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Abstract

Background :  Anemia is one of the most common 
complications among patients with chronic kidney 
disease (CKD). Erythropoietin (EPO) has been 
recommended for treatment of anemia in these patients. 
Objectives : To evaluate the clinical efficacy, safety and 
usefulness of EPO dosage adjustment protocol in the 
treatment of anemia in patients with non-dialysis-
dependent CKD stage 4 and 5. Method : A nineteen 
months, open, non-comparative, prospective study of EPO 
administration was conducted in 12 patients. Eligible 
criteria included hematocrit (Hct) of less than 30% at least 
3 consecutive months with serum ferritin level, and 
transferrin saturation level of higher than 100 ng/dl and 
20%, respectively. Initial dose of EPO was 4,000 units/
week subcutaneously and dosage was adjusted as in 
protocol to maintain the hemoglobin (Hb) level at 10-12 
g/dl. Results : Nine patients were finally included into this 

ภูมิหลัง : ภาวะซีดในผู้ป่วยไตวายเร้ือรังเป็นภาวะที ่
พบได้บ่อย และปัจจบัุนเป็นท่ียอมรบักันทัว่ไปในการใช้ยาฮอร์โมน
อรีย์ีโธรปอยอตีนีในการรกัษา วตัถปุระสงค์ : ผูศ้กึษาต้องการ
ศึกษาผลของแนวทางการปรับยาฮอร์โมนอีรีย์โธรปอยอีตีนใน
ผู้ป่วยไตวายเรื้อรังระยะท่ี 4 และ 5 ที่ยังไม่ได้รับการบ�ำบัด
ทดแทนไตที่มีภาวะซีด วิธีการ : เป็นการศึกษาแบบเปิดและ
ไปข้างหน้าเป็นระยะเวลา 19 เดือน ของผู้ป่วยทั้งหมด 12 ราย
ที่มีภาวะไตวายเรื้อรังระยะที่ 4 และ 5 ที่ยังไม่ได้รับการบ�ำบัด
ทดแทนไตที่มีภาวะซีด (ฮีมาโตคริตน้อยกว่า 30%) ติดต่อกัน
อย่างน้อย 3 เดอืน ค่าเฟอไรตนีในเลอืดและค่าความอิม่ตวัของ
ทรานซ์เฟอรนีมากกว่า 100 นาโนกรมัต่อเดซลิติร และมากกว่า
ร้อยละ 20 ตามล�ำดับ โดยได้รับยาฉีดใต้ผิวหนังเริ่มต้นที่ขนาด 
4,000 ยูนิตต่อสปัดาห์ และปรบัขนาดยาตามแนวทางการปรบั
ยาเพ่ือรักษาระดับฮีโมโกลบินในช่วง 10-12 กรัมต่อเดซิลิตร  
ผล : มผีูป่้วย 9 รายทีเ่ข้าร่วมจนจบการศกึษา โดยมค่ีาฮโีมโกลบนิ
และฮีมาโตคริตในเลือดเริ่มต้นอยู่ท่ี 8.76 ± 0.83  กรัมต่อ 
เดซิลิตร และร้อยละ 26.33 ± 2.00 ตามล�ำดับ ผลการศกึษา  
พบว่าผูป่้วยทกุรายมค่ีาฮโีมโกลบนิอยู่ในระดบัทีต้่องการ ค่าเฉลีย่
ของระยะเวลาในการรักษาระดับฮีโมโกลบินที่ 10-12 กรัมต่อ
เดซิลิตรติดต่อกันอย่างน้อยสามคร้ังในการติดตามนัดอยู่ท่ี 
112.33 ± 45.11 วัน และขนาดยาเฉลี่ยอยู่ท่ี 15555.56± 
3711.84 ยูนิตต่อเดือน อย่างไรก็ตามพบว่าขนาดยาเฉลี่ยใน 
ผูป่้วยไตวายเรือ้รงัระยะที ่4 อยู่ท่ี 14400 ± 3577.71 ยูนติต่อเดือน 
ซึ่งน้อยกว่าระยะที่ 5 อยู่ที่ 17000 ± 3829.71 ยูนิตต่อเดือน  
ผูป่้วยทกุรายมคีณุภาพชวีติดข้ึีนจากการตรวจโดยแบบสอบถาม 
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study. Baseline Hb and Hct were 8.76 ± 0.83 g/dl and 
26.33 ± 2.00 % respectively. All patients reached to the 
targeted Hb, and mean duration to maintain target on 3 
consecutive visits was 112.33 ± 45.11 days. The mean  
EPO doses was 15,555.56 ± 3,711.84 units/month. The 
mean doses of EPO in patients with CKD stage 4 (14,400 
± 3,577.71 units/month) was lower than those with CKD 
stage 5 (17,000 ± 3,829.71 units/month). General 
conditions including KDQOL-SFTM Version 1.3 score  
were improved. There were no significant adverse events. 
Conclusion : This study developed erythropoietin dosage 
adjustment protocol in the treatment of anemia in patients 
with non-dialysis-dependent CKD stage 4 and 5. 

Keywords : Erythropoietin, Anemia, Chronic kidney 
disease

Introduction

Renal anemia is one of the major complications 
among chronic kidney disease (CKD).  Multiple factors 
such as the deficiencies of iron and other nutrients, 
gastrointestinal bleeding were associated with this 
complication and inadequate erythropoietin is also one 
of the critical factors. Erythropoietin (EPO) is a 
siaglycoprotein hormone secreted primarily by a mature 
kidney in response to tissue hypoxia or the decrease in 
red blood cell mass. It stimulates erythrocyte production 
from the bone marrow1. The introduction of recombinant 
human erythropoietin (rHuEPO) therapy in 1987 offered 
a new way to manage the anemia problem, which affected 
more than 90% of these patients2-3. Several studies have 
reported the clinical efficacy of rHuEPO on several clinical 
aspects including anemia. In hemodialysis patients, 
effective EPO level could reach when administered 
subcutaneously or intravenously4. Less transfusion 
frequency and improvement in quality of life were also 
reported3. So, several clinical recommendations have 
suggested the using of EPO to correct anemia in these 
patients5. However, EPO treatment is expensive and not 
generalized affordable in many developing countries. The 
approved starting dose of epoetin alfa for correction of 
anemia of CKD in adults is 20-50 IU/kg body weight three 
times a week6. For maintenance of hemoglobin (Hb) 
levels, the dosage of epoetin alfa is adjusted by 
increments or decrements of 25%7 to maintain the Hb 
within the target range of 11 to 12 g/dl5 or between 10 to 

12 g/dl8. When administered subcutaneously, the serum 
half-life of epoetin alfa ranges from 28 to 43 hours9. 
However the pharmacodynamics effect, as measured by 
an increase in red blood cell count, is evident for weeks 
to months. This reflects the life span (up to 120 days) of 
the red blood cells produced in response to EPO 
administration. In support of this concept, several studies 
in patients with CKD have reported that epoetin alfa 
administered (subcutaneously) up to every 4 weeks can 
achieve and maintain Hb levels within a specified target 
range10-16. These data suggest that dosing of epoetin alfa 
at extended intervals may be a potential treatment option. 
Changing the intervals between doses would be expected 
to provide significant benefits to patients by decreasing 
the frequency of injections, reducing the time spent in 
clinics, and potentially improving compliance. 
Furthermore, adjustment the intervals between doses of 
epoetin alfa would be the best choice for small hospital 
where did not have many drug items. This study was 
conducted to evaluate the EPO dosage adjustment 
protocol that adjusted by increments or decrements  
the frequency of injection of 25% of total monthly doses 
in the treatment of anemia in patients with non-dialysis-
dependent CKD stage 4 and 5.

Materials and Methods

This is an open, non-comparative, prospective, 
cohort study at CKD outpatient clinic, Danchang hospital, 
between August 2014 and February 2016, among patients 
with non-dialysis-dependent CKD stage 4 and 5. Inclusion 
criteria included patients of age more than 18 years with 
hematocrit level less than 30% for at least 3 consecutive 
months, Serum ferritin level and transferrin saturation level 
for eligible patients were more than 100 ng/dl and 20%, 
respectively. 

Exclusion criteria included patients who developed 
active infection or inflammatory disease, history of blood 
loss, especially gastrointestinal and vaginal bleeding, 
currently received immunosuppressive drugs, poor 
control blood pressure (Diastolic blood pressure more 
than 110 mmHg and systolic blood pressure more than 
180 mmHg), history of allergy to erythropoietin or albumin, 
and history of convulsion. 
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Methods
1) Epoetin alfa dose and administration method
The EspogenTM (Epoietin alfa, LG Life Science Ltd.) 

was used in this study. As initial dose for all patients, 
4,000 units/week was administered by subcutaneous route. 

Dosage of EPO was adjusted according to 
hemoglobin change during visits. If hemoglobin (Hb) level 
was increased more than 2 g/dl within 4 weeks, the EPO 
dose would be reduced in frequency as in the protocol 
(table 1). If Hb level did not increase more than 1 g/dl 
within 4-6 weeks and was less than 10 g/dl, the dose was 
adjusted as in the protocol (table 1). If Hb reached 10 g/
dl, the dose was adjusted to maintain Hb target between 
10 and 12 g/dl according to researcher’s adjustment. 

Table 1 EPO dosage adjustment protocol

Step EPO dose Frequency

3 4,000 4 days

2 4,000 5 days 

1 4,000 6 days

0 4,000 7 days

-1 4,000 10 days

-2 4,000 15 days

2) Iron therapy and blood pressure control
All patients were supplemented with ferrous fumarate 

(at least 200 mg/day) in with no diet restriction and blood 
pressure were controlled according to researcher’s 
adjustment.

3) Methodology verification 
The patients who signed the informed consent for 

this study have been initial blood collected for complete 
blood count (CBC), reticulocyte count, ferritin level, 
transferrin saturation, parathyroid hormone level.  Stool 
occult blood was also be performed and patients was 
also evaluated by KDQOL-SFTM Version 1.3 score. During 
the follow up period, clinical evaluations included general 
symptoms and adverse effects were evaluated. 

Blood pressure was recorded to evaluate the mean 
arterial blood pressure. Complete blood count was 
performed every 4-6 weeks for EPO dosage adjustment. 
At the end of this study, all eligible patients were also 
evaluated for general condition, KDQOL-SFTM Version 1.3 
score and any adverse effects. 

4) Efficacy and safety evaluation Methods
Categorical data was presented as mean and 

standard deviation due to normal distribution. To evaluate 
the clinical efficacy of EPO dosage adjustment protocol, 
treatment duration from the initial dose of EPO to the 
targeted Hb at 10-12 g/dl on 3 consecutive visits was 
determined. To evaluate the safety of this regimen, 
adverse reactions were evaluated at every visits. Blood 
pressure and mean arterial pressure were also determined.

Results

Twelve patients were included in this study. But only 
nine patients completed the study follow up period Two 
patients were died from peptic ulcer perforation and cellulitis 
with septic shock and 1 patient was loss to follow up. 

Table 2 Demographic data

Demographic data CKD stage IV (5) CKD stage V (4) total (9)

Male 3 1 4

Age (Mean±Sd; year) 74.60 ± 5.68 60.00 ± 4.24 68.11 ± 9.06

Body weight (Mean±Sd; Kg) 48.20 ± 10.18 54.62 ± 10.40 51.06 ± 10.19

Mean arterial pressure (Mean±Sd; mmHg) 94.75 ± 8.08 87.54 ± 6.97 90.74 ± 7.95

KDQOL-SFTM score (Mean±Sd) 53.26 ± 3.51 56.13 ± 8.75 54.54 ± 6.10

Serum creatinine (Mean±Sd; mg/dl) 5.03 ± 1.71 2.54 ± 0.45 3.65 ± 1.71

eGFR (Mean±Sd; ml/min/1.73 m2) 9.91 ± 3.16 22.07 ± 6.78 16.66 ± 8.24

Intact parathyroid hormone level 68.13 ± 25.3 224.90 ± 96.96 137.80 ± 102.96
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 Nine patients (4 men and 5 women) were analyzed 
in this study. Five patients had CKD stage 4. Mean 
patients’ age was 68.11±9.11 years and the average  
body weight was 51.06±10.19 kg. All patients had 
hypertension and 6 of them had type 2 diabetes mellitus 
(table 2). 
Hematological response

All nine patients’ hemoglobin and hematocrit level 
were increased after EPO therapies (table 3). The mean 
duration of treatment to maintain hemoglobin target 
aforementioned was 112.33±45.11 days (table 4).
Epoietin alfa dose

The mean dose of EPO was 15,555.56±3,711.84 
units/month. The mean dose of EPO in patients with CKD 

stage 4 (14,400±3,577.71 units/month) was lower than 
that of patients with CKD stage 5 as expected. (17,000 ± 
3,829.71 units/month) (table 3).
Blood pressure change

Mean arterial blood pressures  during follow up 
periods were increased in 5 patients (6.25 ± 6.87 mmHg) 
and decreased in four patients (6.83 ± 2.89 mmHg) (table 5).
Quality of life improvement

All nine patients’quality of life by KDQOL-SFTM Version 
1.3 score were improved after 24 weeks evaluation (table 6).
Adverse events and abnormal responses

During EPO administration, any adverse events such 
as headache, dizziness, rash, fever etc. were not 
reported. 

Table 3 Hematological change 

Patient No. Baseline Hb End point Hb Hb change Duration % change/week

 (g/dl) (g/dl) (g/dl) (weeks) (%)

1 8.00 10.10 2.10 17.71 1.48

2 9.50 11.67 2.17 13.00 1.76

3 8.00 10.00 2.00 20.86 1.20

4 8.00 11.00 3.00 6.29 5.96

5 7.90 10.13 2.23 26.00 1.09

6 8.70 11.37 2.67 11.00 2.79

7 9.90 11.07 1.17 23.57 0.50

8 9.80 11.93 2.13 12.00 1.81

9 9.00 10.33 1.33 14.00 1.06

Total (mean±Sd) 8.76±0.83 10.84±0.73 2.09±0.57 16.05±6.44 1.96±1.63
Hb, Hemoglobin					  

Demographic data CKD stage IV (5) CKD stage V (4) total (9)

(Mean±Sd; pg/ml) (normal 16-62 pg/ml)

Mean transferrin saturation (%) 30.40 ± 10.11 31.50 ± 10.41 30.89 ± 9.60

Mean ferritin (Mean±Sd; ng/dl) 410.24 ± 218.29 516.1 ± 167.06 457.29 ± 193.40

Hemoglobin (Mean±Sd; g/dl) 9.06 ± 0.83 8.37 ± 0.75 8.76 ± 0.83

Hematocrit (Mean±Sd; %) 27.00 ± 2.00 25.50 ± 1.91 26.33 ± 2.00

Comorbidity (number)

   Diabetes 4 2 6

   Hypertension 5 4 9
eGFR, estimated glomerular filtration rate; KDQOL-SFTM, Kidney Disease and Quality of Life Short-FromTM Questionnaire Version 1.3  

Table 2 Demographic data (continue)
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Table 4 Erythropoietin (EPO) dose and duration

 CKD stage IV (5) CKD stage V (4) Total

Duration of EPO treatment (days) 121.20±48.71 101.25±44.36 112.33±45.11

Dosage of EPO (units/month) 14400±3577.71 17000±3829.71 15555.56±3711.84

Table 5 Blood pressure change

Patient No. Baseline MAP
(mmHg)

End point MAP
(mmHg)

MAP change
(mmHg)

1 92.3 94.37 á2.07

2 84.7 85.15 á0.45

3 103.3 93.3 â10.00

4 98.7 91.3 â7.40

5 85.7 94.08 á8.38

6 87 90 á3.00

7 80 97.33 á17.33

8 86 79.5 â6.50

9 99 96 â3.00

MAP, Mean arterial pressure

		

Table 6 Quality of life by KDQOL SFTM change

Patient No.
Baseline KDQOL-SFTM

(0-100)
End point KDQOL-SFTM

(0-100)
% Change 

1 65.50 69.67 6.37

2 50.93 57.19 12.29

3 61.34 66.77 8.85

4 46.76 54.40 16.34

5 52.69 57.93 9.94

6 59.25 65.50 10.55

7 50.51 60.08 18.95

8 52.88 58.10 9.87

9 50.97 55.31 8.51

Total (mean±Sd) 54.54 ± 6.10 60.55 ± 5.43 11.30 ± 3.99

KDQOL-SFTM, Kidney Disease and Quality of Life Short-FromTM Questionnaire Version 1.3  
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Discussion

Anemia in chronic kidney disease patients had a 
significant impact on morbidity, mortality and quality of 
life (QOL). It is primarily a consequence of inadequate 
erythropoietin production by the kidneys. Therefore, many 
clinical practice guidelines have been issued to 
recommend the EPO therapy for treatment of anemia in 
CKD patients5. rHuEPO is rather safe and effective for  
reducing the risk of cardiovascular disease and improve 
clinical outcomes in patients with CKD17. In our study, 
EPO dosage adjustment protocol was successfully used 
to improve clinical practice in renal anemia problem at 
CKD outpatient clinic. 

After treatment, all nine patients had increased in 
hemoglobin and hematocrit level with the average 
duration of four months to reach the hemoglobin target 
which is less than prior randomized controlled trial that 
required 6 to 9 months18.

Current clinical practice guideline has suggested 
the clinician to reevaluate the ferritin level if the patients 
had no or suboptimal response to EPO therapy19. 
However, there were no patient who had suboptimal 
response to EPO therapy in our study.

According to the National Kidney Foundation-Kidney 
Disease Outcomes Qualitative (K-DOQI) anemia 
guidelines, administration of sufficient iron to maintain the 
transferrin saturation (TSAT) of  >20% and serum ferritin 
>100 ng/ml were suggested5. In this study, all patients 
were supplemented with ferrous fumarate (at least 200 
mg/day) in with no diet restriction, which is our unit routine 
practice. Routine evaluation of TSAT and serum ferritin 
in our clinic may not be cost effective.

Interestingly, not only laboratory parameter 
improvement, general condition and quality of life of the 
patients in this study were also improved after 24 weeks 

evaluation. The functional status, appetite, well-being, 
and symptoms of easily fatigued and dizziness showed 
significant improvement after the treatment. These may 
be related to the improvement of anemia or additional 
effects of erythropoietin itself3.

Giving EPO may give risen in blood pressure level20. 
The exact mechanism is still controversial, but possibly 
related to nitric oxide and impairment of endothelial 
function20. In our study, mean arterial pressure (MAP) 
before and after the treatment were compared, with 5 
patients having increases in MAP and 4 patients having 
decreases in MAP. This adverse effect should be noted 
and observed for wider use. 

Adverse effects including rash, nausea, vomiting 
and dizziness were not observed in the presented 
patients. In addition, pure red cell aplasia21 which has not 
been found in our study can explained by short period 
of study and small sample size.	  

In summary, we developed erythropoietin dosage 
adjustment protocol for the treatment of anemia in patients 
with non-dialysis-dependent CKD stage 4 and 5. We 
found that the mean duration and optimal doses of EPO 
to maintain targeted hemoglobin at 10-12 g/dl were 112 
days and 15,555 units monthly. Adverse effects were not 
shown in our study. Limitation was small sample size and 
short followed up period. Long-term side effects should 
be monitored for long term clinical efficacy and adverse 
events. 

Acknowledgements 

The authors would like to thank all patients who 
enrolled in our study. The study was sponsored by 
Danchang hospital. 

093093ปีที่ 42 ฉบับที่ 1 มกราคม-กุมภาพันธ์ 2560



References

1. 	 Macdougall IC. Erythropoietin and renal failure. 
Curr Hematol Rep 2003; 2: 459-64.

2. 	 Eschbach JW, Egrie JC, Downing MR, Browne JK, 
Adamson JW. Correction of the anemia of end-
stage renal disease with recombinant human 
erythropoietin. Results of a combined phase I and 
II clinical trial. N Engl J Med 1987; 316: 73-8.

3. 	 Eschbach JW, Abdulhadi MH, Browne JK, Delano 
BG, Downing MR, Egrie JC, et al. Recombinant 
human erythropoietin in anemic patients with 
endstage renal disease. Results of a phase III 
multicenter clinical trial. Ann Intern Med 1989; 
111: 992-1000.

4.	 Jensen JD, Madsen JK, Jensen LW. Comparison 
of dose requirement, serum erythropoietin and 
blood pressure following intravenous and 
subcutaneous erythropoietin treatment of dialysis 
patients. IV and SC erythropoietin. Eur J Clin 
Pharmacol 1996; 50: 171-7.

5. 	 National Kidney Foundation. IV. NKF-K/DOQI 
Clinical practice guidelines for anemia of chronic 
kidney disease: update 2000. Am J Kidney Dis 
2001; 37(1 Suppl 1): S182-S238.

6. 	 Kidney Disease: Improving Global Outcomes 
(KDIGO) CKD Work Group. KDIGO 2012 clinical 
practice guideline for anemia in chronic kidney 
disease. Kidney Int Suppl. 2012; 2: 179-335.

7. 	 Van Wyck DB. Management of early renal 
anaemia: diagnostic work-up, iron therapy, 
epoetin therapy. Nephrol Dial Transplant 2000; 15: 
36-9.

8. 	 PROCRIT Prescribing Information [online]. 
Available at: www.procrit.com. Accessed April 20, 
2009.

9. 	 McGowan T, Vaccaro NM, Beaver JS, Massarella 
J, Wolfson M. Pharmacokinetic and 
pharmacodynamic profiles of extended dosing of 
epoetin alfa in anemic patients who have chronic 
kidney disease and are not on dialysis. Clin J Am 
Soc Nephrol 2008; 3: 1006-14.

10. 	 Spinowitz B, Germain M, Benz R, Wolfson M, 
McGowan T, Tang KL, Kamin M. A randomized 
study of extended dosing regimens for initiation of 
epoetin alfa treatment for anemia of chronic kidney 
disease. Clin J Am Soc Nephrol  2008; 3: 1015-21.

11. 	 Piccoli A, Malagoli A, Komninos G, Pastori G. 
Subcutaneous epoetin-alpha every one, two,  
and three weeks in renal anemia. J Nephrol 2002; 
15: 565-74.

12. 	 Provenzano R, Bhaduri S, Singh AK. Extended 
epoetin alfa dosing as maintenance treatment for 
the anemia of chronic kidney disease: the 
PROMPT study. Clin Nephrol  2005; 64: 113-23.

13. 	 Lim VS, Kirchner PT, Fangman J, Richmond J, 
DeGowin RL. The safety and the efficacy of 
maintenance therapy of recombinant human 
erythropoietin in patients with renal insufficiency. 
Am J Kidney Dis 1989; 14: 496-506.

14. 	 Provenzano R, Garcia-Mayol L, Suchinda P, Von 
Hartitzsch B, Woollen SB, Zabaneh R, et al. 
Once-weekly epoetin alfa for treating the anemia 
of chronic kidney disease. Clin Nephrol  2004; 61: 
392-405.

15. 	 Benz R, Schmidt R, Kelly K, Wolfson M. Epoetin alfa 
once every 2 weeks is effective for initiation of 
treatment of anemia of chronic kidney disease. 
Clin J Am Soc Nephrol  2007; 2: 215-21.

16. 	 Germain M, Ram CV, Bhaduri S, Tang KL, 
Klausner M, Curzi M. Extended epoetin alfa 
dosing in chronic kidney disease patients:  
a retrospective review. Nephrol Dialysis Transplant 
2005; 20: 2146-52.

17. 	 Rao M, Pereira BJ. Optimal anemia management 
reduces cardiovascular morbidity, mortality, and 
costs in chronic kidney disease. Kidney Int 2005; 
68: 1432-8.

18. 	 Tolman C, Richardson D, Bartlett C, Will E. 
Structured conversion from thrice weekly to weekly 
erythropoietic regimens using  
a computerized decision-support system:  
a randomized clinical study. J Am Soc Nephrol 
2005; 16: 1463-70. 

19. 	 National Kidney Foundation. II. Clinical practice 
guidelines and clinical practice recommendations 
for anemia in chronic kidney disease in adults. Am 
J Kidney Dis 2006; 47(5 Suppl 3): S81-5.

20. 	 Singbartl G. Adverse events of erythropoietin in 
long-term and in acute/short-term treatment. Clin 
Investig 1994; 72: S36-43.

21. 	 Gershon SK, Luksenburg H, Cote TR, Braun MM. 
Pure red-cell aplasia and recombinant 

erythropoietin. N Engl J Med 2002; 346: 1584-6. 

094094 วารสารกรมการแพทย์




