WO 2007/ 071388PCT1EP20061012304 1 I nproved nethod for expansion of
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25 cells have been reintroduced into patients preconditioned with chemotherapy and in
addition the patients have been treated with high doses of interleukin-2 to provide
survival of CD8" T cells.

Disclosure of the invention

30. The present inventors have previously shown that activation of naive T cells may occur
within the highly specialized microenvironment of secondary lymphoid organs, such as
the sentinel lymph node. In other words, the sentinel node may be regarded as the
primary site for the immune system to encounter tumour antigens.

35 The inventors have previously disclosed a general method for expansion of tumour-
reactive T-lymphocytes from sentinel lymph nodes, showing that it is possible to culture
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15 marker on 1-1 ocytes
4+ helper T-Iymphocytes One of the objects of the present expansmn method is in

some respect to imitate the natural pathway of the patient's own immune system, and
to a certain degree let the components of the patients immune system determine

35 whether, in the first place, CD4+ helper or CD8+ T-lymphocytes are generated,
depending on whether antigen is presented by MCHI or MCHII. In most cases, the
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30  immune responses when activated.

By the term “Th1 cells” is intended to mean T helper cells that promote cell mediated
immune responses when activated, using cytokines such as IFN-gamma.

35 By the term “Th2 celis” is intended to mean T helper cells promoting humoral immune
responses when activated, using cytokines such as |L-4.
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uM or from about 0.3 to about 1.0 M may be used. The tumour-derived antigen may
be autologous or heterologous, i.e. arise from the patient to be treated or be obtained
from another subject suffering from cancer. In the present Examples the inventors uses
an autologous denatured tumour extract, however, as mentioned above, other sources

30 of the tumour-derived antigen may also be feasible for use in a method according to

the invention.

By the term “day 1 of the first phase” or e.g. “day 5 of the second phase” is to be

understood the following: The day on which the lymphocytes are harvested is denoted
35 day 0 (zero). Day 1 of the first phase is defined as the day where the expansion is

initiated by addition of at least one substance having agonistic activity towards the IL-2
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/ helper and/or CD8+ T-lymphocytes for in vitro expansion, as such nodes may contain a
substantial amount of T-lymphocytes, that have been sensitized towards tumour-
antigens and undergone in vivo expansion in the lymph nodes.
30 |
An alternative source of CD4+ helper and/or CD8+ T-lymphocytes may be the blood of
a subject suffering from cancer, such as, e.g., peripheral blood. The subject may be an
untreated patient that has had the disease for a long time or an already treated patient,
wherefrom peripheral T-lymphocytes sensitized towards a tumour may be obtained.
35  Other suitable sources of CD4+ helper and/or CD8+ T-lymphocytes include bone
marrow, spleen tissue and tumours.
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100 U ml cul ture, nedju bout 5 IU/rrch re di from
about 100 SP%) Fﬁs(‘?g‘“? [ﬁc@'eﬁt %ﬁﬁeteépﬂlﬂjgatturﬂ%'r lllTthﬁ c g]ia'[?m from
about 1000 prdfénatly drahiunolegioadigicomptible (oo dtie raelﬁlehhls othehwise made tmmunand

from abou olé%gt &lr{r&% g%bah%&g%q" % eﬁgﬁ‘lobu %/Qgs O ILIim culture

medi um Speci IL-2 added is 240 In
case ot her substances than IL- 2 havi ng agonistic activity towards

the IL-2 r&g@gé{ﬂ%?ﬁﬁfe SO8RA of fe s?ﬂﬁlgt_? {r]\bférigloﬁ il &fntth§§ St daifissuch

t hat | ead ect 25correspon he effect obtained bP{ t he
above- mentyrerhogytas sush as. qSL*blynmhpayt%@r'y'&m{es(ﬂﬂﬂ%% presenting Selisne

Z 33: E:I aregg Jtih\gtﬁ'urﬂsa@irgg Hllﬁgblﬁ‘ocﬁﬁs la¥d hgn- bgﬁ@fe@ﬁohhéadube 2 Ifrﬁﬂ%@?t@é Iﬁg%dgbgr
4th day oft® Bwaéée ?L}NN@ TPEFiA ﬂ fgthﬁ%l-i"?ﬂ%f??cﬁﬁ ¢hiaT helper %fﬁ% d?

pronoting IMHocﬁbyltsm&ﬁrrddﬁyecﬁéhtlgen ard BhevenyreXutstadced I'mmnéiabomsilc
i ntended to,.ne I%stance havi ng agoni stic

one
activity taBMﬂyg qr %t\eqlt‘zr?%e@g% a?d; added t hroughout phase i) every
2"d, 3rd or 41" day, starting at the rd, 3'd or 4th day after the

first jgddiddog, (5%?419@3@&54 ﬁ@ﬁshageﬁ .éynstea%gsadmg\ét raast%ae@u hefce

activity towar trating ase i).
WO 2007/ omg@spm-ﬂwmwoqwggatf@lm reerpte nbsdiuRetion of pechSyBstaReRSdS t o

be added rt@@ﬁth@éﬂeyr-@n,?ﬁa@ﬁ&uﬁa PB3SE ré Ipto?t@&oﬁhﬁ%e‘ﬂfdw%foddﬁz In a

preferred enbodi nen he "subst ance i s The further dose of
subst ancedYMRRPCHES dpRIRP Prevertipgice 8821 owar ds the 1L-2 receptor, such
5as, e.g., |IL-2, to be added regul arl y such as, e.g. every 2nd 3w,
or 41 da lies wthi ned abave.
i R AR L e ML T LR TR ey
t unour - derdftmdxsafu T gyenphooyte pdpulation specifivfoe theaktognitien sf imoaf cells. On
T-| yrrphoc%e con(?r)épyr %ﬁéﬂe@ﬂclctivation of T lymphocytes will lead to the expansion of T
lymphocyte clones recognizing irrelevant peptides without any relation to the
recognition of tumour cells, thus the majority of unspecifically expanded T lymphocytes

30  will not recognize the tumour.

The invention aims to promote specific activation and growth of tumour-reactive CD4+

helper and CD8+ T-lymphocytes. A specific activation against a certain tumour antigen

enables the T-lymphocytes to have therapeutic effect when administered to a cancer
35 patient with the same tumour fype as the T-lymphocytes are activated against.



10l ynphocyte receptors recogni zi ng tunour antigens, i.e.
tunmour-reactive T-1ynphocytes. The optinmal point of time to add the

t unour - antwg@em7iog138ependi ng on the source of | ynphocyt #CT/BRAWH0TI2A¢

| ynphocytes originates fromlynph nodegs, such as, e.g., sentinel

| ynph nodes, or fromtunours, the |ynphocytes nay have been subjected

to 15cl os &dﬁﬁﬂéti'dl’bh wf aﬁyf&ehmwyl ﬁctﬁluwﬂl‘lel?ﬁipﬁdibytes Wwaunbheveew!dr 3, vesnidwneed
i ncubati on WI

uhst ance onistic actiyVvi t owards t he
155 ecegrabityRefavEs FErapeut o SR S Cardss ui oo B30 PR
t he abi | i tymadr réleeant TliymgHoogtgs.es to respond with proliferation upon
tunmour antigen presentation. Accordingly, in such case the
tunour-derived antigen is preferentially added fromday 2 to and
i ncl uddng lnlaye 8mbédimbet of thesovedOphtieeubjtaneasdiaviag agenigic, activitydayargs on

day 3, on I dsom bl ood,
t he tumurtp%%rf?g%ptg%rg%émﬁm é)%%(?daf gp a]Or eaﬁﬁcﬁgﬂbt rG |rs st phase
i) is initrolpeptides, pe ptlmgemtmdlew affipodies. fmﬂu‘m&s thamphglsev@cnwtgmm
activity OMRESSard o n% rﬁ&sanwauchaés Blie shrall YHOMRQRY! R AEANSI 138AdSs.

been 25 sub ected to the above-nmentioned i mmno-suppressi on b
tumour celll @ P’%&%’&S’r embrgiigent iictHbsianesisithe patue lidand °Fﬁhﬁﬂ'u§ ’%ﬁéﬁpf%ed
antigap i sapegad-2essentially at the sane tinme as when phase i) is
initiated or at the nost up to 2 days thereafter. The tunour-derived
antigen, such as, e.g., a tunmour honogenate, is likely to be
—30endocyt oSl uanebqat mpersferedtuéﬂy ‘added igaropdeseintdrdey to edduse [ympheeyte in

the start ngﬁtggg %ﬁlﬁ) |h%r§g%egtg§z)o?tﬁat%[n of %d dﬁl&% Mé ér tPrqgmlébét‘vF TCeI I's

and nacroﬁﬁ unour rlve
pr esent ed lymproketes. |h b sptfiqerhleasimern of thednvegtiorn thzadbw d@se/pfle@ns t;omCD4+

he! perot U 0BGl CGnts FUBRAPEIERE 70 UMSLBindih RS SuBk S 6N e

ant|gens ta tosi s BYOCGSSG and presente

t he 35cl agboyt wgdu@nl culéts'ameidh@ tOrabaet@%l {relreultyre mgdium, |f5¢mm§/ﬂ%% As

stat ed abqygni caffte HedlufPtoUBbBOS0R lgfmltch@urem FR1EEJUO to0 IB)/hcultlre
sone respect imtate the natural pa

2007/ 0713 828sem msm&ténwur&fmewaﬁw ahewt 1804 mhpitee REdPRP and
to a cert abButd®OnNBenllcakurt Aediuaimamfesth abeldt 100 UM tUIRIG MetihLto@bsytst em

det ernj.ne t her + qr + | hocyt.es ar ener.a engj g
on whePhe SITVRG anPE msRluri i & sPaarecerfcdts FRO 3 22 4 BBILA P,
anti gens Winil. be presented by the class Il MCH nol ecule |leading to
generation of CD4+ 5 1-1ynphocytes, however, in sonme cases CDS+
1-1ynphocytes are generated. Phase ii) The purpose of the second
phase ii) In sasecptlaertsvbeta@ceanma@up%\mvng@gommﬁdm@a@warﬂétf@m& rReanisT

and/ or CD8, Iséb eRs8DAERANBYAEEN inat BBt 41 Gficp! 1

specific 10 su u tion of tunour-reactive CD4+ hel per and/or CD8+
T-1 ynﬁﬁocy@ﬁ'@sﬂ?}?dkﬂg ﬂ%@@.qﬁgcttqha'ﬁqdrhvdh%amrm@awmﬂ foses of e present
i nventors have found, that one way of determ ni ng t he opti mal poi nt
intime to jnjtiate i IS noni or|n Si o
o5 cel | AdiRberanaal AR atedss e SUostgp hawpE Sacmsts asheig iowasds fhe 1L
det er mi ne 2speptdr roay beyaddednedunely thloygidud pydsed), aoch as, e.g., every 2" 3% or
4" day of phase i), in order to maintain optimal conditions for promoting cell division. By
30 the term every 2", 3" or 4" is intended to mean that at least one substance having
agonistic activity towards the IL-2 receptor is added throughout phase i) every 2", 31
or 4" day, starting at the 2™, 3™ or 4™ day after the first addition of the at least one
substances having agonistic activity towards the IL-2 receptor, i.e. after initiating phase
i).
35



susceptible to re-stinulation. The present inventors have found that
the second phase ii) should preferably be initiated when the

expr essi orWoRo0IB38%N T-| ynphocytes i s down-regul at ed. PCDEB200&G0133)4
activation marker, indicating that theg | ynphocytes have received an
activating signal. If the second phase is initiated when the

expr essi o &fe stbddiPRent thie $ubstahce torehaited esgulasly tirglighoneghased is &t t he

I h h d h | d
i’ down. PRYUICAN 'k 'R e Btk R opiefe e €301 TPV DN o

the T-1ynphocyte popul ati on express very few or essentially none CO25

mar kers. H? f}hr{%f&?sre o‘?% rﬁigﬁ[o fsﬂ@a R TJ\A%%JSI tﬁ& WQP rRbptobzacH S

defi ned as ess t /00 ghgopu ation exgresses
CD25, §.eas3596 br2, mmbeadﬁedtrneulqdw ymﬂfeyeeevqrh’i et davdieg wit
express CQon. tiomB§ abe0r | ess of the T-1lynphocytes expressing
CD25 are rmstaﬁél ke{er;/wr egul atory CD4+ 1-1ynphocytes, which have a high
per manent expression of CD25. In addition, the 1-|ynphocyte

popul at i o feieatidpeHapt step i the Bkt 9Wee)sa expansw‘neymrademee bt tumloly none
Foxp3 markers,, which ar$eé?$)eC| fi c

ers
T- | ynphoc (eBEd ntigen in,ox E@"E’F&) ?fﬁj"y aﬂcﬁégﬁj‘%?ﬁ'{}%Tof Foxp3
i s defionedyngshotytaredeptoss febognizing mfnouhmt’gehg{ ivpHtompurerepctivel Tayinpocytes.
expresses Foxp3, i.e. 95% or nore of the 1-1ynphocytes in the culture
do not express Foxp3 at all. 35Besi des CD25, there are al so other
mar ker s, fThe optipalg®iit oftinoé tosdriddhe ttmquebmws depending o the seugeddr t o

e e B SER TRher s o Bt Yy lboq g gpce. VO
early act iseetirebimphnress, orisam tumerrathe ymphoguiasdnay kavgbegp sukjegtetia

mar kensf oryols PV R SPmunS-slipite S5 tﬁﬁtﬁin@ﬂ\‘ cells, Ga@%eé‘dﬂ fhedbtbh with a
i ndicates that the "activation

hoc te
al r eady téHPﬁﬂF‘c@ﬁ‘aVW@&HPWﬁf‘ctar?ﬁY'R’ttﬂ‘gargéF'Tes'[zgrrﬁc @st%gr@s%f?ﬁd to
addi ti onalsoftl in ordettd) pfbind&eeebmwwmyﬁwwwemeé@ow With be

down-regul ated before, the sec S, Initi ted TIh
regul at ?orﬁ’“ﬂ‘%att?é‘ YPaR ftyfaopr 20t qarﬁ'aqr%eé'gag"’? HAGFOINGHo NGk ﬁgseltﬁé fr@qnocyt e
popul at i onletvear Atigersis GiFereatially addédirbrh day 2 td andaindudiieg dandotthedirst of

hel poroceresd e e 4 oy R kel el &y FhorBFit o Inoche © o
expansion in phase ii) of the expansi on nethod. In a further or yet

anot her e?ﬂg Wﬂbcﬂés 6%% ﬁaﬁrmoomwsmrhwftdew&cmga\ g Be 8éded

Dynabeads(r anti-CD28 anti bodi es are used
pronot e t eady whashe f@hph%e&dﬁw'q‘qd) . %ﬁ°ﬂ%r&ﬁbéﬁ§‘@ﬁtaﬁﬁﬁ h@’dﬂg Use of

Dynabeads (agbnlgﬂgé&i‘@%o%ﬂdb thy |Q3Q @BeptdTBODEVLS Fmdykes&ﬁt/e viettie@n
signal s and coul be used f.or %aratl on

bl.e t
cel''s 28n" HBSGES {ahe SopyrmBRLReH mERE R B SanEy ThRE Bl pecordal
| ynphocyt Q&eﬁ)bnﬁadedsanﬂiegernomwéd s:aigbly ischtided gsgEintislly at the saimertine

these cells now II he initial
anti gen sed 3%% {?d?'P%tﬁg %tﬁalq‘tgg d\é SF{ deca[ SF clonal T 20
| ynphocyt e expansi on the Dynabeads(r) CD3/ CD28 restinmulation wll

further prﬁg?&,ﬁoﬂo%’ﬁ?%d %ggﬁqsgugﬁaél e Ehd oég?,gﬁe RQikel§ YPROT

activation unspec nphocyt ones ven t hough™t he exact
starti3g eodeeytesed @nawcpsaedvuwanﬂm lgrewwegl G‘P'ﬁg’@ﬁ?%ﬁé‘?ﬁ $tading material,

25| ynphocyd e aflasy. aﬁ%ﬂh@éﬂw%ﬁarﬁk%n&ﬂmﬁw%e@ I@fnoﬁﬂ%%éi the

mar kers, the second phase 1.1 tenlnltla (Ii J“ &
and i ncl udvmgUreyivessansigep wil te qrgfququlgyed@s)s I MEHnalecules '63 'Eﬁhtocfﬁ 17
:)n da% 18, dl@%iordmdzﬁ heﬁiardmbu?&acm 'dajmp%cyt@m Hoagver2byeross day 23.
n ot her words
the pref erqr%ﬁf"?ﬁ'% ﬁ?tp Hﬁliaé(SPrﬂP Hgtepg%cygqslsr%ey&a %rgpﬁsggé(gﬁcfpr%%%dséggen
as bei3sg fdlassl gagkel iésulting in activation of CD8” T lymphocytes. As stated above, one of
the objects of the expansion method is to in some respect imitate the natural pathway



30to day 23 of the first phase i). The expansion of the
T-1ymphocytes, i.e. phase i) and ii) wll nost often take place in a
sui t abl e ombteur@7isesli um Preferably a serumfree medi uPCEEP2WE/012080US
serumis used in order to avoid the rigk of transmtting diseases to
the patient. Exanples of suitable 35 standard nedia i nclude AW

nmedi um  RBMheHafiéhts BivEIhm0Ge Sfshédm, th&berta)ﬁ Bégree Whthe components of the
A e R N s e
cyt oki nes daﬁ&udngmrwmaheramtngagustpmehmﬁ bp IMGHIor fCHIh én mrgtaasés the t he

= s t ab] @vEere e Pegemad B e it G MTRR RuSad Ty Bl Rbrglioh SFEH 2! 7
| ynpho8yt dslyimphddytesehxoyeaver, imsgrhasases Sgli Tdympphefcptealare/generdtedom about 3
to about 6 mllion cells/m of culture medium During expansion an

exchange of culture nediumw th fresh nmedium a step, which is .
10denoni n&thede #ondi ti oni ng of the medium may al so be needed. The

poi nt  of ;Thgz) ed&sé Bt t'hE s@&ﬂr?d%h%& ﬁ‘)rlgt(} él‘.tl%iggha b%nﬁhﬁ‘e R FEabiE be

det er m ne e nor the cells and the cell cult

density (\ﬁrP‘t"rh%ar‘@i’OhGPstgdlé@Ef‘%WGﬁPb@'”ﬁﬁIbb’lPBﬁsec'éF’F%‘Prﬂb}a'" BEP] léF

medi u Wbﬁaxéussaab@wbnaof%mu&mé@mwdmamellper Srdldt GO+ Blythphoéyteengnol
i ndi cat or case an indicator, is included in the nmedium the point

of time t&ireginetherainte # JPICIRMMAYdi ti on nedi um may be based on the

color of the nmedium If a phenol red indicator is used, the cells
hould b it d d I

shoul 4 D2 1B ot oA 5 08 Pob s PRSI AHE I, kPl e

schedul e ftomitatephase d)is ty mdngoringthe expression of tmm@D% egleswrface narier om

may b elét 8 t@??ﬁﬁkﬁ%cﬁ@? T JJ/d%r {'ochejfér%m Ss\lkgat;@aﬁﬁaﬁgg the ﬂ(yﬁ'npﬂf)cﬁ&earged' um

every nce a for tthe specific
condi ti on§uﬁmlblgrﬁ@@ iﬁ@ﬂ&*ﬁtﬁn ThﬁP@%ﬂéﬁ'vaﬁr’f@t’éf@“gﬂ’éﬁﬁﬁ@r%‘?@%ﬂﬁs%ns

for growth Qﬁodwém#é%ﬁg} Se ﬁﬁ%fédrvﬂ%n“thé bxgh€ssibhAl D28 R mpﬁod&tesas

t enperature of 5As nentioned abov second phase
ii) is inidowatraguiaied tW%'aanﬁctb\f?ﬂe'r markep iRdicRlipg U@&ﬁ‘&rﬁm Rasvigs a\éePl ned
(alt[))(Z)\Sle to Er@&énﬁ_lq'éhfwlﬁéib‘\b%@néprf ticddcund !{)%eﬁ&lﬂltlb&ﬂmnnmprwwn of f

negat j ve or der cl onal_ expan |on 0
Curourd; o en S TInBRARey e 8 Pl iredning i BBngtit et BFRS:

i nvent i on ragdivegiensignat cehteatty woald cgrAPCs) are added to

The down-regulation of CD25 is defined as that a substantial part of the T-lymphocyte
population express very few or essentially none CD25 markers. In a preferred

25 embodiment the down-regulation of CD25 is defined as that less than 5% of the T-
lymphocyte population expresses CD25, i.e. 95% or more of the T-lymphocytes in the
culture do not express CD25 at all. The 5% or less of the T-lymphocytes expressing
CD25 are most likely regulatory CD4+ T-Iymphocytes,Awhich have a high permanent
expression of CD25. In addition, the T-lymphocyte population should preferébly

30 express very few or essentially none Foxp3 markers, which are specific markers of
regulatory T-lymphocytes. In a preferred embodiment the down-regulation of Foxp3 is
defined as that less than 5% of the T-lymphocyte population expresses Foxp3, i.e. 95%
or more of the T-lymphocytes in the culture do not express Foxp3 at all.

35 Besides CD25, there are also other markers, the expression of which is relevant to
monitor in order to determine the optimal point in time to initiate the second phase.



the T-1ynphocytes together with the tunour-derived antigen. Antigen
presenting cells (APCs) include |eukocytes such as, e.g., nonocytes,
macr ophagesoamd/orsaphocyt es, such as, e.g., B cells. ThresxErdiogerse
cell types have in conmon the abi Iity1bo present antigen in a form
that is recognized by specific T |ynphocyte receptors. The | eukocyte
35pr epar Ftta'xaﬁ.pites of &%&ﬁﬁgerfs ra?tnﬁhefe@?y @é&ﬁaﬁﬂrﬁr?&émﬂeg, _Iagam:tmi_, wih%h fisbone
marrow, |ynphatic organ_tissue or tissye culture 0 ed from
The pat i e Avachvasen fadker s TVHPEOORS S50 0RO BB 504 10
Ior ef err ed irdidated thatrthe tda&vaﬁBE@ragﬁm’SofMeeT-iyrﬁpadf)laéeid age&d’ypbmeabn,bl ood
eucocytes_cont gl ni.n ntigen- senting B-¢ nd/ Qr ocytes.
The. anyun ™G naged kel aeiid Rieli e iEtcraaiend ip B 0. <
mlliofh AP@skersshoyidhprefarablybé dowmeragulatduchefors the $elconmpidd€lisiinitiated. The

| ynphocyt LAy L& OR

51 yrphooyt it Bauaindrbe fere ok SRR RN 4100 LG (bR

f r om aboutPopulgtidn exprespgeCePed and/apiebilit e culture to about 3 million
APC/' m | ynmphocyte culture, or fromabout 1 mllion APCs/ml | ynphocyte
culture to about 2 m|lion ARC/ m |ynphocyte culture. 10Besides the
addi ti on &7 apeihgremiedimant af thapregent inwentien anti-Clidandegdiessare et @er t o
pronotig ClseparhteCkReibETicels fdm bUEEIIE tunRRE béINEn &eldﬂm%mcmb%aﬂaﬁsm igecond
phase ||)£ﬁorg1r| gﬁ; the addition of specific conponents the function
of which &a5%' fieLXpPangd Bthafsi on of the tunour-reactive

1-1 ynphocytes towards the desired sub-popul ation. 15 As nentioned

above, th i o) r,OVi od for the ner,ati on of
oo - oo PTG ELbs el AL AR, 678 oL Ablichfiby. BREUIBRGRE OV, O
r ecogni zedPyaabedds@avthtantia®in3 andtantjeFD2Gantibodies amtuseeto prematedbei at ed
ith naj N £ bkl i t ed
oo REl pefbaritionib BTt bith clalark R eiod L BE 81 BindiBa& LAnchRB IE] C0
that sti mprevide lgnpRacyieswith agtivatipr siphaisiaed cayldsglse berpised fersepgration &pm

| ynphocyt @gssidil unfai telQR U0l Mibea g ED8REDZB ilbiRd tEH IhbRocytes
(1L-2), which is a potent T

. _ | ynphocyte growth factor. Activated,
orol i 1 er aEKPRICemhantdR spEFIIcAlly YNGR AER . WaRTE tese Eel fiavata herAgcheRh
gaj or S;thyaga_st]j@fly.csatdeipe ihhidl aﬁﬂigeff bﬁedf@dcﬁvaltilwﬁhﬁé'lingiéféd%ﬁ et cnathe
asi s ecific cytaokines produ . produc
hier 71 o PORIRRUS iAo die Rt s irieR ST urther B ce
i nt er | eukiclondl, exp@isiomginsel phake i)-ddbesinat suppat dativation-of Bnspehific T lymphocyte
T-1 yrrphocgoQ?srare believed to pronote activation of cytotoxic T

| ynphocyt es c), NK cells, nmacrophages, and nonocytes, all of which
can attack cancer cells and generally defend against tunours.

1- hel per EGEH t LS4 : i yali .at e
into nenory cg%lugw%%g&eﬁgﬁ%éﬁ{%&ﬁ% %b%v}yd 1%%%‘;@%?5 ?hdg)ﬂﬂe

| ynphéeyt 8dnriyveytepbas aqaeirechthe peeferied ¢yeression pf fracic makssiibese@ndnd
can be calphgsk iy ROMRost bR thitrateFsM B3y ¥7 {oTBRdMCIUdRTGAIHYSS, of @ firtihadéedn t h
a nore rapid and Iarﬁer fesp nse to. the tugou&-any?geégs. There is
ovi dence SHORiERs OF FaY 1{\PRSR: RLCR 18, PO datel. cn.lal 23 coryday 42 or on
per gaps f day IZBJI‘(I& othief veris Othe EbiAtrin Timey whbreahé }W&\p&b@/téﬁﬁ)&/ph&%é&é&\;a s

pr oduci ng jnes and | NE-ganmma. VO 2007/ Q71388PCT/ EP20 012304
s For - an PESER 10 Pl o UG e mathGre: et GRET P dvpe from &y 7
t unouBOr edmdaws dfthe/firptwase s of the Thl type is especially
beneficial, as this type is believed to pronote activation of
cytotoxic_T |ynphocyt es_#Tc), NK cell's, macr opha?es, and nonocyt es,
al | of whiTba expansigniohithe Tclimebecytas, |-& phase Y anrdi)aill (osldfien dakedpiaogdn a

tumours.  kyifabld SlitBreSRES ] BrefFAtsNh SBRM-fred MEdilim bR BltoRBolLeeMiR TS hisedd
nmet hod for generati ng tumour -reacti ve C04+ hel per T-I hocyt es, and

. L C | € ynp ¢
in a furt HEPdeB3Ye! f!Sktqﬁga‘ﬂx%‘P'E'@aﬁﬁﬁés%fm the RAgMoEyARRles? stitablern 2
type @enesrhasrdmedidiacipgeamn mediuho RPIVE 1845/DMEM @A8 MEMIHowkSer, 0thgr ,



1080% at |east 85% at |east 90% at |east 95% or 100% Accordingly,
t he second phase may conprise the addition of a substance capabl e of
up-r egul atwagoq71078R on t he 1-1ynphocytes. Up regul at i ®CTAP2q06/812304
IL-12R wi || increase the readiness of i4he T cell to receive and
optim ze the IL-12 cytokine activation 15resulting in maxi mal STAT-4
si gnal | i ngnediigimiiaso $k eséd) gombpeasihy aphitablet lend afemintsadids] steadidss and

| FN-y prod ctian S S e of up-regulating IL-12R on
the T-I yr’rﬁ’ %@er%rovr‘f@efa%grs %ngae(r?cgé‘fﬁ)mﬁga\?l ng agoni stic activity
towards an interferon receptor. In one 20enbodi ment of the invention

the subst gy ggom or? a?%xocﬂ'tr?ﬁt é@aﬁgaﬁs E'lé‘f]yeé'ﬁ gfvg?rt}i%phh&o sewélfc%rt@r@

receptor ar e ances 1 ncl Frote|ns
pol ypept i cvesselqolepmemé@mamm B sHitable ceflfdengitydn the culivrgs fTrh&gﬂ?éﬁ of the T-

t hereof, fuwﬁwayteg Q\ttﬁé @ﬁpangwntdnsséscshauﬂ/p%fe@w%@Iffammio@wkoeaoouss'ch
as, e.g., snall |l ecul es, and natural ligands. In a specific

enbodi nentm'ﬂ'ﬁ%cglﬁﬂﬁlt%ﬁ%‘té”? gefdiym- natural 1igand of the interferon
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30 In a specific embodiment of the invention antigen presenting cells (APCs) are added to
the T-lymphocytes together with the tumour-derived antigen. Antigen presenting cells
(APCs) include leukocytes such as, e.g., monocytes, macrophages and lymphocytes,
such as, e.g., B cells. These diverse cell types have in common the ability to present
antigen in a form that is recognized by specific T lymphocyte receptors. The leukocyte

35 preparation is isolated from, for example, blood, lymph fluid, bone marrow, lymphatic
organ tissue or tissue culture fluid obtained from the patient to be treated. In a
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calling forth a more rapid and larger response to the tumour-antigens. There is

evidence in humans that lymphocytes survive at least 20 years; perhaps for life.

Effector CD4+ T-lymphocytes are active cells producing cytokines and INF-gamma.
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The optimal point of time to add the substance(s) capable of up-regulating IL-12R on
the T-lymphocytes, such as, e.g. a substance having agonistic activity towards an
interferon receptor may be determined by measuring the level of IL-12 in the culture

30 medium. The substance(s) should preferably be added when the level of IL-12 is at
least 1 fold, such as, e.g., at least 2, at least 3 fold, at least 4 fold, or at least 5 fold
increased as compéred to the level of IL-12 on day 1 of phase ii). In most cases, such
an increase in the level of IL-12 will be seen from day 2 to and including day 4 after
initiating the second phase ii), such as, e.g. on day 2, on day 3 or on day 4.
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In order to maintain the suppression of the development of Th2 type T-lymphocytes a

further amount of the one or more substance capable of éntagonizing development of
35 Th2 type T-lymphocytes, such as, e.g., one or more substance capable of neutralizing

IL-4, IL-5, IL-10 and/or TGF-beta may be added regularly throughout phase ii), such as,
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30
Both IL-7 and 1L-15 work by promoting homeostatic expansion of the T-lymphocytes,
enhancing the enumeration of activated Th1 programmed T-lymphocytes.

The optimal point of time to add one or more substances promoting development of
35 Th1 type T-lymphocytes is when the T-lymphocytes are susceptible to modification. If
the substances are added when the T-lymphocytes are not susceptible to modification,
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40% to about 60% or more of the CD4+ T-lymphocytes should express CD25 and
25 CD69 as compared to the expression of CD25 and CD69 on T-lymphocytes on day 1 of
phase ii), showing that the T-lymphocytes have received an activating signal.

Normally the optimal point of time for adding the substances promoting development of
Th1 type T-lymphocytes will fall subsequent to the steps of adding the substances

30 capable of up-regulating IL-12R on the T-lymphocytes and the substances capable of
antagonizing development of Th2 type T-lymphocytes. More specific the optimal point
in time to add the substances promoting development of Th1 type T-lymphocytes will
fall between day 5 to day 8 after initiating the second phase ii), such as, on day 5, day
6, day 7 or day 8.
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to regenerated before tumour antigen is added, together with the relatively slow

expansion phase leads to formation of a high ratio of memory lymphocytes to effector

30 lymphocytes.

As mentioned above the expression of the cell surface activation markers CD25 and
CD689 on the T-lymphocytes may be used for determining when to initiate important
steps of the present method, such as, e.g., when to initiate the second phase ii).

35  Accoridngly, it may be beneficial to continuously monitor the expression of CD25 and



15 More specific, such substances may be IL-2, interferon-al pha,
anti-1L-4 antibody, antilL-5 antibody, anti-I1L-10 antibody, IL-7,

I L-12, | L-WG20md71888 | L-21. The kit nay al so conpri se aPEnaEPIa@EA304cCal
conposi tion suitable for intravenous 2Padm nistration. The
pharmaceutical conposition nay be m xed with the popul ati on of

t unour - r e@Eisb erolgHoupraee Y)iana phasonesurtnisné.gf ewdry o, evened'korteveryd”al so
conprise gne or nore syringes conprising a |ynph node | ocator, such
as e.g. tfA®ones nmentioned above. The kits may al so conprise
instructions for use, such as, e.g. instructions in the form of

cOMput ef - ARSI OIS Pl by ARG Bk 3 e

senti nel r1mar esentatiron and
act i vabi oCDd# tdmowtreactiwa Jtlyraphogyteswahichsmay he usedifat adpeinistering @ ayure 2

shows tha fté?mlt tth@{uﬁ RIACHRET- lyﬁﬁ:qgcg)téfsrm%‘fﬁé’ ﬁﬁeﬁé@atas%HeVp%ﬁrﬁqeélﬂlﬁd%

t umour 35 I dgen a ow dos in activation and
expr essi othegerminationof th?zﬁxp@mﬁlquftk@r'rh%?@“?'ﬂ%‘t phiies to hawp@t bR 4uBeur-

phase | a?édcﬁ\?é'l'%ﬁm%ﬁé‘s b%vrﬂﬁftﬁé‘%r&‘énohmcﬁg OHW EHEIE doRh-
CD4+ T cells expressing (Bott om pane I%l Wien essti] %450 of the
CD4+ T celr?%"aé%gf"@§§ %QSW%'F\%%’@“PP Isdefined asthatP fiof I8ss ebhe At'ron

wi : h a?t ' %ﬂ:hoéﬁ? gb‘;ﬁuﬂat%nldxbiés*sésa@m trhaoptith@ipeint inaintk tBhasest rhay also
activation resul ansi o chnent

ol | o i garBeAmeY haserL i aBeas e opR Eep A AT e U EaPs ar e
nave CD62IRN-genha ppodustion sheuiacheCGibiersCD G increabdds sudkfasee.gRlabeestid t he
majority oQf  th g;myand

ef fect or &ﬁftfea%tez% §d°q gleﬁ%@g%gs%p %gérgégﬁrﬁt?a essEa t he
preferred prqdupﬁomwd@h Inomailg caméspond to a bMelst {FiNegamana oé@tékasmgoo PQ/ml of

infla t n non-|ynphatic organs. Figure 5 shows primary
Ce||Sq§?I %\W é’%ﬁlﬁ‘m Phase | fromthe tunmour (Tunour infiltrating

| ynphocytes), sentinel nodes (SN) and an irrelevant |ynph node (LN)

results i NoRRallyl thid &ehblifrdcotr FroRciyt1i0as andringbipg @ay h4 dférisitistmgtat
af ter expansi on after phase ||%‘?there S d se de enf(f{(‘}t i,ncrease in

anti gen dEREATIANESS IN: neFeRiby e esls will bqiha d7frqm 2619 toa0d inquding, 1, o

expan5| on dapnd4 aftér inifatingNhedsetiond phageripnot es t he expansi on of antigen
speci f éc T cell clones as investigated by the sel ective enrichnent of
TCR VP

Accordingly, the entire process for expansion of tumour-reactive T-lymphocytes

according to the invention may in general take from about 25 days to and including
about 45 days, such as, e.g. from about 26 days to and including about 44 days, from
about 27 days to and including 43 days, from about 27 days, to and including 42 days,

25 from about 27 days to and mcludlng 41 days, and from about 27 days to and including
about 40 days.

Instead of harvesting the tumour-reactive T-lymphocytes when the CD25 marker is
down regulated, they may be subjected to one or more additional rounds of phase ii).

30 This could be beneficial to do if the amount of tumour-reactive T-lymphocytes obtained
by the expression method is not considered an effective amount to be administered to
a patient suffering from cancer, or if the patient is in a chemo-therapy treatment
regimen, where it may be considered beneficial to postpone the administration of T-
lymphocytes until the chemo-therapy treatment is finished. In order to determine

35 whether the tumour-reactive T-lymphocytes should be subjected to one or more
additional rounds of phase ii) one may look at the level of IFN-gamma produced, and/or
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sarcomas in the joints, bones, muscles and tendons and some haematological such as

25 lymphomas; for embryological neoplasms, e.g. teratomas.

The definition of an effective amount of tumour-reactive T-lymphocytes is depending on
the specific type of lymphocytes, the ratio of memory to effector T-lymphocytes and on
the severity of the disease. However, in average a minimum of at least 10 million, such

30 as, e.g. at least 20 million, at least 30 million, at least 40 million, at least 50 million, at
least 60 million, at least 70 million or at least 80 million tumour-reactive T-lymphocytes
may be administered. The present inventors have not identified any upper limit with
respect to the amount of tumour-reactive T-lymphocytes to be administered in a single
dose.
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The composition comprising tumour-reactive T-lymphocytes may be administered as a
single dose or multiple doses. It may be infused over 1 to 2 hours.

The treatment method may be performed once or repeated depending on the severity
30 of the disease. Furthermore, the treatment may be reiterated upon recurrence of the

disease.

The treatment according to the present invention may be supplemented with any other
relevant treatment for cancer. Such supplemental treatment may be given before, at
35 the same time or after the administration of the lymphocytes and it may be given at
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sentinel and netinel |ynph nodes from col on cancer 35patients:
' The kit may also comprise one or more syringes comprising a lymph node locator, such

as e.g. the ones mentioned above.
25 ‘
The kits may also comprise instructions for use, such as, e.g. instructions in the form of

computer software.

Figure legends

30
Figure 1 illustrates that the sentinel node is the natural primary site for the presentation
and activation of T cell reactivity towards tumour antigen.

Figure 2 shows that initially sentinel node lymphocytes are activated with tumour
35 antigen and low dose IL-2 resulting in activation and expression of the activation
marker CD25 (Top panel). The end of phase | activation phase is defined by the
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Figure 7 illustrates that the expansion and activation protocol promotes the expansion
of antigen specific T cell clones as investigated by the selective enrichment of TCR VB3
20 expression.

Figure 8 A-D are CT scans of patient # 5. After transfusion of tumour-reactive
lymphocytes the patient had total regress of liver metastases located in both lobes
(which had been declared incurable by liver surgery), normalisation of CEA levels,
disappearance of ascites and was physically well fit, exercising regularly.

25
Figure 9 A-F are CT scans of patient # 10. After transfusion the patient had regress of
liver metastases and ascitic fluid. He was in fairly good health and further imaging

showed stable disease.

30 Figure 10 A-H are CT scans of patient # 12. Three months after transfusion he had
regress of metastases in the liver and lungs with almost a normalised CEA level at 5.9
(Normal < 4.0), disappearance of ascites and he appears clinically healthy.
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Autologous tumour extract was prepared by homogenisation with an Ultra Turrax in 5
35 volumes (w/v) 2 x PBS followed by denaturation for 5 minutes at 97°C. Three to four
days after initiation of the cell culture autologous tumour extract was added at a
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Treatment of colon cancer by administering tumour-reactive T-lymphocytes

Identification and removal of sentinel and metinel lymph nodes from colon cancer

35 patients:




Summary of patient characteristics 20 Belowis a table of all
participants in the study, sorted after Duke's classification at

surgery: RpsbighPagy characteristics Age/ Sex Duke's @ragprdob/6@sdson
I nfused cells (x106) CD4/ CD8 a IFI\I-KIBépg/rﬂ) Overal | survival

(mont hs) Response 67/ MB 4 92 / 0.2

Sixteen patients diagnosed with colon cancer, six woman and ten men with an average
age of 62 years were studied. Patients were histopathologically classified as Duke's C
or D. There were also 5 patients with Duke’s B with aggressive tumour characteristics
such as ulcerations, vascular or perineural invasion. Patients 7 and 14 however had

5 earlier been surgically treated due to colon cancer and now had recurrent disease with
metastases to the liver. The local ethical committee approved the study and each
patient gave informed consent.

Identification of sentine! or metinel nodes was done intraoperatively. Mobilisation of the

10  colonic tumour site was achieved by division of peritoneal adhesions in order to
facilitate inspection of tumour and mesentery. Injections of Patent blue dye (Guerbet,
Paris) were distributed superficially in the serosa around the tumour. Within five
minutes, one to three mesenteric lymph nodes were coloured blue, these sentinel
nodes were marked with sutures and removed when the resection was complete. One

15  non-sentinel mesenteric lymph node, distant from the tumour, was handled the same
way.

The sentinel- and non-sentinel lymph nodes were cut in half and 1mm thick slices were
taken from the centre and the periphery. The rest of the lymph nodes were sent for

20 histopathological examination according to routine procedure. A piece of the tumour,
including a part of the invasive margin, was used for antigen preparation.

The lymphocytes obtained from the lymph nodes were then expanded as described in
Example 1.

25
Administration of tumour-reactive T-lymphocytes:

16 patients were treated with infusion of autologous lymphocytes expanded as
described in Example 1. On average 74.7 million activated and clonally expanded T

30 cells were administered as a transfusion. No toxic side effects like fever, chills, malaise,
severe fluid retention, pulmonary oedema or respiratory distress were observed.

Follow-up evaluations

Follow-up included clinical examination every third to sixth month and control of CEA
35 levels. All stage !l and IV patients were in addition investigated with computer
tomography of the thorax and abdomen. The patients were followed at regular visits on
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average for 13 months (range 5-20), median follow-up time was 13% months. Out of
the 16 patients who had been treated with infusion of autologous lymphocytes eight
had known distant metastases at diagnosis. Four patients received their transfusions
due to known recurrences and out of them three are still without signs of recurrences.
One patient was operated due to a solitary liver metastases and has since then been
without relaps. As it appears from Figure 8 and Figure 9, one patient with liver
metastases located in both lobes (which had been declared incurable by liver surgery)
had total regress of liver metastases after transfusion of tumour-reactive lymphocytes,
and furthermore had normalisation of CEA levels, disappearance of ascites and is
physically well fit, and exercising regularly. One further patient with liver metastases
had regress of liver metastases and ascetic fluid after transfusion (see Figure 10, 11
and 12). One patient had three months after transfusion regress of metastases in the
liver and lungs (see Figure 13, 14, 15, and 16) with almost a normalised CEA level at
5.9 (Normal < 4.0), disappearance of ascites and he appears clinically heaithy. -

Results

Sixteen patients with colon cancer or solitary colorectal liver metastases were operated
on at the South Stockholm General Hospital and included in the study. The primary
locations of the tumours were three in caecum, 4 in colon ascendens, 1 in colon
descendens, 7 in the sigmoid colon and 1 in rectum. Seven right-sided
hemicolectomies, 1 left-sided hemicolectomy, 7 sigmoid resections and 1
rectumamputation were performed. Two patients had earlier been operated on with |
rectumamputation and sigmoid resection; they now underwent partial liver resections
due to liver metastases. One patient had recurrences at two abdominal locations and
had earlier been operated due to a tumour in the caecum. At our operation two sentinel
nodes draining the metastasis were identified, one in the colonic mesentery and one in
the mesentery of the small intestine. An extended resection of the anastomotic
ileocolonic region with mesentery was done.

In all patients, one to three (average 2.1) sentinel node(s) were identified
intraoperatively by peritumoural patent blue injections. Among the patients with primary
colonic resection on average 15.8 lymph nodes were retrieved from each specimen.
After histopathological investigation of these lymph nodes five patients were classified
as Duke’s C and 5 patients as Duke s B, all of them were classified as high-risk
tumours due to growth of tumour cells along nerves and in vessels at pathological
anatomical investigation. Five patients had distant metastases and were at time of
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metastatic resection classified as Duke’s D. Two patients of them had solitary liver
metastases. In addition sentinel nodes were also analysed by FACS (Fluorescence
activated cell sorter) and antibodies against cytokeratin 20, whiéh is expressed by
colon cancer tumours, for the purpose to detect micrometastases. The cytokeratin 20
assessments of lymph nodes by flow cytometry were in agreement with the
pathological anatomical diagnosis (not shown) except in one case where a false
negative sentinel node (according to histopathological analysis) was positive in the
cytokeratin 20 FACS analysis.

The sentinel node is the first lymph node draining the tumour and is therefore the first
site of Iymph node metastasis (Dahl et al), but the sentinel node is also the primary site
for the activation of the immune system. Tumour cells, debris, necrotic cells and
antigen presenting cells accumulate in the sentinel node where presentation, activation
and clonal expansion of T cells directed against the tumour occur. The present
inventors took advantage of this population of in vivo expanded T cell population of
sentinel node acquired lymphocytes for in vitro cell culture, expansion and transfusion.

Sentinel node acquired lymphocytes is a population of T cells activated and clonally
expanded against tumour antigens that can efficiently be harvested during the surgical
procedure. In contrast to recent immunotherapy trials focusing on cytotoxic T cells, the
aim of the present inventors was to create a protocol for in vitro enhancement of the in
vivo initiated clonal expansion of T helper cells. T helper cells seem to be necessary for
the effective function of cytotoxic T cells and for the creation of memory cells.
Furthermore, in a T cell receptor transgenic system targeting an islet cell antigen, the
transfusion of Th1 cells was found to be sufficient for the f cell destruction and
development of diabetes mellitus. /n vitro culture of sentinel node acquired
lymphocytes resulted in a Th1 activation and clonal expansion of T helper cells as
indicated by the dominant production of the hallimark Th1 cytokine IFN-y and the
enrichment of a restricted TCR VB repertoire. The tumour homogenate used to expand
the T cells is likely to be endocytosed and processed by antigen presenting cells for
class ! presentation leading to activation of CD4" T helper cells resulting in expansion
favouring T helper cells. By cross presentation antigens taken up by endocytosis may
be processed and presented in the class | pocket resulting in activation of cDs*
cytotoxic T cells. Interestingly, in some cases the inventors found clonal expansion of
both CD4* and CD8" T cells.
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The average number sentinel node acquired lymphocytes at start of expansion was
107.4 million cells (range 3.6-509 millions, median 70 millions). Cells were
characterised by flow cytometry. The ratio between CD4" and CD8" cells at start was in
average 4.9 (range 0.36-10, median 5.4) indicating an expansion CD4' T helper cells in
sentinel nodes éompared to the CD4/CD8 ratio in peripheral blood (normal range 1.0-
2.5) (figure 2A). In addition B lymphocytes (CD 19) and natural killer (NK) cells (CD 56)
were present in sentinel nodes (not shown). The cells were held in culture in average
36.1 days (range 23-58 days), median 33 days. Cells were monitored closely by flow
cytometry at least weekly. Initially the total number of cells decreased. B cells and NK
cells disappeared almost completely and the number of CD8" T killer cells was
diminished. The culture procedure used promoted mainly the expansion of T helper
cells since the average CD4/CD8 ratio was 92.5. Restimulation with autologous tumour
antigen resulted in clonal expansion of tumour reactive T cells as assessed by
investigating the T cell receptor VP repertoire of sentinel node acquired lymphocytes
before and after in vitro culture.

Before transfusion expanded T cells were functionally tested against autologous
tumour antigens by measuring activation and cytokine production of the Th1 cytokine
IFN-y and the Th2 cytokine IL-4. In vitro expanded sentinel node acquired lymphocytes
responded upon restimulation with tumour antigen with the production of IFN-g and no
or very little IL-4 indicating that the expanded T cells were functional and Th1
responsive.

Six patients with Duke’s D were treated in the study. Two patients staged as Duke’s D
at surgery with metastases to the liver and to the lungs and liver, respectively displayed
marked regression of disease (pat 5 and 12). After transfusion of lymphocytes the first
patient had total regress of liver metastases located in both lobes (which had been
declared incurable by liver surgery) (figure 3) normalisation of CEA levels,
disappearance of ascites and appear healthy. Patient 12 shows regress of metastases
in the liver and lungs with almost a normalised CEA level at 5.9 (Normal < 4.0),
disappearance of ascites and he appears clinically healthy. Patient 1 displayed a
regression of the size of liver metastasis, and initially a decrease in CEA levels,
disappearance of ascites and she was in excellent shape when she suddenly died (day
191), what appears to have been a lung em.bolus. Two Duke’s D patients display stable
disease without progression of metastasis or increase in CEA levels. The oldest patient
no 7 in the study displayed stable disease for five months, but thereafter CEA levels
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started to increase and she died at age 83. No autopsy was performed. One patient
was staged as Duke's C at surgery but soon developed metastases to the liver and
lungs (Duke’s D), but following transfusion and chemotherapy a regress of the iung
and liver metastases were seen with only slightly elevated CEA levels. The patients
classified as Duke’s C all have normal CEA levels and appear without any signs of
radiological or clinical recurrence of disease. Four of the Duke’s B patients are healthy
with normal CEA levels and have no signs of recurrent disease. Patient no 9 classified
as Duke's B, but with an aggressive growing tumour shows signs of recurrent disease
with elevated CEA levels (67) and signs of liver metastases.

To investigate the fate of transfused T cells the present inventors analysed T cell
proliferation against tumour extract in peripheral blood. As mentioned before, they
could not demonstrate any T cell reactivity in peripheral blood against autologous
tumour antigens in any of the patients prior to transfusion. However, we were able to
detect T cell proliferation against autologous tumour antigens in peripheral blood in all
investigated patients up to 10 months after transfusion indicating the presence of
clonally expanded circulating tumour-reactive T cells.

Summary of patient characteristics

Below is a table of all participants in the study, sorted after Duke’s classification at
surgery:

Participant characteristics

Age/ Duke's Infused CD4/ IFN-y Overall survival Response

Sex Classification cells (x10°) CD8° (pg/ml) {months)

67/M B 92/02 ND 31 SD
67/F B 15/ 51 ND 30 SD
71M B 50 74115 2091 29 SD
74/IM B 63 64/22 ND 29 SD
66/M B 152 82/15 1411 27 SD
64/F o} 110 64/25 ND 34 SD
58/F c 16 77/18 417 23 sD
61/F D 1 3.7/35 ND 6 SD
47M D 80 24/16  ND 36 CR
54/M D 40 37/24 ND 36 SD
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65/M D 270 82/15 ND 36 CR
42/F D 80 66 /11 ND 33 CR
82/F D 40 98/0.1 ND 6 SD
74/IM D 130 73122 142 30 CR
33/M D 72 72/1.5 908 12 PR
66/M D 25 37127 764 26 PR

) The numbers represent the percentage of CD4 and CD8 positive cells detected
with FACS.

Discussion »

To the knowledge of the present inventors, sentinel or metinel node-based
immunotherapy in patients with colon cancer has never been presented before. Thus,
this is the first attempt to use lymphocytes acquired from sentinel or metinel nodes for
therapy. There are some major differences between the present study and e.g.
treatment with high-dose IL-2 (Rosenberg). Firstly the use of sentinel node acquired
lymphocytes that have been in vitro stimulated by autologous tumour homogenate and
APCs, causes a highly specific cellular immune response towards the tumour. Only T
cells with high affinity to the primary tumour will survive until transfusion. In a systemic
generalized treatment with high-dose IL-2 intravenously to patients all lymphocytes will
be equally stimulated and reasonably only a very small fraction of them are tumour
specific. The present inventors believe that since the sentinel node(s) are the first
draining lymph nodes to a tumour there will be an excessive accumulation of tumour
specific lymphocytes. The proliferation and transfusion of true tumour recognising T
cells should create a massive tumour specific reaction. Secondly the high-dose IL-2
regimen causes high-toxicity and severe complications, long treatment periods and
high costs. The transfusions according to the present method have been given without
complications during about one hour and the patients are often discharged the same
day. Thirdly, the present protocol aim towards expansion of T helper cells from sentinel
nodes, in contrast to expansion of cytotoxic T cells harvested as tumour infiltrating
lymphocytes.

This study shows that freshly isolated sentinel node acquired lymphocytes possesses a
proliferative ability in vitro against autologous tumour homogenate and can without
complications be transfused to the patient as adoptive immunotherapy. There is a
strong indication to that treatment with expanded sentinel node acquired lymphocytes
may improve the outcome of patients with high-risk or disseminated colon cancer, as
well as patients suffering from types of solid cancer.
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5. A method according to claim 4, wherein the tumour-derived antigen is autologous.
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6. A method according to any of the preceding claims , which further comprises

addition to the T-lymphocytes of antigen presenting cells together with the tumour-

derived antigen.

35 7. Amethod according to claim 6, wherein the antigen presenting cells are irradiated

peripheral blood leucocytes containing antigen-presenting B-cells and/or monocytes.
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14. A method according to claim 13, wherein the one or more substances promoting
the development of Th1 type T-lymphocytes is substances having agonistic activity
towards the IL-7, I1L-12, IL-15 and/or IL-21 receptor.

30
15. A method according to claim 14, wherein the one or more substances is selected
from iL-7, IL-12, IL-15 and IL-21,

16. A method according to any of the preceding claims for the preparation of Th1-
35 lymphocytes of the memory and/or effector type.
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10
~19. A method according to any of the preceding claims, wherein the T-lymphocytes are
derived from lymph nodes draining a primary tumour and/or a metastasis, or they are
derived from blood.



