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The Costs of Peripheral Blood Progenitor Cell
Reinfusion Mobilised by Granulocyte Colony-
stimulating Factor Following High Dose
Melphalan as Compared with Conventional
Therapy in Multiple Myeloma

C.A. Uyl-de Groot, G.]J. Ossenkoppele, A.A.P.M. van Riet and F.F.H. Rutten

In a retrospective study, we calculated the treatment costs of 26 patients, who received either high dose melphalan
combined with granulocyte colony-stimulating factor (G-CSF; filgrastim)(n=7) or without G-CSF (n=11) or
alternatively, peripheral blood progenitor cell reinfusion (PBPC) mobilised by G-CSF following high dose
melphalan. In comparison with the control group, a shortening of the pancytopenic period and platelet recovery
was noticed in the PBPC group. This resulted in a reduction in hospital costs, diagnostics, laboratory services,
total parenteral nutrition and transfusions. The average costs per treatment in the PBPC group amounted to about
US$ 17908 as compared to US$ 32223 in the control group, implying a cost reduction of 44% when changing to

PBPC reinfusion.
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INTRODUCTION
HIGH DOSE melphalan is associated with high response rates in
multiple myeloma, but the treatment associated morbidity and
mortality is high (about 20%, due to complications of prolonged
granulocytopenia) [1,2]. Transplantations with stem cells
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derived either from bone marrow or from peripheral blood, and/
or the administration of colony-stimulating factors are perfor-
med to hasten granulocyte recovery (3,4]. Peripheral blood
progenitor cell (PBPC) transplantation is increasingly used in
the treatment of malignancies to alleviate bone marrow toxicity
resulting from high dose chemotherapy. It is introduced as an
alternative to autologous bone marrow transplantation (ABMT)
and has several advantages over ABMT, such as avoiding
anaesthesia. It seems that infusion of PBPC after high dose
chemotherapy is associated with markedly accelerated platelets
and neutrophil recovery as compared to ABMT [4-6].

This study focuses on the costs associated with the treatment
of multiple myeloma patients. The results are based on a



retrospective study of detailed records of 26 patients. The
treatment modalities were high dose melphalan combined with
or without the granulocyte colony-stimuiating factor (G-CSF;
ﬁlgrasum), or G-CSF mobilised by PBPC transplantation follow-
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PATIENTS AND METHODS

The study included 26 patients with multiple myeloma. The
PBPC group consisted of 8 patients. PBPC were mobilised by
G-CSF subcutaneously, and subsequently 1 1 of whole blood was
collected by phlebotomy, kept unprocessed at room temperature
and reinfused 24 h after high dose melphalan [7]. These patients
were compared with a group of 18 patients with multiple
myeloma who met the same criteria and whose pretreatment
characteristics were equivalent This group consisted of 11
patients who received no G-CSF, 4 patients who received G-
CSF starting at day 28, and 3 patients starting at day 3 after
chemotherapy. Despite the addition of G-CSF to 7 patients,
there was no difference with regard to neutrophil and platelet
recovery, days with fever, number of transfusions or hospital
stay between these 7 patients and the other 11 patients in the
control group.

The costs that were studied concerned days in hospital,
laboratory services, diagnostics (mainly X-rays), the insertion of
a subclavian catheter, medication (antibiotics, etc.) and blood
transfusions. Data on these costs were collected through cost
regisiry forms.

Statistical methods included Wilcoxon tests for comparisons

mnariennce nf timao_tn_avaent antoenmace far tha
of costs and for comparisons of time-to-event outcomes for the

days in hospital 8].

Unit prices

For each of the activities mentioned above, unit prices were
determined reflecting the real use of resources. The costs of
hospital days were divided into direct and indirect costs. The
direct costs concerned manpower (doctors, nurses, etc.) and
materials (medical services, supportive patient care, etc.). The
indirect costs related to overheads. The costs of hospitalisation
amounted to approximately US$ 350 per day for normal haema-
tological care, and US$ 1165 for intensive care. None of the
patients were treated in a protected environment.

The output of laboratories in the Netherlands is measured in
terms of a point system, and by each point (unit of output) a cost
per unit or price may be associated, which differs across types
of laboratories. The prices per point varied from US$ 0.62
(biochemistry and haematology laboratories) to US$ 2.81
(virology tests), the price of a routine test, (including haemo-
globin, haematocrit, leucocyte and thrombocyte levels)
amounted to 5.75 points and cost US$ 3.58.

For all other diagnostics, the Dutch tariff system has been used
as an approximation of unit costs (a chest X-ray approximately
US$ 31.00 and an electrocardiogram US$ 22.00). The costs of

the insertion of a subclavian catheter were [JS$ 50400 (including
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the costs of a catheter). The drug prices used were wholesale
prices. The costs of 300 mg melphalan (intravenous) amounted
to US$ 289.00 and the costs of a 300 pg vial of G-CSF
(intravenous) to US$ 138.00. (See Appendix for a list of unit
prices used in this study.)

RESULTS
Clinical results

For the 8 patients treated w ioch
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reinfusion of PBPC, the median time to recovery of granulocytes
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Table 1. Clinical results

PBPC group  Control group

Melphalan + Melphalan *
Clinical data G-CSF +PRPC G-CSF
Days granulocytes >0.5x10%1 12.5 (10~35)* 38.0 (24-65)
Days granulocytes >1.0x10%1 14 (12-55)* 42 (26-72)
Days platelets >20x10%1 23.5 (14-115)t  36.0 (25-172)
Hospital stay in days 19 (16-39)* 43 (33-71)
Days of antibiotic use 8 (0-37)* 21 (0-48)
Number of platelet transfusions 21 (12-102)* 54 (30-228)
Number of red cell transfusions 6 (3-21)* 12 (3-66)

Values are expressed as median (range). *P value < 0.01. tP value
< 0.05.

0 0.5 X 10° was 12.5 days, for recovery of granulocytes to 1.0
x 10%1 was 14 days, and for platelet recovery to 20 X 10%1 was
23.5 days (Table 1). In comparison with the control group,
the pancytopenic period and period to platelet recovery were
significantly shortened. There was 1 patient whose results
differed from the control group. This patient had received half
body irradiation as second line therapy. G-CSF was well tolerated
and no adverse effects were observed. Only 1 patient developed
fever after reinfusion.

The natients in the PRPC or

sl peuliisii U ISy b ou

up had a median hospital stay of

19 days as compared with 43 days in the control group
(P<0.0001) (Figurel). Only 1 patient was treated in the inten-
sive care department. This patient belonged to the control group
and stayed there for 6 days.

The number of days of antibiotic use decreased from 21 to 8
days. Furthermore, the number of platelet transfusions was
reduced significantly from 54 to 21 transfusions. The number of
red cell transfusions also decreased, but the reduction was not
significant.

Cost analysis

Table 2 presents the average treatment costs per category of
costs. The costs of hospitalisation decreased by more than
50%, from US$ 16747 to US$ 7335 (P<0.005). The costs of
laboratory services, antibiotics and other medication, nutrition
and transfusions were also significantly lower in the PBPC
group.

The costs of G-CSF were relatively low in the control group,
because not all patients received G-CSF. The costs of antibiotics
and other medications reduced markedly, from US$ 6476 to
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Figure 1. Days in hospital.



Table 2. The average treatment costs of multiple myeloma patients

(US$) (1 dollar = 1.8 Dutch guilders)
PBPC group  Control group
Melphalan + Melphalan *
G-CSF + PBPC G-CSF
Hospitalisation (hotel) 7335* 16747
Laboratory services 767 1776
Diagnostics 765* 921
G-CSF (filgrastim) 5293* 1393*
Antibiotics and other medication 2454* 6476
Nautrition 229* 2148
Transfusions 10657 2762
Total treatment costs 17 908* 32223

*P value < 0.01. ¥ P value < 0.05.

US$ 2454 (P<0.01)
with all other medxcanons, the costs in the study group were
somewhat lower (US$ 7747 versus US$ 7869), but this differ-
ence was not significant. Only 3 patients in the PBPC group
received total parenteral nutrition, while in the control group all
patients received parenteral nutrition. The costs of nutrition
decreased from US$ 2148 to US$ 229 (P<0.001). The costs of
blood transfusions were reduced by more than 60%, from
US$ 2762 to US$ 1065 (P<0.05). The total treatment costs
decreased by 44% (< 0.003). The hospitalisation costs in the
PBPC group were responsible for 41% of the total costs, and for
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When the costs of G-CSF were combined
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DISCUSSION

The clinical results of PBPC reinfusion mobilised by G-CSF
collected by simple phlebotomy without further processing
showed a remarkable shortening of the haematopoietic recovery
period in patients with muitiple myeloma treated with high dose
meiphalan. The neutropenic recovery was shortened with a
median of 25.5 days, and the platelet recovery was also acceler-
ated. This resulted in a remarkable decrease in hospital days and
reduced use of antibiotics, platelet and red cell transfusions.
One may argue that the addition of G-CSF to ali patients in the
control group would result in a cost reduction. However, the
addition of G-CSF did not result in a reduction in the number of
transfusions or in the length of hospital stay in the patient group
studied. Therefore, we do not expect a decrease in the total costs
in the control group when G-CSF is provided to afl patients.

In general, when new treatment modalities become available,
the additional financial burden that these treatments place on
the health care system raises concern. However, in this study,
PBPC reinfusion mobilised by G-CSF accounted for a remark-
able reduction in costs. The reduction was observed regarding
ali activities in the treatment process. An improvement in
the quality of life during the remission period has not been

A~ ad e 1 o
documented, but may alsc be expected.

PBPC reinfusion appears to be a promising approach with a
favourable cost-effectiveness profile, but further research is
needed to show the real benefits from the patient perspective.
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Normal haematological care 350.00
Intensive care 1165.00
Laboratories
Haematology (Hb, Ht, leucocytes,
thromobocyies) 3.58
Biochemistry (Na, K, creatinine, glucose) 10.58
Urine 1 (pH, glucose, albumin, urobilin,
bilirubin, sediment) 12.47
Urine 2 (creatinine, Na, albumin, total protein) 8.71
Cultures (blood, urine, sputum) 20.50
Virology tests 72.94
Cytology (bone marrow, bronchus) 42.59
Diagnostics
X-ray chest 30.94
X-ray sinus 36.92
Electrocardiogram (ECG) 22.00
Bronchoscopy 430.33
Computed tomography scan 219.44
Echo 74.78
Insertion subclavian catheter 504.00
Total parenteral nutrition 83.33
Platelet transfusions 74.44
Red cell transfusions 98.89
Drugs
Melphalan (300 mgiv) 289.00
G-CSF (Neupogen) (300 pgiv) 138.00
Antibiotics and other medication:
e.g. Ciprofloxacin 1000 mg iv 193.08
Fluconazole 50 mg oral 5.18
Tienam 500 mg iv 23.61
Vancomycin 1000 mg iv 66.14
Zovirax 250 mg iv 24.98
Zofran 8 mgiv 34.95

Hb, haemaglobin; Ht, haematocrit; iv, intravenous.



