was 

215,544,000 units (Table 10). The quantity was increasing about 5,000,000 units, thus 

from 32,924,000 units in June 2005 to 38,418,000 units in November 2005 (Table 11 

and Figure 2). The consumption units increased in every trade name of EPO. The 

number of EPO used patients about 1000 patients in each month. Mean units/patient 

was increased from 33,391 units in June 2005 to 38,189 units in November 2005 

 
Table 11: Quantity of EPO dispensed in each month 

Units (*103) 
 

6/2005 7/2005 8/2005 9/2005 10/2005 11/2005 Total 

EPO-1® 9,224 10,821 11,462 10,350 9,520 11,520 62,897 

EPO-2® 11,879 12,059 12,350 11,979 12,088 12,797 73,152 
EPO-3® 392 492 404 512 520 508 2,828 
EPO-4® 5,182 5,453 5,700 5,807 6,072 6,616 34,830 
Combine 6,247 5,877 7,928 7,352 7,456 6,977 41,837 
Total 32,924 34,702 37,844 36,000 35,656 38,418 215,544

N 986 995 1,091 1,001 943 1,006 1,856 

Units/pt. 33,391 34,876 34,687 35,964 37,811 38,189 - 
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Figure 2: Quantity of EPO dispensed in each month 
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3.  Mean dose of EPO (units/week) in each  indication and mean dose in each  

trade name of EPO 

  

         3.1 Total patients 

 The overall mean dose (units/week) of EPO for 1,856 patients was 

9,419 + 7,603 (range 750-68,875 units/week) (Table 12). There was statistical 

significant difference among trade names of EPO’s. The highest mean dose given was 

EPO-2® and the lowest was EPO-3®. 

 

Table 12 : Mean dose of EPO  in total patients (units/week) 

 N Min Max Mean + SD P-value* 

EPO-1® 653 750 58,333 8,279 + 6,619  

EPO-2® 611 1,000 65,000 10,575 + 9,003  

EPO-3® 31 1,000 11,000 5,536 + 2,670  

EPO-4® 291 750 45,000 9,133 + 5,892  

Combine 270 1,500 68,875 10,318 + 7,846  

Total 1,856 750 68,875 9,419 + 7,603 0.000 

* One-way ANOVA test 

 
3.2 Chronic renal failure (CRF) patients 

 Of 621 CRF patients, the mean dose (units/week) of EPO was 8,109 + 

5,134 (range 1,000-45,000 units/week) (Table 13). There was statistical significant 

difference among trade names of EPO’s. The highest mean dose given was EPO-2®  

and the lowest was EPO-3®. 
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Table 13 : Mean dose of EPO in CRF patients (units/week) 

 N Min Max Mean + SD P-value* 

EPO-1® 240 1,000 26,667 6,829 + 4,153 

EPO-2® 148 1,000 38,000 9,249 + 6,362 

EPO-3® 28 1,000 11,000 5,849 + 2,541 

EPO-4® 130 1,250 22,917 9,092 + 4,380 

Combine 75 1,500 45,000 9,093 + 6,037 

Total 621 1,000 45,000 8,109 + 5,134 0.000 

* One-way ANOVA test 

 

3.3 Cancer patients 

 Of 94 cancer patients, the mean dose (units/week) of EPO was 15,445 + 

12,495 (range 1,000-60,000 units/week) (Table 14). There was no statistical significant 

difference among trades name of EPO’s. The highest mean dose given was EPO-2® 

and the lowest was EPO-4®. 

 

Table 14 : Mean dose of EPO in cancer patients (unit/week) 

 N Min Max Mean + SD P-value* 

EPO-1® 26 2,000 58,333 14,415 + 13,610  

EPO-2® 48 2,000 60,000 17,077 + 13,337  

EPO-4® 12 1,000 21,875 9,505 + 7,429  

Combine 8 7,750 30,833 17,906 + 6,469  

Total 94 1,000 60,000 15,445 + 12,495 0.262 

* One-way ANOVA test 
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 Part III   Laboratory outcomes after EPO using 

   This part is to reveal clinical outcomes (hematocrit, hemoglobin, TSAT, 

serum ferritin) in the following manners: 

1. Iron status of patients 

2. Mean laboratory outcomes by each indication 

3. Mean laboratory outcomes by each trade name of EPO 

4. Frequency of laboratory outcomes measurement 

5. Percentage of patients who reached target hematocrit 

6. Mean dose (units/week) of EPO that brings to target hematocrit 

 

1. Iron status of patients  

Out of 1,856 patients, only 364 patients who had information on iron status 

were available. Of these, 344 were patients at “A Hospital” and 20 were patients of “C 

Hospital”. From 344 (36%) patients at “A Hospital”, 324 had serum ferritin 

concentration values and 144 had TSAT values. Total 20 (4%) patients at “C Hospital” 

had only serum ferritin concentration values. 

 

Table 15: Serum ferritin concentration data 

 Hosp.A (N=956) Hosp.C (N=487) 

N 324 (36%) 20 (4%) 

Times 493 20 

Times/patient 1.5 1 

Mean + SD 632.7 + 413.1 729.6 + 562.8 

Range 5-4530 14-2197 

Serum ferritin < 100 28(9%)  3(15%) 

Serum ferritin > 100 296(91%) 17(85%) 
       Hosp. = Hospital 
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The mean (+SD) serum ferritin concentration for these patients of  

Ramathibodi and “C Hospital” was 632.7 + 413.1 ng/ml (range, 5-4530 ng/ml) and 

729.6 + 562.8 ng/ml (range, 14-2197 ng/ml) respectively. According to standard 

guideline (40, 43, 46) target value of serum ferritin was 100 ng/ml. In this study, 296 

(91%) patients at “A Hospital” and 17 (85%) patients of “C Hospital” had a serum 

ferritin concentration > 100 ng/ml (Table 15).  

There were 144 patients at “A Hospital” for whose TSAT values were 

available, the mean (+ SD) value was 28.3 + 13.0% (range, 2.0-115.7%). According to 

standard guideline (40, 43, 46) target value of TSAT was 20%. Table 16 shows 92 

(64%) patients had TSAT values > 20%.  

 

Table 16: TSAT values  

 Hospital A 

N 144 

Times 181 

Times/patients 1.3 

Mean + SD 28.3 + 13.0 

range 2.0-115.7 

TSAT < 20 52 (36%) 

TSAT >20 92 (64%) 

 

 

2. Mean laboratory outcomes by each indication 

There were 1,184 patients who had hematocrit data from 4 hospitals. The mean 

(+ SD) hematocrit level for these 1,184 patients was 31.35 + 4.85 %. Which minimum 

level was 12 % and maximum level was 47.87 %. CRF group had higher mean 

hematocrit level than cancer and other diagnosis group (P<0.05) as shown in Table 17. 
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Table 17: Hematocrit level in each indication 

Diagnosis N Min Max Mean + SD P-value* 

CRF 382 12.00 47.87 31.03 + 4.84  

Cancer 76 12.50 40.90 29.07 + 4.69  

Other 726 13.70 46.60 31.76 + 4.81  

Total 1184 12.00 47.87 31.35 + 4.85 0.000 

* One-way ANOVA test 

 

Table 18 shows hemoglobin data. Of 1,059 patient’s hemoglobin data from 3 

hospitals, “D Hospital” had no hemoglobin data recorded. The mean (+ SD) 

hemoglobin level for these 1,059 patients was 10.43 + 1.72 g/dl. Which minimum 

level was 4.40 g/dl and maximum level was 25.80 g/dl. CRF group had higher 

hematocrit level than cancer and other diagnosis group (p<0.05). 

 

 

Table 18: Hemoglobin level in each indication 

Diagnosis N Min Max Mean + SD P-value* 

CRF 278 5.10 25.80 10.38 + 1.93  

Cancer 75 4.40 13.60 9.65 + 1.65  

Other 706 4.90 15.50 10.54 + 1.62  

Total 1059 4.40 25.80 10.43 + 1.72 0.000 
* One-way ANOVA test 
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3. Mean laboratory outcomes in each EPO trade name  

2.1 Total patients 

There were 1,184 patients who had hematocrit data from 4 hospitals in each 

trade name. Patients who received EPO-2® and EPO-4® had higher mean hematocrit 

level than EPO-1® and EPO-3® group (P<0.05) as shown in Table 19. The mean (+ SD) 

hematocrit level for EPO-1® and EPO-3® group were 30.96 + 4.68% and 29.89 + 

4.82% respectively whereas EPO-2® and EPO-4® group were 31.95 + 4.82% and 

31.89 + 5.21% respectively. 

 

Table 19: Hematocrit level in each EPO trade name  

Trade name N Min Max Mean + SD P-value* 

EPO-1® 491 13.70 45.00 30.96 + 4.68  

EPO-2® 335 12.50 46.60 31.95 + 4.82  

EPO-3® 20 17.60 37.42 29.89 + 4.82  

EPO-4® 132 12.00 47.87 31.89 + 5.21  

Combine 206 13.90 45.80 31.08 + 4.98  

Total 1184 12.00 47.87 31.35 + 4.85 0.014 

* One-way ANOVA test 

 

Table 20 shows hemoglobin data, the highest mean (+ SD) hemoglobin level 

was 10.59 + 1.72 g/dl (range, 4.40-19.77 g/dl), in patients received EPO-2®. The 

lowest mean (+ SD) hemoglobin level was 10.33 + 1.74 g/dl (range, 5.00-25.80g/dl), 

in EPO-1® group. There was no difference in mean hemoglobin levels among trade 

names of EPO’s. However patients who received EPO-3® had no hemoglobin level 

data.  
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Table 20 : Hemoglobin level in each EPO trade name  

Trade name N Min Max Mean + SD P-value* 

EPO-1® 468 5.00 25.80 10.33 + 1.74  

EPO-2® 301 4.40 19.77 10.59 + 1.72  

EPO-3® - - - -  

EPO-4® 107 6.40 15.90 10.44 + 1.67  

Combine 183 4.90 15.10 10.41 + 1.67  

Total 1059 4.40 25.80 10.43 + 1.72 0.241 

* One-way ANOVA test 

2.2 Chronic renal failure patients 

Among patients receiving EPO therapy, 382 patients were diagnosed as CRF. 

The mean (+ SD) hematocrit level for these 1,184 patients was 31.03+4.84% (range, 

12 - 47.87 %). There was statistical significant difference in mean hematocrit levels 

among trade names of EPO. EPO-2® and EPO-4® group had higher mean hematocrit 

levels, 32.22 + 4.18% and 32.69 + 5.48% respectively. Whereas EPO-1® and EPO-3® 

group were 30.34 + 4.72% and 29.89 + 4.82% respectively (Table 21). 

 

Table 21 : Hematocrit level of CRF patients in each EPO trade name 

Trade name N Min Max Mean + SD P-value* 

EPO-1® 161 15.20 42.18 30.34 + 4.72  

EPO-2® 86 18.78 43.25 32.22 + 4.18  

EPO-3® 20 17.60 37.42 29.89 + 4.82  

EPO-4® 58 12.00 47.87 32.69 + 5.48  

Combine 57 20.60 42.13 29.92 + 4.75  

Total 382 12.00 47.87 31.03 + 4.84 0.001 
* One-way ANOVA test 
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Table 22: Hemoglobin level of CRF patients in each EPO trade name 

Trade name N Min Max Mean + SD P-value* 

EPO-1® 146 5.10 25.80 10.16 + 2.08  

EPO-2® 61 6.32 19.77 10.79 + 1.79  

EPO-3® - - - -  

EPO-4® 36 6.90 15.90 10.84 + 1.60  

Combine 35 7.00 14.17 10.11 + 1.64  

Total 278 5.10 25.80 10.38 + 1.93 0.057 

* One-way ANOVA test 

  

Table 22 shows hemoglobin data of CRF patients. It was found that the mean 

hemoglobin in each EPO trade names were not different. Highest mean (+ SD) 

hemoglobin level was 10.84 + 1.60 g/dl (range, 6.90-15.90 g/dl), in patients received 

EPO-4®, follow by EPO-2® group, 10.79 + 1.79 g/dl (range 6.32-19.77 g/dl). The 

lowest mean (+ SD) hemoglobin level was 10.16 + 2.08 g/dl (range, 5.10-25.80 g/dl), 

in EPO-1® group. Patients who received EPO-3® had no hemoglobin level.  

2.3 Cancer patients 

Table 23: Hematocrit level of cancer patients in each EPO trade name 

Trade name N Min Max Mean + SD P-value* 

EPO-1® 25 21.73 37.55 28.92 + 4.27  

EPO-2® 39 12.50 40.90 29.26 + 5.31  

EPO-3® - - - -  

EPO-4® 7 24.00 34.25 27.35 + 3.61  

Combine 5 27.35 33.92 30.79 + 2.79  

Total 76 12.50 40.90 29.07 + 4.69 0.646 
* One-way ANOVA test  
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Of 76 cancer patients, there were no difference in mean hematocrit and 

hemoglobin level among trade names of EPO (Table 23-24).  

Table 24: Hemoglobin level of cancer patients in each EPO trade name 

Trade name N Min Max Mean + SD P-value* 

EPO-1® 25 7.10 12.35 9.74 + 1.49  

EPO-2® 39 4.40 13.60 9.65 + 1.82  

EPO-3® - - - -  

EPO-4® 6 7.60 11.96 8.75 + 1.59  

combine 5 8.92 11.52 10.16 + 1.07  

Total 75 4.40 13.60 9.65 + 1.65 0.518 
* One-way ANOVA test 

 

4. Frequency of laboratory outcomes measure 

The mean frequency of hemoglobin measured during 6 months were 2.81 times 

(median, 3; mode, 1) and hematocrit measured were 3.04 times (median, 3; mode, 3).  

Table 25: Frequency of hemoglobin and hematocrit level  

Hemoglobin Hematocrit Times 
(in 6 months) N (%) N (%) 

0 797 (42.9) 672(36.2) 

1 276 (14.9) 264(14.2) 

2 209 (11.3) 20811.2) 

3 234 (12.6) 269(14.5) 

4 184 (9.9) 218(11.7) 

5 90 (4.8) 104(5.6) 

6 66 (3.6) 121(6.5) 

Total 1856 (100.0) 1856 (100.0) 
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5. Percentage of patients who reached target hematocrit 

Owing to the hemoglobin data of one hospital was not available, so only 

hematocrit was analysed in this part. Target hematocrit of this study was 33-36% 

(NKFK/DOQI). Table 26 shows that only 23.0% of patients reach target hematocrit.  

Table 26: Patients who reached target hematocrit 

Hematocrit N Percent Valid percent 

<33% 731 39.4 61.7 

33-36% 272 14.7 23.0 

>36% 181 9.8 15.3 

Total 1184 63.8 100.0 

Missing 672 36.2  

Total 1856 100.0  

 

Table 27 shows that 22.3% of CRF patients reach target hematocrit according 

to NKFK/DOQI guideline (hematocrit 33-36%) and 26.7% reach target hematocrit 

according to NKFK/DOQI guideline (hematocrit 30-33%).  

 

Table 27: CRF patients who reached target hematocrit  

N 
(%) Trade name 

Hct. <30% 30 < Hct < 33 33 < Hct < 36 Hct. > 36% 
Total 

EPO-1® 71 
(44.1) 

43 
(26.7) 

31 
(19.3) 

16 
(9.9) 

161 
(100.0) 

EPO-2® 23 
(26.7) 

23 
(26.7) 

27 
(31.4) 

13 
(15.1) 

86 
(100.0) 

EPO-3® 7 
(35.0) 

9 
(45.0) 

2 
(10.0) 

2 
(10.0) 

20 
(100.0) 

EPO-4® 15 
(25.9) 

16 
(27.6) 

13 
(22.4) 

14 
(24.1) 

58 
(100.0) 

Combine 30 
(52.6) 

10 
(19.3) 

12 
(21.1) 

5 
(8.8) 

57 
(100.0) 

Total 146 
(38.5) 

101 
(26.7) 

85 
(22.3) 

50 
(13.1) 

382 
(100.0) 
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Table 28 shows that only 3.9% of cancer patients reach target hematocrit 

according to ASH/ASCO guidelines (hematocrit >36%). 

 

Table 28: Cancer patients who reached target hematocrit 

N  
(%) Trade name 

Hct < 36 Hct. > 36% 
Total 

EPO-1® 24 
(96.0) 

1 
(4.0) 

25 
(100.0) 

EPO-2® 37 
(94.9) 

2 
(5.1) 

39 
(100.0) 

EPO-4® 7 
(100.0) 0 7 

(100.0) 

combine 5 
(100.0)  0 5 

(100.0) 

Total 73 
(96.1) 

3 
(3.9) 

76 
(100.0) 

 
 

6. Mean dose (units/week) of EPO that brings to target hematocrit 

Among CRF patients, mean (+ SD) dose of EPO that brought to target 

hematocrit was  7,673 + 4,195 units/week (Table 29).  

Table 29: EPO dose (units/week) in CRF patients by hematocrit 

Hematocrit N Mean + SD 

<33 247 8,183 + 4,359 

33-36 85 7,673 + 4,195 

>36 50 8,037 + 4,308 

Total 382 8,037 + 4,308 
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Part IV    ADR reported of EPO using during period 

Spontaneous report about ADR in 4 hospitals was reviewed or clinical 

pharmacist was interviewed about ADR of in-patients. During study period there had 

no ADR report due to EPO.  
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Part V  Outcomes after dose adjustment by standard guidelines in CRF patients 

There were 73 CRF patients on hemodialysis at “Hospital D”. Only 33 (45%) 

were selected according to the selection criteria. They were divided into 4 groups by 

hematocrit values;  

group 1: Hct<30%,  

group 2: 30<Hct<33%,  

group 3: 33<Hct<36%, and 

group 4: Hct>36%. 

The majority of these hemodialysis patients were categorized in group 1 

(Hct<30%), 8 patients were categorized in group 2 (30<Hct<33), 9 patients were 

categorized in group 3 (33<Hct<36), and 2 patients were categorized in group 4 

(Hct>36%)(Table 30). 

 

Table 30: Number of patients in each group by trade name 

 Group 1 
(Hct<30%) 

Group 2 
(30<Hct<33)

Group 3 
(33<Hct<36)

Group 4 
(Hct>36%) Total 

EPO-1® 5 1 2 0 8 

EPO-2® 1 2 5 2 10 

EPO-3® 6 5 1 0 12 

EPO-4® 2 0 1 0 3 

Total 14 8 9 2 33 
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According to the In-Hospital Guidelines for proper use of EPO in Tokushukai 

Nozaki Hospital (49);  

• patients in group 1 need double EPO dose  

• patients in group 2 should maintain dose 

• patients in group 3 decrease halve dose 

• patients in group 4 should stop EPO 

There were 16 patients (12 patients from group 1 and 4 patients from group 2) 

need more EPO dose which was calculated to 97,000 units. Whereas, there were 13 

patients (2 patients from group 1, 1 patient from group 2, 8 patients from group 3 and 

2 patients from group 4) can reduce EPO dose, which was calculated to 39,500 units. 

And there were 4 patients who did not need to adjusted EPO dose. Consequently, the 

actual EPO dose was increased to 57,500 units per week for 33 patients (Table 31). 

When multiply with average cost of EPO in Thailand (2006) (0.32 Baht/unit) thus the 

total cost of EPO for 33 patients was increased to18,400 Baht/week or 557 

Baht/week/patient. 

  

Table 31: Result of adjusted dose of EPO by standard guideline 
 

Criteria  Group 1 
(Hct<30%)

Group 2 
(30<Hct<33)

Group 3 
(33<Hct<36)

Group 4 
(Hct>36%) Total 

Increase units 88,000 9,000 0 0 97,000 

 N 12 4 0 0 16 

Decrease units -9,000 -1,000 -21,500 -8,000 -39,500 

 N 2 1 8 2 13 

Equal N 0 3 1 0 4 

Total units 79,000 8,000 -21,500 -8,000 57,500 

 N 14 8 9 2 33 
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Table 32 shows saving units of EPO according to the guideline with limited 

max dose not more than 9,000 units/week. This impact only group 1 that needed 

increase double dose, 9 from 14 patients needed EPO dose more than 9,000 units/week, 

3 patients can reduced dose because physician prescribed the third dose record more 

than calculated dose (double dose of second record or 90,000 units/week). So it can 

save total units of EPO to 13,500 units. When multiply with average cost of EPO in 

Thailand (2006) (0.32 Baht/unit) thus cost of EPO for 33 patients was saved to 4,320 

Baht/week or 131 Baht/week/patient. 

 
Table 32:  Result of adjusted dose of EPO by standard guideline with limit max dose 

not more than 9,000 u/wk 
 

Criteria  Group 1 
(Hct<30%)

Group 2 
(30<Hct<33)

Group 3 
(33<Hct<36)

Group 4 
(Hct>36%) Total 

Increase units 18,000 9,000 0 0 26,000 

 N 10 4 0 0 15 

Decrease units -10,000 -1,000 -21,500 -8,000 -39,500 

 N 3 1 8 2 13 

Equal N 1 3 1 0 5 

Total units 8,000 8,000 -21,500 -8,000 -13,500 

 N 14 8 9 2 33 

 



Fac. of Grad. Studies, Mahidol Univ.                                                M.Sc. in Pharm (Pharm. Admin.) /49 
 

CHAPTER V 

DISCUSSION 
 

 

Our discussion was composed 2 parts as followed: 

1. Prescribing pattern and laboratory outcomes of EPO 

• Methodology 

• Patients characteristics 

• Prescribing pattern of EPO 

• Laboratory outcomes  

2. Outcomes after dose adjustment follow by standard guideline 

• Methodology 

• Result 
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1.  Prescribing pattern and laboratory outcomes of EPO 

The first part of this study was designed to build up some understandings about 

the pattern of EPO prescribed and laboratory outcomes patients who received EPO. 

Electronic data base from four government hospitals were used for this purpose.  

 

• Methodology 

The study design was a retrospective one. Conducting a retrospective study 

was appropriate to this study because it saves time, allows to gather large amount of 

patients and least costly. However the retrospective study had some disadvantages 

because it was difficult to obtain some desired variables such as, diagnosis, route of 

administration, stage of disease, underlying disease, times of EPO received (start or 

maintenance dose) and laboratory records. 

 Using hospital electronic database in this study has several limitations. 

Limitations about diagnosis and ICD-10 coding were presented. First, miscoding of 

conditions and disease may occur. Second, the skill of person who coded and filled 

ICD-10 was varied. Incorrect ICD-10 coding caused the wrong diagnosis classification 

and many patients were grouped at “other diagnosis”.  Moreover, some hospitals did 

not record ICD-10 for out-patient; so many patients were identified as “not indicate”. 

Lastly, the date difference between the drug dispensed date and administration date 

may cause variation in dosage calculation. So the researcher had to check and verify 

the recorded data with the hospital staff and nurses who took care of these data and 

patients.  

• Patients characteristics 

 Our EPO data were retrieved from the electronic database of 4 study hospitals, 

totally 1,856 records. More than half (51.5%) were patients from Ramathibodi 

Hospital, and about three-fifth were female.  

 It was found from the table 5 that there were 61.3% of patients who used EPO 

fell into “other/not indicate” group. The reason was due to incomplete data recording 

from electronic database. From the top three indications of EPO, which were CRF 

(N18-19, I12.0), cancer (C00-C97) and HIV (B20-B24), only 38.7% of patients were 

included.  The rest had no records for ICD-10 or had other codes; such as hypertension 

(10.0%), diabetes mellitus (5.4%), unspecified anemia (0.8%), ischemic heart disease 
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(0.7%), tuberculosis (0.6%), heart failure (0.4%), etc. Not only the incomplete data 

that might on the classification of patients, but some incorrect recorded data and 

patients with multiple ICD-10 (e.g. CRF patient with HT) also did. 

 Out of pocket was the largest type of payment/insurance for all patients (52.6%) 

closely followed by Cevil’s Servant Medical Benefit Scheme (CSMBS) at (32.5%). 

Some parts of out of pocket group might not be self paid because patients under 

CSMBS insurance at “A Hospital” who used receipts to claim their outpatient payment 

was also classified as out of pocket code too. Moreover, some state enterprise officers 

used the receipts to claim outpatient and inpatient payment and their type of insurance 

showed as out of pocket in the database. 

 

• Prescribing pattern of EPO 

 The first indication of EPO is CRF, and the second is cancer.  However the 

number of CRF patients, who EPO was firstly approved for, has been gradually 

increased from year to year.  In addition, these patients had longer lives and would 

continuously take this drug.  While for cancer, only patients who took bone marrow 

suppression drugs needed EPO and no continuously use required.  As a result, the 

utilized ratio of these two indicators in each study hospital was quite different.  Our 

study found only one record with HIV diagnosis; this might be because of recently 

approval for HIV indication or incomplete ICD-10 recording.  Another reason for high 

EPO used in the indication of CRF is because the CRF patients can reimburse their 

money since EPO is categorized as class D in National List of Essential Drug of 

Thailand 2004 for CRF patients only.  This criterion also was applied for Social 

Security Scheme (SSS) and Universal Health Care Coverage (UC) patients. Patients 

who were diagnosed as other indications can not reimburse for this drug. 

 About the trade name, there were a few different among 4 study hospitals.  In 

overall, EPO-1® was the first at 35.2%, followed by EPO-2® at 32.9%.  In details, 

EPO-1®, EPO-4®, EPO-2® and EPO-3® was the first used at A, B, C and D Hospital, 

respectively.  The difference in trade name prescribed might result from physicians 

prescribing behavior.  Being included in the hospital formulary was also impact on the 

amount of EPO trade name dispensed, as in the case at “C Hospital”, EPO-3® was 
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dispensed very little because during study period it was the sample drug, while it was 

the first rank at “D Hospital”. 

 Because of the high cost of EPO, most EPO was prescribed for patients who 

can reimburse their payment from their companies or out of pocket patients.  Our 

study found that in each study hospital, more than 80% of patients who was prescribed 

EPO were under Civil Servants Medical Benefits Scheme (CSMBS) or out of pocket 

patients.  Especially, the original trade name; the ratio between CSMBS or out of 

pocket patients and patients under SSS or UC was significantly high. 

 From our 1,856 patients, the prescribed amount was increased about 5,000,000 

units within the 6 months, while number of patients were increased from 986 to 1,006 

cases (vary from 943 to 1,091 cases per month). However, the amount of EPO used 

and number of patients in each period was fluctuated because of the difference of 

appointment time. In addition, there was an increase trend for the average of number 

of drug used from 33,391 units/patients/month to 38,188 units/patients/month.  

It was found that EPO was prescribed for CRF patients in lower dose than for 

cancer patients.  Mean dose for CRF patients was at 8,109 + 5,134 units/week, which 

is close to the European Survey of Anaemia Management (ESAM) in 2003(51) at 

8,400-8,600  units/week.   When analysed by trade name, EPO-1®and EPO-3® had 

mean dose lower than the overall average, while EPO-2®, EPO-4® (both are original 

drugs) and combine group of trade name had mean dose higher than overall average. 

Maximum dose of CRF patients was 45,000 units/week, in patients who used 

combine of trade name.  This may be because after taking EPO for a while and 

hematocrit did not reached the target, physician usually decided to change trade name 

and increase dose for patients.  Furthermore, maximum dose for every trade name 

(except for EPO-3® which is an imported generic) was higher than limited dose in 

guidelines for CRF patients (NKFK/DOQI : 450 units/kg/week (IV) or 300 

units/kg/week (Sc)(39), EBPG : 300 units/kg/week (20,000 units/week)(43), JSDT : 

9,000 units/week(46)). However, our data did not include the stage of disease. The 

high maximum dose may be caused from patients were in the first stage which need 

the higher started dose and the difference in route of administration - dose for 

intravenous would be higher than for subcutaneous. 
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Finally, the mean dose for cancer patients was at 15,445 + 12,495 units/week, 

which was quite low when compared to a guideline of EPO used in cancer patients (38, 

44-45) and surveyed by Mark et al (33) in 2005 at 40,000 units/week. 

 

• Laboratory outcomes   

Basically, EPO will be effective in iron sufficient patients.  Ideally, patients 

should be tested for their iron status (TSAT and serum ferritin) before taking EPO or 

when finding no response for EPO.  However, costs of these tests are quite high (cost 

of TSAT and serum ferritin are 250 and 360 Baht respectively) compared with 

hematocrit test at 50 Baht and hemoglobin test at 100 Baht (50); most physicians did 

not order these tests and prescribed iron supplement instead.  Iron status in our study’s 

patients were higher than a guideline (39, 43, 46); TSAT > 20%, serum ferritin > 100 

ng/ml. This might be because physicians prescribed iron supplement to every patients 

who received EPO. But the number of patients who had iron status data was too little 

(19.6%) so we can not conclud that patients in this study had good iron status) 

The mean hematocrit in CRF patients was at 31%, higher than in cancer 

patients, but still lower than the target as recommended in NKFK/DOQI and EBPG at 

33-36%.  However this laboratory value was in the range of the target of JSDT at 30-

33%, which is a guideline of Asian patients.  There are many factors that cause the low 

number of mean hematocrit.  For example, not enough money to pay for high cost 

drug, unable to reimbursement from payer, underlying disease such as infection, 

inflammation, non adjusted drug from physicians, complication such as 

gastrointestinal (GI) bleeding, insufficient ferrous.  

Our study also found that there was a significant difference in hematocrit levels 

among trade names used in CRF patients.  Hematocrit in patients taking EPO-2® and 

EPO-4® tended to be higher than in patients taking EPO-1®, EPO-3® and combine 

group.  These may show that trade name might effect on hematocrit maintaining. 

However, there were another effected factors such as mean dose - EPO-2® and EPO-

4® were higher than EPO-1®, EPO-3®; and difference population’s demographic – 

patients who can reimburse from their payer will get original drug and have better 

quality of life.  



Phakhaphan Khumfaeng                                                                                                      Discussion / 54  
 

Most patients (42.9%) had no hemoglobin test’s result, and 36.2% had no 

hematocrit test’s result. These low records may be caused from two reasons, the first 

was incomplete data recording and the second was the patient visiting time interval.  

The frequency of hematocrit test of patients in this study was every 2 months, which 

was quite long when compared with every 1-2 weeks (in case of starting dose) and 2-4 

weeks (in case of stable dose) according to NKFK/DOQI guideline. It was complained 

that patients have an appointment for every 2 months. 

When compared to the NKFK/DOQI guidelines for CRF, only 22.3% of CRF 

patients had hematocrit level reached the target (33-36%), the rest was under the target. 

Furthermore, in cancer patients, only 3.9% has hematocrit level over the target of 

ASH/ASCO guidelines at 36%. These might because the target hematocrit level of the 

guidelines of USA was too high for patients of this study. 

 Like Jacob’s studies (52), the mean dose of EPO in CRF that brought to target 

hematocrit (33% < hematocrit < 36%) was 7,673 + 4,195 units/week. While mean dose 

of EPO which hematocrit < 33% was higher at  8,183 + 4,359 units/week. In general, 

patients with lower hematocrit level tended to receive higher EPO doses, possibly 

because the dose had been increased as a trail to raise their hematocrit concentration. 

  

Limitation of this part 

1. Most of CRF patients needed to take routinely kidney dialysis.  But the 

limitation of dialysis machine in each hospital caused most patients to come to 

the hospital only for taking their drugs and went to receive hemodialysis 

somewhere. This was the reason why no important data was recorded such as 

diagnosis code, laboratory result, etc.  

2. This study collected the cross-sectional retrospective data, so we could not 

identify how long the patients had taken their drugs and how long they had 

their diseases. Without baseline hemoglobin data or hematocrit data also 

causes the researcher impossible to calculate the response rate of the taken 

drugs.  In addition, started dose was normally higher than  maintenance dose. 

3. According to NKFK/DOQI guideline (39) the dose of EPO by subcutaneous is 

80-120 units/kg/week in 2-3 doses per week (6,000units/week) and dose by 

intravenous route is 120-180 units/kg/week given in 3 divided doses 
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(9,000units/week). Many studies (18-20) reported that the PRCA, severe 

adverse drug reaction of EPO, may occur among patients who had 

subcutaneous route. So right now, the intravenous is the main route of 

administration. But we could not retrieve the complete information of route of 

administration from electronic database. This caused us unable to compare 

mean dose of this study with guideline. 

4. The generalizability of the result in this study is limited by the type of hospital. 

In this study, only 4 government hospitals were used to analyze. The 

community and private hospitals that have different characteristic such as no 

specialist, imported generic of EPO might have different results.  

 

2. Outcomes after dose adjustment follow by standard guideline 

The objective for conducting this part was to explore the outcomes of 

application prescribing standard guidelines to EPO consumption.   

• Methodology 

This part included only a group of patients who got kidney dialysis at “D 

Hospital”, because of the complete data can retrieved at “D Hospital”.  The data of this 

analysed group was manually collected from medical records at the hemodialysis unit, 

totally 73 persons.  However, to apply a guideline – we needed to have the patients’ 

start dose and maintenance dose. To determine the maintenance dose, the first month-

data had been excluded because we did not know that this first record that we had was 

the first visit or the follow up visit. So the first record of each patient was considered 

as the first visit and the second and third records were used to calculate the 

maintenance doses. The patients with combine trade name drugs were excluded.   

• Result 

Of 73 hemodialysis patients, only 33 patients whose data were completed were 

grouped by their hematocrit levels.  More than half (14 persons) were in a group of 

hematocrit < 30%, which was lower than target values from every guidelines and also 

lower than our previous part’s hematocrit levels at 31%. 

After adjusted dose, according to the In-Hospital Guidelines for proper use of 

EPO in Tokushukai Nozaki Hospital (49), the amount of EPO used was increased 

because of variation in prescribed doses of EPO range from1000 to 10,000 units/week. 
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This patient group should increase the EPO dose. When increase 50% follow by 

guideline, the new dose was increased to 20,000 units/week.Totally physician 

prescribed was lower than calculated according to guideline in majority of patients.  

JSDT guideline recommended that patients who get EPO more than 9,000 

units/week was determined as failure to treatment. There were 8 patients in group 1 

that calculated dose exceed 9,000 units/week, so we recalculated doses for these 

patients to receive not more than 9,000 units/week. The result of limitation max dose, 

patient could be saved up to 131 Baht/week/patient. 

Limitation of this part 

1.  Because the lack of a guideline for Thai patients, we applied In-Hospital 

Guidelines for proper use of EPO in Tokushukai Nozaki Hospital (49) for our 

study of EPO used in CRF patients. We should develop a guideline for Thai.  

But this study has a time limitation; so we had to apply the Japanese guideline 

for this scenario. 

2. No blood transfusion data was recorded. This data has some effects to dose 

adjustment and hematocrit value. 

3. Only direct medical cost (cost of EPO) was analysed in our study.  However to 

be a better cost analysis study; other costs, such as dialysis cost, laboratory cost 

and other medicines cost, should be included. 

4. Physician sometimes did not adjust dose immediately after reviewing 

laboratory result.  Most hemodialysis patients were over weight and low 

hematocrit.  Physician normally takes 2-3 weeks if patients were normal. 
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CHAPTER VI 

CONCLUSIONS AND RECOMMENDATIONS 

  

 Of the 1,856 patients, most of total patients (58.2%) and patients in 4 selected 

hospitals were female. The average age was 61.7 years old, most of them (33.8%) were 

66-80 years old. The majority of patients using EPO paid by themselves (52.6%), 

follow by CSMBS (32.5%). On the point of diagnosis, 61.3% were other diagnosis and 

no diagnosis, and 33.5% had ICD-10 code of CRF, follow by cancer (5.1%). Only one 

patient (0.1%) had diagnosis of HIV. Most trade names of EPO dispensed were EPO-

1® (35.2%) and EPO-2® (32.9%).  The majority of CRF patients (38.6%) use EPO-

1® trade name but the majority of cancer patients (51.1%) use EPO-2® trade name. 

 Most prescribed EPO was different in each hospital. At “A Hospital” 50% of 

EPO prescribed was EPO-1®, while at “B Hospital” EPO-2® was prescribed about 

47.7% among EPO’s. EPO-4® was prescribed 46.6% at “C Hospital”, and EPO-3® was 

prescribed 26.7% at “D Hospital” 

 In order to, prescribing trade names of EPO by type of payment/ insurance, found 

that majority of out of pocket group received EPO-1® (33.8%) and EPO-2® (39.4%). 

Most of CSMBS group received EPO-2® (33.6%) and EPO-4® (31.6%). The UC and 

SSS group received EPO-1® at 83.3% and 94.1%, respectively 

Total quantity of EPO consumption from June 2005 to November 2005 was 

215,544,000. The quantity was increasing about 5,000,000 units in 6 month. The 

consumption units increased in every trade name of EPO, whereas the number of EPO 

used patients about 1000 patients in each month. In addition, there was an increase 

trend for the average of number of drug used from 33,391 units/patients/month to 

38,188 units/patients/month. 

 In CRF patients, the mean dose of EPO was 8,109 + 5,134 (range 1,000-45,000 

units/week). There was statistical significant difference in EPO dose among trade 

names of EPO’s. But in cancer patients, the mean dose of EPO was 15,445 + 12,495 

(range 1,000-60,000 units/week)  
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. In order to Iron status of EPO used patients, only 364 from 1,856 total patients 

had information on iron status. Of these patients more than 80% had a serum ferritin 

concentration > 100 ng/ml as recommended in standard guidelines and about 64% had 

TSAT values > 20% as recommended in standard guidelines. 

There were 1,184 patients who had hematocrit data from 4 hospitals. CRF 

group had higher mean hematocrit level than cancer and other diagnosis group 

(P<0.05). The mean (+ SD) hematocrit level for CRF patients was 31.03 + 4.84%, 

while the mean (+ SD) hematocrit level for cancer patients was 29.07 + 4.69%. 

Among CRF patients there was statistical significant difference in mean 

hematocrit levels among trade names of EPO. EPO-2® and EPO-4® group had higher 

mean hematocrit levels, 32.22 + 4.18% and 32.69 + 5.48% respectively. Whereas 

EPO-1® and EPO-3® group were 30.34 + 4.72% and 29.89 + 4.82% respectively. But 

in cancer patients there was no statistical significant difference in mean hematocrit 

levels among trade names of EPO. The frequency of hemoglobin measured during 6 

months were 2.81 times (median, 3; mode, 1) and hematocrit measured were 3.04 

times (median, 3; mode, 3). About 22.3% of CRF patients reach target hematocrit, 33-

36% according to NKFK/DOQI guideline, but only 3.9% of cancer patients reach 

target hematocrit, more than 36% according to ASH/ASCO guideline. Dose of EPO 

that brought to target hematocrit was 7,673 + 4,195 units/week in CRF patients. 

During study period there had no ADR report due to EPO.  

Scenario of dose adjustment according to the In-Hospital Guidelines for proper 

use of EPO in Tokushukai Nozaki Hospital with limited max dose not more than 9,000 

units/week as recommended in JDST guidelines can save save total units of EPO to 

13,500 units or save cost of EPO 131 Bath/week/patient. 

. 
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Recommendation  

1. Because result of this study, trade names of EPO  a reason of the difference of 

hematocrit level, the next study should include more factors which may effect 

to the outcomes such as stage of renal failure, units and frequency of blood 

transfusion, and underlying disease, etc.  To collect complete data, the study 

should design as prospective.  Moreover other factors on cost effectiveness 

should be determined.  That are cost of medicine, laboratory measures and 

blood transfusion, etc 

2. From the results of this study, the mean hematocrit of patients who used EPO 

was lower than target of NKFK/DOQI guideline (33-36%), but still within the 

target of JSDT guideline (30-33%).  This therapeutic result is theoretically 

accepted and be able to save cost for patients.  To consider which trade name 

should be in, hospital’s decision making team should have evidence based cost 

effective analysis for the most effective and safe drug list. 

3. From the number of patients who take EPO in public hospitals, most of them 

can reimburse the payment from their payers, which may be CSMBS, SSF, or 

UC.  This pattern of drug used is different from in the private hospitals.  To 

make the same standard and control the use of drug for the most effective and 

safe to patients, private hospitals should also have the guidelines and policies 

in order to control the use of EPO.   

4. When categorized patients by ICD and by hospital, 61.3% are classified as 

others or no ICD recorded.  33.5% as CRF, and 5.1% as cancer.  More than 

half - recorded as unknown - causes unable to calculate the ratios of EPO taken 

for each diagnosis, and unable to find their trends in the future.  The 

government’s reimbursement policy is then ineffective.  The government 

should urgently decide the standard for ICD-10 code recording and make the 

reimbursement policies more effective. 

5. EPO is used to increasing hematocrit level to reach the target and after that to 

maintaining hematocrit level to stay in the target.  So its outcomes should be 

measured in 2 periods continuously.  
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6. The increasing number of Erythropoietin taken within our study period is quite 

high, although it is a short study period.  And there is continuously increasing 

without any controlling policies from Thai government.  It is important to 

evaluate the situation of EPO used in Thailand and launch any strict 

regulations for hospitals to do Drug Utilization Evaluation: DUE, which is 

evidently and effectively operated.  Finally, the budgeting and reimbursement 

system are required to be improved as well. 
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