
METHODS FOR TREATING LOCAL TRACHEAL, BRONCHIAL OR
ALVEOLAR BLEEDING OR HEMOPTYSIS Prior related
applications This patent application claims the
benefit of priority 5 from U.S. Provisional
Application Serial No. 60/693,969, filed June 24,
2005, U.S. Provisional Application Serial No.
60/622,977, filed October 28, 2004 and U.S.
Provisional Application Serial No. 60/608,759, filed
September 10, 2004, each of which is incorporated
herein by reference in its l'O entirety. Field of the
Invention The present invention provides methods to
arrest clinically significant tracheal, bronchial or
alveolar bleeding or hemoptysis, including, but not
limited to 15 persistent or recurrent bleeding
conditions, acute bleeding conditions and chronic
bleeding conditions. In the methods of the present
invention, activated blood coagulation factors, i.e.
hemostatic agents, other than thrombin or fibrinogen
are administered intrabronchially, 20 intratracheally
or to the alveolar space via airway administration.
These methods are useful in clinical medicine,
especially critical or intensive care medicine and
respiratory medicine. The methods of the present
invention are also relevant to the fields of
hematology, rheumatology, 25 transplantation medicine,
infectious diseases and oncology. Background of the
Invention Previous treatments for bronchial bleeding
or hemoptysis comprise surgical and medical
approaches. Among 30 surgical approaches, local
lesions can sometimes be treated 



by excision or cauterization via bronchoscopy, but.
this applies only to restricted numbers and classes of
lesions.Among medical approaches, the most common is
the systemic administration of blood platelets and/or
blood coagulation factors, of which the patient may
have a congenital or acquired deficiency, and/or the
systemic administration of inhibitors of fibrinolytic
(clot-dissolving) mechanisms. The latter include
tranexamic acid, which inhibits the conversion of
plasminogen to the fibrinolytic enzyme plasmin, and
aprotinin, which inactivates fibrinolytic enzymes. The
disadvantage of these medical approaches is that their
effect is often inadequate to arrest the local
bronchial or alveolar bleeding, especially if this is
caused by a combination of one or more local lesions
and a generalized deficiency of one or more hemostatic
mechanisms or due to an affection of the
alveolo-capillary membrane either of primary, unknown
etiology or secondary to an identifiable systemic
disease or condition, such as bone marrow
transplantation, chemotherapy, systemic autoimmune
disease or infection. The inhibition of fibrinolysis
can only arrest bleeding if the hemostatic mechanisms
are adequate to form a blood clot in the first place.
Bronchial or diffuse alveolar bleeding or hemoptysis
is typically a medical emergency, in which rapid
arrest of bleeding is required, often allowing
insufficient time to identify the underlying causes
with certainty, and in which treatment of the
underlying disease is too retarded in comparison with
the acute life-threatening hemorrhage. Medical
treatments are therefore often given speculatively and
without certainty of their efficacy. 



Various methods of airway administration of substances
intended to exert a therapeutic effect either locally
or systemically or both have been the subject of both
publications and patent applications. For example U.S.
Patent 3,920,845 discloses methods for treating
allergicconditions with daily doses of 2-nitroindan-l,
3-dione administered orally, parenterally or by
insufflation. Methods for treating inflammation,
allergic reactions and/or asthma via inhalation
therapies are also disclosed in U.S. Patents and
5,980,865, U.S. Patent 6,193,957, U.S. Patent
6,497,877, and U.S. 2003/0195141 and U.S. Patent
5,690,910 discloses intrabronchial administration of
therapeutic agents for treatment of antigen-induced
asthma. U.S. Patent 5,427,797 discloses a method for
administering nitric oxide by the inhalation route to
prevent or treat blood platelet aggregation. U.S.
Patent 5,096,916 discloses administration of an
imidazoline compound, which is a vasodilator and an
alpha-adrenergic blocking agent, by inhalation for the
treatment of symptoms of chronic obstructive pulmonary
disease. US 2004/0265238 discloses an inhalable
formulation of a hypertension reducing agent for
treatment of pulmonary hypertension. These patents
serve to indicate the feasibility of drug delivery by
airway administration, and thus their teachings are
incorporated herein by reference in their entirety.
However, the purpose of airway delivery of the
administered substance (s) in the majority of these
teachings has not been to arrest bleeding into the
airway. Gong et al . (U.S. 2005/0008580) disclose a
method of treating hemophilia by the inhalation of
aerosolized factor 



X I (FIX) of certain chemical characteristics and
particle size, and the potential administration of
factor VIII (factor VIII) in the same way is also
disclosed, though not the subject of any claim. The
purpose of this administration of FIX or factor VIII
is to replace regular systemic administration of these
factors in the long-term treatment of hemophilia, not
to arrest bleeding into the airway.Thrombin alone or
thrombin together with fibrinogen has been applied
intrabronchially by means of a bronchoscope to treat
localized bleeding in the bronchial tree (Kinoshita et
al., 1982; Tsukamoto et al ., 1989; de Gracia et al .,
1995; Saito et al ., 1998; Hosoda et al ., 2001; de
Gracia et al ., 2003) . However, these results do not
have predictive value for other coagulation factors
that act at en earlier stage of the coagulation
cascade. In the cited publications, thrombin and
fibrinogen have been used as a specific surgical
fibrin- forming "glue" to treat only those localized
bleeding lesions that are accessible to the
bronchoscope, and not bleeding from a wider area of
the bronchoalveolar tree. On the other hand, general
instillation or inhalation of thrombin and fibrinogen
has not proved successful, incurring a risk of airway
obstruction. It is therefore of therapeutic interest
to use other coagulation factors acting at an earlier
stage of the coagulation cascade and thus subject to
local regulating influences to avoid an undesirably
heavy deposition of fibrin glue in large parts of the
airway. The present invention concerns the
administration via the airway of other activated
coagulant factors to treat both diffuse and localized
bleeding in the airways. 



Summary of the Invention In one aspect, the present
invention relates to a method for arresting acute or
recurrent or chronic tracheal, bronchial or alveolar
bleeding or hemoptysis in a subject which comprises
intratracheal, intrabronchial or intraalveolar
administration to the subject of a blood coagulation
factor which is not thrombin or fibrinogen.
Accordingly, the invention relates to the use of a
blood coagulation factor which is not thrombin or
fibrinogen for the manufacture of a medicament for the
treatment orprevention of acute or recurrent or
chronic tracheal, bronchial or alveolar bleeding or
hemoptysis in a subject, wherein said medicament is
administered into the airway by various means
including intratracheal, intrabronchial or
intraalveolar administration. An advantage of the
present invention is that unwanted side effects or
insufficient therapeutic effects of the systemic
administration of thrombotic and/or hemostatic agents
are reduced or avoided. Detailed Description of the
Invention The present invention relates to the
intratracheal, intrabronchial or intraalveolar
administration to a subject, preferably a mammal, more
preferably a human and inclusive of both adults and
children, blood coagulation factors other than
thrombin or fibrinogen, preferably activated human
factor VII and/or factor XIII to arrest bleeding from
the trachea, bronchi or alveoli, or hemoptysis. When
used herein the term "blood coagulation factor other
than thrombin or fibrinogen" includes all such factors
other than thrombin or fibrinogen, including, but not 



limited to, factor VII, factor VIII, factor IX, factor
V , factor XI, factor XIII, and any combination
thereof. When used herein, the term 'factor VII" is
intended to encompass factor VII polypeptides in their
uncleaved (zymogen) form, as well as those that have
been proteolytically processed to yield their
respective bioactive forms, which may be designated
factor Vila. Typically, factor VII is cleaved between
residues 152 and 153 to yield factor Vila. When used
herein in connection with factor Vila, the term
"variant" includes, without limitation, factor VII
polypeptides that have either been chemically modified
relative to human factor Vila and/orcontain one or
more amino acid sequence alterations relative to human
factor Vila. Such variants may exhibit different
properties relative to human factor Vila, including
stability, phospholipid binding, altered specific
activity, and the like. A factor Vila variant includes
polypeptides that exhibit at least about 10%,
preferably at least about 30%, more preferably at
least about 50%, and most preferably at least about
70%, of the specific biological activity of human
factor Vila. For purposes of the invention, factor
Vila biological activity may be quantified by
measuring the ability of a preparation to promote
blood clotting using factor VII-deficient plasma and
thromboplastin, as described, e.g., in U.S. Patent No.
5,997, 864. In this assay, biological activity is
expressed as the reduction in clotting time relative
to a control sample and is converted to "factor VII
units" by comparison with a pooled human serum
standard containing 1 unit of factor VII activity per
ml. Alternatively, factor Vila biological activity may
be 



quantified by (i) measuring the ability of factor Vila
or a factor Vila equivalent to produce activated
factor X in a system comprising tissue factor embedded
in a lipid membrane and factor X . Non-limiting
examples of factor Vila variants and the measurement
of their biological activity have been set forth in
WO2005074975, which is hereby incorporated by
reference in its entirety. Further non-limiting
examples of factor Vila variants are polypeptides
having at least 75% sequence identity to activated
human factor VII, such as at least 85% sequence
identity, e.g. at least 90% sequence identity, such as
at least 95% sequence identity, e.g. at least 96%
sequence identity, such as at least 98% sequence
identity, e.g. at least 99% sequence identity to human
factor Vila.By the terms "factor XIII" and "activated
factor XIII" are meant the blood coagulation factor
XIII and its activated forms as described in
WO9315234, which is hereby incorporated by reference
in its entirety. For convenience, the activated forms
of factor XIII, factor XIII a 'a and factor XIII a'a',
are individually or collectively referred to as factor
XIIIa. When used herein in connection with factor
XIIIa, the term "variant" includes biologically active
forms of factor XIIIa having at least about 10%,
preferably at least about 30%, more preferably at
least about 50%, and most preferably at least about
70%, of the specific biological activity of human
factor XIIIa in an assay such as described by
Dvilansky et al . (1970) . Nonlimiting examples of
variants are polypeptides having at least 75% sequence
identity to activated human factor XIII, such as at
least 85% sequence identity, e.g. at least 90% 



sequence identity, such as at least 95% sequence
identity, e.g. at least 96% sequence identity, such as
at least 98% sequence identity, e.g. at least 99%
sequence identity to activated human factor XIII.
Bleeding from the airways, including the trachea,
bronchi or alveoli, or conditions covered by the more
general term hemoptysis, may result from an acute
condition, a recurrent condition or a chronic
condition and may be due to lesions in the airways,
whether caused by trauma, inflammation, infection or
neoplasia, due to a congenital or an acquired disorder
of the blood coagulation system or due to a
combination of the aforementioned possible causes. For
example, is it believed that the methods of the
present invention will e.g. be useful in treating
diffuse alveolar hemorrhage, including that due to
blast lung injury, and treating or preventing chronic
alveolar bleeding causingpulmonary hemosiderosis and
subsequent chronic pulmonary insufficiency. In one
embodiment, the subject treated is not a hemophilia
patient. When used herein the terms intratracheal,
intrabronchial or intraalveolar administration"
include all forms of such administration whereby the
coagulation factor is applied into the trachea, the
bronchi or the alveoli, respectively, whether by the
instillation of a solution o f the factor, by applying
the factor in a powder form, or by allowing the factor
to reach the relevant part of the airway by inhalation
of the factor as an aerosolized or nebulized solution
or powder, with or without added stabilizers or other
excipients. 



In another embodiment, intratracheal, intrabronchial
or intraalveolar administration does not include
inhalation of the product but the instillation or
application of a solution of the factor or a powder
containing the factor into the trachea or lower
airways . Methods of intrabronchial/alveolar
administration include, but are not limited to,
bronchoalveolar lavage (BAL) according to methods well
known to those skilled in the art, using as a lavage
fluid a physiologically acceptable composition in
which the blood coagulation factor or factors have
been dissolved or indeed by any other effective form
of intrabronchial administration including the use of
nebulized powders containing the coagulation factor
(s) or hemostatic agents in dry form, with or without
excipients, or the direct application of the
coagulation factor (s), excluding thrombin and
fibrinogen, in solution or powder form during
bronchoscopy. Methods for intratracheal administration
include, but are not limited to, blind tracheal
washing with a similar solution of dissolved
bloodcoagulation factor (s) , or the inhalation of
nebulized fluid droplets containing the dissolved
coagulation factor (s) obtained by use of any
nebulizing apparatus adequate for this purpose. The
blood coagulation factors that are intended to b e
administered in this way comprise any of the
coagulation factors other than thrombin and
fibrinogen, preferably a coagulation factor necessary
for local pulmonary hemostasis, and most preferably
activated factor VII (factor Vila), or a biologically
active variant thereof, or a blood coagulation factor
that promotes clot strength and resistance to 



fibrinolysis, such as factor XIII or factor XIIIa or a
biologically active variant thereof. The blood
coagulation factors are preferably purified and/or
concentrated, and may e.g. b e prepared from plasma or
by means of recombinant DNA technology including
expression in cell culture or transgenic animals . The
treatment with a blood coagulation factor that is not
factor XIII or factor XIIIa may be combined with
application of factor XIII or factor XIIIa, and
optionally also with antif ibrinolytic agents.
Fibrinolytic activity is mediated by the binding of
plasminogen to fibrin together with tissue-type
plasminogen activator (t-PA) , which promotes
activation of the plasminogen to the active enzyme
plasmin, resulting in digestion of fibrin in the clot
and subsequently causing rebleeding. Factor XIIIa, a
tetrameric transglutaminase formed from factor XIII by
the action of thrombin, is an important mediator of
clot resistance to fibrinolysis. Factor XIIIa augments
clot stability by crosslinking fibrin, and thereby
impedes fibrinolysis mediated by local plasmin
activity. Administration of factor XIIIa or factor
XIII, which is then activated in the body bythrombin,
stabilizes the clot that has already been formed
against mechanical, proteolytic and fibrinolytic
activity. Administration o f coagulation factors b y
the intrabronchial route for the treatment o f
bronchial bleeding and hemoptysis in accordance with
the present invention is demonstrated herein to b e
capable o f arresting bronchial bleeding which was
resistant to prior attempts o f treatment b y
intravenous administration o f the same coagulation
factors. Alternative ways o f administration are 



intratracheal administration and intraalveolar
administration for arresting intratracheal bleeding or
alveolar bleeding resulting from acute, recurrent or
chronic conditions . Thus, the present invention
provides a significant improvement to the methods o f
treating tracheal, bronchial or alveolar bleeding.
Furthermore, intratracheal, intrabronchial or
intraalveolar administration o f coagulation factors
is expected to avoid the potential unwanted thrombotic
effects o f systemic administration o f coagulation
factors such as recombinant human activated factor VII
(rhFVIIa) , whose intravenous use is potentially
associated with a significant incidence o f
thrombosis. A preferred embodiment o f the present
invention comprises local intrabronchial
administration to human patients with persistent
bronchial bleeding or hemoptysis o f rhFVIIa b y means
o f bronchoalveolar lavage with lavage fluid (e.g. 50
m l o f isotonic saline) in which a suitable dose
(e.g. at least 4.8 ing) o f rhFVIIa has been
dissolved, i f necessary supplemented with a suitable
dose (e.g. 625 U ) o f human blood coagulation factor
XIII dissolved in the same fluid. This administration
is optionally repeated at intervals depending on the
recurrence o f bronchial bleeding and is in some
embodiments as short as one day or as long as11 days
or more if the treatment is successful. A s
supplementary or combinatorial treatments, the same
coagulation factors can be given intravenously,
preferably in the same or similar doses, as can the
antif ibrinolytic agents aprotinin and plasminogen
activator inhibitor 1 (PAI- 1 ) , and the antif
ibrinolytic agents tranexamic acid or 



epsilon-aminocaproic acid can also be administered
intrabronchially via a nebulizer. Pharmaceutical
compositions or formulations for use in the present
invention include a factor Vila preparation in
combination with, preferably dissolved in, a
pharmaceutically acceptable carrier, preferably an
aqueous carrier or diluent. A variety of aqueous
carriers may be used, such as 0.9% saline, buffered
saline, physiologically compatible buffers and the
like. The compositions may be sterilized by
conventional techniques well known to those skilled in
the art. The resulting aqueous solutions may be
packaged for use or filtered under aseptic conditions
and freeze-dried, the freeze-dried preparation being
dissolved in a sterile aqueous solution prior to
administration. The compositions may contain
pharmaceutically acceptable auxiliary substances or
adjuvants, including, without limitation, pH adjusting
and buffering agents and/or tonicity adjusting agents,
such as, for example, sodium acetate, sodium lactate,
sodium chloride, potassium chloride, calcium chloride,
etc. An aspect of the present invention and its
preferred embodiment is the optional administration of
human factor XIII or factor XIIIa, e.g. prepared from
plasma or by means of recombinant DNA technology
including expression in cell culture or transgenic
animals, as supplementary therapy to stabilize the
clot already formed as a consequence of factor Vila
that has been locally applied to the lungs.
Withrespect to this adjuvant therapy, the factor XIII
or factor XIIIa may be applied locally by the
intratracheal, intrabronchial or intraalveolar methods
specified above or 



may be administered systemically. The following
nonlimiting example is provided to further illustrate
the present invention. Example A 44-year-old man with
chronic lymphatic leukemia received allogenic
nonmyeloablative stem cell transplantation complicated
by severe graft-versus-host disease requiring
immunosuppressive medication at high dosage. The
patient developed a systemic cytomegalovirus
infection, treated with cidofir, which caused renal
failure requiring hemodialysis. He then developed
thrombocytopenia requiring daily blood platelet
transfusions and subsequently developed clinical signs
of bacterial sepsis and cardio respiratory failure,
which led to his admission to the intensive care unit.
At this stage the platelet count was 45 x loVml, the
activated partial thromboplastin time was prolonged at
57 seconds, and the prothrombin index and serum
fibrinogen were normal. He was treated with
antibiotics, inotropic agents and mechanical
ventilation, which stabilized his condition over the
following week. He then developed bronchial bleeding
as evidenced by fresh blood in the intratracheal tube
and an increased oxygen requirement. Platelet
substitution raised a low platelet count of 10 x lOVml
to 128 x 109/ml without arresting the bleeding, which
increased despite the administration of intravenous
aprotinin and inhaled tranexamic acid. Over the
following five weeks the intravenous administration
rhFVIIa at doses of 2.4-9.6 mg alone or in conjunction
with maximal doses of aprotinin, tranexamic acid and
desmopressin wereunsuccessful in arresting the
persistent bronchial bleeding, 



although the platelet count was maintained above 50 x
109/ml and the coagulation status was normal apart
from intermittent slight prolongation of the activated
partial thromboplastin time. At this stage the
treatment was changed according to the present
invention, and rhFVIIa was given by bronchoalveolar
lavage directly into the bronchial tree at a dose of
4.8 mg, supplemented with intravenous administration
of the same dose of rhFVIIa. This arrested the
bronchial bleeding for the first time, the effect
lasting for 36 hours. Over the next 40 days the same
treatment was repeated on nine occasions alone or in
conjunction with intravenous aprotinin, in each case
arresting the bleeding for a period of 24-4 8 hours.
The blood coagulation status was unchanged and
thromboelastography showed normal clot development and
clot strength without evidence of hyperfibrinolysis in
peripheral blood. At this stage intrabronchial
administration of factor XIII 625 U by bronchoalveolar
lavage was added to the treatment with intrabronchial
and intravenous rhFVIIa, also supplemented with
intravenous administration of the same dose of factor
XIII. This arrested the bronchial bleeding for 11 days
and reduced the increased oxygen requirement. A
recurrence of bleeding was arrested for a further 7
days by repeating this treatment, and thereafter the
patient was maintained free of bleeding by weekly
intravenous administration of factor XIII. References
cited U.S. Patent Documents US 2005/0008580, Gong et
al., Hemophilia treatment by inhalation of coagulation
factors, filed Apr. 8 , 2004.Other Publications 
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1 . Use of a blood coagulation factor which is not
thrombin or fibrinogen for the manufacture of a
medicament for use in the treatment or prevention of
acute or recurrent or chronic tracheal, bronchial or
alveolar bleeding or hemoptysis in a subject by
administration via the airway, including
intratracheal, intrabronchial or intraalveolar
administration. 2 . The use of claim 1 , wherein the
medicament is for administration by bronchoalveolar
lavage with a solution of the factor. 3 . The use of
claim 1 , wherein the medicament is for administration
by blind tracheal washing with a solution of the
factor. 4 . The use of claim 1 , wherein the
medicament is for administration by causing the
inhalation of a nebulized solution of the factor. 5 .
The use of claim 1 , wherein the medicament is for
administration by causing the inhalation of the factor
in nebulized powder form. 6 . The use of claim 1 ,
wherein the medicament is for administration by direct
application of the factor during bronchoscopy.7 . The
use of any of the preceding claims, wherein the blood
coagulation factor is activated factor VII or a
variant thereof. 8 . The use of any of the preceding
claims, wherein the blood coagulation factor is a
factor that promotes clot strength and resistance to
fibrinolysis. 9 . The use of claim 8 , wherein the
blood coagulation factor is factor XIII or activated
factor XIII. 



10. The use of any of the preceding claims, wherein
the subject is a mammal. 11. The method of claim 10,
wherein the mammal is a human treated with a human
blood coagulation factor. 12. The method of claim 11,
wherein the human is a child younger than 12 years of
age. 13. The method of claim 11, wherein the human is
an adult older than 12 years of age. 14. The use of
any of the preceding claims, wherein the medicament is
for use in combination with factor XIII or activated
factor as a supplementary therapy. 15. The use of
claim 14, wherein the factor XIII or activated factor
XIII as an adjuvant therapy is administered
systemically. 16. The use of claim 14, wherein the
factor XIII or activated factor XIII as an adjuvant
therapy is administeredvia intratracheal,
intrabronchial or intraalveolar administration . 17. A
composition for intratracheal, intrabronchial or
intraalveolar administration comprising a blood
coagulation factor other than thrombin or fibrinogen
for use as a medicament . 


