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Interferon (IFN) is a very active antiviral cytokine but it is lymphopenic, with a poor clinical

25 tolerance. So while IFN exhibits antiviral activity, it also blocks the production and
maintenance of long term protective central memory T cells. This translates to a high
frequency of relapses in chronic HCV-infected patients treated with PeglFN/RBV. In
addition, compared to a control group, extended treatment with peglnterferon in patients
with advanced chronic hepatitis C is associated with excess overall mortality (Di Bisceglie

30 AM et al; Hepatology 2011; 53(4):1100-8).

New antiviral compounds have been developed that target inhibition of different steps of
the HCV life cycle. Several new antiviral drugs (small molecule inhibitors of viral
replication also referred to as direct-acting antivirals (DAAs), including protease inhibitors
and polymerase inhibitors) for hepatitis C, are currently in an advanced stages of

35 development. Telaprevir and Boceprevir have reached the market (Ghany et al,
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Furthermore, it may not be possible to develop a vaccine that targets all HCV genotypes

because of the high degree of genetic diversity exhibited by the virus.

IL-7, a cytokine that is critical for T cell development and homeostasis, has exhibited

30 interesting antiviral activity in preclinical models of chronic LCMV (Mice infected with
LCMV clone-13 having persistent high-level viremia), but this activity only develops at very
high doses of IL-7 which are not appropriate for testing in patients (Pellegrini M et al; Cell
2011; 144(4):601-13).



5 treatnments proposed so far are able to offer a broad response rate over a
very short term (weeks) - along with a prolonged effect providing

pr ot ect i owofnmmireBapses. Today, non-responder HCV-i nf eeCedkprparioess have
limted treatnent options. An inproved therapy is thus needed to treat HCV
infection and HCV-rel ated di seases and deaths. 10 Summary of the invention:
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new t herapeutic reginmen for treating or inhibiting Hepatitis Cinfection in
a human subject in need thereof, conprising: admnistering an antiviral

t r eatloeNntSunamaBcofans nvetioht tis C viral | oad and adm nistering

I nterl euki n-7 pharnmaceutical conposition to restore i mune 30functions and
provide a durable cure after discontinuation of therapy. Preferably the
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sel e(iéed fromthe group consisting of an interferon, a protease inhibitor,
a pol'ynmerase inhibitor, an inhibitor of virus entry, a helicase inhibitor,

and ri bavihei iRyverfiionCeratideati-Bnsort liyr @otreating hepatitis C in a patient infected with

hepatitis C virus, in combination or subsequently, with an antiviral agent or a combination

of antiviral agents.
Preferably the antiviral agent or combination of antiviral agents is in a therapeutically
20  effective amount that reduces HCV viral load to less than 5 Logqo IU/mL, preferably less

than 4 Logqo IU/mL, more preferably less than 3 Logqo IU/mL.

In a preferred embodiment, IL-7 is used in a patient who has been treated with an antiviral
agent or a combination of antiviral agents, so as to reduce viral load, before administration
25  with IL-7.
It is thus provided a new therapeutic regimen for treating or inhibiting Hepatitis C infection
in @ human subject in need thereof, comprising:
- administering an antiviral treatment to decrease hepatitis C viral load and
- administering Interleukin-7 pharmaceutical composition to restore immune
30 functions and provide a durable cure after discontinuation of therapy.
Preferably the antiviral agent or combination of antiviral agents reduces the viral load to
less than 5 Logio IU/mL, preferably less than 4 Logso IU/mL, more preferably less than 3

Logqo IU/mL, before administration with IL-7.



5In other words, the invention relates to the use of Interleukin-7 (IL-7),
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during atnleg tparto thegtrea?merﬁ)t v(vaiﬁt IL-7, preferably during 6 to 12 weeks.

In another embodiment, the treatment with the antiviral agent or the combination of
20  antiviral agents is started before the treatment with IL-7, and maintained during at least

part of the treatment with IL-7, preferably during 6 to 12 weeks.

In another embodiment, the treatment with the antiviral agent or the combination of
antiviral agents is started one week after the treatment with IL-7, and maintained during at
25 least part of the treatment with IL-7, preferably during 6 to 12 weeks. This regimen may be
useful especially when the antiviral agent is an interferon. Indeed, as Interferon is
lymphopenic, starting IL-7 therapy one week before can help the immune system respond

efficiently.

30  The invention makes it possible to induce a broad and stable antiviral immune response
targeting many viral quasi species, blocking viral escape by mutation, and preventing HCV

relapse after treatment completion or discontinuation.



5A rapid and effective antiviral response devel ops, and viral clearance is
obtained. In addition, sustained protection is achieved and supported by
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(patient) virus. Legends to the Figures: 10 Figure 1 is a graph show ng
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before IL-7 theraq%_l_t o conf I,]I m | ac% (%f response to standard therapy), to
whi ch a SRBY?! negrRe Totellp precificdoinhgst Ralieal ykYs- ( 10pg/ kg, once a week, for 4
weeks starting at Day 0). 5/12 patients were divpenic, inplying that they
exhi bited noderate tg severe reduction of 25i nmune diversity, before IL-7
t her apy. —ﬁﬂﬁ@&&i’ﬁ(—'ﬁ%y, normal T cell diversity was restored in all
pati eots and remai ned stable at |east until D56. Detail ed description of
the invention: ., 30lt is herei.n described a d.for treating hepatitis C
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standard peglFN+RBV (ribavirin) therapy (initiated 9 weeks (median) before IL-7 therapy
to confirm lack of response to standard therapy), to which a short cycle of IL-7 (CYT107)
15 was added (10ug/kg, once a week, for 4 weeks starting at Day 0).
Patients who cleared the HCV virus decreased their HCV viral load by 2 Loge IU/mL
(mean) between screening and DO and had a viral load lower than 5 Logso IU/mL before

IL-7 therapy.

20  Figure 2 is a graph showing the evolution of T cell diversity in 12 patients subjected to 52
weeks standard peglFN+RBV (ribavirin) therapy (initiated 9 weeks (median) before IL-7
therapy to confirm lack of response to standard therapy), to which a short cycle of IL-7
(CYT107) was added (10ug/kg, once a week, for 4 weeks starting at Day 0).

5/12 patients were divpenic, implying that they exhibited moderate to severe reduction of

25 immune diversity, before IL-7 therapy. After IL-7 therapy, normal T cell diversity was

restored in all patients and remained stable at least until D56.

Detailed description of the invention:

30 It is herein described a method for treating hepatitis C in a patient infected with a HCV
virus, which method comprises administering interleukin-7 (IL-7) as an add-on therapy in

said patient.

Surprisingly, by testing various associations in various patient populations, the inventors

35  have found that while IL-7 therapy seems inactive in chronic HCV infection and unable to
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of the i fUE¥EISon, the term“treating” or "treatnent”, as used herein, neans
2gcugj0ng,Tgrseme@swsmddeaidneuéteai iRgchronibi ﬁ'clvi pglidnts PrediolsSidedtiie@rapmerent i ng
t he di sorder r conditlo C te a or one or nore

Syt one GHPOSHER A EBAENGRPY GRRAT V) THES PRMAS S TIo0REHS Frapercbleiireans
t hgt Vi r 3lraldbgd® bASCR- |hl$od3J@ﬁ@f uedanci’afd "t A\ b chébreal thé Q&gs with tlﬁ@aﬁ%ltlon
reauci ng antl 1 N virus t t can € neasure e. g.
by quant |°%(Dr[?gl§ ?f"l" (ﬁfii'&p’?%J_@f?)W«g%?@@'D b-ogi 11U L. 25 According
to the invention, the term patlent or ‘patient in need thereof" is
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or advanc Si t|t In a particular enbodi nent, the patient
shows a Hi ﬁe@ig‘i}ﬁ\'fﬁwj‘ age e‘h he begins treatment with the 30 antiviral

agent. A "h| gh HCV viral |oad" neans gener ally gr eater than 2 Logi 11U i,
Cogi 101 1t Becsontetiof e bremBpatiey S chrac: AR Rog: FS0: T AneRe
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condition. The term “curing” preferably means that viral clearance is observed.
By “reducing viral load” is meant reducing the quantity of circulating HCV virus that can be
measured, e.g. by quantitative RT-PCR. Viral load is expressed in Logqo IU/mL.
25  According to the invention, the term "patient" or "patient in need thereof" is intended for a
human or non-human mammal infected or likely to be infected with HCV. The patient may
be a male or a female, of any age, including children or teenagers. The patient may be
asymptomatic, or may show early or advanced signs of hepatitis. In a particular
embodiment, the patient shows a high HCV viral load when he begins treatment with the
30  antiviral agent. A “high HCV viral load” means generally greater than 2 Logso IU/mL, still
preferably greater than 3 Logo IU/mL, more preferably greater than 4 Logq IU/mL, still
more preferably greater than 5 Logqo IU/mL
In another embodiment, any patient, regardless of his/her HCV viral load, may benefit
from the treatment of the invention.
35



Antiviral agents: The HCV viral load is reduced to bel ow about 5 Logi
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N- (phosphonoacetyl)-L-aspartic acid, (U S. Pat. No. 5,830,905 to D ana et
al .), berwenetimasshoxam des (U.S. Pat. o. 5,633,388 t oPDrawacieiocHbs ),
pol yadenylic acid derivatives (U S. Pat. No. 5,496,546 to Wang et al.),
2',3" dideoxyinosine (U S. Pat. No. 5,026,687 to Yarchoan et al.), and

benzi m dazol es (U . .58 74 t o Col i et al . 20Mor e,

Conent y elleRea ange- (2t T snoand siduaiatag el foSe b riyhans PonFL e

(DAAs) , @ayﬁfma@ntn, d/ﬁ}émdbﬁ&%str:ﬁl%is I‘dcﬁvi@ﬁﬁ%éﬂiﬂﬂﬂlam{h p@kmf@rmgy;a(mqi sare@lti\imase( H

enzynes argets, an C ma e sed. as a viral age S as .

o o Boe o N DB aad AhdhS mataipaerdle Bl Sy olr o 1eoh B3aft Wi & o

b, a7 e O Rg e U s s o
, . - ang . oceprevir oarra n

Gast réeng@r B’PB&V@%?OW,*&T@@? 1%‘6-%2*?89'?0@‘%@??‘ WQﬂseagé%to?“Hh regr k- &t al

| Nt er est JoOmaHee/idRsigPT 8 1649-185N(1908))] dnd thé Axturgipysticasstuleninl (Dbfird&sn Of  2°

oo B tHe wEnbbes b o T1 5 oS, TG ARt e RBIe c

rreFI chemolig&ﬁﬁ)x;gﬁ?le@@aé’s @@ﬁmm) g@dpl_@mgm:t@cwqd_@nda{\l_étr@tetpﬁﬂe%egwoaﬂ

polynerase .1 nni DI 1O sSucC as enzi 0 rrvatil ves - an

D 065 Coahiiregion NGR) &1 i FBur ooy den B26 Y ConpHe Ra g PR of the

pol ymer ancR ahd biucrosdds8T 14888 toegrRlduNithe cbid tdaing Fogiduel e ST RNA; (11)

0151 017 SR D e e S AEEITE s AE bl E) NHCee KRBl o YRR AN 12

anti - vi r aliséctispsuiseofoansiepbludygel-anra-as/1oyelohexdnee (UB. Rt t e 6l0d4,134 ke

recept or .agonj sts.such as isatqrijbjn Hor smans, Y, . He ol 2005,

o oD L A O Sl e s 28 Bl NS ez e ChK e eha e iR 2ogte hhe?

47: 174- 18A)ioxigdnds CPSLPA0 No( FJoR 757 s Bubikler e04l. drigeablan@ind0bile acid

46: 1%1- ](ﬁfg;' gﬂﬁ‘g ti V.O{g\a}:f yept D eﬁ‘kerrag PZ’]?“;U di rect-alcéip 'eac,tsi o

(DAATSor (55 Eat Novrd B0 994 00750 ot 2ldeh-BheshBPhoAcsHD- CpeRatitas o gl s et

com]?i nat g\m53@30t905tt@@ﬁqr%_rﬁtiav),ro@hz?@ie@ﬂooxﬁmi@@r(exs.maanwb.lso&aezm%\ébq@@ g

prererre pr tease | npnl bltors.usefu 1.N e _pres t 1nve | ON. e Lre

D onbi e L) RV ebeh R sy AAtonD! Erfeadec Ay suabh 2.3

ribaviri rlicadyiRbeies [U.S( iPat.) No.n%,62d,680 0 aarthbAR\es kal.), (dnd) benzivdidazdles ansg.

DAA(s). 10l nterfera | F are a well known famly of cytokines secreted
by a |ar é‘t'%ﬁe@)’@ té@l? Eit@|-§e| | s upon exposure to various mitogens.

e St SR BB S ST AR etk aof Pk e
(fibrobl asts Hevdibpedyaravy (éysmairecot gsymerasd ahdrdteadacenzymedagltgrbetspadt bet a
?;?erpg\rmwzlic rIX;'?Ee Iuselxpgsegr]:tﬁlllrrglnasg’en{slzal\sl-vggllmm I's known as Type Il or immne

(1) Protease inhibitors such as telaprevir (VX-950) which is a specific peptidomimetic
inhibitor of NS3/NS4a protease (Reesink HW Gastroenterology 2006, 131:997-1002) and
25  boceprevir (SCHS03034) (Sarrazin C Gastroenterology 2007, 132:1270-1278). Other

protease inhibitors of interest include danoprevir, vaniprevir.

(2) Polymerase inhibitors of 2' and 3' substituted ribonucleoside analogues such as
Valopicitabine, a prodrug of the nucleoside analogue 2-C-methylcytidine (NM283) (Pierra
C J med chem. 2006, 49:6614-6620), and non nucleoside RNA-dependent RNA

30  polymerase inhibitors, such as benzimidazole derivatives JTK-109 and JTK-003 (Tomei L.
J Virology 2004, 78(2):938-946).

Non-nucleoside polymerase inhibitors include tegobuvir, filibuvir.

Nucleoside or nucleotide polymerase inhibitors include RG7128, PSI-7977.
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Typical suitable interferon-alphas include, but are not limited to, recombinant IFN a-2b
such as INTRON A interferon available from Schering Corporation, Kenilworth, N.J.,
recombinant IFNa-2a such as ROFERON® interferon available from Hoffmann-La Roche,
Nutley, N.J., recombinant IFN- o 2c such as Berofor® alpha 2 interferon available from
25  Boehringer Ingelheim Pharmaceutical, Inc., Ridgefield, Conn. IFN- o n1, a purified blend
of natural alfa interferons such as SUMIFERON® available from Sumitomo, Japan or as
WELLFERON® IFN- o n1 (INS) available from the Glaxo-Wellcome Ltd., London, Great
Britain, or a consensus alpha interferon such as those described in U.S. Pat. Nos.
4,897,471 and 4,695,623 (especially Examples 7, 8 or 9 thereof) and the specific product
30 available from Amgen, Inc., Newbury Park, Calif., or IFN- o n3, a mixture of natural alfa
interferons made by Interferon Sciences and available from the Purdue Frederick Co.,
Norwalk, Conn., as ALFERON® or recombinant interferon alpha available from

Frauenhoffer Institute, Germany or that is available from Green Cross, South Korea.



(DAA) agent targeting the HCV viral genotype of the patient such as a
protease inhibitor or a polynerase inhibitor, and preferably a conbination
t her eof . worerdmmssn 7: 20 Wthin the édntext of the presempimwesies on,
"IL-7" designates a mammalian (e.g., human, sim an, bovine, equine, feline
or canine) |IL-7 polypeptide. Mre preferably, the IL-7 polypeptide is a
human IL-7,poI&peptide. 25Preferred human I L-7 pol ypeptides of this

|
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i nvent i o/S¥BhIEN ge2RA" Al Ao2adS Rrelasieddn Adn e PeRiiEed BRodimept the itesipgoryy j n

02004/ 01368 AdatedToM! A PESyRING MadrierdH iswbélﬁahﬁeﬁélglyb&rmé&m SRR - The
sequence of human IL-7 is al So avail able on gene banks. The typical

wi | d- t yp@' Bi&t&&Ph conprises 152 amino acids and, optionally, an additional
N-t er m nado) Ry IR -neseddie alfXah | BRfugatehS TR&Errb M ¢ddeder guorsoayr &lcrad! v,

natural all’eli'c 30variants resulting Tromnatural polynorphism including
SNPs, JsplREGAR)YS@ri ants, etc. The IL-7 pol ypeptide used in the present

i nvent i OIPEGYIRESIRERDbY 1aMUIBGRIPAIBEDE ubdd (as dENBIobEd BY BFisBPMPER@Huibb 88 used
herei n, means that the pol ypeptide is obtained or derived froma
r econbi n#f@ERPr essi on system i.e., froma culture of host cells (e.g.,

m cr obi alFyahedRIrBSRtfefin RladNe f@lrsemhﬁugﬁ'tbd% d bRk lsaBs 8MISurRharbs or
ani mal s engineered to contain WD 2013/01/65311PCT/ EP2012/ 065125 a nucl eic

acid nol neee AYRIM i tefferen alfa-pdriPPEPY (AfbuTerap®l id Bi RalyPepide rlqcyle that

r econhi NaBinbMegtiRd MerdfRdfc hdtivipst iffer@lonPi LR MR ISHEh|Me of MAERsERAM
refers to reconbi nant gl ycoproteins nade in mammal i an expressi on systens.
Al of tRE¥ERost cells should preferably express either naturally or after
transgenesis an appropriate 5 glycosyltransferase and/ or sialyltransferase
gene. IL-7 Polype tide can al so be glycosylated through the use of

appr opr i &t 8t & RPtaT§dopmbefinedly iNjeNRTBR y$ UEeth fPePaSethandidpweeks, especially

si al yl tr aited&baseudsal ROHbRIharPthrdywesidf dfich theQlL i7TaRsAGemar i de structures. CHO
cells are preferred. 10A specific exanple of a human IL-7 pol }{pept ide is a
pol yéépt iineeds msﬁe AreseQhinvention, the antiviral agent is preferably a direct-acting antiviral

(DAA) agent targeting the HCV viral genotype of the patient such as a protease inhibitor

or a polymerase inhibitor, and preferably a combination thereof.

Interleukin 7:

20
Within the context of the present invention, “IL-7” designates a mammalian (e.g., human,
simian, bovine, equine, feline or canine) IL-7 polypeptide. More preferably, the IL-7

polypeptide is a human IL-7 polypeptide.

25  Preferred human IL-7 polypeptides of this invention comprise an amino acid sequence as
described in EP 314 415 or in WO2004/018681 A2, as well as any natural variants and
homologs thereof. The sequence of human IL-7 is also available on gene banks. The
typical wild-type protein comprises 152 amino acids and, optionally, an additional N-
terminal methionine residue. Variants thereof include, more preferably, natural allelic

30  variants resulting from natural polymorphism, including SNPs, splicing variants, etc.

The IL-7 polypeptide used in the present invention is preferably a recombinant IL-7. The
term “recombinant”, as used herein, means that the polypeptide is obtained or derived
from a recombinant expression system, i.e., from a culture of host cells (e.g., microbial or

35 insect or plant or mammalian) or from transgenic plants or animals engineered to contain



conprising the disulfide bridges cysz Cy592 Cys34-Cys129 and Cys47-Cysl4l,
as described in EP 1 527 179. Al so, 7 pol ypeptides of the present

i nvent i orwoay13pungssi se the sequence of 14 nmature 15 |L- 7 PpolBpp@piobsies or
further conprise additional am no acid residues, such as a secretion
peptide for instance. Preferred exanples of such secretion pepti des

include, without limtation Si I pt i S the ou

consi st] At REEPeE e Abeodad arde.r AaRseCis TS RRa! e 1o GealoR B! gnal
pept i ge ph%éh@trlhamflﬁfbagﬁéﬂaﬂ rexr)&{sbioﬁ §9swnﬁéd tho | nelfan” Vr:cefé!ryltgr ftembinansi gnal
eptide and cytostatin bls signa t1.de n erred e

P e RSPt ol P el e sHet sy eBas A oS6ey M6T0s0R S\ &

t he cont exdfe@blyt h@xm%enéuthbnverrmur@ny tdre émm trByqpRhesiy cosy | aé@dodriata _
desi gpnates 25 an IL pol eptlg V|n s th ee g}ycosyl g¥gnlno
acid residyGaey/rafsf ed@%er a@{é‘}/ ?rﬁ i H?”E? n @pypgp 5 C&‘ﬁd rage
nol ecul arglyees\@ited shipegh @ie i 8f7a;iﬁ}>@pr@$e dﬁh&b@ﬂﬁdwb){;l@@@l%sferase and/or
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unber of
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pol ypept iptisfe@eédt be vari able. These may be, for |nstance 30N- acet yl
gl ucosam ne, N-acetyl gal actosam ne, mannose, gal actose, gl ucose, fucose,
xyl ose, glucuronic acid, iduronic acid and/or sialic acids. Mre

pr ef epablay spéwmegémr;l@sdrl atrghdnl tL77 polypepidd #ea sayuptise I-SE@kedNand/ or
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preferably containing high mannose and acetyl gl ucosam ne nol ecul es and hi gh

term nal psdlli-¢ padipdptidsi sUBS present invention may comprise the sequence of a mature

15 IL-7 polypeptide, or further comprise additional amino acid residues, such as a secretion
peptide for instance. Preferred examples of such secretion peptides include, without
limitation, a signal peptide selected from the group consisting of the EPO signal peptide,
SEAP signal peptide, IgGkappa signal peptide, Lactotransferin/vitronectin signal peptide,
VIP/vitronectin signal peptide and cytostatin bis signal peptide.

20
In a preferred embodiment, IL-7 is in hyperglycosylated form, as described in
W02007/010401.

Within the context of the present invention, the term “hyperglycosylated IL-7" designates
25 an IL-7 polypeptide having at least three glycosylated amino acid residues, an average

isoelectric point inferior to 6.5 and an average molecular weight superior to 27 KDa as

determined by SDS gel electrophoresis.

The structure and number of oligosaccharide units attached to a particular glycosylation

site in the hyperglycosylated IL-7 polypeptide can be variable. These may be, for instance,
30  N-acetyl glucosamine, N-acetyl galactosamine, mannose, galactose, glucose, fucose,

xylose, glucuronic acid, iduronic acid and/or sialic acids.

More preferably, hyperglycosylated IL-7 polypeptides comprise N-linked and/or O-linked

carbohydrate chain(s) selected from:

a) a mammalian type sugar chain, preferably of the type expressed by CHO cells;



c) a sugar chain conprising an O-carbohydrate chain w thout and preferably
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10 gl ycosyl atidpna), sd@arg@ha.al efrdlyleRbor®si siphsDekialyeshshyaddesber BlphdDs)

which is trans o 25 by mass spectronetry anal ysis. 20 A
"gl ycosyl at i oﬁ'ag’tf%‘s e gar?z[g)?%s any amino acid residue or region in a
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the foll %Qa§¥¥ucture Asn- X-Ser/ Thr, where X is any am no acid except
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25 kDa by mass spectrometry analysis.

20
A "glycosylation site" designates any amino acid residue or region in a polypeptide which
is subject to glycosylation, i.e., the attachment of a carbohydrate structure. Such sites are
typically N-glycosylation sites (i.e., any amino acid residue or region in a polypeptide
which allows the attachment of a carbohydrate structure through N-linkage) and/or O-

25  glycosylation sites (i.e., any amino acid residue or region in a polypeptide which allows the
attachment of a carbohydrate structure through O-linkage). Consensus sequences for
glycosylation sites are known per se in the art. As an illustration, a consensus N-
glycosylation site typically has the following structure: Asn-X-Ser/Thr, where X is any
amino acid except Proline. Such glycosylation sites may be either naturally present within

30 an IL-7 polypeptide sequence and/or artificially added or created within said sequence.

A preferred IL-7 composition useful in the present invention comprises at least 80 %
human IL-7 recombinant polypeptides having at least three glycosylated amino acid

residues, an average isoelectric point inferior to 6.5 and an average molecular weight



superior to 27 KDa as determ ned by SDS gel el ectrophoresis, and conprising
the disulfide bridges Cys2-Cys92; Cys34-Cysl1l29 and Cys47-Cysl4l. The IL-7
pol ypept iwoxomrafesabl y are N-glycosyl &8ed on at | east Phr@EP2@esiREt ani no
acid residues. 5 In another preferred enbodinent, IL-7 is fused to another
protein entity. Exanples of IL-7 fusion proteins are described in

W)2005/ 063820. Fo anc is in form of n | L-7 fusion rot ein
sUch s QURHT L7 K S GRHETTIS Y aSHEOT o BTGB OB vy
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u described in W2007{010401, a
Pusi on pridedhl B RsbbusT Btrron B paduieRetoataestdnge S1988. 1760 - Us
pat ent ap@did@ati on 20090010875 (3) an IL-7 functionally associated to a
human_serum al bum n ("HSA") or a portion of a HSA, as a fusion protein, as
descrPbed in W)2007/ 010401, or (4) an IL-7 functionnally associated to
Human Gwrahotﬁa:cgbr@fyrreeldﬁaodoﬁera IROT isif@sed thehemier pRteif ehtity Ekhrﬁ;ﬁl@é ei n-7 15
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repl acenent of |eucine with isoleucine. Mire rarely, a variant can have
"nonconservative" changes, e.g., replacenent of a glycine with a

trypt ophan7 \Sirighisadre ndritompésddd it nshodasubatahtiall Adinddeci®Rgbn@Enasiidert®) & i ons
or inserti

aci d 30 PG RRSony iSalaey e, P BaPr Bie G Elisl Bl <al SROUT %80 shi ng

bi ol ogi catandatd bibhssagaor b&any@ﬂd_ med@gtoe@n‘wtﬁgedﬁurpryogbua@s&nmé lILkretdns tor t he

art, for exanple software faqr ul ar n
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truncation L-7 which retain conparable biological activity as the full
| engt h f(PHEKpS‘Pt' e IL-7 protein are included within the invention. The

activi ty pofvatidne” bLar?leT PtaRéin i< agrined mmmd adR segubnce/intt i@ aitetddubyasne
prolllzgeratlon ass activit IL-7 v rlants of the jnvention

i e 1 TBIBATER S 107 BTN 2l AU SR O anee. MG GOHPRBRS 70%
Spr ef er akinyin@bcitl ®as sindRYstr@idra) oS&¥Ncal @Yeper@lYeas, replapanett df teusinedyitty pe
L7 isoleucine. More rarely, a variant can have "nonconservative" changes, e.g., replacement
of a glycine with a tryptophan. Similar minor variations can also include amino acid
deletions or insertions, or both. Guidance in determining which and how many amino acid
30 residues may be substituted, inserted or deleted without abolishing biological activity can
be found using computer programs well known in the art, for example software for
molecular modeling or for producing alignments. The variant IL-7 proteins included within
the invention include IL-7 proteins that retain IL-7 activity. IL-7 polypeptides which also
include additions, substitutions or deletions are also included within the invention as long

35 as the proteins retain substantially equivalent biological IL-7 activity. For example,



Variant IL-7 proteins also include pol ypeptides that have at | east about
70% 75% 80%, 85% 90% 95% nore sequence identity with wild- type IL-7.
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can e us .. eqgl nen. ccording.to I_nve 1 on, . - | S 0] e
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o S pond Pl oStk BEP ST e AO R R R i7LIBY lnswreipanige of
SLY O a0 RoRGSHosE RIS dgarian dfiKeninbareS RIS AISOOFPIENNall ! Atadt SERLEN!
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o e T PSRN . eyt as SRR Sechdh SSMDC) on
be adoi nipetiemest sapartad eNBLAST Npholaine 0 dsdrg= 000, S @gLitgted 1Ry BUAST tfietein
antivi ralseaar%ﬁgé C%II:I t():eorpr)%i'fcr)]r%eiz Ovitﬁfthgn)gét/:&é'ﬁlprggq'gr% Ss'core=50, wordlength=3. To
obtain gapped alignments for comparison purposes, Gapped BLAST can be utilized as
described in Altschul et al.,, (1997) Nucleic Acids Research 25(17):3389-3402. When
utilizing BLAST and Gapped BLAST programs, the default parameters of the respective
25  programs (e.g., XBLAST and NBLAST) can be used.

Regimen:
According to the invention, IL-7 is to be administered preferably once or twice a week,
30 preferably during a period of two to six weeks, preferably four weeks, which defines an IL-

7 treatment cycle. Such cycle can be repeated at least once.

In a preferred embodiment, IL-7 is administered once a week during four weeks.



In a particular enbodinment, IL-7 is adm nistered sinultaneously with the
antiviral agent or conbination of antiviral agents. 10 In a preferred

pr ot ocol ,wohe13parésant is to be admini stéred with |L-7 betomeeiheeansi vir al
agent or the conbination of antiviral agents, preferably one week before.
In another preferred protocol, the patient is to be admnistered with IL-7

fromthe initiation 150f therapy at the same tinme as the antiviral. agent or

heComeiha Bl erRame T Hakerient it SeBMEL S0 At BeCaRRRaRS Bhd

D10, nostanpvied agéhs s rahiatdindddupay werasFarabethDireatrera Mathher7, pregdrably &k
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protocol, the patjent I stere ' | a
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o oS vichaBrEEn o G Eo It | SAn Diondim S siora Srpars o VU ARt at | o
of 1L-7 mayeentialy oinetle Ryitidral Bgérd opBaaBinh@st df@tidtal bgass. 1 to 3 weeks, or

may be extended beyond 4 or 6 weeks or nore of treatnment with an antiviral

agent or a 25conbination of antiviral agents. Preferably this third phase

lasts 1 t®aDaneeles emotipgeit, e it Bemipadtb@atsirslitaadvady agranshntivadnidgonsber ed
with the an%i vi ral fez‘inq.ent or conbination of antiviral agents for a period of

6 to 12 \wREpination of antiywal agepiSyi ral agent or conbi nation of antiviral agents
is pneferably the same during all 30treatnent phases. However it can be

changed if desired. In referred enbqdinent, th rotocol involves

r il o ndi 9 PEE e prolo b RSB LR e R S aRe )] S e p TRy e he
addi t i on optheacoptiinidtioh @f Entivirailaddney, pRsferaBlyione videk bafeye antiviral treatnents
are mai ntained over this period and for a few weeks afterwards. WO

2013/ 01765316PCT/ EP2012/ 065125

In another preferred protocol, the patient is to be administered with IL-7 from the initiation
15  of therapy at the same time as the antiviral agent or the combination of antiviral agents,

preferably starting between DO and D10, most preferably starting between D3 and D7.

In another preferred protocol, the patient is to be administered with an antiviral agent or a

combination of antiviral agents during a first phase, that is preferably of at least one week
20  duration, so as to reduce the viral load, followed by a second phase of preferably 2 to 6

weeks of IL-7, preferably combined with an antiviral agent or a combination of antiviral

agents.

The administration of IL-7 may be followed by a third phase lasting at least 1 to 3 weeks,

or may be extended beyond 4 or 6 weeks or more of treatment with an antiviral agent or a
25  combination of antiviral agents. Preferably this third phase lasts 1 to 9 weeks.

Altogether the patient is advantageously administered with the antiviral agent or

combination of antiviral agents for a period of 6 to 12 weeks.

The antiviral agent or combination of antiviral agents is preferably the same during all

30 treatment phases. However it can be changed if desired.

In a preferred embodiment, the protocol involves a preliminary but quick decrease of the
patient viral load, followed by the addition of a short term IL-7 therapy, while the above
antiviral treatments are maintained over this period and for a few weeks afterwards.

35



When the treatnments are stopped, the patient's immune system can
efficiently and stably control itself the HCV virus. The anount of

anti vi r alwagers013assh as i nterferon maylbe from2 to 10 miciriEroe2iotsiper week
5 on a weekly, twice or three tines a week, or daily basis. In a preferred
enbodi ment, the interferon-al pha admnistered is interferon-al pha-2b and
the amount of interferon is ad nlstere 3mllion U twi.ce or t tines
L ok Mgt arieatlrbs SutEioR0oHe e PRt s RTBHPS FEHEBICHR & THRAH AL ST | o
pegyl at edohtidleséletherH@Y pings. 2b and t he anobunt of interferon admnistered is
fromO0.5 to 2.0 mcrograns/ kg body 10 wei ght, per week on a weekly, tw ce
or three tines a week, or daily basis. Alternatively, the interferon

adm ni st @hetnmdun@oPgttiiral &fént Bi@Y dLiheiferdrpmay B8 fRRd2 tdeo anmomiy gér week

interferon adm |steredd$s from20 to ng% crog&ens/ |Io B1£ X Qflght

per week %8P WeREEKIMEe nNEE tBes dimesks T riedlly Hagiseld @ Bretey adngnt,

ant i vi r alintag&oh-SIfhdc Bd@midtérdaVvis I inferfBRoh-Sphadp1 N tigs eadndunorafa:hwuﬁercﬂ@@s to
per . day, preferably about 600 to about 1200 ng/day or

about 15 600
about 80® %{g%ﬁt?’ PYEE | HgWisgyPr dHge HPEs 2p¥esKer abl y about 1000 to about 1200
mg{ kg a daya b&ﬁ%ﬂa@gnb&jﬁmléﬁt ltﬁ@untéﬁmg@ma7é53(:)nhiﬁn@teaéu is\/br;ﬁgylaﬁingt‘e@btﬁh as
te aprevir e m ni st e f rom about re tines a
R R R B e S S R T T AV
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refera ct]ve apount eukl n e adm ni [
Pontr! aadhsleteam afunitoned b aytad, Negionr v Bii-5a BER feenmatn & MereePrhg
28/ k?i( aradamrﬁstereaaelfr@g 2(]3 &bgﬂ? nﬂ@&@r@g{shgo@@dy?m \géibht mr\@edﬁ@f %mkw
0 rer e A 1.S adm nil stere on a wee Yy asl S
D0 e oyt o sk fyngd b ek on ity badif o

pr ef er abl | L-7 can be adm nistered tw ce a
week. Other antiviral agents such as ribavirin may be administered from about 400 to about

15 1600 mg per day, preferably about 600 to about 1200 mg/day or about 800 to about 1200
mg day and most preferably about 1000 to about 1200 mg/kg a day based on the patient’s
weight.

Other antiviral agents such as telaprevir may be administered from about 750 mg three
times a day (preferably 7-9 hours apart).

20  Other antiviral agents such as boceprevir may be administered from about 800mg three

times a day (7-9 hours apart).

Preferably, the effective amount of interleukin-7 to be administered is comprised between
about 3 to 30 ug/kg, preferably between about 5 to 20 yg/kg, and is preferably about
25  10ug/kg body weight, more preferably 20ug/kg body weight. Preferably it is administered

on a weekly basis, preferably for 2 to 6 weeks.
If desired, IL-7 can be administered twice a week.

30 In preferred embodiments, IL-7 can be administered once a week, during a cyclic period

of two to four weeks. The cycle could be repeated at least once.

IL-7 and the antiviral agent may be administered simultaneously, either separately or
within the same formulation. Preferably, they are administered simultaneously, and both

35 therapies may be initiated at the same time or IL-7 may be initiated one week before



30l n preferred enbodi ments, |IL-7 can be adm ni stered once a week, during a
cyclic period of two to four weeks. The cycle could be repeated at | east
once. WO0-213andes8he antiviral agent My be admi ni st er edTgiPeubivesIedus| y,
either separately or within the sane formulation. Preferably, they are

adm ni stered sinultaneously, and both 35therapies may be initiated at the

sane tine | L-7 be ini at ed one week befo , ,
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rectal arenteral rou%esh nore particularly by intravenous,
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intra-muscul ar, as well as intranasal route. The parenteral 10 route,
especi al | e active in redlent
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agen , as, Su el n Surtact.a
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chl ori de prefebly2Hé eI, IeO%Hdafor@bﬁdféfaslgldf bbalt &@gﬁ@% prlecuramearcﬂgmc tqit t he
|nvent|0n rl1ses in additiop to the active ance, a pr.ot in
andror o seplAdins sodes e bfleestan Smapabe accial bR b arermaghu ear

mol ecul arcompbghbn mayemellretreffoﬂatdﬂraabuspehgbm, sdl@nc gsl, @spasi, tsbid) @f. The 7 to
t he host innunﬁ é %nr%f hﬁwrffore avoi ds secondary effects. Mre

pr ef er ablYMPPHECTHPA PP %Runogenic in the subject, such as any
prot epn of hurran origin. A nost 30 preferred exanpl e of prot ein is human

serum al bum n. @ sur f act ant Qg be sel e%bed from known surfgctants such
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subst anc&"MEH @S a tensi oactive substance or anino acid (e.g., arginine"
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25 A particular pharmaceutical composition according to the invention comprises, in addition
to the active drug substance, a protein and/or a surfactant. This presence of a protein, or
any other high molecular weight molecule of natural origin, reduces exposition of IL-7 to
the host immune system and therefore avoids secondary effects. More preferably, the
protein is non immunogenic in the subject, such as any protein of human origin. A most

30 preferred example of protein is human serum albumin. The surfactant may be selected
from known surfactants such as Polysorbate products, preferably Tween20® or
Tween80®. A specific composition of this invention comprises human serum albumin
(preferably 2 to 5 mg/ml) or polysorbate (Tween 20 or 80 (typically 0.005%)) or any other
substance such as a tensioactive substance or amino acid (e.g., arginine,, glutamate, or a

35  mixture of arginine and glutamate) or sugar (e.g., sucrose, trehalose, sorbitol), capable of



35m xture of arginine and glutamate) or sugar (e.g., sucrose, trehal ose,
sorbitol), capable of WD 2013/01765318PCT/ EP2012/ 065125 preventing IL-7

i Munogerwoizn18/aes3t o prot ei n aggregat 1®n and/ or | ocal pergirgaienca2of t he
drug product at injection site after adm nistration of the conposition. In
a particular enbodinent, the adm nistration route is the oral route. In
conparison to ther pol ypeptide hormgnes, oral route is indeed a tabl e
For L 7 Prexegung B frmfredrBify nhE s giola govsprion el deced poRereR L e onal
stabi | i t YWrn@f probii& ap npsclibi sitel At re@mnast-dtiod @8 theaddnigosiioke in a solid form
such as a tablet or a powder or a capsule, or in a formof a liquid, such
as a syrup or an enulsion, prepared in an appropriate pharmaceutically
accept ablie aCdrtid gdr. erﬁb@fimé@tbhhe bivainidatibre Fouté settfe bral sdua@l I8 dofnpgafigorg@st r o-
10i ntestinal tract in the ci culatorx tema |E|ts an %chptable
pl asma h&ter| pglwend %t MRoRes: (AP &P UE '8%%5:15’10%%‘3@ BcRr ds g LsPpeily !

aci d- resnhsp@@tyc@@metﬂ er@rrﬁorue@alnuenwath@l @F(ébpﬁiﬁhlélsistébll@r dfi m%cm@tefnormﬁ ation
of IL-7 pgﬁ&ﬁ P ide, are a vantﬁggous %gonal active in di ents,
such as © UL FAM HET R g SRIS Oy %Ll’cé‘r%fl‘ bigl 108 8 POY AP B 7 ule, or I

hermat Op?laeﬁ‘%rm oeld ngm@vwslucrﬁa@é%r syr@pCM]E @ki smﬁgw‘m Frepayeaiin oW fprd@ialedr |
antigen nd an uvant, nmay be use onbi ne eparate. or sequentia
oe. e ehpeite ot aaenale gt Fretvanbi B8 Gricisel TP ohp draltr on i n
the HEV wite@nal ®add an¥in @k cit@atoanseteandn@bkediisain autephblefashynmiiome. my be
observed w to 6 nonths, kz%;;eferag%%iv\nthln 1 week to, 3 nonths

after tré%?@#&n?c'%i%ﬁ*ﬁé”‘i ARG So P URRIGSS Ipstrip st GaRAYIBP tCNRNRY Ghr ess

of the dinsie@semul&bl of Rpgsbinaiforniulgtioh i &Y balypapticlereeldeasthgesuance of the
virus. In other words HCV RNA becones undetectable in the patient. The
invention is particularly useful for preventing or delaying any del eterious
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an adjuvant, may be used for combined, separate or sequential use.

Therapeutic indication:

20 The invention allows a dramatic reduction in the HCV viral load.

Viral clearance and alleviation of the symptoms may be observed within 1 week to 6

months, preferably within 1 week to 3 months after treatment.

25 The invention makes it possible to inhibit the progress of the disease, and to obtain a
substantially complete clearance of the virus. In other words HCV RNA becomes

undetectable in the patient.

The invention is particularly useful for preventing or delaying any deleterious evolution
30 resulting from the HCV infection, in particular any onset of liver fibrosis or cirrhosis or

hepatocarcinoma.

The protocol of the invention is of particular interest in a patient who has not responded to
a prior treatment. These patients include non-responder patients (also called partial

35 responders or slow responders) or null-responder patients. In particular, non-responder
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These include patients with hepatitis C who have relapsed after initial response to

previous treatments.

25
Patients who show viral break-through can also benefit from the treatment of the
invention. A viral break-through occurs when a patient achieves a response under therapy
(especially therapy with interferon) but then loses the response despite the continuous
therapy.

30

Patients having acute or chronic hepatitis C infections are encompassed, including
relapsers, non-responders and null-responders.

In a particular embodiment, the patient has been genotyped for single-nucleotide
polymorphism in the IL28b gene locus that encodes encoding interferon-lambda-3 (see

35 Thomson et al, Gastroenterology. 2010, 139(1):120-9, and international patent application



WD 2013/ 01765320PCT/ EP2012/ 065125 W2011/013019). A CC genotype at SNP
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treatment. A CT or TT genotype is indicative of a non-responder or

nul | -responder. In a preferred enbodinent, a patient with a CT or TT

of tha” pHECER o RUBALT o, ConsomBrch SHE eV tbelGh sl ol grestenl

vari abi | irégpoaside db \eLBSIT Yredtindh€pedipetinby Beyylstys esterfanéalaibHag(FEEIRGaRAa P

resistance to trea t, benefit re patients, and providin faster,
ef {1 oi enPUsiPaHsna REYatigeHEEr ASPbREL] JIOPRE 15IEIEEYt Obp NORACTRRAGAE Pon rhy
further bellussbrlied M a PafeiredtentRdintdritCi edtigwttwithHEO\C TapdTaRRhBG e \bt ISR such
as HYV, HBV t hi s net hod mag he useful to

V., HSV, or CW. Especj al l
H v/ 6%1-%9355@%‘ %daaan@ﬁ?%uwae%?&%@ﬂﬁ reaimeRt ¢fdle pisseAt RENfoRount s
(<400 CD4/pL) anmong which sone cannot be treated due to their very | ow CD4
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agoni st to res{fo.re aderguate CD4 T cell counts before applying the protocol

descri bed®sigh &ififlentgnd MeGYSINGSesRNSEnvent i on coul d further be adapted to
t he HEV/ HBV co-infected patients who present with a detectable viral |oad

of HBV. Ln this case a prelimnary 25reduction of the WV viral | oad could
be obt ai 148 A0St aVerlienine EPERPHERRIUUR ArPalient sesiefecisd MLV and
ant i vi r alanotheelirgs sedht £CAN, HBY, HPenefswy bf CMVhe figures and exanpl es
illustrate the invention without limting its scope.
Especially this method may be useful to HIV/HCV co-infected patients who present with
15 low CD4 T cell counts (<400 CD4/uL) among which some cannot be treated due to their
very low CD4 T cell counts (<250 CD4/uL), which is not compatible with interferon

treatment.

In this case the same treatment regimen may be applied after a preparation cycle of about
20 2 to 4 weeks of IL-7 or any other IL-7 agonist to restore adequate CD4 T cell counts

before applying the protocol described herein.

The protocol of the invention could further be adapted to the HCV/HBV co-infected
patients who present with a detectable viral load of HBV. In this case a preliminary
25  reduction of the HBV viral load could be obtained by a 3 to 4 month pretreatment with a

direct anti HBV antiviral, such as entecavir or tenofovir.

The figures and examples illustrate the invention without limiting its scope.



WO 2013/ 01765321PCT/ EP2012/ 065125 EXAMPLES Exanpl e 1: Evaluation in
hepatitis C Liver disease of IL-7 in a_Phase 1/1la Study 5 Methods: A Phase
1/ ha st udyowas/dessBgned to eval uate thélsafety and i ndi wicameohessatsts of
weekly doses of Interleukin-7 in adult patients infected by Genotype 1 or 4
Virus of Hepatitis C and resistant to current "Standard-O-Care"” (SOC) with
Peg-Interferon and Ribavirin after 1012 weeks of this standard bi-therapy.
Absence of viral response to current Standard-O-Care with pegyl ated
interfer@xAMPbES+ ribavirin, identified as absence of early viral response
(EVR), is defined as a decrease of HCV RNA | oads | ower than 2 | ogs, as
neasured by a quantitative PCR test after 12 weeks of standard therapy,

conpar ed Exaniprs ¢! EVdlubtyrelrshémaiisrelivey diseabdof -7 ires Phiageiflla $hidy, absence
of end of treatnent response defined by detectable HCV RNA at the end of
treatrrent (24 weeks or 48 weeks). In this open-Ilabel, dose-escal ating
study, (3etBédsand 20 pg/ kg/ week) CYT107 (reconbi nant human gl ycosyl at ed

) Bt S B gRUBet Ao AUt 0t IRk, LR 0oRRH S
doses of Interleukin-7 in adult patients infected by Genotype 1 or 4 Virus of Hepatitis C
and resistant to current “Standard-Of-Care” (SOC) with Peg-Interferon and Ribavirin after

10 12 weeks of this standard bi-therapy.
Absence of viral response to current Standard-Of-Care with pegylated interferon-alpha +
ribavirin, identified as absence of early viral response (EVR), is defined as a decrease of
HCV RNA loads lower than 2 logs, as measured by a quantitative PCR test after 12
weeks of standard therapy, compared to baseline levels measured by a similar technigue.
15  Or, absence of end of treatment response defined by detectable HCV RNA at the end of
treatment (24 weeks or 48 weeks).
In this open-label, dose-escalating study, (3, 10 and 20 pjg/kg/week) CYT107
(recombinant human glycosylated IL-7) was administered by subcutaneous route for 4
weeks (DO to D21) as an add on to 52 weeks SOC therapy initiated 9 weeks (median)
20  before CYT107 to confirm lack of response to SOC.
6 Patients were included at each dose level and 6 more if at least 2 Patients had a HCV
RNA drop > 2 logs.

Results:
25  There were no serious Adverse Events or clinically relevant abnormalities in biological

parameters related to CYT107 treatment.

At D56, CYT107 (10pg/kg/wk) induced (median values):

- a T cell increase +341 CD4/pl(+168%) and +209 CD8/ul (+179%) more than correcting
30  the initial pre-CYT107-SOC induced lymphopenia (-147/uL CD4).

- a broadening of TCR repertoire diversity (+25%) in the 4 patients with low diversity at DO

(45%).

- an increased number of CD3 expressing the a4/37 receptors (+ 73%)

These increases in T cell counts, diversity and homing were associated with an

35 accelerated rate of HCV viral decrease and clearance at week 12 in 5/12 patients.
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Goct oase PEI P (il U st st G-t cteresh ey BB e SR G not
cl ear therediniat (yWérhatlday0)add on therapy (10 pg/ kg, once a week, for 4
weeks starting at day 0), while the 5 patients dropping their viral |oads
below 5 Logi | U nL under Standard bi-therapy, cleared the virus with the
sane 10L- Figured sms that, uler 1817 tladapd) normal T cell diversity was restored in all patients

and remained stable at least until D56.

Conclusions:

In chronic HCV patients defined as non-responders to standard bi-therapy with
15 PEGinterferon and ribavirin, IL-7 treatment was safe and expanded both CD4 and CD8 T

cells, an effect known to provide an efficient and stable immune response. IL-7 also

contributed to an increase of T cell homing in lymphoid organs, and normalization of the

diversity of the TCR repertoire. This effect was systematically associated with viral

clearance in patients dropping their viral loads below 5 Logso IU/mL under the standard bi-

20  therapy.

25



10Figure 2 shows that, after IL-7 therapy, normal T cell diversity was
restored in all patients and remai ned stable at | east until D56.

Concl usi oN®:20131es8oni ¢ HCV patients dédined as non-respomd®esi2ines1gs andar d
bi -therapy with 15 PEG nterferon and ribavirin, IL-7 treatnent was safe and
expanded both CD4 and CD8 T cells, an effect known to provide an efficient
and stable i mune response. |IL-7 al sg g\@@#ri buted to an increase of T cell
hom ng in | ynphoid organs, and nornma - on of the diversity of the TCR
repertoire. This effect was systematically associated with viral clearance
in patients dropping their viral |oads below 5 Logi |IU nL under the
standard bi- 20t herapy. 25 WD 2013/01765323PCT/ EP2012/ 065125 CLAI M5 1.

I nterl euki n17 Intdrredlin-7f QL-7YS Gori Bisd lireadchivgy Mepattist CsinCai patRnpatfeeBdd wibf ect ed
with ?hepatitis C_virus, in conbination or subs queqil%, W th an ﬁntiviral
agentor a conBFRFAlS &n VEYS: dRtGomBinglion i fubsequenipeWiiy an anfivirglsadqnh O (at i ng

hepatitis C acesmslhatntod apliviamadentsyherein the antiviral agent or
conbi nation of antiviral agents is in a therapeutically effective anount

10t hat reduces HCV viral load to less than 5 Logi I1UnlL, preferably |ess
than 4 Logi 2| Ut IL-TegreusBrig treaily Nedaies Ct dwabrdind-@UdlailmU ikherdin thdantiirall f or

use in treating hepatitis C according to claim1 or 2, for use in a patient
Who has. beon t T4 O COPRAIRT SLer PO op taeteedibicalt plitus BaieRli ¢ ol
10 that reduces HCV viral load to less than 5 Log IU/mL, preferably less than 4
Logqo IU/mL, more preferably less than 3 Logq [U/mL.

3. The IL-7 for use in treating hepatitis C according to claim 1 or 2, for use in a

patient who has been treated with an antiviral agent or a combination of antiviral

15 agents, so as to reduce viral load, before administration with IL-7, preferably
wherein the antiviral agent or combination of antiviral agents reduces the viral

load to less than 5 Logq IU/mL, preferably less than 4 Logqye IU/mL, more

preferably less than 3 Logye IU/mL, before administration with I1L-7.

20 4. The IL-7 for use in treating hepatitis C according to any of claims 1 to 3, wherein
the antiviral agent is selected from the group consisting of a protease inhibitor
such as Telaprevir or Boceprevir, a polymerase inhibitor, an inhibitor of virus
entry, and a helicase inhibitor, or combinations thereof, optionally in combination

with interferon and/or ribavirin.

» 5. The IL-7 for use in treating hepatitis C according to any of claims 1 to 3, wherein
the antiviral agent is interferon, such interferon alpha or consensus interferon or
interferon lambda, preferably IFNalpha—2a or IFNalpha-2b, either alone or in
combination with another antiviral agent, such as ribavirin, the interferon being

30 preferably in PEGylated form.

6. The IL-7 for use in treating hepatitis C according to any of claims 1 to 5, wherein
the treatment with the antiviral agent or the combination of antiviral agents is
started simultaneously with the treatment with IL-7, and maintained during at least

35 part of the treatment with IL-7, preferably during 6 to 12 weeks.



15 agents, so as to reduce viral |oad, before admnistration with IL-7,
preferably wherein the antiviral agent _or conbination of antiviral agents
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treating hepatitis C according to any of clains 1 to 8, wherein IL-7 is to
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antiviral agents during a first phase of one week, so as to reduce the viral load,

20 followed by a second phase of four weeks of IL-7 combined with an antiviral agent
or a combination of antiviral agents, wherein the antiviral agent or combination of

antiviral agents may preferably be the same during all treatment phases.

11. The IL-7 for use in treating hepatitis C according to claim 10, wherein the

25 administration of IL-7 is to be followed by a third phase of 1 to 9 weeks of
treatment with an antiviral agent or a combination of antiviral agents, wherein the

antiviral agent or combination of antiviral agents may preferably be the same

during all treatment phases.

30 12. The IL-7 for use in treating hepatitis C according to any of claims 1 to 11, wherein
the patient has chronic hepatitis C genotype 1 to 6 infection, preferably genotype

1 to 4, preferably genotype 1.



10. The IL-7 for use in treating hepatitis C according to any of clains 1
to 7, wherein the patient is to be adm nistered with an antiviral agent or
a conbi navpani3ofi7esat i viral agents durif§ a first phase eLTmEPeonw®ed2s so as
to reduce the viral load, 20 followed by a second phase of four weeks of

I L-7 conbined with an antiviral agent or a conbination of antiviral agents,

wherein the iviral agent or conbinatign of antiviral _agents na
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P & hepar s pulia i Bedhin o o iedon bt (hesTerapbr drein PG & HASBEN OF o 4,
preferably gengi yieurbglobdh.2013/ 01765325PCT/ EP2012/ 065125 13. The IL-7 for
use in treating hepatitis C according to any of clainms 1 to 12, for

obtai ning H iral_clearance, preventi or del ayin nset, of liver.
fibrosi s andocl % frok o USa i enting Enaths g crasring Laser S qrimsch /o s hsed,
514. 10he 1L-7 ther IlUBEisi B far @abityie hepahi -3 & aceanghtnthetdof apyefofablyl & ns 1
to 13, wherein the IL-7 js.in the formof a fusion protein, preferably in
fusion with thﬂ¥ﬁﬁW§ﬁwa%Pfgﬂminnunoglobulin. 15. The IL-7 for use in
treating hepatitis C according to any of clains 1 to 14, wherein 10the IL-7
isis awld-type human IL-7 or a variant thereof, preferably in
hyper gl ycosyl ated form



