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METHODS AND COMPOSITIONS FOR THE TREATMENT
OF DISEASES WITH INTERFERON WHILE REDUCING SIDE EFFECTS

The present invention relates to methods of
treatment of diseases using consensus human leukocyte
interferon. The invention also relates to
:pharmaceutlcal compositions of consensus human
leukocyte interferon that are suitable for the
treatment of diseases. '

Backaround of the Inveption

Interferons are a subclass of cytokines that
exhibit both antiviral and antiproliferative activity.
On the basis of biochemical and immunological
properties, human interferons are grouped into three
classes: interferon-alpha (leukocyte), interferon-beta
{fibroblast) and interferon-gamma (immune). At least
fourteen alpha interferons (grouped into subtypes A
through H) having distinct amino acid sequences have
been identified by isolating and sequencing DNA
éncoding these polypeptides. Alpha interferons have
received considerable attention as potential
therapeutic agents due to their antiviral and antitumor
growth inhibition.

x The purification of interferon from human
leukoc&tes isolated from the buffy coat fraction of
whole Blood is described in U.S5. Patent No. 4,503,035.
Human leukocyte interferon prepared in this manner
contains a mixture of different human leukocyte
interferon amino acid sequences. The purified material
has a specific activity of from 0.9 x 108-4 x 108
units/mg. of protein when assayed on the MDBK bovine
cell line and from 2 x 106-7.6 x 108 units/mg. of
protein when assayed on the Ag 1732 human cell line.
The cytopathic effect inhibition assay used to
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détermine interferon anti-viral activity is disclosed
in U.S. Patent No. 4,241,174. The measured interferon
factlvity was calibrated against a reference standard
ifor human leukocyte lnterferon provided by the National
;Instxtutes of Health.

" The construction of recombinant DNA plasmids

-contalnlng sequences encodlng at least part of human
tleukocyne interferon and the expression in E. gold of a
;quypeptlde having 1mmunologlcal or biological activity
‘of human leukocyte interferon is disclosed in U.S.
gatent No. 4,530,901,

The construction of hybrid alpha~interferon

'qenes containing combinations of different subtype
.{sequences {(e.g., A and D, A and B, and A and F) is

':-vdlsclosed in U.S. Patent Nos. 4,414,150, 4,456,748, and

4 678, 751,

U.5. Patents Nos. 4,695,623 and 4,887,471
disclose novel human leukocyte interferon polypeptides
hqung amino acid sequences which include common or
predominant amino acids found at each position among

:déturally-occurring alpha interferon subtype

polypeptides and are reéferred to as consensus human
ieukocyte intexferon (IFN-con). The IFN-con amino acid
sequences disclosed are deslgnated IFN-con), IFN-cons,
and IFN~con3. The prepa:atxon of manufactured genes
encodirg IFN-con and . ﬁﬁe expressign of said genes in

E ggli are also disclosed.

A purlflcatlon of IFN-conj produced in

, E ¢oli is described ‘in Klein et al. (J. Chromatog.

_4,5_4_ 205-215 {(1988)). -IFN-con; purified in this manner
is reported to have:a speCLflc activity of 3 x 109
unltS/mg. protein as measured in the cytopathic effect
inhibition assay using the T98G human cell line

(Fish et al. J. Interferon Res. 9, 97-114 (1989)).

Z?ﬁrified IFN-cony cdmprises three isoforms as
‘determined by isoelectric focusing which have been
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identified as methionyl IFN-c¢on;, des-methionyl
IFN-con; and des-methionyl IFN-cony with its N-terminus
blocked by an acetyl group. (Klein et al. Arch.
Biochem. Biophys., 2178, 531-537 (1990)).

5 Alpha—inte?feron is currently approved in the
United States and other countries for the treatment of
hairy cell leukemia, venereal warts, Kaposi's Sarcoma
{a cancer commonly afflicting patiehts suffering from
Acquired Immune Deficiency Syndrome (AIDS)), and

10 chronic non-A, non-B hepatitis. Two variants of alpha
interferon have received approval for therapeutic use:
Interferon alfa-2a, marketed under the trade name
Roferon®-A, and Interferon alfa-2b, marketed under the
trade name INTRON® A, The amino acid sequences of

15 Roferon®-A and INTRON® A differ at a single position
but otherwise are identical to the amino acid sequence
of alpha-interferon subtype 2 (subtype A}.

In addition to the labeled indications, alpha-
interferon is being used or evaluated alone or in

20 conjunction with chemotherapeutic agents in a variety of
other cellular proliferation disorders, including
chronic myelogenocus leukemia, multiple myeloma,
superficial bladder cancer, skin cancers (basal cell
carcinoma and malignant melanoma), renal cell carcinoma,

25 ovarian cancer, low grade lymphocytic and cutaneous
T cell®lymphoma, and glioma. Alpha-interferon may be
effectéve in combinatibn'with othér chemotherapy agents
for thé treatment of solid tumors that arise from lung,
colorectal and breast cancer (see Rosenberg et al.

30 “Principles and applications of Biélogic Therapy” in
Cancer: Principles and Practices df Oncology, 3rd ed.,
Devita et al., eds. pp. 301-547 (1989), Balmer DICP,
Ann Pharmacother 24, 761-768 (1990)).

Alpha-interferons are known to affect a

35 wvariety of cellular functions, including DNA replication

and RNA and protein synthesis, in both normal and
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éabnormal cells. Thus, cytotoxic effects of interferon
‘are not restricted to tumor or virus infected cells but
?are also manifested in normal, healthy cells as well.
fAs a result, undesirable side effects arise during
5 jlncerferon therapy, particularly when high doses are
giequired. Administration of interferon can lead to
- &myelosuppression resulting in reduced red blood cell,
- ' i@hite blood cell and platelet levels. Higher doses of
' ;interferon commonly give rise to flu~like symptoms
10 (e.g., fever, fatigue, headaches and chills),
féastrointestinal disorders (e.g., anorexia, nausea and
?aiarrhea). dizziness and coughing., It would be useful
‘to reduce or eliminate the undesirable side effects of
‘interferon therapy without diminishing the therapeutic
15 ibenef;ts of such therapy.
; Therefore, an object of this invention is the
‘treatment of conditions that aze susceptible of
éﬁreatment with an interferon, wherain the undesirable
;side effacts normally associated with alpha interferon
20 treatment are significantly diminished compared to
Eéurrently practiced treatment regimens or eliminated
iéntirely. Another object of the invention is to
%achieve enhanced therapeuwtic benefit in the treatment
of diseases with interferon as compared to currently
25 ‘practiced regimens, with substantially no corresponding
@increa;e in the frequency or severity of undesirable
side effects.

The invention encompasses methods of treatment
of various conditions susceptible of treatment with an
interferon, involving administering to a mammal,
preferable a human, a therapeutically effective amount

35 of consensus human leukocyte interxferon (IFN-con). The
invention is based on the discovery that IFN-con does
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not cause the same degree of side effects in patients as
do alpha interferons. The conditions that may be
treated in accordance with the pfesent invention are
generally those that are susceptible to treatment by
5 alpha interferons. In other woras; IFN-con is useful to
treat substantially the same coﬁditions that may be
treated with alpha interferons, such as Intron® A.
Exemplary conditions include, but ére not limited to,
cell prolifefation disorders and viral infections. IFN-
10 con is effective in treating cell proliferation
disorders frequently associated with cancer., Such
disorders include, but are not limited to, hairy cell
leukemia and:Kaposi's Sarcoma. -IFN-con may be used
alone or in ‘combination with othér therapeutics for the
15 treatment of :cancer and other préliferative disorders.
In a preferred embodiment, IFN-con is used in
conjunction with a therapeutically effective amount of
one or more factors that stimulate myeloid cell
proliferation or differentiation, such as granulocyte
20 colony stimulating factor (G—CSF), granulocyte/
macrophage colony stimulating factor (GM-CSF),
interleukin-1 (IL-1), interleukin-3 (IL-3),
zinterleukih-ﬁ (IL-6), erythropoietin, and stem cell
factor (SCF). G-CSF is a preferred factor for use with
25 IFN-con. |
x Viral conditiohs treat?ble by by IFN-con
include, but are not limited_tof'hepatitis A, hepatitis
C, othar non-A, .non-B hepatitis;phepatitis B, herpes
virus (EB, ‘CML, herpes éi@plex)@fgapilloma. poxvirus,
' o wirus, HTLV I, HTLV

30 picorna virus, adeno virhs, rhin
1I, and human rotavirus. -
Although it has prev10usly been apprecliated

that the above condltlons;can be treated with alpha
interferon, side effects'a ;

>ccompan!ing such treatment
35 have severely limited the overall usefulness of such
‘treatment. In some cases, such as Epstein-Barr
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infection, side effects accompanying alpha'interferon
treatment have virtually ruled out treatment using
alpha interferon. Thus, for purposes of the present
invention, conditions that can be treated with IFN-con
include those conditions in which alpha interferon
treatment shows some efficacy, but which may not be
treatable with known interfexons because the negative
side effects outweigh the benefits of the treatment.
It has now been discovered and disclosed herein that
treatment with a non-naturally occurring interferon,
selected from consensus human leukocyte interferons
(IFN-con) results in substantially reduced or
eliminated side effects as compared to treatment with
alpha interferon. The reduction or elimination of side
effects is expected to be demonstrated regardless of
the condition being treated. The reduction or
elimination of side effects discovered for IFN-con
could not have been predicted based on the results
reported in the prior art. The actual clinical results
presented herein clearly demonstrate not only that
IFN-con causes reduced or non-existent side effects at
the same dose level as alpha interferon, but that 3 to
5 times more IFN~con may be administered without
causing dose-limiting side effects.

Additionally, it is shown below that IFN-con
has similar or higher activity than INTRON® A in the
above described indications. In particular, IFN-con
shows iigher antiproliferative activity than INTRON® A.
Therefore, treatment of a cell proliferation disoxder
using IPN-con shows enhanced efficacy and safety
compared to other currently practiced interferon
treatments. The administration of a therapeutically
effective amount of IFN-con results in more rapid or
more extensive treatment of a cellular proliferative
disorder compared to currently practiced metheds,
wherein no corresponding increase in the frequency or

ﬂﬁSMﬁHwB&mehwd.‘
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severity of assoclated undesirable side effects occurs.
In addition, a therapeutically effective amount of
IFN~con may be less than the amount of an interferon
used in currently practiced regimens. As a result, in
some cases, a decreased dose of IFN-con gives the same
therapeutic benefit as higher doses of other
interferons hut with a decrease or elimination of
undesirable side effects aSSOczated with currently
practiced interferon therapy.

IFN-con is a nonnaturally-OCCurring
polypeptide having antipfoliferative activity.

Preferably, IFN-con is a polypeptide having the amino

acid sequence of IFN-con;, IFN-conz, or IFN-con3z. Most

‘preferably, IFN-con has the amino acid sequence of

IFN~-con;y.

The invention also relates to pharmaceutical
compositions comprising a therapeutically effective
amount of IFN-con along with suitable diluents,
adjuvants, carriers, preservatives and/or solubilizers.

Brief T iption of Draws

Figures 1 through 7 show the antiproliferative
activity of IFN-con} and INTRON® A, a comparative
material, on Eskol, a hairy cell leukemic cell line,
when interferons were added to an Eskol cell suspension
at 0.1; 0.5, 1, 5, 10, 50 and 100 ngs/ml, respectively.

i

Figure 8 shows the first and current median
MTDs achieved by Kaposi’s :Sarcoma patients treated with
INTRON-A, IFN-Conj, or IFN-Con; and r-metGCSE.

As employed herein, consensus human leukocyte
interferon (IFN-con) means a nonnaturally-occurring
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polypeptide, which predominantly includes those amino
acid residues that are common to all naturally-occurring
human leukocyte interfefdn subtype sequences and which
includes, at one or more of those positions where there
5 is no amino acid common to all subtypes, an amino acid
which predominantly occurs at that position and in no
event includes any amine acid residue which is not
extant in that position in at leasé one naturally-
occurring subtype. IFN-con encompasses but is not

10 limited to the amino acid seqdences designated IFN-con;,
IFN-conz and IFN—con3;which are disclosed in commonly
owned U.S. Patents 4,695,623 and 4,897,471, the entire
disclosures of whichtaré:hereby incorporated by
reference. DNA .sequences encoding IFN-con may be

15 ~synthesized.as:deséf&béd;in the above-mentioned patents
or other standard methods.

IFN~-con polypebtides are preferably the
products of expression of manufactured DNA sequences
trangformed or transfected into bacterial hosts,

20 especially E. coli. That is, IFN-con is recombinant
IFN-con. IFN-con is preferably produced in E. coli is
purified by procedures known to those skilled in the
art and generally described in Klein et al., gsupra
(1988) for IFN=-conj. Pufified IFN~-con may comprise a

25 mixture of isoforms, e. g ’ pur;fled IFN-con) comprises
a mlxture of methlonyl IFN-conl, des-methionyl IFN-conj
and des-meth:onyl IFN-con1 with a blocked N-terminus
(Kleln et al., supra (1990)) "Alternatively, IFN-con
may comprise a speczfic, 1solated isoform. Isoforms of

30 IFN-con are separated’ from each other by techniques
such as isoelectric focusing which are known to those
skilled in the art.

The subject 1nventlon provides for a method
of treating a conditxon'treatable by alpha intexferon

35 while reducing or elzmlnétlng one or more side effects
typically associated with alpha interferon treatment,
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involving administering a therapeutically effective
amount of IFN-con to a patient. A preferred embodiment
of the invention .is a method of treatment involving
administering a therapeutically effective amount of
IFN-con;, IFN-conz, or IFN-con3, Most preferably, a
therapeutically effective amount of IFN=-con; is
administered.

The phrase “reducing or elimlnating one or
more side effects associated with interferon
administration” is believed to be clear and
understandable to those of ordinary skill in the
relevant art. Generally, one may use any of a variety
-of measures of number and degree of severity of side
effects associated with interferon therapy to determine
‘whether the side effect profile is different from one
‘interferon to another. One suitable interferon for
comparative purposes with consensus interferon is
Intron® A, interferon alfa~-2b, sold by Schering-Flough.

A convenient way of rating severity of side
effects is to use a standard scale such as that
accepted by the WHO {World Health Organization). The
scale, which is currently widely used by clinicians,
utilizes grade levels of side effects as follows:
grade I, mild; grade II, moderate; grade III, severe:
grade IV, life threatening. Although there is some
subjectivity involved in these ratings, if the same
clinician is rating groups of patients, a comparison of
side e%fect profiles between two drugs may be valid and

-acceptable to doctors. To make a comparison, doctors

will frequently look at whether administering a given
drug at a given dose level results in a dose-limiting
toxicity (DLT)., A DLT occurs when a patient judges a
side effect as intolerable. When this occurs, a doctor
may either reduce the dose (typically by 3 million
units in the case of Intron® A or consensus interferon)
or take the patient off of the drug for a period of

heet Has Been RTlaced
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time followed by resuming administration at the same or
a lower dose. In any case, when a DLT is encountered,
the result can be a sub-optimal treatment regime with
less than optimal efficacy. Thus, another way of

5 expressing a reduction in side effects is to refer to a
reduced number of DLT's &t a given dose level. A
comparison of DLT's is presented for Intron® A and
consensus interferon in Example 3, Although other
measures of side effect profiles may be employed, the

10 result is the same: as compared to other interferons,
especially alpha interferons such as Intron® A and
Roferon® {Hoffmann La Roche), consensus interferon
-results in fewer DLT's and, generally, a patient that
‘feels better at all dose levels that are useful to

15 treat diseases.

Suitable conditions for treatment with IFN-
con include a variety of cell proliferation disorders,
particularly various cancers. These disorders include,
but are not limited to, hairy cell leukemia, Kaposi’s

20 Sarcoma, chronic myelogenous leukemia, multiple
myeloma, superficial bladder cancer, skin cancer (basal
¢ell carcinoma and malignant melanoma), renal cell
carcinoma, ovarian cancer, low grade lymphocytic angd
cutaneous T cell lymphoma, and glioma. '

25 : Other conditions suitable for treatment with
IFN-con include a variety of wiral diseases. These
diseasges include, but are not limited to, hepatitis A,
'hepat‘i%is B, hepatitis C, non-A, non-B hepatitis (other
than hepatitis B oxr C), Epstein-Barr viral infection,

30 'HIV infection, herpes virus (EB, CML, herpes simplex),
papilloma, poxvirus, picorna virus, adeno virus, rhino
virus, HTLV I, HTLV II, and human rotavirus.

IFN-con may be used alone or in combination
with other therapeutics for the treatment of the

35 indications described herein. For example, IFN-con may

be administered in conjunction with a therapeutically

This Sheet Has Been Reﬂlaced
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effective amount of one or more chemotherapy agents
such as busulfan, 5-fluoro-uracil (5-FU), zidovudine
(A2T}, leucovorin, melphalan, prednisone,
cyclophosphamide, dacarbazine, cisplatin, and
5 dipyridamole. IFN-con may also be given in conjunction
with cytokines such as interleukin-2 (IL-2).
A therapeutically effective amount of IFN-con
may be administered in combination.with a
therapeutically effective amount of one or more factors
10 that stimnlate myeloid differentiation so as to
overcome the effects of myelosuppression cbserved
during interferon treatments. Such agents include, but
are not limited to, G-CSF, GM-CSF, IL-1, IL-3, i1.—-6,
-erythropoietin and SCF. Stem cell factor (SCF)
15 stimulates the proliferation of early hematopoietic
progenitor cells and has been described in U.S. Serial
No. 573,616, the disclosure of which is hereby
incorporated by reference. A preferred agent is G-~CSF.
In Examples 1 - 3 provided below, it is shown
20 that IFN-con; is an effective antiproliferative agent
against hairy cell leukemia and AIDS-associated
Kaposi's Sarcoma.
The anti-proliferative activity of IFN-conj
and INTRON® A assay-e.d on Eskol cells, a hairy cell
25 leukemic cell line, is shown in Example 1. It is shown
that IFN~-con; has greater anti-proliferative activity
than Ii’xtron@ A over a wide range of concentrations.
‘similat results were obtained when IFN-conq] was
compared to Roferon®-A, These results indicate that
30 IFN-con) has greater therapeutic efficacy when
administered at the same concentrations as Intron® A.
Alternatively, lower'concentrations of IFN-con) are
required to demonstrate therapeutic efficacy equivalent
to that of Intron® A.
35 Example 2 describes a comparative study of
IFN-coni and INTRON-A in the treatment of AIDS-

is Sheet Has Been R laced
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associated Kaposi’s Sarcoma. It was shown that

patients receiving IFN-con; achieved higher unit doses

than those patients receiving INTRON-A. In addition,

patients receiving both and IFN-con; and GCSF achieved

5 higher doses of IFN-conji than those patients receiving

IFN-con; alone (see Figure 8). In this study, all

patients received AZT as part of their treatment of HIV
~s infection. AZT administered alone'is not effective on

Kaposi’s Sarcoma,

10 IFN~-cony was demonstrated to be safer than
INTRON-A as judged by the reduced frequency of Grade 3
toxicity when IFN-con; was administered. Treatment

‘with IFN-con; showed a reduced incidence of neutropenia
and liver dysfunction compared to INTRON-A treatment

15 while treatment with IFN-con; and r-metGCSF completely
eliminated Grade 3 toxicity (see Table 2).

Example 3 shows data obtained from clinical
trials involving patients infected with hepatitis
Also provided for are pharmaceutical

20 compositions comprising a therapeutically effective
amount of IFN-con together with pharmaceutically
acceptable carriers, adjuvants, diluents,
preservatives and/or solubilizers. Pharmaceutical
compositions of IFN~con include diluents of wvarious

25 Dbuffers (e.g., Tris-HCl, acetate, phosphate) having a
range of pH and ionic strength, carriers (e.g., human
serum élbumin), solubilizers (e.g., tween,
polysoébate),.and preservatives (e.g., thimerosol,
benzyl alecohol)., 1In generél, components of

30 pharmaceutical compositions can be selected from
among those commonly employed with interferons and
other antiproliferative or antiviral agents and which
are known to those skilled in the axt. A
pharmaceutical composition of IFN-con is supplied as

35 an injectable solution or as a lyophilized powder

. Sheet Has Been R laced
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which is reconstituted in an appropriate diluent
prior to injection.
' A therapeutically effective amount of IFN~-con
can be determined by one skilled in the art taking into
5 account such variables as ﬁhe half-life of IFN-con
preparations, route of administration and the condition
being tested. In general, a therapeutically effective
amount of IFN-con for the treatment of a cell
proliferation disorder will be in the range of 2 x 106
10 to 60 x 106 units per patient administered several times
per week. Doses in the lower part of the range are
effective in the treatment of hairy cell leukemia while
doses in the higher part of the range are suitable for
the treatment of Kaposi's Sarcoma. Therapeutically
15 effective amounts of IFN-con will preferably result in
tumor remission of 20-80% depending upon the specific
tumor type for a period of at least six months. 1In
general, a therapeutically effective amount of IFN-con
for the treatment of a viral condition will be in the
20 range of 3 x 106 to 30 x 106 units, preferably 6 x 106
to 15 x 106 units, per patient, administered several
times (e.g., 2-7, preferably 3) per week.
The route of administration will preferably
be by injection into the blood of a mammal where the
25 injection may be intravenous, intramuscular,
subcutaneous ox intralesional., Administration may
also bé by oral or nasal routes. The suitability of a -
‘given Eharmaceutical composition for a given route of
administration will be apparent to one skilled in
30 the art. '

The following examples are offered to more
fully illustrate the invention but are not to he
construed as limiting the scope thereof.

35 I
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EXAMPLE 1

. = . ! - ‘ ‘ ~ l

The anti~proliferative activity of IFN~conj
and Intron® A was tested on the Eskol cell line, a hairy
cell leukemic c¢ell line isolated by Dr, E. Srour at the
Indiana University Medical School. Three ml cultures of
Eskol cells were incubated in RPMI medium (Gibco) at
379C in 5% CO2 containing 10% fetal calf serum for
12 hours at 1 x 105 celis/ml. IFN-cony or Intron® A
{Interferon alfa 2b; Schering Corp.) was added to a
final protein:concentration of 0.1 to 100 ngs/ml in
100 w1l of media. The protedin concentration of IFN-coni

‘was determined by a Bradford protein assay (Bradford,

Anal. Biochem, 12, 248-254 (1976)) while the
concentration of Intron¢>A was calculated from the
specific activity (2 x 108 International units/mg
protein) and unit concentration supplied by the
manufacturer. The number of viable cells was determined
at 24 hour intervals by exclusion of trypan blue
(Sigma). 100 pl of IFN-con; or Intron® A were added to
the 1ndlcated f1nal concentratlon at 24 hour intervals.
Viable cell counts were an average of four independent
experiments thh each exper;ment having duplicate
samples. Variation in cell cdunts ranged from about 5%

-at 24 to 48:hours to about 2% :at longer time points.

The reZults .shown in Figures 1-7 are ratios of viable
cell counts in the presence or -absence of interfexron at
various times expressed as percentages,

The viable cell count was confirmed by
measuring the incorporation of ‘3H-thymidine into Eskol
cells incubated in the'presénce of IFN-conj or
INTRON-A. After the 120 hour incubation period, a
200 pl cell suspension was withdrawn and incubated at
379C for three hours in the presence of 5 pCi/ml
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3@-thymidine (Amersham). The cells were harvested
using a Cambridge cell harvester (Cambridge
Technology)., washed seven times with distilled water

.and twice'viith 95% ethanol and the amount of

3H-tnymidihe incorporated was determined by liquid
scintillation counting. The observed uptake of
3H-thymidiﬁe by Eskol cells incubated for 120 hours in
the ;Sresenée of IFN-con; or Intron® A was proportional
to the cell wviability count.

A randomized, open-~label study to evaluate
the safety and tolerance and to define the maximum
tolerated dose (MTD) of IFN-cony and Intron® A was
undertaken. IFN-con; and Intron® A were each

administered in combination with zidovudine (AZT) to
patients with AIDS-associated KS. 1In addition, the
safety, tolerance and MTD of IFN-con; was determined
when administered in conjunction with A2T and E. goli
produced recombinant granulocyte colony stimulating
factor having a methionine residue at the amino
rerminal pnﬁ nf rhea pn]yﬁnpf{ﬂa {r=~mat+OSP) The three
treatm;ent groups in the study were:

1. ‘Intron® A and A2T

2. ‘IFN-conj and A2T

3. IFN-con;, AZT and r-metGCSF.

At least 12 evaluable patients are included in each
treatment group.

e
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A. Product Degcription

- IFN-con; was produced in E. ¢oli using

methods described in U.S. Patent Nos. 4,695,623 and
4,897,471, 1IFN-con; was purified by procedures
generally described in Klein et al., gupyra (1888). For
subcutaneous administration in the current study,
IFN~-con; was supplied as a sterile protein solution in
sodium phosphate buffer. If required, dilution was
made into Stérile saline.

zidovudine (KZT) was purchased from Burroughs-
Wellcome Co.:and used as .directed on the package insert.

'Inﬁron® A was: ‘purchased from Schering Corp. as
a sterile,ulyQphilized-£0rmulation which was resuspended
in diluent as directed on the package insert.

f-_metGCSI:‘ was produced in E. ¢oli using
methods generally described in U.S. Patent No.
4,810,643, the disclosure of which is herein
incorporated by reference. r-metGCSF was prepared as a
sterile protein solution in 10 mM sodium acetate,
5% mannitol and 0.004% Tween 80 at pH 4.0 at a

concentration of 0.3 mg/ml. If required, dilution was
made into sterile 5% glucose in water (DsW).

B, Dgﬁaga_ahd_sghednlgs

; -?AZI. AZT was administered to all patients at
a fixeg-dose=of 100 mg. orally every four hours while
the patient is awake £or a total of five doses, or
500 mg, daily.

L=metGCSF.  For those patients randomized to
the treatment group including r-metGCSF, doses of
r-metGCSF were 1 ug/kg.body weight per day, administered
subcutaneou#iy as a single bolus injection. If
necessary,'tﬁis dosage was increased in increments of
1 ug/kg/dayfﬁnot to exceed 6 pg/kg/day) or decreased in
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decrements of 0.5 py/kg/day or less, as appropriate, in
order to achieve the absolute neutrophil count (ANC)
target range of 5,000 to 15,000/mm3.

Interferon. Patients received either IFN-con;
or Intron® A according to a dose escalation scheme.
Dosage was based upon equal units of either interferon,
However, because the specific activities of the two
interferons are different (2 x 108 IU/mg for Intron® A
and at least 1 x 109 IU/mg for IFN-coni as determined by
the antiviral cytopathic assay described in U.S. Patent
No. 4,695,623), the amount of protein by weight (in mg)
at any given dose will be different for Intron® A and

IFN-cony. ‘The dose escalation scheme used is shown

below in Table 1, The dose in mg of protein
corresponding to each dose level in IUs is also shown in
Table 1 for each interferon.

TABLE 1

Dose Escalation Schedule for Intron® A and IFN-Conj

Dose Dose x Dose in mg Protein
Level 106 10U INTRON® A IFN-Conp
1 0.015 0.003
.2 9 0.045 0.009
-3 12 0.060 0.012.
14 15 0.075 0.015
5 18 0.090 0.018

6 21 0.105 0.021

7 24 0.120 0.024

8 27 0.135 0.027

] 30 0.150 0.030

.
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Patients in each of the three treatment groups
shown above were administered IFN-cony or INTRON-A
starting at dose level 1 daily fdr one week before
escalating to the next hlghest dose level Dose
escalation occurred on days 8, 15, 22, 29, 36, 43, 50
and 57. Escalation continued until each patient reached
an MTD or the maximum daily dose of 30 x 106 IUs of
interferon was achieved. The MTD?fqr an individual
patient was defined as the dose level below that at
which dose—limiting toxicity occurs. Toxicity was
graded on a scale of 0 (no toxicity) to 4 (acute

.toxicity) using criteria established by the World Health
~: Organization and described further in Miller et al.
- {Cancer 41, 210-211 (1981). Dose~limiting toxicity was

defined as a Grade 3 or Grade 4 -adverse event judged to
be at least possibly related to interferon. Fever and
chills lasting less than 24 hours, fatigue, headache, or
Grade 2 or less toxicity were not used in defining the
MTD unless they were determined to be intolerable to the
individual patient.

At the completion of the escalation phase,
patients were continued on maintenance therapy
consisting of daily dosing at either the patient’'s MTD
or at the maximum dose of 30 x fQFLIUs if that was
achieved. Maintenance therapy déé continued until
diseasg progression or other criﬁé;ia warranted removing
the patient from the study.

-During -mainfenance therapy, two interferon

-dose ‘reductions as-.a result of toxicity'were permitted.

After two dose reductions, no f@?f@ex interferon dosing

modifications were allowed and é@ﬁients requiring

further reductions were withdra&hdirom the program, An
exception to this procedure wasfﬁﬁen-the dose~limiting
toxicity was neutropenia (ANC £1000/mm? on two days of
an approximately one week period). In this instance,
the patient was allowed to remain in the study without
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“further reduction in interferon dose, but r-metGCSF
‘therapy was initiated at 1 pg/kg body weight per day,
-administered subcut;nedusly, to patients not receiving

r-metGCSF, For patiéhté already in the r-metGCSF
treatment group, the dose df r-metGSCF administered was
escalated to the next highest level (an increase of

1 pg/kg/day) -

C. Ppatient Selection

A total of 49 patients have been enrolled in

- »the :study. -An.individual :is.enrolled in the study only
after meeting .all incliusion and exclusion criteria., The

- :gignificant .criteria for inclusion are serologically
©15.

documented HIV infectibn,'hiétopathologically confirmed

Kaposi's Sarcoma with measurable cutaneous or oral
lesion(s), acceptable immune function (as measured by
CD4 lymphocyte levels) and under AZT treatment for less

than one year.

Among the reasons for the withdrawal of a
patient from the study are a second occurrence of

Grade 3 or greater toxicity during the dose escalation

phase, a third occurrence of dose-limiting toxicity

after the individual patiént's MTD has been determined

and the patient is on maintenance therapy, or a
progression in KS.

1-and Intron® A

Using the dose escalation 'scheme described
above for weeks 1-9 of study, followed by maintenance
therapy and dose redﬁétibn when appropriate, the first
and current median MTDs of INTRON—A AND IFN-Cony for the
three treatment groups were determlned and are shown in
Figure 8. Each group consists of 15 patients. Group I
(Intron® A and AZT) attained a first MTD during dose
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escalation of 9 x 106 IUs and a current MTD of 6 x 106

IUs; Group 2 (IFN-con; and AZT) attained first and a

current MIDs of 15 x 106 IUs; and Group 3 (IFN-coni,

r-metGCSF and AZT) attained first and current MIDs of 24
5 x 10% IUs and 21 x 106 IUs, respectively.

E. Evaluation of safety of Intron® A and
s IFN=Con treatment ' |

10 The safety of Intron® A and IFN-Conj treatment
was determined by the severity of adverse effects that
required interferon dose reduction. The results are
-summarized in Table 2.

15 TABLE 2

Toxicities P ting D Reduct i

In Three Treatment Groups
20 Frequency of Occurrence (%)
IFN~-Cony
Intron® A IFN-Cony” and r-metGCSF”
25
Grade 2 20 70 65
Intolerance
{(Flu-~like
syndrome)
30 .
Grade 3 40 10 0
Neutropenia
s - Grade 3 . 30 10 0
35 ©Liver function
tests

*Pexcentages for IFN-Cony and IFN-Coni and r-metGCSF
treatment groups do not add up to 100% because some

40 patients in these groups reached the maximam dose of
30 x 106 IU with no adverse effects,

‘This Sheet Has Been Reﬂlaced
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"f31nce the study was initiated, no patients have been
withdrawn as a result of toxicity clearly resulting from
‘the administration of Intron® A or IFN-Conj.

Antitumor response. Antitumor responses were
 assessed after four months of treatment using the AIDS
:f*¢;inical Trials Group (ACTG) Oncelogy Committee's
:ffstandard response criteria (Krown et al. J. Clin. Oncol.

‘9, 1201-1207 (1989)).

Immune functions. ¢CD4 lymphocyte counts  are
::taken-every month for six months during the study to
- ‘evaluate patients’ immune response to HIV infection.

In all three treatment groups, the Kaposi’s
‘Sarcoma lesion responses and CD4 lymphocyte levels
20 ‘were equivalent,

EXAMPLE 3
L . nd B o 1r
. . Improved Dose Tolerability. Treatment with

- +type~ohe 'interferons causes several side effects which
-vcan limit the -absolute doses patients can be given for
30 treatment for a specific disease. These side effects
include: flu-like symptoms, diarrhea, myelosuppression,
elevated liver function tests, and mental status
changes. These toxicities are rated according to the
‘WHO (World Health Organization) scale as; grade I
35 {mild), grade II (moderate), grade III (severe) and
- w';g:ade IV (life threatening). Toxicities from type one
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interferon treatment can range from grade I to grade IV,
Any toxicity during type one interferon treatment judged
to be non-tolerable by the patient or physician will
result in a dose reduction or dose schedule
modification. These dose modifications can lead to sub-
optimal treatment regimes which result in less than
optimal efficacy. Consensus interferon allows for
optimal dosing to be achieved and x.naintained over the

course of treatment without accompanying dose limiting

toxicity of any grade.

A clinical trial using consensus interferon to
treat chronic Hepatitis C infection was initiated to
“study 'the effects of several doses of the drug. Patient
‘data from consensus interferon treated patients were

-compared.to data from patients with similar disease and _
demographic characteristics, treated with either
Interferon-alpha 2a (Roferon®) or Interferon-alpha 2b

(Intron®3) by the same principal investigator,

Study Desian. The study included at least
30 patients infected Qith HCV exhibiting elevated (at
least 1.5 times the upper limit of normal) alanine
transferese (ALT: a liver enzyme) levels; the upper
limit of normal in this study is 35 milliunits per
milliliter (35 mu/mL), Additionally, efficacy of
IFN-con; was evaluated by measuring antiviral activity

via PCR analysis and by measuring ALT values during the
course:of treatment. Finally, historical data from HCV
cllnlcél 'studies of other recombinant interferons-alpha,

-specifically recombinant interferon-alpha-2a (Roferon®)
and alpha=2b (Intron® A) was compared with data
resulting from this study with respect to safety and

changes in ALT values.

Eligible patients were enrolled into one of the IFN~-con,

dose cohorts summarized in Table 3.

This Sheet

e
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Table 3

IFN-con; Dose in

Milliop Unite (MU)  Doses/J-day Week*  No. Patients

3
6
9
12
15

W w Ww w w
th th v U n

* Dosés separated by at least 48 hours

uDoseucohortsfwere;enrolled sequentially with two-week

intervals-béﬁween the cohorts. Specifically, five
patients wéfe entexed into the first cohort and were
evaluated fér a two week safety period if ne Grade III
or higher toxicity attributable to IFN-con; was observed,
five patients were entered into the next cohort (6 MU).
However, if any patient was observed to have Grade III
or higher toxicity attributable to IFN-con;, three
additional pﬁtients were entered into the first cohort
and were evaluated for two weeks, If no additicnal
Grade III o;fhigher toxicity attributable to IFN-con;
was observéd;;patients were then entered into the next
cohort, (6 ﬁﬁ}}'but if any additional Grade IIT or higher
toxicipy atfﬁibutable to IFN-con; was observed, patients

<were=nbt*eﬁtered'into;thé'next-higher dose cohort (6
MUY . Escalation to the 8, 12, 15, 18, and 24 MU cohorts
proceeded according to the same rules outlined above.

In addition, if two 6r more patients experienced Grade
III or higher toxicity attributable to IFN-con; at any
dose level, no additional patients were enrolled in that
cohort, and patients already on study treatment in that
cohort or agga higher dose level were dose reduced to
the dose 1é551'below that at which two or more Grade III
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or higher toxicities occurred. However, additional
patients may continue to be enrolled (up to a total of
10 additional) at the dose level below that at which two
or more Grade III or higher toxicities occurred.

If a patient in any of the cohorts experienced a Grade
Il toxicity attributable to IFN-con, during or after
the two-week initial evaluation, IfN—conl was withheld
until the tOxicity diminished to Grade II or less.
Treatment was then resumed at the next-lower dose-level.
If the patient was receiving the 3 MU dose at the time

~of'Ehe?GraueiaiI.toxicity, treatment was resumed at 2
MU, Ifwany%patient experienced a Grade IV toxicity
attributable :to IFN-con;, ‘the patient was withdrawn from
‘study. " Patients were allowed to undergo three dose

reductions during the course of study treatment (but not
dosed-reduced below a dose level of 2 MU). Any patient
requiring a fourth dose reduction for toxicity would be
withdrawn from study treatment, Fever and chills
lasting less than 24 hours, fatigue, headache, or Grade
1T or less toxicity were not considered dose-limiting
toxicities unless they were determined to be intolerable
to the lndLVLdual patlent The drug was home-
administered: by either the patient or a third party
(after succggsful completion of training).

Patientssweré-evaluated at three months for response
‘based Hn ‘ALT. level changes,

Results:

Patients were entered and enrolled into the'cohorts
described above, No dose limiting toxicitles were
observed in any patients during the first two weeks for
the 3, 6, 9°'and 12 MU dose groups respectively. One
dose limitihg3toxicity was observed in one patient
receiving IS'MU within the first two weeks of dosing.

Bo025/040
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The observed toxicity was Grade II intolerable "flu-
like" symptoms. The patient was dose reduced to 12 MU.

Dose limiting toxicities for the 12 week treatment
5 period for each of the cohorts and the histozrical
IFN-alpha 2 patients were as follows:

Table 4
10 Dose of IFN-conl Per Cent DLTS Toxicity
{(Million Units)
n=4 3 0 -
n=5 6 0 -
15 n=5 9 0 -
n=5% 12 20% "Flu-like"
n=5 15 20% "Flu-like"
n=19 3 MU IFN-alpha 2 32% *Flu-like"

20 As illustrated by the above table, patients receiving
IFN-conl at:dOSes between 3 and 15 MU three times weekly
experienced'féwer dose limiting toxicities than patients
receiving IFN-alpha 2. Since IFN-alpha 2 is only
approved up:to '3 ‘MU for this indication, it was not

25 possxbie ‘to*make a ‘clinical comparison ‘at higher dose
levels of IFN-alpha 2. However, it is expected that the
number of DLT's would be substantially higher for IFN-
alpha 2 at higher dose levels.
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Table §

10

15

20

25

30

Dose of IFN-conl Responge Rate *
(Million Units)

n=4 3 . 25%

n=5 6 60%

n=3 9 BO%

n=5 12 60%

n=4 15 75%

‘n=19 3 MU 1IFN-alpha 2 47%
* Complete plus partial responses

As illustrated by the above table, patients receiving
IFN-con; at doses between 3 and 15 MU three times weekly
had ALT response rates that were at least as good as
those observed with 3 MU of IFN-alpha 2.

The above demonstrates that treatment with IFN-conm
results in a favorable efficacy rate with greater drug
tolerability compared to treatment with IFN—alpha 2.

‘While the present invention has been
‘described in terms of the preferred:embodiments, it is
understood that variations and modifications will occur
to those skilled in the art. Therefore, it 1s intended
that the appended claims cover all such eguivalent
variations which come within the scope of the invention
as claimed.
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WHAT IS CLAIMED IS:

1. A method for treating a patient having a
condition treatable by an interferon while reducing or
eliminating one or more side effects associated with
interferoh“administration, which comprises
administeriﬁé to said patient a thgrapeutically
effective amount of a consensus human leukocyte
interferon.

2, A method according to Claim 1, wherein
said .condition is a cell proliferation disorder or a

wiral disease,

3%--A ‘method. according .to Claim .2, wherein
said viral disease is hepatitis A, hepatitis B,
hepatitis C or hepatitis Delta.

4. A method according to Claim 2, wherein
said viral disease is selected from the group
consisting of human immunodeficiency virus, herpes
virus, papilloma, poxvirus, picorna virus, adeno virus,
rhino virus, HTLV I, HTLV II, and human rotavirus.

5. A method according to Claim 1, wherein
said.side..effect is selected from the group consisting

- of :headache, : fever, chills, nausea, anorexia,
‘depression,.:and insomnia. |

6. A method according to Claim 2, wherein
the cell proliferation disorder is hairy cell leukemia
or chronic myelogenous leukemia.

7. A method according to Claim 2, wherein
the cell proliferation disorder is Kaposi's Sarcoma.

| R . i .
B o e o ey el
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L 8. A method according to Claim 1, wherein
jthe consensus human leukocyte interferon is selected
Tfrom the group consisting of IFN-coni, IFN-cony, and
“IEN~con3. |

9. A method according to Claim 1, wherein
 the consensus human leukocyte interferon is IFN=-con;.

10. A method according to Claim 1 wherein

'ﬁthe consensus human leukocyte interferon is a product

4of procaryotic expression of an exogenous DNA sequence.

11. A method .according to Claim 1, wherein
'the :therapeutically .effective. amount is :administered
_ "rally, “intravenously, intramuscularly, subcutaneously,
*; ntranasa1ly, or intralesionally.

12. A method according to Claim 1, wherein
3;ﬂe therapeutically effective amount of consensus human
fiéﬁkocyte interferon is from 2 x 106 to 30 x 106 units

. per patient.

L 13. A method aCCOIdlng to Claim 1, wherein
:the therapeutically effective amount of consensus human
leukocyte interferon is from 6 x 10% to 15 x 10% units

.per patient,
: 14. . A-method according to Claim 1, wherein
the patient is a human,

15, A method according to Claim 1, further
comprising administering a therapeutically effective
3§mppnt of a chemotherapeutic agent.

\/\mﬁ LT
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16. A method according to Claim 1, further
comprising administering .a therapeutically effective
amount of G-CSF.

17. A composition comprising a thera-
peutically effective amount of dohsensus human
leukocyte interferon and a pharmaceutically acceptable
diluent, adjuvant, carrier, preser&ative or
solubilizer,

18. A composition according to Claim 17,

wherein the:consensus ‘human :leukocyte interferon is
iselected from the-group consisting of IFN~-conj, IFN-

conp, and IFN-con3j.

19. A composition according to Claim 17,
wherein the consensus human leukocyte interferon is
IFN-conj .

20. A composition according to Claim 17,
wherein the consensus human leukocyte interferon is a
product of procaryotic expression of an exogenous DNA
sequence.

21. A composition according to Claim 17,

‘which 4is suitable for administration .orally,
intravenously, subcutaneously, intranasally,
‘intramascularly :or intralesionally,

22, A composition according to Claim 17,
which is supplied as an injectable solution or a
lyophilized powder.

23. A composition according to Claim 17,
further comprising a therapeutlcally effectlve amount
of G-CSF. A

IlIIIIII L |\I|I II I
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24. A method for treating a viral condition
with an interferon without resulting in one or more
dose limiting toxicities, which comprises administering
to a patient in need thereof, a therapeutically
effective amount of consensus human leukocyte
interferon.

25, A method for the tréating a cell
proliferation disorder or a viral infection without
causing significant side effects normally associated
with interferon therapy, comprising administering to a
patient in need thereof a therapeutically effective

-amount :of consensus human leukocyte interferon

e
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