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There are a number of diseases which are felt to primarily involve T-cells or are T-cell mediated.

15  Diseases such as cutaneous T-cell lymphoma, organ allograft rejection after transplantation, and
diseases such as progressive systemic sclerosis (PSS), rheumatoid arthritis and juvenile onset
diabetes mellitus (JODM) are thought to be T-cell mediated.

Cutaneous T-cell lymphoma (CTCL) is a malignant disease that is progressive. Therapeutic
20  options are limited. Edelson et al performed a multi-center trial2 which showed that 24 of 29
| (83%) of erythrodermic patients experienced a significant improvement in their disease. These
positive responses were seen at 2 median time of 22.4 weeks after initiation of therapy. Of clinical
significance, these patients were those whose diseases were resistant to prior therapy which is felt
to be a poor prognostic group. In addition, a decrease in the amount of peripheral blood
25  involvement (Sezary cells) was seen. Actuarial data had indicated that median survival was
~ increased to greater than 60 months from the onset of treatment in comparison with a historical
median survival time of less than 30 months. In this original group of patients, remissions were
sustained in eight of the subjects who were leukemic. Adverse reactions associated with
photopheresis were rare.
30
Autoimmune diseases are characterized by a dysregulation of the immune system, characterized
by specific cellular or humoral mediated destruction of specific organs or tissues in the patient.

Examples of such diseases are rheumatoid arthritis and progressive systemic sclerosis.
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calcium channel blockers and prostagladins are underway, but these agents do not appear to

15 influence the overall progression of the disease. As this disease has been considered to be T-cell

" mediated, Rock and colleagues have treated PSS patients with photopheresis4. In this trial, 56

patients were enrolled into a randomized non-blinded clinical trial. A significantly higher response
rate was seen in the photopheresis treated group (68% response rate) compared to the D-
penicillamine (control) group (32% response rate).

20
Juvenile onset diabetes mellitus (JODM) is felt to be mediated by the immune system resulting in
the destruction of the cells in the pancreas responsible for the production of insulin. Patients with
this disorder have not only dysregulation of their blood sugar levels, but the disease is
characterized by a vasculopathy, resulting in specific organ damage leading to significant

25  morbidity and mortality. _ .
Other T-cell mediated phenomena include rejection of tissues that are foreign to the host. In the
case of organ allograft transplantation, it is desirable to prevent this rejection with respect to the
transplanted organ, however to otherwise maintain the competence of the immune system, in
order to allow the body to combat infection and to allow other normal body defenses. The

30 standard treatments after transplantation are limited as the immunosuppression regimens used to
cause a state of general immunosuppression, which leads to the most common adverse reaction to
this treatment, again infection, which may be bacterial or opportunistic infection. .

Immunomodulation which does not have immunosuppressive properties; this would be more



drugs and corticosteroids are helpful in the early stages of the disease,
but do not appear to I nfl uence the progression of the disease. Trials
wi th D-penicillamne, nethotrexate, cycl osporine, cal ci um channe

bl ockers and prostagl adins are underway, but these agents do not appear to
15 influence ggﬁwgﬁﬁgall progression of the disease. As thispchiasanearhas
been considered to be T-cell medi at ed, Rock and col | eagues have
Lreated PSS aghfholtiphlelhis BBLFIESN T be Lfeckivd; fnvestigalors & Loyola Univenty hantes
were enrolled 1nto a random zed non-blinded clinical trial. A significantly
hi gher r espdseemable to succeasfallytast wish photophenesisg3f df isases of aprdincrgiegtipneB ROy 830,

response rate) .c ared to the D- LCleled-a1 : (32%
response rat’é‘;".da'%gg‘m“"°s“pﬂrﬁ§févﬁia§5“% Mt vaﬁ?%x&f'éﬂg@%ﬁ%{iﬁﬁ,&g%gﬁ%ﬁﬂfaggﬁg It to
be medi at ed @uceséilly u¥BAIRbsEets brdl? aebothérs)tg tieat successfullywpatienttwithoehiranic gttt he
cell's in the pancreas res&gigsi ble for the,production of ]i nguleidn. Patients
with 5 tyersys host disese. dispgsier i3,Gharac °§§&F’él'\"8ﬁe'5‘fﬂ¥w P¥*%bl 0od sugar
l evel s, but ; ' &ﬁg&m f biéfttelly/(bone/ MassW op eral stemn céllshg
in specific %&g‘éﬂiﬂga ge ﬁg%’d?%eéeto s@%ﬁi&%ant 2% _ nor bi di tpf/rtpgnd ) 4
mortality. areinfusell ints a Paticet in snchusituatinns ps treatment for vasiousmaligapnciesiapd legkemia.

ti ssues that_are forei o the h I . L ft
t ranspl ant at e the t{anfglgggim eorﬁ‘?)é%‘rt 8@‘8;‘?8%‘?‘% P‘?tléejﬁ g@ﬁ ‘2'%3 Wt rg%%tg?gcat 0
t he t 1 94he i fhciilats B8 tmmikmoempéteit@elis withoot eamsing further immunesuppressioranse
of the immune system in order to allow the body to conbat infection
and to alq OV\F“G@#EFEWW%Ody def enses. The 30 standard treatnents after
transplantation are limted as the i munosuppressi on regi nens used to
cause a state of general imunosuppression, which |eads to the npbst common
adver se r eacPhatopheresis involves thie extracorponesh exposiye phiperipheral blend lewhiocytss ey be
bacterial or_opportun std gcAf i | | (elARA t
have i mrunosﬁ'ﬁ@B’@@g‘l’rvgn ér'%{)de tqﬁéé:? apr ﬁ%eg bﬁgfag%%ﬁ‘@g’%mﬁ%m: Bﬁ%fvﬂ\%
97/ 36634 treated white blood cells. 3 : '
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ef fectivé® investigators at Loyola University have

8-methoxypsoralen molecules in the blood enter the white blood cell nuclei and intercalate in the

double-strand DNA helix. In an extracorporeal circuit, long wave ultraviolet light is directed at
the leukocyte-enriched blood fraction within the UVAR Photopheresis System. The
photoactivated drug, responding to the UVA energy, links to the thymidine base in the DNA

20  helix. This results in cross-linking of thymidine bases which prevents the unwinding of the DNA
during transcription. The plasma and altered leukocytes are then reinfused into the patient. The
reinfusion of the photopheresis damaged leukocytes results in an delayed immune attack against
these damaged lenkocytes, as well as, otherwise unmodified WBC’s displaying the same cell
surface antigens.

25
UVAR System
The treatment consists of three phases including 1) the collection of a buffy-coat fraction
(leukocyte-enriched), 2) irradiation of the collected buffy coat fraction, and 3) reinfusion of the
treated white blood cells. The collection phase has six cycles of blood withdrawal, centrifugation,

30  and reinfusion steps. During each cycle, whole blood is centrifuged and separated in a pediatric
pheresis bowl. From this separation, plasma (volume in each cycle is determined by the UVAR
Instrument operator) and 40 mi buffy coat are saved in each collection cycle. The red cells and ali
additional plasma are reinfused to the patient before beginning the next collection cycle. Finally, a
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20 patient. The patient is then disconnected from the treatment apparatus and the separated

components, e.g., white blood cells, are exposed to ultraviolet light. Following photoactivation,
the treated cells are returned to the patient.

In U.S. Pat. Nos. 4,321,919; 4,398,906; and 4,464,166, issued to Edelson, the external treatment

25 methods for diseases in which there is a pathological increase of lymphocytes, such as cutaneous
T-céll lymphoma, have been discussed. In these methods the patient’s blood in the presence of a
chemical or an antibody is irradiated with ultraviolet light. Ultraviolet light effects a bonding
between the lymphocytes and the chemical or antibody thus inhibiting the metabolic processes of
the lymphocytes. '

30
A variety of human viruses are able to infect and replicate within mononuclear cells, or infectious -
viral particles may remain present within the mononuclear cells. The mononuclear cells can act as

either a source for viral replication and spread of the virus, or as a reservoir of infectious virus
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returned to
pathogenic agents which can infect, replicate within, or reside in mononuclear cells include, but

15 are not limited to, bacteria such as arthropod-borne bacteria, mycoplasma species, and
mycobacteria species, and parasites such as plasmodium species and other arthropod-borne

parasites.

Extracorporeal photopheresis has been successfully used to treat HIV infection (U.S. Patent No.
20  4,960,408) and psoralen compounds with long wavelength ultraviolet light has been shown to
inactivate certain viruses in vitro, such as HIV (Quinnan, G.V. et al., 1986, Transfusion, 26, pp
481; Bisaccia, A. et al,, 1990, Ann. Intern. Med., 113, pp 270; Bisaccia, A. et al., 1991, Am. NY
Acad. Sci., 636, pp 321), and influenza virus and herpes simplex virus (Redfield, D.C. et al.,
1981; Infect. and Immun., 32, pp 1216). Bisaccia from Columbia University has studied ECP ina
25 pilot trial as therapy for patients with AIDS-related complex. The rationale was that a
combination of psoralen with UVA activation could damage HIV virus in vitro and that reinfusion
of the damaged virus may initiate an immune response. The authors found that ECP produced an
increase in the HIV-Ab production, increase in the CD8(+) lymphocytes,. a decrease in the p24
antigen titer and the inability to culture HIV virus in 3 patients. Eleven of the 20 patients had

30 improvement in their skin test antigen reactivities.

In addition, a reduced incidence of infection episodes was reported in patients receiving

photopheresis treatment for immunosuppression following transplant surgery (Meiser, B.M. et al.,
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15
A portion of the patient’s blood is then treated extracorporeally using photopheresis, which
comprises subjecting the blood to ultraviolet light, preferably long wavelength ultraviolet light in_
the wavelength range of 320 to 400 nm, commonly called UVA light. The treated blood, or a
fraction thereof, is returned to the patient following extracorporeal photopheresis to stimulate an.
20 immunological response by the patient’s immune system against the infected cell population
and/or against the HCV to inhibit progression of the viral infection. The viral genetic material is
also damaged by this treatment, rendering the virus incapable of replication, thereby interrupting
the spread of the virus and neutralizing infectious viral particles that reside in the cells.

25  Brief Description Of The Drawings
Figure 1, Panel A, Panel B, and Panel C show the patient results of treatment group 1, group 2,

and group 3, respectively.

Detailed Descripti he Invention

30  The present invention is directed to the use of photopheresis to inactivate HCV and/or kill blocd
cells which have been infected with HCV. While it is not intended that the scope of the present
invention be limited by any specific theory of operation, it is believed that HCV infections which .
are not controlled by the normal immunological response of a patient can be treated by damaging
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removed from the patient by employing conventional blood withdrawal techniques.

In accordance with the present invention, the photoactivatable or photosensitive compound

should be capable of binding to nucleic acids upon activation by exposure to electromagnetic
20 radiation of a prescribed spectrum, e.g., ultraviolet light. '

Next, the portion of the patient’s blood to which the photoactive compound has been .
administered is treated by subjecting the portion of the blood to photopheresis using ultraviolet
light. The photopheresis step is preferably carried out in vitro using an extracorporeal

25  photopheresis apparatus. The photopheresis step in accordance with the present invention may
also be carried out in vivo. A presently preferred extracorporeal photopheresis apparatus for use
in the methods according to the invention is currently manufactured by Therakos, Inc.,
Westchester, Pa. under the name UVAR. A description of such an apparatus may be found in
U.S. Patent No. 4,683,889, granted to R L. Edeison on August 14, 1987. The exposure of blood

30 -to ultraviolet light in a photopheresis apparatus is within the ability of persons having ordinary
skill in the art.



1994, Transpl antation, 57, pp. 563). However, the results observed for the

transpl ant surgery patients did not correlate with photopheresis
treatment since infection episodes in general were recorded incl uding
patients who received a variety of treatnments to prevent rejection of the
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directed t QW pf photopheresis to inactivate HCV and/or kill bl ood
cells WhIC een infected with HCV. Wiile it is not intended that the
scope of the present

The photosensitive compound, when administered to the patient’s blood in vivo is preferably
administered orally, but also and be administered intravenously and/or by other conventional
20 administration routes.

The preferred oral dosage of the photosensitive compound is in the range of about 0.3 to about
0.7 mg/kg. most preferably about 0.6 mg/kg. When administered orally, the photosensitive
compound should preferably be administered at least about one hour prior to the photopheresis

25 treatment and no more than about three hours prior to the photopheresis treatment. If
administered intravenously, the times would be shorter.

Alternatively the photosensitive compound may be administered to the patient’s blood following
its withdrawal from the patient, and prior to or contemporaneously with exposure to ultraviolet
30 light. The photosensitive compound may be administered to whole blood or a fraction thereof

provided that the target blood cells or blood components receive the photosensitive compound.



invention be limted by any specific theory of operation, it is believed
that HCV infections which are not controlled by the normal

i mmunol ogi cal response of a patient can be treated by damagi ng
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phot oact i vat kigdven iorthedrbt osensi ti ve conmpound may be administered in vivo
(e.g. orally or 15 mtravenously) or may be administered in vitro to a
portlon ? the patient's bl ood which has been renmoved fromthe

patient by ey EVéﬂﬂBnﬁﬁ&}iﬂMde@ﬂ@lbobiﬁ?ﬂml&a&bﬁUcﬁn %ﬁlﬁ@ﬂﬁ@!ﬂ:‘!ﬁsAccordmg to thé "
accordance with th resent inventjion, the photoactivatable or
phot osensi t | inventig, r who is infected HCV may be utilized to produce a vaccine against his virus

infection as follows.

1s  First, a photosensitive compound as described hereinabove is administered to at least a portion of
the donor’s blood either prior to removal of the blood, either orally or intravenously, or after
removal from the patient in which case it is administered in vitro. Optionally, a portion of the
donor’s blood could first be processed using known methods to substantially remove the
erhythrocytes and the photoactive compound is then administered to the resulting enriched

20  leukocyte fraction.

In any case, the portion of blood (or enriched leukocyte fraction thereof) to which the

photosensitive compound has been administered is subjected to a photoactivation treatment using

ultraviolet light, preferably UVA in the manner previously described. The treated blood or the
25  treated enriched leukocyte fraction (as the case may be) is then administered back to the donor.

The following Examples are provided to illustrate the present invention and are not to be

construed as a limitation thereon.

30 Example 1
Reduction of HCV in Chronic HCV Infected Patients
The fundamental defects that allows establishment of chronic hepatitis C following acute HCV
infection are not known. Several investigators have suggested that impaired cellular immunity,
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But, thie basic immune mechanism which results in the clearance of the hepatitis C virus is still not
known. Shirai from the National Cancer Institute has demonstrated that CD8(+) cytotoxic
lymphocytes recognize a nonstructural protein with homology to RNA polymerase expressed in
association with a HLA class I antigen on the surface of the hepatocytes.” This results in the
20 process of antibody-dependent cell-mediated cytotoxic destruction of the viral infected

hepatocyte. This would be similar to the process used to clear the hepatitis B virus.

The hepatitis C virus is a positive-stand virus that replicates by produciﬂg a negative-strand RNA .
as a template. During active HCV viral replication, these negative-strand RNA templates are

25  present in the patient’s liver. Investigators have also found the presence of active, replicating
hepatitis C viral particles in patient’s peripheral blood mononuclear cells. 8 Mononuclear cells,

macrophages, T-cells and B-cells can be shown to contain negative-strand HCV RNA,

During therapy with interferon-alpha hepatitis C virus may disappear from the patient’s liver and

30  blood as measured by RT-PCR. Despite this apparent clearance of virus in some patients, there is
very high (80-85%) relapse rate after interferon therapy. Investigators have demonstrated that the
(few) patients who do not have HCV replication detected in the PBMCs at the end of therapy, do
not relapse after interferon therapy and are apparent cures.9,10,11 1t would appear that the



10 The preferred photoactivatabl e or photosensitive conmpounds for use in
accordance with the present invention include the follow ng:

psoral en; 8-nethoxypsoral en; 4,5 8-trinethyl psoral en; 5-nethoxypsoral en;

4- et hyl psoral en; 4, 4- di et hyl psor aI en; 4-5'-di nmet hyl psoral en;

4' - am nonet hyl 4w5'9,73¢mi met hyl psor al en; PCT/US97/04771
hydr oxynet hyl - , 8-trinmethyl psoral en; an 4' | 8- net hoxypsoral en. The npst

particularly rﬂo‘ilonﬁulai 8elf & save ﬁ@ﬁﬁﬂﬁhﬁ:blé@icﬂ&fﬁ?&wdd §l&rthat%ﬁelte& taswadﬁm €rom
with the invention is 8- met hoxypsor al en. nﬁg otosensitive

conpound, wha&ke igaming isystem eegognition ad stiacke (Incs therapy avithiinterfergn-alphp isayithdgayyny, the
adm ni St er ed ol Sy toahithe PRRACS rdified il phish Y oishd dibitrRRRPUS! ¥ and/ or by

ot her conventl onha dmnis preferred oral
dosage of the photosensitive conmpound is in the range of about 0.3 to about

phot oSengpt i el feapy Gl eRe enoert Brva o e e ARG A0d e prabicest™

about - one ho%lls&ithﬂfanédhsf? 42 pRStopheséais’ h&aﬁhﬂﬁf&'aétm ciseSRA Pnriuliddtion
about three hours pr| or fo the photopheresis treatnent.

adni ni st er ed against ma;/T-ckarevdms them mere amynegenis; . Aﬁer ECP exposure, reinfusion

Al t t I
o o 51 SRS ke RO At PSS e,
to or cont enler amecudios mngehs (Khisresults i the productivnatf a aighlyl speqific inihiume response ..

Phor oor 3o sy s thuoffi e BHt e ofiettone of Penge Toione rb%ﬁ%%%ﬁ%r'

receive the _Qh@geggeﬂﬂieﬁlsu@cepnpounq

In addition, ideal therapy should be not be effected by the hepatitis C’s hypervariable E2/NS1

region’s tendency to mutate. This change in the viral particle envelope antigens causes an escape
15 from the B-cell neutralizing antibodies. Photopheresis may also induce damage to the any free

viral particle in the irradiated blood. This form of therapy would also target any newly formed

hepatitis C escape mutants.

In 1986, Hoofnagle et al.”* published the first report of successful interferon-alpha therapy of

20  chronic hepatitis C in an uncontrolled trial. Ten patients with chronic hepatitis C received
subcutaneous injections of interferon for up to a year. Six patients still have normal LFTs and
nondetectable HCV RNA by RT-PCR seven years later.

To date, interferon alpha-2b, recombinant (Intron A) is the only FDA approved treatment for

25  chronic hepatitis in the United States. Davis et al. reported that a six month course of interferon
alpha-2b at a dose of 3 million units three times a week, resulted in an 18% sustained response off
treatment.14 Multiple other trials have reproduced this response rate. Biochemical relapse
occurs in the majority of patients following withdrawal of therapy.15 Detection of HCV RNA in
serum by RT-PCR has been shown to correlate with normalization of serum transaminases on

30 treatment and has also been shown to precede biochemical relapse once therapy is
withdrawn.16,17 |
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Three months after Group 1 starts ECP, patients randomized to receive ECP and interferon-alpha

3 MIU started therapy. Patients began with ECP treatments on two consecutive days every two

weeks, Two weeks after the start of ECP, patients received interferon-alpha 3 MIU three times a
20 week subcutaneously. If well tolerated patients will continue the ECP treatments for two

coﬁsecutive days every two weeks for six additional months in combination with interferon-alpha.

Patients received 24 ECP treatments over a 6 month period.

Group HI (PUVA and IFN-( 6 MIU) _
25  Three months after Group 11 started ECP, patients randomized to receive ECP and interferon-

alpha 6 MIU started therapy. Patients began with ECP treatments on two consecutive days every
two weeks. Two weeks after the start of ECP, patients received interferon-alpha 6 MIU three
times a week subcutaneously.

30  Screening Period
Screening period measurements included a history and physical examination, symptom
assessment, weight, and blood pressure. Laboratory tests include: complete blood count with

_ differential, thyroid function tests, prothrombin time, chemistry panel and serum HCG (if
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has d e rm nst r & YMmptasxasseSEBent) weightoblod pressure, complete blood count and ALT was performed at
" week 2 and every 4 weeks during treatment. HCV RNA titer in serum was monitored at week 2

and every four weeks dunng treatment. HCV RNA titer in PBMCs was measured at the end of

15  treatment. Serum from 7 ml of whole blood was collected every eight (8) weeks and frozen at -

70(C for future studies. A follow-up history and physical examination, chemistry panel, thyroid
_function tests and prothrombin time was performed at the end of treatment.

Follow-up Period

20 A symptom assessment, weight, blood pressure, complete blood count and serum HCV RNA was
performed every 8 weeks during and at the last visit of the follow-up period. HCV RNA titer in
PBMCs was measured at last follow-up visit. ALT was measured every four weeks and at last
visit of follow-up. Serum from 7 ml of whole blood was collected every eight (8) weeks during
follow-up and frozen at -70(C for future studies. A follow-up history and physical examination

25  chemistry panel, thyroid function tests and prothrombin time, was be performed at the last visit in
the follow-up period.

Serum Collection
Blood was collected in serum separator (BD SST) tubes.

: 30  Within 2 hours of blood draw, the blood tubes were centrifuged at 1500 x g for 20 minutes.
Serum was collected immediately and stored at -70°C.

onucle 1 Pr ion
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downstream primer) from the 5’-untranslated region of HCV. Uracil-N-glycosylase was

15 incorporated to prevent amplicon contamination. The HCV target RNA was reverse transcribed
and amplified in a single tube reaction using the enzyme rTth DNA polymerase in the presence of
Mn++. After amplification, the products were alkaline denatured and hybridized to a HCV
specific probe. Detection was carried out in a 96 microwell format using avidin-horse radish
peroxidase. The result of the assay was expressed in A450 units as detected on a standard

20 microwell plate reader.

Efficacy Criteria

Response to treatment was measured using the following virologic and biochemical criteria:

25  Virologic Criteria (Prime Criteria)
HCV-RNA in serum was monitored pre-study, during therapy to determine response, and during
the 24 week follow-up period to determine stability of the response. Response to treatment was

scored according to the following criteria:

30 a)  Noresponse: HCV RNA remains detectable by PCR during the treatment and follow-up

periods.
b) Complete Response: HCV RNA is nondetectable by PCR on therapy at the end of the
treatment period and becomes detectable before end of the follow-up period.
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Limes a weekeng Gt dF plbtobiclestt il HeBEd of G RIARs d presence oftﬁfrﬁé,‘raﬁr_lﬁ&&tedﬂ'

Mul tiple other trials have reproduced this response rate. Bi ochem ca
rel apse by BTRCR, it thetperiphesdg] blood pf dliropically dnfected BCVpatienys. \Figurds HRand HE.

(11207, 15, BLSheRCH e oty s AW B o AL

has al so beetremmesreffect asdost dRerfthopliveophescsis wab discomtinwede t her apy i s
W t hdrawgg 16, 17 _

Table 1
Hepatitis C
Group 1: Photopheresis Only
.20
HCV (Log Base 10)
Patient Number ' Week 0 of Treatment Week 8 of Treatment
1 5.51 5.27
2 6.07 5.54
3 532 439
4 5.27 5.00
5 59 547
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PCT/ US97/ 04771 Researchers continue to devise new therapies to
i nprove the | ow response rates. Higher i nterferon doses, 18 nore
prol onged treatnment duration, 19 different species of interferon, 20,21

and adj uvant ﬁg;&g&utic phl ebotony to renove excess iron[erl;c]mw g‘?l”

been tried w vartous degrees olésuccess. Oher forns 0 rapy
are even | ess. ef fi caci ous and are associated with 5 frequent, side
ef fects. CBibliogesphyr oi ds and acycl ovir have been shown to have little

\?ftnﬁf :EtCP E‘illbnelzddsﬁoht 1£Q_En @ﬁ&bpmés%se NtaS clividatly 'relRGMN o 'iﬁﬂﬁr:bmola'gibh;ﬁﬁpdﬁ@h - Cgmmhenpy

. e X k. i nation therapy wt
i nterferon-al MM"W%@D%& &én?éﬁ‘g‘ﬁwto ECP and > - A
i nt er f er on2al pEdelsonNR,UBaRe C5 GaspartonF.sot. alAl Treptment of sutanecus vE ¢elFtymphoma by
tu [1 :3 \6/1; ;ﬂ:ﬂ y' g f tB&rar%rb?ﬂegléﬂhgﬂ&hemdﬁ&W C#}elfaﬁtgg iesﬁﬁ.?lci)' 1 Med wsgmt 162973031 he

- al one .. [Patients
randoni zed3t o @’?%’e§ng9°§I D Edglsor ]tg\/\oqﬂl%? ﬁéﬁf@‘,’mﬁtﬁ q, grghritis Ry itacorROmsal
eve_ryoI . tmmghnothmpﬁempibtmdniﬁa&im 199¢3th6d6454. over a 6 nonth
peri od. i afdgdadokty el i Qi
:?(I\J/IUEJ I stgfés%@gﬁdén&%ngom ;pdﬁvg%;g%biggam&ﬁggz? t\(?é;%i?%i %E‘pa "
starte P © Wi t tgemtes (oA ¢ - '

consecubi ve dala92¢128:337460 weeks. Two weeks after the start of ECP,
patients recei i r . ti 20 Kk

g mg?e.e_e%ﬁ?%sgmtmga, - Mgl lbiis Ui es. a wee

6

For w8 Wotee A Gopen Bl pspiiesss G Hon I oEo Sria SRS

for two 6 ~WsineE
conbi nati on wi foh imintiss Selection af hegatitis C virusFEHCEnpuwativecenvelope ZlycapEhein variants:
t2r5eat _rl_rﬁnt S ov %t@n m&%hﬂﬁﬁdﬁiﬁ infections E%WAM SEFP: 86446892 ( 6 MU
~Three_nonths . after ou% start.ed .. patie t% @&demmk
r ecej vas ECP. andhifai; M, Akatspka T, Pendieton CD, Houghten R, Wycho , et al
Induction of cytotoxic T cells to a cross-reactive epitope in the hepatitis- C virus
nonstructural RNA polymerase-like protein. J Virology 1992; 66:4098-106.
8. Zignego AL, Macchia D, Monti M, Thiers V, Mazzetti M, Foschi M, et al. Infection of
peripheral mononuclear blood cells by hepatitis C virus. J Hepatology 1992; 15:382-6.

20 9. Quian C, Camps J, Maluenda MD, Civeira MP, Prieto J. Replication of hepatitis C virus in
peripheral blood mononuclear cells: Effect .of alpha-interferon therapy. J of Hepatology
1992:6:380-3. : S :

10. Cambell C, Dailley PJ, Urdea MS, Wilber J, Collins MA, Mason AL, et al. HCV RNA in
peripheral blood mononuclear cells: Effect of alpha-interferon therapy. J of Hepatology

25 1992; 16:380-3. _

11. Gil B, Qian C, Riezu-Boj JI, Civeira MP, Prieto J. Hepatic and extrahepatic HCV RNA
strands in chronic hepatitis C: different pattemns of response to interferon treatment.
Hepatology 1993; 18:1050-4. .

12. Edelson RL. Photopheresis: a clinically relevant immunobiologic response modifier.

30 [Review] Ann NY Acad Sci. 191; 636:154-64.

13.  Hoofnagle JH, et al. Treatment of chronic non-A, non-B hepatitis with recombinant

human alpha interferon: A preliminary report. N Eng J Med 1986, 315:1575.
14.  Davis GL, Balart LA, Schiff ER, Lindsay K, Bodenheimer HC, Perillo RP, Carey W, et al.
Treatment of chronic hepatitis C with recombinant interferon alfa: a multicenter

35 randomized, controlled trial. N Engl J Med 1989;321:1501-1506.

15.  DiBisceglic AM, Martin P, Kassianides C, Lisker-Melman M, Murray L, Waggoner J,

" Goodman A, et al. Recombinant interferon alpha therapy for chronic hepatitis C: A
randomized, double blind, placebo-controlled trial. N Eng JMed 1989; 321: 1506-1510.



al pha 6 MU started therapy. Patients began with ECP treatnents on two
consecuti ve days every two weeks. Two weeks after the start of ECP,
patients received interferon-alpha 6 MU three times a week
subcut'aneousl y. 30 Screeni ng Peri od Screeni ng peri od nmeasurenents

I ncl uded a hi stywoysgass physi cal exam nati gn, synptom as TN
wei ght, and bl ood pressure Laboratory teﬂs I ncl ude: conpl ete bl ood count

wth di ffer u test

chenistry pan& a gw&&w@wb %ﬁ'ﬁ{h’ shih W, ’%"(Hr\%“ "ﬁgg%ﬁm%gtem study of
13 : hepatms C virus repR@iibBOWNOA, 1ph-B hepatitis. i MEnglakMed] 1993:326198-104.
ey, e ot e cted sk ot Tt G
o e u e HostaBart Heeraieth Kt epthoR L ALY Rk Ry @iy
mononucl ear cel | s forahsinichepatitis, Aamlnﬂ:ms}d@l%sl 118 700-704 chem stry panel

i ncl uded tot glg P! wm I bhh% dbee'.rtw&b foﬁﬁ‘éfmahmldfm NEhronic

phosphat ase, tas I um cnl or | content, urea

SO
nitrogen, cr eatr n| ééﬁ’@ ﬁ%ﬁﬁéﬁkz chol erster oI ,
triglycerides9and Gnmez-lmblm BarudCad&tﬂeLr@hﬁfgaUAMmiom}mmuﬁﬂ ValProlonged

[ 1 PBMCs %‘e&m fi&hﬁﬁgpﬁ b@lﬁ PCR
;ﬁd fSoE HC,\/) et enoe'%1 %‘F‘I’S er‘%ﬁlﬁ'¥sﬁ::'1)‘r’r"1R r%ﬁ‘ ai(ﬂh%%gﬁrfgé ET
col | ected®and fr of@ﬁp%ﬂ liggqup: o/ Hepatology199@;L1:S6 Tr eat mant
Peri od 20. syrSptzaRomhd’s?meﬂC Morepiu A, Cdstiliol, Mmlmazrﬁ; Gahmm:ﬁ‘ et al. Higlod

count and ALT. vvas s oPhed5d -intdVRes feFfr w&ﬁ"%
treatnment. HCV R %'lrter nblg{enrtur%lmmt &%Maq¥ oéf h@ every '
four weeks duri ng“ﬂd@@l’ﬁé trighn Heparalogy h%skﬁ:é%&& neasured at the end
of 15 treatmnt. Nikmuﬂ,fmmﬂaam, Sodeyaine T Tirako B. \Comnpantivestudytoffifticyl, ei ght
(8) weeksgand fr Om{bl@éical and immunological responses to interferon therapy in type non-A, non-B and
- type B chronic hepatitis. Am J Gastroenterol 1990;85:24-9.
22.  Hayashi H, Takikawa T, Nishimura N, Yano M, Isomura T, Sakamoto N. Improvement of
* . serum aminotransferase levels after phlebotomy in patients with chronic active hepatitis C
and excess hepatic iron. Am J Gastroenterol 1994; 89:970-3.
20



70(C for future studies. A foll ow|Tpich$ise mSagEgN exam nat i

cheni stry panel, thyroid f urjct i oRERIASED and prot hronbllillllmﬂ"w Mlll
performed at the end of treatnent. Foklautiup Peri od : EIA

assessnment, weight, blood pressure, conplete blood count and serum

was peryweioiBekagvery 8 weeks during and at the last visj bls
fol | owup peri O(?gBHCV RNA titer in 18PBMCs was neasur ed a(%”ﬁé” 1
followup visit. ALT was neasured every four weeks and at | ast Vi si t

of followup. Serumfrom?7 m of whole blood was coll ected every eight (8)
weeks dur i "What is claimedist ow- up and frozen at -70(C for future studies. A
foll owup history and physi cal exam nation 25 chem stry panel, thyroid
function tests and prothronbin tinme, was be perforned at the last visit in

the foll owqup p‘?ﬂn&’ﬂodfrt ting e Fing 8 chiRfic HC ifttigfl ebibrigii ecled 11
serum separator (BD S 3 't"ﬁt') Hn?hl n chours 0 gﬂoo g‘r the

bl ood t 8bes were centrl fuged at 1500 x g for 20 m nutes. Serum was
col | ected i mmedi )"‘t el de%iﬂldste%lg edi t%i_g%%?o ﬁ Japhotoactwatablecon-?p%ldxcx ea%zri Cel |

Preparation 14
PCT/ US97/ 04771 Bl ood was collected in a 8 m capacity vacutai ner CPT
nmononucl ear ceII reparation tube (Bectaon ckinson) ., Tubes were
centrifuged forb gafingat least aportion ‘5@91’2‘!&“&“’?@ of ep o)) wi

renoved W u‘lbr?gh(l:ée% ﬁ{af‘ﬁaivﬂﬂs LA picRbdctiva¥iE cofifbuhd QA8 Petliring tHe trédid CBIOFro3hid

-70[err] C ayer was
10 patient.

2, The method of claim 1 wherein said photoactivatable compound is a psoralen.

3. The method of claim 2 wherein said psoralen is 8-methoxypsoralen.

15 .
4. A method for treating a patient having a chronic HCV infection, wherein said patient has
been previously treated with interferon alpha, comprising:

a) administering to said patient’s blood a photoactivatable compound; and

20 '

b) treating at least a portion of said patient’s blood of step a) with lightina
wavelength that activates said photoactivatable compound, and returning the treated blood to said
patient.

25 5. The method of claim 4 wherein said photoactivatable compound is a psoralen.
6. The method of claim 5 wherein said psoralen is 8-methoxypsoralen.
7. A method for treating a patient having a chronic HCV infection, comprising:
30

a) administering interferon alpha to said patient;

b) administering to said patient’s blood a photoactivatable compound; and
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pi peted into a 15 m conical -tube andSMM$$H§ﬁ15ﬁ§&£BhOSDhat

Sdl i ne) was added. The 5 tube was i xed RgeIAdEp S5 tiimes anjlﬁiﬂ“ﬁ"ﬂiﬂ“l{!“"l“l
centrifuged at 300 x g for 15 m nutes.

at the bottom ofthe tube, the supernatant was renoved and dlscarded The

pel | et wWeyo $7asssapended in 2 ms of PBS and then di vi dedpchuseriesih
aliquots into 1.5 m Sarstedt tubes. 19 The Sarstedt tubes were spun in
a mcrocentrifuge on high for 10 m nutes. The supernatant was renoved
and stored at -70(C until PCR analysis was performed. PCR anal ysis was

performed 10  us)ng ummumpmmfs@dwm%mdofstepb)wrt ticor Assay

Lor 52T ol GRRR B l maS o \ B  el 8

primer) fro?ahbﬁ 5'-untransl ated region of HCV. Uracil-Nglycosyl ase was 15
i ncorporated to prevent anplicon contam nation. The HCV target RNA was

reverse t¥anscribed and anplified in a single tube reaction using the
enzyme rTth ONA PRleYWBRGAISST clafin 7 WheRiPRRIHOtdAkLvatabl iind 8 ‘pSdral
anplification, the products were al kal i ne denat ur eed hybrl di zed to a HCV

specific probe Det ection was carried out |n a 96 mcrowell format using

' 150 uni (% as THEmehod ot R SR pi ot krieSeRRE cacer

Efficacy Criteria Response to treatnment was rreasured using the

followi ng virol ogi c and bi ochem cal criteria: 25 Virologic Criteria
(Prime Criteria) HCV-RNA in serum was noni tored pre-study, during
therapy to determne response, and during the 24 week foll ow up period
to determine stability of the response. Response to treatnent was

scored according to the following criteria: 30 a) No response: HCV
RNA renai ns detectable by PCR during the treatnment and foll ow up

peri ods. b) Conpl et e Response: HCV RNA i s nondetectable by PCR on
therapy at the end of the treatnment period and becones detectabl e

before end of the foll ow up peri od.
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PCT/ US97/ 04771 C) Cure: HCV RNA by PCR is nondetectable at the end
of the treatnent period and renains nondet ect abl e at the end of the
fol |l owup period. Results of this study show that photopheresis
alone or in CO@#E&#&:&” with interferon treatment 5  subst artraisénedrn
reduces the | evel of HCV genetic material. The use of photopheresis
al one reduced the virus level in chronic HCV patients who have

previously failed other treatnents. Table ﬂ/:‘(and Figure 1 Panel A) depicts
the HCV | evel of each patient at baseline and after 8 weeks on

t herapy (boxed region of Figure 1, Panel A). 10 The conbi nation of
phot opheresis and interferon-[err] elimnates the presence of virus, as
detect ed . by RT-P Mpheral bl ood of chronicaljly infected
HCV patients. Figures 1 01 depict the HCV levels fqr t he
patients before, during npl gt i @n of treat nent-y Fhe

treatnent effect was |lo nued. 15
Tabl e | Hepatijtis C
G oup 1: Photopheresis 4— S

WEEKS OF TREATMENT

FlG. 1A
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Hcv
(LOG BASE 10)
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HOV (Log Base 10)

Pati ent Number Week 0 of Treat nent

‘Week 8 of Treatnent 1 5.51
5.27 2 6. 07

5.54 3 5.32

4.39 - ' 4 5. 27 PCT/US97/04771
5 00 WO 97/36634 5 c 91
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replication in non-A non-B hepatitis. N Engl J I\/E__d 1991; 325:98-104.

17. Shindo M Dibisceglie AM Cheung L Shih JW:'Cristiano K, Feinstone
SM Cristiano K Hoof nagl e §H Decrease in serum hepatitis C
viral RNA during al pha interferon therapy 5 . for chronic hepatitis.
Ann | nt erWhatisiclaimed is: 115: 700- 704. 18.  Watson, AR Bartlone P.

H gh-dose interferon alfa-2A for the treatnent of chronic

hepatitis C. [Review] Ann Pharnmacotherapy 1994; 28:341-2. 19.
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Prol onged . admini et c hepatitis Cwth
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Moreno A, Castillo J e ' ses
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21. Nakano Y, Kiyosawa K, Sodeyama T, Tanaka E. Conparative study of
clinical, 15 hi st ol ogi cal and i mrunol ogi cal responses to

i nterfer@ therhemethod of ¢Rém novhefein suidpidtaabtivatable compound is & pgeralkh.chr oni ¢
hepatitis. AmJ Gastroenterol 1990; 85: 24-9. 22. Hayashi H, Taki kawa
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4, A method of treating blood of a patient having a chronic HCV infection, wherein said patient

has been previously treated with interferon alpha, comprising:

a) administering to the blood a photoactivatable compound; and

b) treating at least a portion of the blood of step a) with light in a wavelength that
activates said photoactivatable compound, and returning the treated blood to said

patient.
5. The method of claim 4 wherein said photoactivatable compound is a psoralen.
6. The method of claim 5 wherein said psoralen is 8-methoxypsoralen.
7. A method for treating blood of a patient having a chronic HCV infection, comprising:

a) administering interferon alpha to said patient;

b) administering to the blood a photoactivatable compound; and

c) treating at least a portion of the blood of step b) with light in a wavelength that
activates said photoactivatable compound and returning the treated blood to said
patient.

8. The method of claim 7 wherein said phtotactivatable compound is a psoralen.

9. The method of claim 8 wherein said psoralen is 8-methoxypsoralen.
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18 What is clained is: 1. A nethod for treating blood of a patient
having a chronic HCV infection, conprising: a) adm ni.stering to
the bl ood a photoactivatabl e conpound; and b) treati r’&MCEMﬂﬂ SHEET
portion of the blood of step a) with light in a wavel ength that

activates said photoactivatabl e conpound, and returning the treated bl ood
to said patient. 2. 1&he method of claim1 wherein said
~ phot oacti vat abl e conpound is a psoral en. 3. The nethod of claim 2
wher ei n ¥hatligelaimed isn i s 8- net'hoxypsoral en. 4, A nethod of treating
bl ood of a patient having a chronic HCV infection, wherein said patient
has been previously treated with interferon al pha, conpri sing: a)
adm ni st dri ng A methbé fdy|treatingbloddodfaqatient Atvig & clronip $1W infaxtion, comprising)

treating at st on the bl vmthllght in a

wavel engt h th ? %dl%%&ermg : ebé?“\?aq%gg’aégf’%ﬁlﬁﬁgﬁ%ogg?l tabl e conpound,
and returningb)he ttremmgeal ledso @ ottivn efithe blood of step a) with light inesntwavelength that The
met hod of claim4 vvher Sai. d ctlvatale compaund IS or

6 "% he et hod ofeiyaie 8 RipusRaRHRRE comrRuRR. fief RRESHE el Frslig HOGICiockhe

7. A nmet hod for phniemtl ng bI ood of a pati ent having a chronic HCV

I nfection, conprising:

2, The method of claim 1 wherein said photoactivatable compound is a psoralen.
Uh 3. The method of claim 2 wherein said psoralen is 8-methoxypsoralen.

4. A method of treating blood of a patient having a chronic HCV infection, wherein said patient
has been previously treated with interferon alpha, comprising:
a) administering to the blood a photoactivatable compound; and
b) treating at least a portion of the blood of step a) with light in a wavelength that
activates said photoactivatable compound, and returning the treated blood to said

patient.
S. The method of claim 4 wherein said photoactivatable compound is a psoralen.
6. The method of claim 5 wherein said psoralen is 8-methoxypsoralen.
o/
7. A method for treating blood of a patient having a chronic HCV infection, comprising:

a) - administering interferon alpha to said patient;

b) administering to the blood a photoactivatable compound; and

c) treating at least a portion of the blood of step b) with light in a wavelength that
activates said photoactivatable compound and returning the treated blood to said
patient.

8. The method of claim 7 wherein said phtotactivatable compound is a psoralen.

0. The method of claim 8 wherein said psoralen is 8-methoxypsoralen.
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e, . . . . IPos @
a) . "adni nisteri ng interferon al pha to said pati-ent; . b) Espmcgrfgn‘-t-
adm nistering to the bl ood a photoactivatabl e conpound; and C) SHEgr
treating at least a portion of the blood of step b) with light in a
wavel engt h t hat activates said photoactivatable AR geund and
returning the treated blood to said patient. 8 ol he
met hod of claim7 P¥fein sai dWPRLD QITEEETTUAL PROPERTY ORGADUATION | S @ SN en.
9. The met hod of claim8 wherein sai Bsora'i“en i s 8-net hoRXﬁsoral en.
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(57) Abstract

A method of treating chronic HCV infections .is disclosed, The method involves the optional treatment of a patient with interferon
alpha and the treatment of a patient’s blood with a psoralcn compound followed by ultra violet light-activation of the psoralen compound.
The blood treated as such is returned to the patient in a process known as extracorporeal photopheresis.




