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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)

lar coagulation. The risk should be less with more
highly purified preparations. 
As with other plasma derivatives there is a possibility
of transmitting viral infection, although selection of
donors and heat or chemical treatments of products are
used to minimise the risk. Vaccination against hepatitis
A and B is recommended for patients not already im-
mune. 
Antibodies to factor IX may develop rarely.
Effects on the cardiovascular system. Some factor IX prep-
arations derived from plasma contain other clotting factors in ad-
dition to factor IX (prothrombin complex concentrates), and
some preparations have also contained activated clotting factors.
Such preparations have the potential to produce thromboembolic
complications.1,2 Reported complications include arterial and ve-
nous thrombosis, pulmonary embolism, acute myocardial infarc-
tion, and disseminated intravascular coagulation. Risk factors in
haemophiliacs include liver disease, severe muscle haemorrhag-
es, crush injuries, immobilisation, and orthopaedic surgery. Rap-
id infusion of factor IX concentrates, or repeated large doses,
may also increase the risk of thromboembolism. The risks of
thromboembolism have been reduced with the development of
more purified prothrombin complex concentrates, and highly pu-
rified factor IX preparations that do not contain other clotting
factors.1,3

1. Köhler M. Thrombogenicity of prothrombin complex concen-
trates. Thromb Res 1999; 95 (suppl): S13–S17. 

2. Najaf SM, et al. Myocardial infarction during factor IX infusion
in hemophilia B: case report and review of the literature. Ann
Hematol 2004; 83: 604–7. 

3. Santagostino E, et al. Markers of hypercoagulability in patients
with hemophilia B given repeated, large doses of factor IX con-
centrates during and after surgery. Thromb Haemost 1994; 71:
737–40.

Uses and Administration
Factor IX is used as replacement therapy in patients
with haemophilia B (Christmas disease), a genetic de-
ficiency of factor IX (see Haemophilias, p.1048). 
There are two forms of factor IX preparation derived
from plasma; one is of high purity, the other is rich in
other clotting factors (prothrombin complex concen-
trates). A recombinant factor IX preparation, nonacog
alfa, is also available. Preparations that contain other
factors as well as factor IX may sometimes be useful
for the treatment of bleeding due to deficiencies of fac-
tors II, VII, and X, as well as IX, and in the preparation
of such patients for surgery; they may also be used for
immediate reversal of coumarin anticoagulants and in
the management of patients with haemophilia A who
have antibodies to factor VIII. 
Factor IX is given by slow intravenous infusion. In pa-
tients with factor IX deficiency the dosage should be
determined for each patient and will vary with the
preparation used and the circumstances of bleeding or
type of surgery to be performed. Suggested target fac-
tor IX concentrations for patients with haemophilia B
vary, but the following have been suggested: 
• for mild to moderate haemorrhage the plasma con-

centration of factor IX should be raised to 20 to 30%
of normal 

• for more serious haemorrhage or minor surgery it
should be raised to 30 to 60% of normal 

• for severe haemorrhage or major surgery an increase
to 60 to 100% of normal may be necessary 

Calculation of the appropriate dose varies according to
the manufacturers’ recommendations. 
For long-term prophylaxis in severe haemophilia B,
doses of 20 to 40 international units/kg every 3 or 4
days, as required, may be used.
Preparations
Ph. Eur.: Human Coagulation Factor IX; Human Prothrombin Complex; 
USP 31: Factor IX Complex.

Proprietary Preparations (details are given in Part 3)
Arg.: Aimafix; Benefix; Berinin P; Immunine; Mononine; Octanine; Pro-
tromplex; Replenine†; Austral.: Benefix; Monofix-VF; Austria: Benefix;
Beriplex; Immunine; Octanine; Octaplex; Prothromplex S-TIM 4; Belg.:
Benefix; Mononine; Octanine; PPSB Conc SD; Braz.: Bebulin†; Benefix†;
Berinin; Beriplex PN; Immunine†; Mononine; Octanyne†; Prothromplex-T†;
Replenine†; Canad.: Benefix; Immunine; Mononine; Chile: Aimafix; Bene-
fix†; Octanyne†; Cz.: Benefix; Immunine; Mononine; Nonafact; Octanine;
Prothromplex; Denm.: Benefix; Immunine†; Mononine†; Fin.: Bemofil†;
Benefix; Nonafact; Fr.: Benefix; Betafact; Kaskadil; Mononine; Octafix; Ger.:
Alphanine; Benefix; Berinin; Beriplex PN; Immunine; Mononine; Octanine;
Octaplex; PPSB Konzentrat S-TIM; Prothrombinkomplex BaWu†; Gr.: Ben-
efix; Betafact; Mononine; Replenine; Hong Kong: Alphanine; Profilnine;
Proplex T†; Hung.: Berinin P; Beriplex PN; Humafactor-9; Immunine; Oc-

tanine F; Prothromplex; Irl.: Mononine†; Israel: Betafact; Profilnine; Pro-
plex; Replenine; Ital.: Aimafix; Alphanine; Benefix; Immunine; Mononine;
Protromplex TIM 3; Uman-Complex DI; Malaysia: Alphanine; Profilnine;
Proplex T†; Replenine; Mex.: Benefix†; Berinin P; Immunine†; Konyne†;
Octanine F; Replenine; Neth.: Alphanine; Benefix; Betafact; Immunonine;
Mononine; Nonafact; Norw.: Benefix; NZ: Benefix; Monofix; Prothrombin-
ex; Philipp.: Alphanine; Profilnine; Pol.: Immunine; Prothromplex; Port.:
Benefix; Betafact; Immunine; Mononine; Nanotiv; Nonafact; Octaninef; Oc-
taplex; Rus.: Aimafix (Аимафикс); Octanine (Октанайн Ф); S.Afr.:
Haemosolvex; Prothromplex-T TIM 4; Singapore: Alphanine; Profilnine;
Replenine; Spain: Benefix; Berinin P; Immunine; Mononine; Nanotiv; Pro-
thromplex; Swed.: Benefix; Immunine; Mononine; Nanotiv; Switz.: Benefix;
Berinin HS; Beriplex; Immunine; Octanine F; Prothromplex Total S-TIM 4;
Thai.: Alphanine; Octanine; Profilnine; Turk.: Aimafix; Berinin P; Betafact;
Immunine; Kaskadil; Konyne; Octanine F; Octanyne; Replenine; UK: Alpha-
nine; Benefix; Beriplex PN; Defix†; Hipfix†; Mononine; Replenine; USA: Al-
phanine; Bebulin VH; Benefix; Mononine; Profilnine; Proplex T; Venez.: In-
munine†; Proplex†.
Multi-ingredient: Arg.: Beriplex PN.

Factor XI
Facteur XI; Plasma Thromboplastin Antecedent; PTA.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Human Coagulation Factor XI; Factor XI Coagula-
tionis Humanus; Dried Factor XI Fraction BP 2008). A plasma
protein fraction that contains coagulation factor XI. It is prepared
from human plasma obtained from blood from healthy donors;
the plasma is tested for the absence of hepatitis B surface antigen
and antibodies against HIV-1 and HIV-2 and hepatitis C virus.
The method of preparation includes a step or steps that have been
shown to remove or inactivate known agents of infection. The
factor XI fraction is dissolved in a suitable liquid, distributed
aseptically into the final containers, and immediately frozen. The
preparation is freeze-dried and the containers sealed under vacu-
um or under nitrogen. Heparin, C1-esterase inhibitor, and anti-
thrombin III, may be added. No antimicrobial preservative is
added. When reconstituted as stated on the label the resulting so-
lution contains not less than 50 units/mL. 
A white or almost white powder or friable solid. pH of the recon-
stituted preparation is 6.8 to 7.4. Store at a temperature of 2° to
8°. Protect from light.
Profile
Factor XI is used as replacement therapy in patients with congen-
ital factor XI deficiency (haemophilia C; see Inherited Haemor-
rhagic Disorders, p.1050) for the prevention and treatment of
haemorrhage. The dose is based on the degree of factor XI defi-
ciency and the condition of the patient.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Hemoleven.

Factor XIII
Fibrin-stabilising Factor; FSF.
ATC — B02BD07.
ATC Vet — QB02BD07.

Profile
Factor XIII is used as replacement therapy in patients with a ge-
netic deficiency of factor XIII (see Inherited Haemorrhagic Dis-
orders, p.1050). It may also be used in patients with acquired de-
ficiency of factor XIII (see Acquired Haemorrhagic Disorders,
p.1047), and for supportive therapy in postoperative wound heal-
ing. Dosage of factor XIII is based on the degree of deficiency
and the condition of the patient. For prophylaxis of haemorrhage
in patients with genetic deficiency about 10 units/kg may be giv-
en intravenously once a month. The interval between doses may
be shortened if spontaneous haemorrhage occurs. For pre-opera-
tive use, a dose of up to 35 units/kg may be given immediately
before the operation and followed by adequate doses to maintain
efficacy until the wound is healed. For the treatment of severe
bleeding episodes 10 to 20 units/kg should be given daily, until
bleeding stops. In acute bleeding, especially intracranial bleed-
ing, doses of up to 50 units/kg may be needed to raise factor XIII
to normal levels. Doses of at least 15 to 20 units/kg may be re-
quired for the treatment of haemorrhage in acquired factor XIII
deficiency. In the promotion of postoperative wound healing, a
dose of 10 units/kg may be given on the day of the operation and
on each of the next 3 days. Like other clotting factor preparations
(see Factor VIII, p.1067), the use of factor XIII may be associat-
ed with risks of hypersensitivity reactions, thrombosis, and viral
infection transmission; inhibitors of factor XIII may occur very
rarely. 
Cryoprecipitate is also used as a source of factor XIII. 
Factor XIII is also a component of fibrin glues (see Fibrin,
p.1069).
Inflammatory bowel disease. Some patients with inflamma-
tory bowel disease (p.1697) may be deficient in factor XIII, pos-
sibly due to increased intestinal blood loss seen in severe ulcera-
tive colitis or increased mucosal deposition of factor XIII in
Crohn’s disease. Factor XIII concentrate given intravenously has
produced beneficial results in 12 patients with active ulcerative
colitis resistant to conventional therapy with corticosteroids and
mesalazine1 and has also been associated with healing of intrac-

table fistulae in 3 of 4 patients with Crohn’s disease.2 However,
a controlled study3 found no benefit from factor XIII in active
corticosteroid-refractory ulcerative colitis.
1. Lorenz R, et al. Factor XIII substitution in ulcerative colitis.

Lancet 1995; 345: 449–50. 
2. Oshitani N, et al. Treatment of Crohn’s disease fistulas with co-

agulation factor XIII. Lancet 1996: 347: 119–20. 
3. Bregenzer N, et al. Lack of clinical efficacy of additional factor

XIII treatment in patients with steroid refractory colitis. Z Gas-
troenterol 1999; 37: 999–1004.

Wounds and ulcers. Topical factor XIII has been reported to
promote wound healing in patients with refractory leg ulcers.1-3

1. Wozniak G, et al. Factor XIII in ulcerative leg disease: back-
ground and preliminary clinical results. Semin Thromb Hemost
1996; 22: 445–50. 

2. Herouy Y, et al. Factor XIII-mediated inhibition of fibrinolysis
and venous leg ulcers. Lancet 2000; 355: 1970–1. 

3. Hildenbrand T, et al. Treatment of nonhealing leg ulcers with
fibrin-stabilizing factor XIII: a case report. Dermatol Surg 2002;
28: 1098–9.

Preparations
Ph. Eur.: Fibrin Sealant Kit.

Proprietary Preparations (details are given in Part 3)
Arg.: Fibrogammin P; Austria: Fibrogammin; Belg.: Fibrogammin; Braz.:
Fibrogammin; Cz.: Fibrogammin P†; Ger.: Fibrogammin; Hong Kong: Fi-
brogammin P; Israel: Fibrogammin P; Switz.: Fibrogammin; UK: Fibrogam-
min P.

Multi-ingredient: Arg.: Beriplast P; Tissucol; Tissucol Duo Quick†; Aus-
tral.: Tisseel Duo; Austria: Beriplast; Tissucol; Tissucol Duo Quick; Belg.:
Tissucol Duo; Braz.: Beriplast P; Canad.: Tisseel; Chile: Beriplast P; Cz.:
Tissucol; Denm.: Tisseel Duo Quick; Fin.: Tisseel Duo Quick; Fr.: Beriplast;
Tissucol; Ger.: Beriplast; Tissucol Duo S; Tissucol-Kit; Gr.: Beriplast P; Hong
Kong: Beriplast P; Tisseel; Hung.: Beriplast P; Tissucol-Kit; Indon.: Beri-
plast; Israel: Beriplast; Tisseel; Ital.: Beriplast; Mex.: Beriplast P; Tissucol†;
Neth.: Beriplast P; Tissucol; Tissucol Duo; Pol.: Beriplast; Port.: Tissucol
Duo; Spain: Beriplast P Combi; Tissucol Duo; Swed.: Tisseel Duo Quick;
Switz.: Beriplast P; Tissucol; Tissucol Duo S; Turk.: Beriplast P; UK: Tisseel.

Fibrin (rINN)

Fibrina; Fibrine; Fibrinum.
Фибрин

Pharmacopoeias. Many pharmacopoeias have monographs
for fibrin preparations, including Eur. (see p.vii). 
Ph. Eur. 6.2 (Fibrin Sealant Kit; Fibrini Glutinum). It is composed
of two components, a fibrinogen concentrate containing human
fibrinogen (component 1), and a human thrombin preparation
(component 2). The kit may also contain other ingredients, such
as human factor XIII, a fibrinolysis inhibitor, or calcium ions.
Stabilisers such as human albumin may be added. The human
constituents are obtained from plasma for fractionation and the
method of preparation includes a step or steps that have been
shown to remove or inactivate known agents of infection. The
constituents are passed through a bacteria-retentive filter and dis-
tributed aseptically into sterile containers. Containers of freeze-
dried constituents are sealed under vacuum or filled with oxy-
gen-free nitrogen or other suitable inert gas before sealing. No
antimicrobial preservative is added. When thawed or reconstitut-
ed as stated on the label, the fibrinogen concentrate contains not
less than 40 g/litre of clottable protein; the activity of the
thrombin preparation varies over a wide range (about 4 to
1000 international units/mL). Protect from light.
Profile
Fibrin glue is prepared by mixing solutions containing fibrino-
gen, thrombin, and calcium ions, with the addition of aprotinin to
inhibit fibrinolysis. It may also include factor XIII and other clot-
ting components. Fibrin glue is used as a haemostatic to control
haemorrhage during surgical procedures or as a spray to bleeding
surfaces. 
A dry artificial sponge of human fibrin, known as human fibrin
foam, has been used similarly; it is prepared by clotting human
thrombin with a foam of human fibrinogen solution. A collagen
sponge coated with thrombin and fibrinogen is also available.
Adverse effects. Fatal neurotoxicity has been reported1 after
the use of a fibrin sealant during neurosurgical procedures. The
toxicity may have been due to the presence of tranexamic acid as
a stabiliser in the formulation, and such formulations should not
be used in surgical operations where contact with the CSF or
dura mater could occur.2 
For rare reports of hypersensitivity reactions to aprotinin used
locally as a component of fibrin sealant, see p.1055.
1. Committee on Safety of Medicines/Medicines Control Agency.

Quixil human surgical sealant: reports of fatal reactions. Current
P ro b l e ms  1 999 ;  25 :  19 .  A l so  a va i l a b l e  a t :  h t tp : / /
w w w. m h r a . g o v. u k / h o m e / i d c p l g ? I d c S e r v i c e = G E T _
FILE&dDocName=CON2023713&RevisionSelectionMethod=
LatestReleased (accessed 31/05/06) 

2. Committee on Safety of Medicines/Medicines Control Agency.
Quixil human surgical sealant: update on fatal neurotoxic reac-
tions. Current Problems 2000; 26: 10. Also available at: http://
w w w. m h r a . g o v. u k / h o m e / i d c p l g ? I d c S e r v i c e = G E T _
FILE&dDocName=CON007460&RevisionSelectionMethod=
LatestReleased (accessed 31/05/06)

Use. Reviews.
1. Dunn CJ, Goa KL. Fibrin sealant: a review of its use in surgery

and endoscopy. Drugs 1999; 58: 863–86. 
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2. Carless PA, et al. Fibrin sealant use for minimising peri-opera-

tive allogeneic blood transfusion. Available in The Cochrane Da-
tabase of Systematic Reviews; Issue 1. Chichester: John Wiley;
2003 (accessed 03/06/05). 

3. MacGillivray TE. Fibrin sealants and glues. J Card Surg 2003;
18: 480–5. 

4. Fattahi T, et al. Clinical applications of fibrin sealants. J Oral
Maxillofac Surg 2004; 62: 218–24. 

5. Schexneider KI. Fibrin sealants in surgical or traumatic hemor-
rhage. Curr Opin Hematol 2004; 11: 323–6.

Preparations
Ph. Eur.: Fibrin Sealant Kit.
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Arg.: Beriplast P; Tissucol; Tissucol Duo Quick†; Aus-
tral.: Tisseel Duo; Austria: Beriplast; TachoSil; Tissucol; Tissucol Duo
Quick; Belg.: Tissucol Duo; Braz.: Beriplast P; Tissucol†; Canad.: Tisseel;
Chile: Beriplast P; Cz.: TachoSil; Tissucol; Denm.: TachoSil; Tisseel Duo
Quick; Fin.: TachoSil; Tisseel Duo Quick; Fr.: Beriplast; TachoSil; Tissucol;
Ger.: Beriplast; TachoSil; Tissucol Duo S; Tissucol-Kit; Gr.: Beriplast P;
Hong Kong: Beriplast P; Tisseel; Hung.: Beriplast P; Tissucol-Kit; Indon.:
Beriplast; Israel: Beriplast; Tisseel; Ital.: Beriplast; TachoSil; Tissucol; Mex.:
Beriplast P; Tissucol†; Neth.: Beriplast P; TachoSil; Tissucol; Tissucol Duo;
Norw.: TachoSil; Pol.: Beriplast; Port.: TachoSil; Tissucol Duo; Spain: Beri-
plast P Combi; TachoSil; Tissucol Duo; Swed.: TachoSil; Tisseel Duo Quick;
Switz.: Beriplast P; TachoSil; Tissucol; Tissucol Duo S; Turk.: Beriplast P;
UK: TachoSil; Tisseel; USA: Artiss.

Fibrinogen
Factor I; Fibrinogène; Fibrinógeno; Fibrinogenum; Fibrinojen; Fi-
brynogen.
ATC — B02BB01; B02BC10.
ATC Vet — QB02BB01.
Pharmacopoeias. Many pharmacopoeias have monographs,
including Eur. (see p.vii). 
Ph. Eur. 6.2 (Human Fibrinogen; Fibrinogenum Humanum). It
contains the soluble constituent of human plasma that is trans-
formed to fibrin on addition of thrombin. It is obtained from plas-
ma for fractionation and the method of preparation includes a
step or steps that have been shown to remove or inactivate
known agents of infection. Stabilisers, including protein such as
human albumin, salts, and buffers may be added. No antimicro-
bial preservative is added. When dissolved in the volume of sol-
vent stated on the label, the solution contains not less than
10 g/litre of fibrinogen. 
A white or pale yellow hygroscopic powder or friable solid.
Store in airtight containers. Protect from light.
Profile
Fibrinogen has been used to control haemorrhage associated
with low blood-fibrinogen concentration in afibrinogenaemia or
hypofibrinogenaemia although plasma or cryoprecipitate is usu-
ally preferred. Fibrinogen has also been used in disseminated in-
travascular coagulation (p.1048). It is a component of fibrin glue
(see Fibrin, above). Recombinant human fibrinogen is under in-
vestigation. 
Fibrinogen labelled with radionuclides has also been used in di-
agnostic procedures.
Preparations
Ph. Eur.: Fibrin Sealant Kit; Human Fibrinogen.
Proprietary Preparations (details are given in Part 3)
Austria: Haemocomplettan; Cz.: Haemocomplettan; Ger.: Haemocom-
plettan; Gr.: Haemocomplettan; Hung.: Haemocomplettan; Neth.:
Haemocomplettan; Port.: Haemocomplettan; Switz.: Haemocomplettan;
Thai.: Fibroraas.
Multi-ingredient: Arg.: Beriplast P; Tissucol; Tissucol Duo Quick†; Aus-
tral.: Tisseel Duo; Austria: Beriplast; TachoComb; TachoSil; Tissucol; Tissu-
col Duo Quick; Belg.: Tissucol Duo; Braz.: Beriplast P; Tissucol†; Canad.:
Tisseel; Chile: Beriplast P; Cz.: TachoComb†; TachoSil; Tissucol; Denm.:
TachoSil; Tisseel Duo Quick; Fin.: TachoSil; Tisseel Duo Quick; Fr.: Beri-
plast; TachoSil; Tissucol; Ger.: Beriplast; Quixil; TachoComb†; TachoSil; Tis-
sucol Duo S; Tissucol-Kit; Gr.: Beriplast P; Hong Kong: Beriplast P; Tacho-
Comb; Tisseel; Hung.: Beriplast P; TachoComb†; Tissucol-Kit; Indon.:
Beriplast; Israel: Beriplast; Tisseel; Ital.: Beriplast; Quixil; TachoSil; Mex.:
Beriplast P; Tissucol†; Neth.: Beriplast P; Quixil; TachoSil; Tissucol; Tissucol
Duo; Norw.: TachoSil; Pol.: Beriplast; Port.: TachoSil; Tissucol Duo; Rus.:
TachoComb (ТахоКомб); Spain: Beriplast P Combi; TachoSil; Tissucol
Duo; Swed.: TachoSil; Tisseel Duo Quick; Switz.: Beriplast P; TachoSil; Tis-
sucol; Tissucol Duo S; Thai.: Fibrin Glue†; TachoComb†; Turk.: Beriplast
P; Tisseel VH; UK: TachoSil; Tisseel; USA: Artiss.

Filgrastim (BAN, USAN, rINN)

Filgrastiimi; Filgrastimum; r-metHuG-CSF. A recombinant human
granulocyte colony-stimulating factor.
Филграстим
CAS — 121181-53-1.
ATC — L03AA02.
ATC Vet — QL03AA02.

Pegfilgrastim (BAN, rINN)

Pegfilgrastiimi; Pegfilgrastimum; Pegfilgrastimun. Filgrastim conju-
gated with monomethoxy polyethylene glycol.
Пегфильграстим
CAS — 208265-92-3.
ATC — L03AA13.
ATC Vet — QL03AA13.

Incompatibility. References.
1. Trissel LA, Martinez JF. Compatibility of filgrastim with select-

ed drugs during simulated Y-site administration. Am J Hosp
Pharm 1994; 51: 1907–13.

Stability. Solutions of filgrastim must not be diluted with sodi-
um chloride solutions as precipitation will occur. Glucose 5% so-
lution may be used if dilution is necessary. However, filgrastim
in diluted solution may be adsorbed onto glass or plastic materi-
als and so it should not be diluted below the recommended min-
imum concentration (2 micrograms/mL). Also, to protect from
adsorption, solutions that are diluted to concentrations of filgras-
tim below 15 micrograms/mL must have albumin added to give
a final concentration of 2 mg/mL. For mention of the stability of
filgrastim in a solution intended for enteral use in neonates, see
Stability under Epoetins, p.1061.

Adverse Effects
The main adverse effects of granulocyte colony-stimu-
lating factors such as filgrastim during short-term treat-
ment are musculoskeletal pain and dysuria. Hypersen-
sitivity reactions have been reported rarely. In patients
receiving long-term treatment the most frequent ad-
verse effects are bone pain and musculoskeletal pain.
Other adverse effects include splenic enlargement,
thrombocytopenia, anaemia, epistaxis, headache, diar-
rhoea, and cutaneous vasculitis. There have been re-
ports of pulmonary infiltrates leading to respiratory
failure or acute respiratory distress syndrome, and rare
reports of splenic rupture. Rises in lactate dehydroge-
nase, alkaline phosphatase, and uric acid, are usually
mild to moderate, dose-dependent, and reversible. 
Colony-stimulating factors are fetotoxic in animal
studies.
◊ General references.
1. Vial T, Descotes J. Clinical toxicity of cytokines used as haemo-

poietic growth factors. Drug Safety 1995; 13: 371–406. 
2. Gutierrez-Delgado F, Bensinger W. Safety of granulocyte colo-

ny-stimulating factor in normal donors. Curr Opin Hematol
2001; 8: 155–60. 

3. Cottle TE, et al. Risk and benefit of treatment of severe chronic
neutropenia with granulocyte colony-stimulating factor. Semin
Hematol 2002; 39: 134–40. 

4. Crawford J. Safety and efficacy of pegfilgrastim in patients re-
ceiving myelosuppressive chemotherapy. Pharmacotherapy
2003; 23 (suppl): 15S–19S.

Disseminated intravascular coagulation. Long-term treat-
ment with granulocyte colony-stimulating factor in a 7-year-old
boy with HIV infection and zidovudine-induced neutropenia
produced evidence of disseminated intravascular coagulation on
2 occasions.1
1. Mueller BU, et al. Disseminated intravascular coagulation asso-

ciated with granulocyte colony-stimulating factor therapy in a
child with human immunodeficiency virus infection. J Pediatr
1995; 126: 749–52.

Effects on the bones. Bone mineral loss and osteoporosis
have been reported in children with severe congenital neutrope-
nia receiving granulocyte colony-stimulating factor for long pe-
riods.1-3 However, the role of granulocyte colony-stimulating
factor in producing this effect is uncertain since bone mineral
loss may be a feature of the underlying disease.
1. Bishop NJ, et al. Osteoporosis in severe congenital neutropenia

treated with granulocyte colony-stimulating factor. Br J Haema-
tol 1995; 89: 927–8. 

2. Yakisan E, et al. High incidence of significant bone loss in pa-
tients with severe congenital neutropenia (Kostmann’s syn-
drome). J Pediatr 1997; 131: 592–7. 

3. Sekhar RV, et al. Severe osteopenia in a young boy with Kost-
mann’s congenital neutropenia treated with granulocyte colony-
stimulating factor: suggested therapeutic approach. Abstract:
Pediatrics 2001; 108: 756–7. Full version: 
http://pediatrics.aappublications.org/cgi/content/full/108/3/e54
(accessed 27/10/05)

Effects on the eyes. Subretinal haemorrhage resulting in irre-
versible loss of vision in one eye occurred in a 4-year-old girl
who received filgrastim and nartograstim for chemotherapy-in-
duced neutropenia and for mobilising peripheral blood stem
cells.1 It was postulated that the colony-stimulating factor reacti-
vated a primary ocular inflammation probably caused by an in-
fection. Bilateral peripapillary and macular retinal haemorrhage
occurred in an adult being treated for mantle cell lymphoma.2 It
was attributed to retinal leucostasis secondary to hyperleucocy-
tosis resulting from the use of filgrastim for stem cell mobilisa-
tion. Vision improved after cessation of filgrastim and the use of
leucapheresis.
1. Matsumura T, et al. Subretinal haemorrhage after granulocyte

colony-stimulating factor. Lancet 1997; 350: 336. Correction.
ibid.; 1406. 

2. Salloum E, et al. Hyperleukocytosis and retinal hemorrhages af-
ter chemotherapy and filgrastim administration for peripheral
blood progenitor cell mobilization. Bone Marrow Transplant
1998; 21: 835–7.

Effects on the lungs. There have been reports of exacerbation
of chemotherapy-induced pulmonary toxicity in patients receiv-
ing granulocyte colony-stimulating factor (G-CSF) with bleo-

mycin, cyclophosphamide, or methotrexate. A systematic
review1 of 73 cases noted that the doses of the antineoplastics
were below the usual toxic cumulative dose, suggesting that G-
CSF may have lowered the threshold for pulmonary toxicity of
these drugs. It has been proposed that G-CSF has an activating
effect on neutrophils that makes them toxic to the alveolar capil-
lary wall. The review also included 2 cases of pulmonary toxicity
in non-neutropenic patients treated with G-CSF alone. The cir-
cumstances of 9 other cases suggested that neutropenic patients
with a recent history of pulmonary infiltrates may be at increased
risk of acute respiratory distress syndrome during neutropenia re-
covery. The true role of G-CSF in these cases of pulmonary tox-
icity remains unclear, however.
1. Azoulay E, et al. Granulocyte colony-stimulating factor or neu-

trophil-induced pulmonary toxicity: myth or reality? Systematic
review of clinical case reports and experimental data. Chest
2001; 120: 1695–1701.

Effects on the skin. Skin reactions may occur in patients given
colony-stimulating factors. In a study in women with inflamma-
tory breast cancer, a pruritic skin reaction developed at the sub-
cutaneous injection site in all 7 given granulocyte-macrophage
colony-stimulating factor.1 A review2 of 8 cases of generalised
pruritic maculopapular rash associated with granulocyte or gran-
ulocyte-macrophage colony-stimulating factor found that in 6 of
them the rash resolved in 4 to 17 days even though therapy was
continued and half the patients did not receive any treatment for
the rash. A localised lichenoid reaction has been described for
granulocyte colony-stimulating factor.3 Exacerbation of
psoriasis4 and precipitation or exacerbation of neutrophilic der-
matoses including Sweet’s syndrome,5-7 pyoderma gangreno-
sum,8 and neutrophilic eccrine hidradenitis9 have been reported
following use of granulocyte colony-stimulating factor.
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Effects on the thyroid. Reversible thyroid dysfunction has
been reported in patients with pre-existing thyroid antibodies
during treatment with granulocyte-macrophage colony-stimulat-
ing factor,1 but not with granulocyte colony-stimulating factor.2
However, clinical hypothyroidism has been reported in a patient
with no history of thyroid dysfunction or thyroid antibodies dur-
ing treatment with granulocyte colony-stimulating factor.3
1. Hoekman K, et al. Reversible thyroid dysfunction during treat-

ment with GM-CSF. Lancet 1991; 338: 541–2. 
2. van Hoef MEHM, Howell A. Risk of thyroid dysfunction during

treatment with G-CSF. Lancet 1992; 340: 1169–70. 
3. de Luis DA, Romero E. Reversible thyroid dysfunction with fil-

grastim. Lancet 1996; 348: 1595–6.

Inflammatory disorders. Reactivation of various inflamma-
tory disorders including rheumatoid arthritis1 and pseudogout2,3

has been reported after use of granulocyte colony-stimulating
factors. For further reports of reactivation of sites of inflamma-
tion, see under Effects on the Eyes and Effects on the Skin,
above.
1. Vildarsson B, et al. Reactivation of rheumatoid arthritis and de-

velopment of leukocytoclastic vasculitis in a patient receiving
granulocyte colony-stimulating factor for Felty’s syndrome. Am
J Med 1995; 98: 589–91. 

2. Sandor V, et al. Exacerbation of pseudogout by granulocyte col-
ony-stimulating factor. Ann Intern Med 1996; 125: 781. 

3. Teramoto S, et al. Increased synovial interleukin-8 and inter-
leukin-6 levels in pseudogout associated with granulocyte colo-
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Precautions
Since granulocyte colony-stimulating factors such as
filgrastim can promote growth of myeloid cells in vitro
their use in myeloid malignancies has been contra-in-
dicated, although recently colony-stimulating factors
have been used in some patients with myeloid diseases
without stimulation of malignant cells. However, cau-
tion is required when they are used in patients with any
pre-malignant or malignant myeloid condition. Fil-
grastim and lenograstim should not be used from 24
hours before until 24 hours after cytotoxic chemother-
apy because of the sensitivity of rapidly dividing mye-
loid cells. Pegfilgrastim should not be used from 14


