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Drotrecogin Alfa (Activated) (BAN, rINN)

Drotrecogina alfa (activada); Drotrécogine Alfa (activé); Drot-
recoginum Alfa; Drotrecoginum Alfa (activatum); Drotrekogiini-
alfa; Drotrekogin Alfa; LY-203638.
Дротрекогин Альфа (activated)
CAS — 98530-76-8.
ATC — B01AD10.
ATC Vet — QB01AD10.

Incompatibility. In a simulated Y-site study,1 only 6 of 34
drugs were found to be both physically and chemically compati-
ble with drotrecogin alfa (activated); these were ceftriaxone, cis-
atracurium, fluconazole, glyceryl trinitrate, potassium chloride,
and vasopressin. Drugs found to be incompatible were adrena-
line hydrochloride, albumin, amiodarone hydrochloride, ampi-
cillin with sulbactam, ceftazidime, ciclosporin, ciprofloxacin,
clindamycin, dobutamine hydrochloride, dopamine hydrochlo-
ride, fosphenytoin, furosemide, gentamicin sulfate, heparin sodi-
um, imipenem with cilastatin, insulin, levofloxacin, magnesium
sulfate, metronidazole, midazolam hydrochloride, nitroprusside
sodium, noradrenaline acid tartrate, piperacillin with tazo-
bactam, potassium phosphate, ranitidine hydrochloride, ticarcil-
lin with clavulanic acid, tobramycin sulfate, and vancomycin hy-
drochloride.
1. Mann HJ, et al. Physical and chemical compatibility of drotrec-

ogin alfa (activated) with 34 drugs during simulated Y-site ad-
ministration. Am J Health-Syst Pharm 2004; 61: 2664–71. Cor-
rection. ibid. 2005; 62: 1134.

Adverse Effects and Precautions
As with other plasma-derived products, protein C prep-
arations carry a risk of transmission of infection. Hy-
persensitivity reactions have been reported infrequent-
ly. Antibodies to protein C may develop in patients
treated for congenital protein C deficiency. 
Drotrecogin alfa (activated) may increase the risk of
severe bleeding episodes. When used in patients with
severe sepsis, it is therefore contra-indicated in those
who are at low risk for death, such as those with single-
organ failure, especially after surgery. It is also contra-
indicated in patients with active internal bleeding and
in those in which bleeding could be associated with a
high risk of death or significant morbidity. Drotrecogin
alfa (activated) should be used with caution when there
is any other increased risk of bleeding. Drotrecogin
alfa (activated) should be stopped 2 hours before any
invasive surgery or procedure with an inherent risk of
bleeding; it may be restarted 12 hours after major inva-
sive procedures or surgery, or immediately after
uncomplicated less invasive procedures, if adequate
haemostasis has been achieved.
Effects on the blood. The safety data from early clinical stud-
ies and spontaneous reports during clinical use of drotrecogin
alfa (activated) have been reviewed.1 The overall rate of serious
bleeding events was 5.3% during the 28-day study period. Seri-
ous bleeding events that were considered to be probably related
to the use of drotrecogin alfa (activated) occurred in between
2.1% and 2.8% of patients, and often during the infusion period.
Risks associated with serious bleeding events were invasive pro-
cedures and severe thrombocytopenia; meningitis may also be a
risk factor for intracranial haemorrhage. It was recommended
that drotrecogin alfa (activated) should not be used when the
platelet count is less than 30 000/mm3. 
A subsequent large, multicentre randomised study in patients
with severe sepsis, but a low risk of death (the ADDRESS
study), confirmed the increased incidence of bleeding in patients
with single organ failure who had undergone recent surgery
(within 30 days); these patients also had an increased death rate
(see Severe Sepsis, below).
1. Bernard GR, et al. Safety assessment of drotrecogin alfa (activat-

ed) in the treatment of adult patients with severe sepsis. Crit
Care 2003; 7: 155–63.

Interactions
When oral anticoagulants such as warfarin are started
in patients receiving protein C replacement therapy, a
transient hypercoagulable state may occur because of
the rapid suppression of vitamin K-dependent protein
C activity. An initial low dose of the oral anticoagulant
should be increased gradually, and protein C replace-
ment continued, until anticoagulation is stabilised. The
risk of bleeding may be increased if tissue plasminogen
activator and protein C are used together. 
The risk of bleeding with drotrecogin alfa (activated)
may be increased if it is used with other drugs that af-
fect haemostasis, such as thrombolytics, oral anticoag-
ulants, antiplatelet drugs, glycoprotein IIb/IIIa-recep-

tor antagonists, and prostacyclins. Low doses of
heparin for venous thromboembolism prophylaxis
may be used with drotrecogin alfa (activated) without
increased risk of serious bleeding. However, in a study
of patients with severe sepsis who were already receiv-
ing prophylactic heparin, the risks of death and serious
adverse events were increased if heparin was stopped
when drotrecogin alfa (activated) was started; the rea-
son for this was unclear.

Pharmacokinetics
During continuous infusion for the management of se-
vere sepsis, steady-state plasma concentrations of drot-
recogin alfa (activated) are reached in about 2 hours. It
is inactivated by plasma protease inhibitors and rapidly
cleared from the circulation, falling to below measura-
ble limits within about 2 hours of stopping the infusion.
◊ References.
1. Macias WL, et al. Pharmacokinetic-pharmacodynamic analysis

of drotrecogin alfa (activated) in patients with severe sepsis. Clin
Pharmacol Ther 2002; 72: 391–402. 

2. Levy H, et al. Obesity does not alter the pharmacokinetics of
drotrecogin alfa (activated) in severe sepsis. Ann Pharmacother
2005; 39: 262–7.

Uses and Administration
Protein C is an endogenous inhibitor of blood coag-
ulation (see Haemostasis and Fibrinolysis, p.1045).
A preparation of protein C purified from human
plasma is used in the management of thromboem-
bolic disorders in patients with congenital deficien-
cy of protein C. The dose should be adjusted accord-
ing to response in protein C activity. Licensed UK
product information suggests an initial dose of 60 to
80 international units/kg. In the USA, an initial dose
of 100 to 120 international units/kg is suggested for
acute episodes and short-term prophylaxis of throm-
boembolism, followed by 3 doses of 60 to 80 units/kg
every 6 hours, then maintenance doses of 45 to
60 units/kg every 6 or 12 hours. Doses of 45 to
60 units/kg every 12 hours are suggested for long-term
prophylaxis. As a solution of 100 international units/mL
it is given by intravenous injection at a maximum rate
of 2 mL/minute. 
Drotrecogin alfa (activated) is a recombinant activated
protein C that is used in the management of severe sep-
sis in high-risk patients with multiple organ failure. It
is given by intravenous infusion in a dose of
24 micrograms/kg per hour for 96 hours. Treatment
should be started within 48 hours, and preferably with-
in 24 hours, of the onset of sepsis-induced organ dys-
function. 
For the use of protein C and drotrecogin alfa (activat-
ed) in children, see below.
Administration in children. Dosage regimens of protein C
used for children and neonates with protein C deficiency are the
same as those used in adults (see above). However, for children
weighing less than 10 kg the rate of injection should not exceed
0.2 mL/kg per minute. 
Drotrecogin alfa (activated) is not licensed for use in children
under 18 years of age (see also Severe Sepsis, below).
Severe sepsis. Severe sepsis (sepsis associated with acute or-
gan dysfunction; see Septicaemia, p.190) involves a systemic in-
flammatory response, inappropriate coagulation, and impaired
fibrinolysis. These contribute to the development of disseminat-
ed intravascular coagulation (DIC) and microvascular thrombo-
sis (p.1048). Endogenous protein C becomes depleted as it is ac-
tivated in an attempt to restore homoeostasis. In the small
number of cases that have been reported,1-3 protein C replace-
ment appeared to improve rate of survival and clinical outcome
in the management of purpura fulminans and DIC in severe
meningococcaemia. Protein C has also been used in a few pa-
tients with purpura fulminans associated with sepsis caused by
other organisms such as Streptococcus pneumoniae.4 
Drotrecogin alfa (activated) has been studied in the management
of severe sepsis and found to reduce morbidity and mortality, but
with an increased risk of serious bleeding events5-9 (see also Ef-
fects on the Blood, above). Pooled study data suggested that ear-
lier treatment (within 24 hours of first organ dysfunction) was
associated with more benefit than later treatment,10 and subgroup
analysis suggested that the benefits were greatest in those at
greater risk of death.11 A subsequent large, multicentre ran-
domised study12 (the ADDRESS trial) examined the effects of
drotrecogin alfa (activated) in patients with severe sepsis but a

low risk of death (APACHE II score less than 25, or single organ
failure). The study was terminated early, as interim analysis indi-
cated that there was no benefit from active therapy, and in the
subgroup of patients with single organ failure who had under-
gone surgery within the last 30 days, those given the drug ap-
peared to have a higher mortality rate than those assigned to pla-
cebo. Various regulatory bodies have issued guidance restricting
the use of drotrecogin alfa (activated) to high-risk patients under
specialist care.13-15 
Similar results to those in adults have been reported in initial
studies of drotrecogin alfa (activated) in children.16,17 However,
a large placebo-controlled study was stopped early when an in-
terim analysis found that drotrecogin alfa (activated) was highly
unlikely to show an improvement over placebo in the primary
end-point of composite time to complete organ failure resolution
over 14 days.18 The analysis also found an increase in the rate of
CNS bleeding in the drotrecogin alfa (activated) group. The effi-
cacy of drotrecogin alfa (activated) does not appear to depend on
the identity of the infective organism.19
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Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Xigris; Austral.: Xigris; Austria: Ceprotin; Xigris; Belg.: Ceprotin;
Xigris; Braz.: Xigris; Canad.: Xigris; Chile: Xigris; Cz.: Ceprotin; Xigris;
Denm.: Ceprotin; Xigris; Fin.: Ceprotin; Xigris; Fr.: Ceprotin; Protexel; Xi-
gris; Ger.: Ceprotin; Xigris; Gr.: Ceprotin; Xigris; Hong Kong: Xigris;
Hung.: Xigris; India: Xigris; Irl.: Xigris; Israel: Xigris; Ital.: Ceprotin; Xigris;
Malaysia: Xigris; Mex.: Xigris; Neth.: Ceprotin; Xigris; Norw.: Ceprotin;
Xigris; NZ: Xigris; Pol.: Ceprotin; Xigris; Port.: Ceprotin; Xigris; Rus.: Xi-
gris (Зигрис); S.Afr.: Xigris; Singapore: Xigris; Spain: Ceprotin; Xigris;
Swed.: Ceprotin; Xigris; Switz.: Ceprotin; Xigris; Turk.: Xigris; UK: Cepr-
otin; Xigris; USA: Ceprotin; Xigris; Venez.: Xigris.

Red Blood Cells ⊗ 
Eritrocitos.

Pharmacopoeias. Many pharmacopoeias have monographs,
including US. 
USP 31 (Red Blood Cells). It is the portion of blood that contains
haemoglobin and is derived from human whole blood (from
which plasma and platelets are removed by centrifugation, sedi-
mentation) or by apheresis. Red blood cells may be further proc-
essed by addition of red cell preservatives, irradiation to inacti-
vate lymphocytes, filtration for removal of leucocytes, washing
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

to remove proteins, freezing and thawing, or rejuvenation using
validated and approved procedures. 
For preparations derived from whole blood, one unit (dose) of
Red Blood Cells contains a minimum of 50 g of haemoglobin.
One unit of Red Blood Cells, Leukocytes Reduced contains a
minimum of 42.5 g of haemoglobin and has a residual leucocyte
count of less than 5 × 106. One unit of Red Blood Cells, Deglyc-
erolized contains a minimum of 40 g of haemoglobin. One unit
of Red Blood Cells, Leukocytes Reduced and Deglycerolized
contains a minimum of 34 g of haemoglobin and has a residual
leucocyte count of less than 5 × 106. 
For preparations derived by apheresis, one unit (dose) of Red
Blood Cells, Pheresis contains a mean haemoglobin content of
60 g of haemoglobin. One unit of Red Blood Cells, Pheresis,
Leukocytes Reduced contains a mean haemoglobin content of
51 g of haemoglobin and has a residual leucocyte count of less
than 5 × 106. 
Red blood cells should be stored in the original container, or
transferred to an equivalent container using a technique that
does not compromise sterility. An approved additive solution
may be added after removal of the plasma. Liquid red blood
cells is stored at 1° to 6°. Frozen red blood cells is stored at or
below −65°. 
Red blood cells in Anticoagulant Citrate Dextrose Solution, An-
ticoagulant Citrate Phosphate Dextrose Solution, or in Anticoag-
ulant Citrate Phosphate Dextrose-Dextrose Solution may be
stored for up to 21 days at 1° to 6° after the blood has been drawn.
Red blood cells in Anticoagulant Citrate Dextrose Phosphate
Adenine Solution may be stored for up to 35 days at 1° to 6°. Red
blood cells may be stored in an approved additive solution for up
to 42 days at 1° to 6°. 
Frozen red blood cells prepared with low glycerol content (20%)
may be stored at or below −120° for not later than 10 years from
years from the date of collection. Frozen red blood cells prepared
with high glycerol content (40%) may be stored at or below −65°
for not later than 10 years from years from the date of collection.
If the frozen red blood cells is processed for freezing or for thaw-
ing, in an open system, the expiry date for the thawed red blood
cells is 24 hours after removal from −65° storage, provided it is
then stored at the temperature of unfrozen red blood cells. 
Dark red in colour when packed and may show a slight creamy
layer on the surface and a small supernatant layer of yellow or
opalescent plasma.

Adverse Effects and Precautions
As for Blood, p.1056.
Antibody formation. Patients with sickle-cell anaemia fre-
quently require repeated transfusions of red blood cells. Alloim-
munisation is a common problem in these patients, and has the
potential to cause haemolytic transfusion reactions.1 Alloanti-
bodies were detected in 32 of 107 black patients with sickle-cell
anaemia who had received red cell transfusions compared with 1
of 19 non-black patients who had received transfusions for other
chronic anaemias.2 The incidence of antibody formation was re-
lated to the number of transfusions received. An analysis of the
red cell phenotypes suggested that the high rate of alloimmunisa-
tion among patients with sickle-cell anaemia could be due to ra-
cial differences between donors and recipients. Alloimmunisa-
tion can also occur in thalassaemia patients who are given
transfusions,3 and the incidence in these patients may also be af-
fected by racial differences between donors and recipients.4
Erythrocyte autoantibody formation has also been reported.1,3

1. Aygun B, et al. Clinical significance of RBC alloantibodies and
autoantibodies in sickle cell patients who received transfusions.
Transfusion 2002; 42: 37–43. 

2. Vichinsky EP, et al. Alloimmunization in sickle cell anemia and
transfusion of racially unmatched blood. N Engl J Med 1990;
322: 1617–21. 

3. Singer ST, et al. Alloimmunization and erythrocyte autoimmuni-
zation in transfusion-dependent thalassemia patients of predom-
inantly Asian descent. Blood 2000; 96: 3369–73. 

4. Ho H-K, et al. Alloimmunization in Hong Kong southern Chi-
nese transfusion-dependent thalassemia patients. Blood 2001;
97: 3999–4000.

Uses and Administration
Transfusions of red blood cells are given for the treat-
ment of severe anaemia without hypovolaemia
(p.1042). 
Red blood cells are also used for exchange transfusion
in babies with haemolytic disease of the newborn
(p.2204). Red cells may be used with volume expand-
ers for acute blood loss of less than half of the blood
volume; if more than half of the blood volume has been
lost, whole blood should be used. 
Other red blood cell products are available. Concen-
trated red cells in an optimal additive solution contain-
ing sodium chloride, adenine, glucose, and mannitol
has reduced viscosity and an extended shelf-life. Leu-
cocyte-depleted red cells may be used in patients who
have developed antibodies to previous transfusions or
in whom development of antibodies is undesirable.

Frozen, thawed, and washed red cell concentrates in
which plasma proteins are removed in addition to leu-
cocytes and platelets may be used in patients with rare
antibodies.
◊ Reviews and guidelines.
1. Davies SC, Williamson LM. Transfusion of red cells. In: Contre-

ras M, ed. ABC of transfusion. 3rd ed. London: BMJ Books,
1998: 10–16. 

2. British Committee for Standards in Haematology, Blood Trans-
fusion Task Force. Guidelines on the clinical use of leucocyte-
depleted blood components. Transfus Med 1998; 8: 59–71. Also
available at: http://www.bcshguidelines.com/pdf/trans129.pdf
(accessed 27/10/05) 

3. British Committee for Standards in Haematology, Blood Trans-
fusion Task Force. Guidelines for the clinical use of red cell
transfusions. Br J Haematol 2001; 113: 24–31. Also available at:
http://www.bcshguidelines.com/pdf/bjh2701.pdf (accessed
27/10/05) 

4. Hill SR, et al. Transfusion thresholds and other strategies for
guiding allogeneic red blood cell transfusion. Available in The
Cochrane Database of Systematic Reviews; Issue 1. Chichester:
John Wiley; 2000 (accessed 16/06/05).

Preparations
USP 31: Red Blood Cells.
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Arg.: Vulnofilin Compuesto†.

Romiplostim (USAN, rINN)

AMG-531; Romiplostimum. L-Methionyl[human immunoglobulin
heavy constant gamma 1-(227 C-terminal residues)-peptide (Fc
fragment)] fusion protein with 41 amino acids peptide, (7-
7′:10,10′)-bisdisulfide dimer.
Ромиплостим
CAS — 267639-76-9.

Profile
Romiplostim is a protein that acts as an agonist at the throm-
bopoietin receptor to stimulate platelet production, although it
has no sequence homology with endogenous thrombopoietin. It
is under investigation in the treatment of chronic idiopathic
thrombocytopenic purpura.
◊ References.
1. Bussel JB, et al. AMG 531, a thrombopoiesis-stimulating pro-

tein, for chronic ITP. N Engl J Med 2006; 355: 1672–81. Correc-
tion. ibid.; 2054. 

2. Kuter DJ, et al. Efficacy of romiplostim in patients with chronic
immune thrombocytopenic purpura: a double-blind randomised
controlled trial. Lancet 2008; 371: 395–403.

Sargramostim (BAN, USAN, rINN)

BI-61.012; rhu GM-CSF; Sargramostimum. A recombinant hu-
man granulocyte-macrophage colony-stimulating factor; 23-L-
Leucinecolony-stimulating factor 2 (human clone pHG25 protein
moiety).
Сарграмостим
CAS — 123774-72-1.
ATC — L03AA09.
ATC Vet — QL03AA09.

Pharmacopoeias. In US. 
USP 31 (Sargramostim). A single chain, glycosylated polypep-
tide of 127 amino acid residues expressed from Saccharomyces
cerevisiae. The glycoprotein primarily consists of three molecu-
lar species having relative molecular weights of about 19 500,
16 800, and 15 500 due to different levels of glycosylation. Sar-
gramostim has the property of generating granulocyte, macro-
phage, and mixed granulocyte macrophage colonies from hae-
matopoietic progenitor cells found in bone marrow. Store in
sealed containers at a temperature of −20° or below.
Stability. Solutions of sargramostim may be adsorbed onto
glass or plastic materials and so albumin must be added to give a
final concentration of 1 mg/mL to solutions that are diluted to
concentrations of sargramostim below 10 micrograms/mL.

Adverse Effects and Precautions
As for Molgramostim, p.1073.

Uses and Administration
Sargramostim is a granulocyte-macrophage colony-
stimulating factor with actions and uses similar to those
of molgramostim (p.1074). It is used to treat or prevent
neutropenia in patients receiving myelosuppressive
cancer chemotherapy and to reduce the period of neu-
tropenia in patients undergoing bone marrow trans-
plantation (p.640). It is also used after bone marrow
transplantation when engraftment is delayed or has
failed. Sargramostim may be used to mobilise periph-
eral blood progenitor cells for collection and subse-

quent use in autologous peripheral blood stem cell
transplantation, as well as after transplantation to im-
prove engraftment. 
As an adjunct to antineoplastic therapy, sargramos-
tim is given by intravenous infusion over 4 hours in a
dose of 250 micrograms/m2 daily for up to 42 days as
required. 
After bone marrow transplantation, sargramostim
may be given in a dose of 250 micrograms/m2 daily by
intravenous infusion over 2 hours. When engraftment
is delayed or has failed, a course of sargramostim
250 micrograms/m2 daily for 14 days may be used.
The dose can be repeated after a 7-day interval if en-
graftment has not occurred. A third course of
500 micrograms/m2 daily for 14 days may be tried af-
ter another 7-day interval if needed, but further dose
escalation is unlikely to be of benefit. 
For mobilisation of peripheral blood progenitor cells a
dose of 250 micrograms/m2 daily is given by continu-
ous intravenous infusion over 24 hours or by subcuta-
neous injection, with leucapheresis usually starting on
day 5. The same dosing regimen may be used after pe-
ripheral blood stem cell transplantation, until neu-
trophil recovery.
HIV infection and AIDS. Sargramostim has been evaluated in
the management of HIV infection (p.856). There is some evi-
dence to suggest that it might help to decrease and suppress viral
load, and increase CD4+ cell counts, by enhancing the activity of
antiretroviral drugs and increasing the resistance of monocytes to
HIV infection.1-3 However, in a study4 of patients who were
medically stable but had incompletely controlled HIV replica-
tion, sargramostim did not have a significant antiviral effect and
there was only a trend towards increased CD4+ counts. The ef-
fect of molgramostim has been studied in a small trial5 in which
it was found to blunt viral rebound following interruption of
HAART.
1. Skowron G, et al. The safety and efficacy of granulocyte-macro-

phage colony-stimulating factor (sargramostim) added to indina-
vir- or ritonavir-based antiretroviral therapy: a randomized dou-
ble-blind, placebo-controlled trial. J Infect Dis 1999; 180:
1064–71. 

2. Brites C, et al. A randomized, placebo-controlled trial of granu-
locyte-macrophage colony-stimulating factor and nucleoside an-
alogue therapy in AIDS. J Infect Dis 2000; 182: 1531–5. 

3. Angel JB, et al. Phase III study of granulocyte-macrophage col-
ony-stimulating factor in advanced HIV disease: effect on infec-
tions, CD4 cell counts and HIV suppression. AIDS 2000; 14:
387–95. 

4. Jacobson JM, et al. Granulocyte-macrophage colony-stimulating
factor induces modest increases in plasma human immunodefi-
ciency virus (HIV) type 1 RNA levels and CD4+ lymphocyte
counts in patients with uncontrolled HIV infection. J Infect Dis
2003; 188: 1804–14. 

5. Fagard C, et al. A controlled trial of granulocyte macrophage-
colony stimulating factor during interruption of HAART. AIDS
2003; 17: 1487–92.

Inflammatory bowel disease. A small dose-escalating
study1 reported a beneficial effect from the use of sargramostim
in Crohn’s disease (see Inflammatory Bowel Disease, p.1697). A
subsequent larger placebo-controlled study2 in moderate to se-
vere active disease found that the rate of response to sargramos-
tim was not significantly different from that of placebo. Al-
though disease severity and quality of life improved in the
sargramostim group, later unpublished study results were said to
be disappointing, and in June 2007 the manufacturer declared
that it would not be investigating sargramostim any further in
Crohn’s disease.
1. Dieckgraefe BK, Korzenik JR. Treatment of active Crohn’s dis-

ease with recombinant human granulocyte-macrophage colony-
stimulating factor. Lancet 2002; 360: 1478–80. 

2. Korzenik JR, et al. Sargramostim for active Crohn’s disease. N
Engl J Med 2005; 352: 2193–2201.

Malignant neoplasms. It has been suggested that granulocyte-
macrophage colony-stimulating factor may be able to increase
antitumour immune activity. Sargramostim, given by nebuliser
to stimulate a local response, has been investigated in patients
with lung metastases.1,2

1. Anderson PM, et al. Aerosol granulocyte macrophage-colony
stimulating factor: a low toxicity, lung-specific biological thera-
py in patients with lung metastases. Clin Cancer Res 1999; 5:
2316–23. 

2. Rao RD, et al. Aerosolized granulocyte macrophage colony-
stimulating factor (GM-CSF) therapy in metastatic cancer. Am J
Clin Oncol 2003; 26: 493–8.

Wounds and ulcers. See under Molgramostim (p.1074) for
mention of the use of sargramostim in the promotion of wound
healing.

Preparations
USP 31: Sargramostim for Injection.
Proprietary Preparations (details are given in Part 3)
USA: Leukine.


