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an internal honeycomb of connective tissue filled with lymphocytes that collect and
destroy e.g. bacteria and viruses. In the node, the lymph is in contact with the blood

25 circulation and about half of the fluid is drained into the blood before it leaves the node
via an efferent lymphatic vessel (Renkin). It is an increasingly accepted view that
practically all spreading of malignant cells from epithelial tumours first occur through
thin fenestrated lymph vessels (by an active mechanism — also used by white blood
cells) before entering the general blood circulation via the lympho-venous connections

30 inthe lymph nodes. Clusters of lymph nodes are found in the armpits, groins, neck,
chest, and abdomen.

Primary tumours or primary tumour areas drain to one or more so-called sentinel lymph

nodes, where the sentinel node is defined as the first lymph node, or nodes, to receive
35 lymphatic drainage from a tumour, also known as the “sentinel node concept”. This is

also the first site of metastasis and it has been shown in several solid tumour types that
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25  Theoretically primary tumours originate from the cells present in the organ or tissue in
which the tumour develops. As the cells in such organs or tissues already are
connected to a preexisting lymphatic drainage system, lymph will be drained from the
primary tumour through already existing lymph vessels. Up till now, no one has shown
that the “sentinel node concept” of primary tumours also applies for metastases, i.e.

30 that one or more first lymph node(s) to receive drainage from a metastasis, can be
identified for a metastasis. It has not been shown by anyone that a metastasis induces
lymphangiogenesis, and furthermore, it is not obvious that a metastasis will develop
connections to the lymphatic system.

35 The present inventors have found that metastases in e.g. a lymph node or in an organ,
such as, e.g., the liver or in a tissue, such as, e.g. mesenteric fat tissue, have
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sai d 12pnphhatdithyssontain T-lymphocytes with specific activity towards the tumour cells in the
corresponding metastasis. The present inventors have further shown that the T-
lymphocytes obtained from metinel lymph nodes can be expanded and used for
treatment of disseminated cancer diseases

25  Accordingly, the present invention relates to a method for treating a patient suffering
from a disseminated cancer, the method comprising

i) identifying in a patient one or more metinel lymph nodes,
ii) resecting the one or more nodes and, optionally all or part of the
metastases,
30 jii)) isolating metastasis-reactive T-lymphocytes from said lymph nodes,

iv) in vitro expanding said metastasis-reactive T-lymphocytes,
v) administering the thus obtained T-lymphocytes to the patient,
wherein the T-lymphocytes are CD4+ helper and/or CD8+ T-lymphocytes and not
CD4+ CD25+Hi lymphocytes, i.e. the present invention does not cover regulatory T-
35 lymphocytes.
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By the term “CD4+ helper T-lymphocytes” is intended to mean T-lymphocytes that
20 express CD4 but not the transcription factor FoxP3.

By the term “CD8+ T-lymphocytes” is intended to mean T-lymphocytes that express
CDs.

25 By the term “regulatory T-lymphocyte” is intended to mean T-lymphocytes that
suppress adaptive immune responses, expressing transcription factor FoxP3.

By the term “specific activation” of T-lymphocytes is intended to mean antigen specific
and MHC restricted T-cell receptor mediated activation. In contrast the term “unspecific

30 activation” of T-lymphocytes is intended to mean a general activation of all T-cells,
regardless of T-cell receptor specificity.

The term “tumour-derived antigen” intends to cover tumour cells, a homogenate of a

tumour, which homogenate may be denatured, or tumour proteins, polypeptides or
35 peptides, e.g. in the form of purified, natural, synthetic and/or recombinant protein,

polypeptide or peptide. Please note that the term tumour herein also tend to cover



regardl ess of 1-cell receptor specificity. The term"tunour-derived
antigen" intends to cover tunmour cells, a honpgenate of a tunour,

whi ch ho 3{}7 {5@/ be denatured, or tunour proteins, PQJQ']%’Q@E}O{ZQ%S

or 35pepti es 8% in the form of purified, natural, syn
and/ or recorrbl nant pr ot ei n poI ypepti de or peptide. P ease note that
the term tunouyr hereln al

2007/ 0713 nﬂ@tta’é‘f’%{s‘?eeé“’%‘}/\o’é{@ﬁ? MARE RAFSTRIeCUsse

t unour - delfnagmdntamtergﬁrmr nfmymﬁms bnagy:égataslcémcemote‘cnbg radbsiradgneereof or
mul ti n‘ers A att 9 nt n gt ?e F?/r%r fr i I?IIO ' about 5
Exanpl es g’ﬁl 8 Iﬁygﬁ? § 8 5 é ha

conpr i ses té abont 3D emindadids, aixhias, 89. em nDOladDd@s,?S sirio @sﬂs feorg abéutdh
about %(2) Etgzﬁgmmd%%s%ﬁz hgﬁx abfoppm t%bl%gatrn inPacd® If?%pﬁ’cf@s@‘?e aféodﬁ fifg from

about am no aci es are us
concent r atnabar doncentyatieniinttg euligre ¢frflf§’m alioti. 100 2bqub S8a\itsush s, ;ﬂ\ﬂ fsqreh
as, » 2bb@. %Oéﬂou94 é uhe frehowouﬂo thpééout 5 @rpwl%m atfduf0.8% a@&wb 03. 0

pM fromabout .3 to _about fromabout 0.3 to about 1.

Py b s G e sl 0. g apradcd Bbtaycrs Y. T Lot SRsuEe gigen may &

QS: : |r glagg@g?autdlog%us t@F h&@rofdg@ﬁ% ? Bear]lc%?tfﬂoﬁﬂhe atidnetd becipd6H @ lq(eﬁ%tamed
romano er s ec Su er rom ncer n resent

e HaE STy U et sUlRIrgont pasioat M B plaRaT BT s the e R ASeS

however, a® amaﬂl ﬂgogﬂdfdnahﬁﬂmm?rmrrad dwweeer o miehtoried mbove, déver sadces

anti gen ma al,So e

et omd i Roi e G87 hitighn Tl dihd Bpdbil T 186 PE AR Ml inh B

t he secondhegihegrdioni s t o be understood the fol I oW ng: The day on whi ch
the | ynphocytes are harvested is denoted day O (zero). Day 1 of the

first phase is defined as the day where the expansion is initiated by
addi t i16n &y the tarmaday befdhe fitst paaseeotmagi ‘Aey agohe secandpbessiit i Reowar ds

the I'L-2 rpgenised «h@f@fﬂovnﬁg/h%efaébwm.dmﬂé WHPAGEAL art HENHéte&J%rde\ﬁSQd
antigen. The expansi on hase i) q%f} e initiated on Hs'é\ﬂier 0) or

up till 2 daays(?-%[?} Qrayﬁaﬂf v@sftfstd%haf?\@ MRSARSDE day Where t'afa PSRSIAMISCh t he
second phagsgatéSby ledltio?htcﬂ?dt i@ystaﬁhdlshbgan&fhawmgagén:stwctmgdo\aérus genuzs
throughout t he text )&scrl bed a ]If" con p.[;"I " th
tor m S sent PRI SRS R E e AR e B ore VBR8P S Y Sinaneen
node( 2P t ehase i awmiy\be iniyatphan day d(zers)agep tilt 2dags dfterbamvestrf thear y
tumours Oryrh);gﬂo@t g fh'érg?av 'on Whidhthe second phase is initiated by addition of tumour-

derived antigen is throughout the text described as “day 1 of the second phase”.

By the term “sentinel lymph node” is intended to mean the first lymph node(s) to

25 receive lymphatic drainage from a tumour. Primary tumours or primary tumour areas
drain to one or more so-called sentinel lymph nodes. The sentinel nodes are also the
first site of metastasis and it has been shown in several solid tumour types that the risk
of lymph node metastases is almost negligible if the sentinel node is free of tumour
cells. The term “metinel lymph node” refers to the first lymph node(s) to receive

30 lymphatic drainage from a metastasis or a metastases area.

The first step of the present method is the identification of one or more metinel lymph
nodes draining the metastasis. As mentioned above, locating a metinel lymph node is
not necessarily an easy task, as it is often not the lymph nodes at the shortest

35 anatomical distances that are the first to receive drainage from the metastasis.

However, as the present inventors have found that the metinel nodes contain a higher
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Examples of tracers are radioactive substances such as, e.g., technetium-99 for
radioactive decay based detection with photon sensitive films or sensors such as PET

30 detectors. Further on magnetic, paramagnetic or superparamagnetic substances, such
'as, e.g., gadolinium containing contrast agents, iron oxide particles, magnetic oxide
particles, magnetodendrimers for magnetic resonance based detection, contrast
agents, such as, e.g., iodine for radiological based detection such as, e.g.,
computerized tomography or regular X-ray may be used.
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and/or under the metastasis. The locator will then spread through lymph vessels
leading into the metinel lymph node(s), and the one or more nodes will start to get
25  stained within a certain period of time, such as, e.g. within 5 min to 30 min, such as,
e.g. within 5 min to 15 min after injection of the locator substance, where after the
locator substance is imaged. As described above, imaging of the locator is of course

dependent on the locator substance used.

30 If a dye having an emission maximum that allows visualization by the naked eye in
normal light is used, such as, e.g. Patent Blue, the one or more metinel nodes are
simply identified as the nodes, which are first to accumulate the colored dye, i.e. if
Patent Blue is used, the surgeon will look for the lymph nodes first to accumulate a
blue color.
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the subcutaneous fat or deep in the pelvis along the iliac vessels.
30
Accordingly, as a metinel lymph node may be placed distant from the metastasis, it
may in some cases be very beneficial to inject a lymph node locator without the need
for surgery, as it may be very difficult to predict the position of such a metinel lymph
node. In theory a metastasis in the groin may have a metinel lymph node in the armpit,
35 i.e. it can be very difficult to predict the place in the body to perform the surgery to
remove the metinel node. In a specific embodiment of the invention, the lymph node
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P procedure may be included is where the metastasis is located so it cannot be reached
20 by a needle through the skin, or where imaging of the locator through the skin and

tissues is not possible.

In such cases, the surgeon will perform an incision in the area of the metastasis and
subsequently, a lymph node locator may be injected directly into, above, around,

25  adjacent and/or under the metastasis in order to identify the one or more metinel lymph
nodes. Examples of situations where the injection of the lymph node locators may
include a surgical procedure is e.g. if the metastasis is located in the intraabdominal
area, in the parenchymatous organs, or in the deeper located lymph nodes of the
patient.

30
Some times the identification of the metinel lymph nodes may involve injection of lymph
node locators by a combination of a non-surgical and a surgical step. As an example of
this a radioactive lymph node locator, such as, e.g., technetium-99m may be injected
using a needle, i.e. without the need for surgery, and the accumulation of the locator,

35 i.e. identification of the metinel node(s) may be performed using a gamma detector.
This gives the surgeon an indication towards where the metinel nodes are located.
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may be perforned by honogeni zing the netinel |ynph node material in
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receptor, to pronote survival of tunour-reactive 1-|ynphocytes, and
25i1)a segﬂmﬁb Phpagsionf activating and pronoting growth of
tunmour -reactive CD4+
20  The in vitro expansion step iii) of the method according to the invention comprises
i) a first phase of stimulating tumour-reactive CD4+ helper and/or CD8+ T-
lymphocytes with tumour-derived antigen together with at least one substance
having agonistic activity towards the IL-2 receptor, to promote survival of
tumour-reactive T-lymphocytes, and
25 i) a second phase of activating and promoting growth of tumour-reactive CD4+
helper and/or CD8+ T-lymphocytes, wherein the second phase ii) is initiated
when the CD25 cell surface marker (IL-2R marker) is down-regulated on T-
lymphocytes.

30 Phasei)
The purpose of the first phase i) is to obtain a culture comprising a substantially high
ratio of tumour-reactive CD4+ helper and/or CD8+ T-lymphocytes. The first phase is to
be considered a “nursing phase” where the tumour-reactive T-lymphocytes are brought
to survive and divide. Depending on the source of the T-lymphocytes (starting material
35 for the in vitro expansion method), they may have phased relatively harsh conditions,
such as, e.g., suppression and inhibition by factors secreted by cancer cells.
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lymphocytes, thereby preventing cell death.

Antigen specific MHC restricted activation of T-lymphocytes promotes clonal expansion

25  of the useful T-lymphocyte population specific for the recognition of tumour cells. On
the contrary, unspecific activation 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
will not recognize the tumour.

30
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
patient with the same tumour type as the T-lymphocytes are activated against.

35
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30 ).

In one embodiment the substance to be added regularly throughout phase i) is an
agonist of IL-2. In a preferred embodiment the substance is IL-2.
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pr eseabed ehgodyldided and pocBsset by raptigencasssmting badls present in the starting material,
such as, e.g., B-lymphocytes, dendritic cells and macrophages. In most cases the
tumour-derived antigen will be presented by class Il MCH molecules leading to cell
division of CD4" tumour-reactive T-lymphocytes. However, by cross presentation
antigens taken up by endocytosis may be processed and presented in the class |
25  pocket resulting 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 of
the patients own immune system, and to a certain degree let the components of the
patients immune system determine whether CD4" or CD8" lymphocytes are generated,
depending on whether antigen is presented by MCHI or MCHII. In most cases, the
30 antigens will be presented by the class Il MCH molecule leading to generation of CD4"
T-lymphocytes, however, in some cases CD8" T-lymphocytes are generated.

Phase ii)
The purpose of the second phase ii) is to activate and expand the tumour-reactive
35 CD4+ helper and/or CD8+ T-lymphocytes obtained by phase i) and to obtain a specific
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20 expression of CD25. In addition, the T-lymphocyte population should preferably
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.
25
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.
Examples of such markers are the early activation marker CD69, and MCHII, which is
an activation marker for T-lymphocytes. As the expression of CD69 and MCHi|
30 indicates that the “activation program” of the T-lymphocytes is already turmned on,
meaning that the cells are not able to respond to additional stimuli, both of these
markers should preferably be down-regulated before the second phase is initiated. The
term down regulation may be defined as that less than 5-10% of the T-lymphocyte
population expresses CD69 and/or MCHIl.
35
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30
During the two phases of the expansion, the cells may be split into several culture
vessels in order to maintain a suitable cell density in the cultures. The density of the T-
lymphocytes in the expansion phases should preferably be from about 3 to about 6
million cells/ml of culture medium.
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1 mllion APCS/m | ynmphocyte culture to about mllion APC/
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25 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
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
preferred embodiment the APCs cells are irradiated peripheral blood leucocytes

30 containing antigen-presenting B-cells and/or monocytes. The amount of APCs added
lies within the range of from about 0.5 million APCs/ml lymphocyte culture to about 5
million APC/m| lymphocyte culture, such as, e.g., from about 1 million APCs/mi
lymphocyte culture to about 4 million APC/ml lymphocyte culture, from about 1 million
APCs/m! lymphocyte culture to about 3 million APC/ml! lymphocyte culture, or from

35 about 1 million APCs/ml lymphocyte culture to about 2 million APC/ml lymphocyte
culture.
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For an effective treatment of cancer, administration of tumour-reactive T-lymphocytes

of the Th1 type is especially beneficial, as this type is believed to promote activation of
30 cytotoxic T lymphocytes (Tc), NK cells, macrophages, and monocytes, all of which can

attack cancer cells and generally defend against tumours. l.e. in a specific embodiment

the invention relates to a method for generating tumour-reactive CD4+ helper T-

lymphocytes, and in a further embodiment, the percentage of T-lymphocytes of the Th2

type generated by the present method is 30% or less, such as, e.g., 25% or less, 20%
35 orless, 15% or less, 10% or less, 5% or less or 0%, i.e. at least 70% of the tumour-



Accordi ngly, the second phase may conprise the addition of a
subst ance capabl e of 5up-regulating IL-12R on the 1-1ynphocytes. Up
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maxi mal STAT-4 signalling and thus skt ng the | ynphocytes towards
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ot eca] eol gty IR GG T bRseycko Bl Raihi aROIR 2 Wi Eese, | 4
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i nter f er ofstiBAERIrRAximATTATY4 §i?néllmg9efnﬁﬁﬁ®rbkeﬁlﬁ§ hh@l%m%ﬂé@ié‘s%x@&d@ﬂ'hir he
optimal point of tinme to add the substance(s) capable of

up- r egul at§Bg@n# IEN-PRIOGHCS®D: t he T-1 ynphocytes, such as, e.g. a
substance having agonistic activity towards an interferon receptor
may be deferm ned by neasurin | evel o -12 inp the culture
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at least 4 l.d i ncreased a ared to.,the

.d t. | t.5 f . cop
evel of TTRESNgN R aveEfohna ebeincat HoAl EluiRis e hresbeint
i ncrease interfefom reeaptdr and addnist? BExaimplebef suwbrsubstemed dncliietpooteains,
nel udi fter. inifiafh ‘ an
on day 2?p%%ﬁ@%@ﬂd%%‘%{@@ PIBEISE AR GRARE tlfeor Bilbhpiper
gener i osyndfetic and/ar organie molasul®s,| spah Ba@/4. esmajf melpeuiesh and pataral ligasds.

second phasesdEiic EMbbARenCREBIbs Sk ISt Adiurd Agarfl of HEnfeFe AR rEceptor,
30subst ances capabl e of antagoni zi ng devel opnent of 1h2 type

1- | ynphoctaneely aEiigrsrers sueh agielerfeiPh<t ances are substances capabl e of
neutralizing the interleukins IL-4, IL-5, IL-10, and/or TG--beta (the

| atter not being an jnterl euki all, foyr of which are required for
e ast abTHEsHIBTH PoRt e ot Resbran sl caree Aok Bo0abi Lrigiia 1 on
of ThZ0 cytheRiipephoaytiscéuchias, e W\ 20B31EN0F h3SYPIFONERR ACtit) (odZeds &k

Exanpl es s lLnel r ot ej. ol ptid tides,
o ubl o r BlegBitateCHbE AR AR B e R BTl 1 oIER:

f usi on proedimsTheyuhstance(s) shetldmreierapiyriiecaddet atbah 8w lewlichiLelR is et g. |
snmal | nol I r i i fi i t he
subst anc egggr@@g e ectaggé'y'r’ g!n%egég?? Eﬂg?ség @?Iﬁaat? @Ba:gln%fsoﬁ gptpﬁgéégg Hia

5i nt er | euRPTR3sed afeaoBIpprasia theleyelionl- themeaysuefiphass ielngnost seses| such

ant i begly, afiftleabd-m2he 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.

In order to substantially avoid the generation of tumour-reactive T-lymphocytes of the
Th2 type, the second phase may further comprise the addition of one or more

30 substances capable of antagonizing development of Th2 type T-lymphocytes.
Examples of such substances are substances capable of neutralizing the interleukins
IL-4, IL-5, IL-10, and/or TGF-beta (the latter not being an interleukin) all four of which
are required for the establishment of the Th2 cytokine profile and for down regulation of
Th1 cytokine production.
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anti body and/or anti IL-10 antibody, together with sol uble receptors
(such as, e.g. TG~ beta receptor | and Il1) and binding proteins for

TGF- bet a (@59&)7;3?138@ g. LAP and/or LTBP). 10 The one 0"1)(:%55‘006/012305
subst ances capabl e of antagoni zi ng devel opnment of Th2 type
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ot her typédBB}- neutral i zing substances, a final concentration, giving
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nean t hat ast e su stance capa ant agoni zi n eve opnent
of Tha5t yaelymphgmtﬂsowh@ss ¢.9.. a6eday. w%@mmre%w@fw a&wf@e 3rd

or 41lh day bs?t&ﬁéetdaﬁgblébf bregaiating f- WRéﬁfhedal?/méﬁécﬁfest he first
addition of the at |east one substance capable of antagonizing

devel opment of Th2 type T-1ynphocytes. WO
2007/ 0713&918%6&5?%@%9&8&%5 sBGuI@ Ba3addd ih anwedouatsuffizient to revealizeie t o
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act|V|ty tO recept n order to
f avour the‘:ugﬁamta&nalgontht[atIOﬁp@lVlmmﬂﬁmee%f@ﬁ whgcpwtﬁwt es, the

second ph i euRddiRgqone or nore substances pronoting
t he devel gﬁﬁ%‘ht‘éd @%ﬁ%gggée TUI ynphocyt es. Exanpl es of such

substances are substances 10havi ng agonistic activity towards the
I'L-7, JsL- 3R ordektolmaiffafH 1€ slippréssidrest e @dvelolent of Th2 type T-lymphocytes a

further amount of the one or more substance capable of antagonizing development of
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,
e.g. every 2", 3 or 4™ day of phase ii). It is to be understood that by the term every

30 2™ 39 or 4" s intended to mean that at least one substance capable of antagonizing
development of Th2 type T-lymphocytes is added throughout phase i) every 2™ 39 or
4" day, starting at the 2™, 3™ or 4™ day after the first addition of the at least one
substance capable of antagonizing development of Th2 type T-lymphocytes.

35  Furthermore, as for phase i) a further amount of a substance having agonistic activity
towards the IL-2 receptor, such as, e.g., an agonist may be added regularly throughout



specific, the substances nay be agonists for the IL-7, I1L-12, 1L-15
and/or 1L-21 receptor. Exanples of such agonists include proteins,
pol ypept i §@§200PFAkdedes, antibodies, affibodies, and fr?@ﬂ?ﬂ%&mnzm
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subst anceﬁwoi%gl@@tsluelgaé hiﬁg daxal ABEBIMs, Bhd Aktdral yg&adg nh%@@@mt es, such
sybst ances havin oni stic ac
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21 shoul d2beecaptde despleetivelyh eudheasdl-7ofL-12- N- giamddori Is-2 NnCcr eased as

conpared to the level of IFN-gamma on initiation of second phase H).

In a specific enbodinent, the increase in | FN-ganma | evel may be
det er m netheasffent of I6-12amadtivating the IN-garomedrsteicing SITAN-pathway by etimbiatisgich

as, e.g., @tILlﬁﬁﬁer%yzprErQ\hgnq ?&tsv%tﬁﬂ%ﬁ‘T%@nﬁr{ m‘r‘g’t tThé naofﬁlL §f|sq%

i ncrease as co Ion o
secondf pherhence Prollf@aﬂen, aetivation goH davmmerr‘éépy@rmﬂm‘etye@pfa ated to
that the gRRhERkesl FN-gamma in the culture medium should be at | east
100 pi cogram culture medi um such as, e.g. at |least 150

pi cogramim culture nedium at |east 200 picogramim 10cul ture nedi um

or at | eagthdoh apdnogs a/amﬁy ;S‘rblrinbﬂlﬂg&udmistéﬂ& eMi2RBiod of . MLIpmpPEobdy e,
O Dbl Feqieta B BRSNS BSB89, ANl gprent of Tha
activeg§y towards the IL-7, IL-12, IL-15 and/or IL-21 receptor one
T st b bt 858 52l Bl Sh A B PB21 T°
be up-reglitbtyeel T-lBypwaeguwmrl tbe TH}B’nDiT!I!Mes amscmrbleab mogdiisaticabliut
the substances are added when the T-lymphocytes are not susceptible to modification,
the addition will have no effect, i.e. the development of Th1 type T-lymphocytes will not
30 be favored. In order to determine the optimal point in time for adding substances
promoting development of Th1 type T-lymphocytes, such as, e.g., substances having
agonistic activity towards the IL-7, 1L-12, IL-15 and/or IL-21 receptor, the production of
INF-y by the T-lymphocytes, may be monitored. In a preferred embodiment, the one or
more substances promoting the development of Th1 type T-lymphocytes, such as, e.g.,
35 substances having agonistic activity towards the IL-7, IL-12, IL-15 and/or IL-21 receptor



40% to about 60% or nore of the CD4+ 1-1|ynphocytes shoul d express
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menti oned above, the present nethod is preferentially used for the
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life [20ng protection towards recurrence of t he tunour or rret astasi s

of the p“ Xn}#{%‘&&mal?g@ﬁ?gﬂfn% @?Lé{d.%m% s@ﬁﬁ?ﬁé&g‘rﬂ&ﬂb'd@%léﬁ% t?;fs

to a netho at'l on ocyt eS. Norna

when a culThdrtypeoF-lymphocites will Gallj subsequeptip H&:%}?Fésso“@fjé'”@m?a?\@é@mes
according c%?aﬁl@@f - Re@ﬁl'aflnd VR 6rpﬂﬂef'l'tl9rﬂbﬁ&91ég aR@ the SubsaRLEs &Q%I@Bf

tumour -reacti ve mphocyt es of the

about 40%aNtRoRRBHE dém}epm?fﬁﬁf Totype EdM}E'P'EPC&tSBJ{‘OFSGWBP ‘%? 8%"8%@8&"‘ 60%
to abougt 79%mes hdd the sQIbétéﬂdé@%rorﬂ_dmg 20ps1@5adHt of TVEPOT SyrapRcyteavils
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6, day 7 or day 8.

In case IL-7, IL-12, IL-15 and/or IL-21 are added the concentration of each of these
30 substances in the culture medium should lie within the range from about 150 1U/ml
culture medium to about 300 IU/ml culture medium, such as, e.g. 250 IU/ml culture
medium. When other substances than the specific ones mentioned is used, they should
be added to the culture in final concentration, which leads to the same effect as the
addition of IL-7, IL-12, IL-15 and/or IL-21 within the specific ranges mentioned will give.
35



to regenerated before tunour antigen is added, together with the

rel atively sl ow expansi on phase |leads to formation of a high ratio of
menory |y to effector |ynphocytes. 25 As nent] . t he
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down- WO 2007/ 071389PCT/ EP2006/ 012305

CD25 on the T-lynphocytes is
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of the CDdancédrteionhe gyictallyapdnatdgaimsepoasses CD25. The optinmal poi nt
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fold or a t f | AR ; TR
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| east 100rgggrencesf thedbmavreormeeiasiagis of theypiimeryitymourhi s event will occur
fromday 10 to and including day 14 after initiating the 10second
phase ii), i.e. normally the cells will be harvested fromday 10 to
and i kel ubieeriegly theprgsend inventian rgtatesdo Arretaedfgnthe prepagation pf memory T-
Accor di nglyphdyese Nbinidly PIRSHES Sulfufd ofedRduitSbadtive -y tek @RCéNpYRded

T-1 ynmphocytes,_ according to the inventi [ n er take fro
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and includin ) £,0 oyt nd.., NC i 42 days,
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t o anZD i npresetitinyeatocusped@atgayhat the fact that the lymphocytes in phase i) are allowed

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
lymphocytes.

25 As mentioned above the expression of the cell surface activation markers CD25 and
CD69 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).
Accordingly, it may be beneficial to continuously monitor the expression of CD25 and
CD69 throughout phase i) and phase ii), such as, e.g., every 2", every 3" or every 4"
30 day.

As one of the purposes of the present method is to obtain a high number of specific
CD4+ tumour-reactive T-lymphocytes, which may be used for administering to a
patient, the tumour-reactive T-lymphocytes may be harvested at some point, leading to
35 the termination of the expansion step. The optimal point of time to harvest the tumour-
reactive T-lymphocytes is when the expression of CD25 on the T-lymphocytes is down-
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0
about 30 /Oadgmonaq rounds o? phase ii) one may look at the level of IFN-gamma produced, and/or
the total number of tumour-reactive T-lymphocytes obtained and/or the expression of
30 CD25. In the case the IFN-y levels is 30 pg/ml culture medium or less, such as, e.g. 20
pg/mi culture medium or less, and/or the total number of T cells are unsatisfactory,
additional rounds of phase ii) may be initiated beginning when the majority of T cells
are CD25 negative (i.e. less than 5% of the T-lymphocytes population express CD25)
and thereby susceptible to restimulation.

35
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The tumour-reactive T-lymphocytes may be formulated as a pharmaceutical
composition suitable for parenteral administration to the patient such as, e.g.,
intravenous, intraarterial, intrathecal, or intraperitonal administration.

30
When the tumour-reactive T-lymphocytes are administered parenterally, they may be
formulated in an isotonic medium, i.e. in a medium having the same tonicity as blood,
and comprising one or more substances preventing aggregation of the cells. A specific
example of a suitable medium is a 0.9% NaCl solution comprising up to 3% human

35 serum albumin such as, e.g. up to 2% human serum albumin or up to 1% human
serum albumin. For intravenously administration the concentration of tumour-reactive
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supplemental treatment is chemotherapy and the like.

20 Kits
The invention further relates to kits for use in a method according to the invention, the

kit comprising a medium for cultivation of T-lymphocytes. The medium may be any
suitable serum-free medium, such as, e.g., AIMV, RPMI 1640, DMEM or MEM.

25  The kit may further comprise one or more substances for stimulating, activating and
directing tumour-reactive T-lymphocytes. Examples of such substances may be
tumour-derived antigen, substances having agonistic activity towards the IL-2 receptor,
substances capable of up-regulating IL-12R on the T-lymphocytes, substances capable
of antagonizing development of Th2 type T-lymphocytes and/or substances promoting

30 the development of Th1 type T-lymphocytes.

More specific, such substances may be IL-2, interferon-alpha, anti-IL-4 antibody, anti-
IL-5 antibody, anti-IL-10 antibody, IL-7, IL-12, IL-15 and/or IL-21.

35 The kit may also comprise a pharmaceutical composition suitable for intravenous
administration. The pharmaceutical composition may be mixed with the population of
tumour-reactive T-lymphocytes before administration.
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Tabl e 1: Ogeied iew gnerhscintigrarhy showingdymetine! pege) distallyvasgimaedidly tethermar y
tumour | AQkMAsH h&ie metastasis.
15
Figure 3 illustrates identification of a tumour draining lymph node. Figure 3 A shows
how blue dye is injected around a tumour and how the dye is transported in the lymph
capillaries, thus indicating the lymphatic drainage (indicated by white arrow). Figure 3 B
shows how a tumour draining lymph node has turned blue a few minutes after injection
20 of the dye. White arrow indicates tumour draining lymph node.

Figure 4 shows that initially sentinel node lymphocytes are activated with tumour
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

25 decreased number of CD4" T cells expressing CD25 (Bottom panel). When less than
5% of the CD4" T cells express CD25 phase Il is initiated with restimulation with
antigen.

Figure 5 illustrates that Phase | and Phase Il activation results in expansion and
30 enrichment of CD4" T helper cells.

Figure 6 illustrates that in Phase | the majority of cells are naive CD62L+ cells or
activated CD69+CDG62L+ cells. After Phase |l the majority of the cells is CD62L- and
are composed of memory and effector CD4+ T helper cells. CD62L- T cells are not

35 expressing the preferred lymph node homing molecule, thus they are seeking
inflammatory areas in non lymphatic organs.



1 1-48M .. .. Caecum 1 254M Rectum .. . 77F Col on signmoi deum
473M Col on ascendens 566M Col on ascendens 651F Ovari an cancer 763F

Ovari an ca3gs 507;071383359F Pancreatic cancer _ Origin
nodes Loca? recurrence3Pos _ Neg Neg PerEBbIoBIF2305
7

Figure 7 shows primary cells stimulated in Phase | from tumour (Tumour infiltrating
lymphocytes), metinel nodes (SN) and an irrelevant lymph node (LN) resuits in no or
little IFN-y production.

Figure 8 illustrates that after expansion after phase ii) there is a dose dependent

5 increase in antigen dependent IFN-y production.

Figure 9 illustrates that the expansion and activation protocol promotes the expansion
of antigen specific T cell clones as investigated by the selective enrichment of TCR V3

expression.
The following examples tend to illustrate the invention without limiting it in any way.

10 Examples

Example 1
Identification of metinel lymph nodes for metastasis

15 Eight patients (four women and four men) were included in the study (see Table 1); the
average age was 61.4 years. One of them underwent two operations with localisations
of metinel nodes at both procedures. Metinel nodes were located by three principally
different ways. A lymph node locator was injected around and close to abdominal
recurrences, parenchymatous liver metastases, or groin lymph node metastases.

20
Table 1: Overview of patients in study

r R e - e -

| Patient Years Primary tumour Origin of Number of Pos/Neg for .

| Sex _. metinel metastatic
o old 7T oste o mefinelnodes  nodes  disease _

‘ 1 48 M Caecum Local recurrence 3 Pos

P2 - 54 M Rectum  Liver metastases 2 Neg '
§ Colon .

3 77 F sigmoideum _ F.l\‘/er rﬁefgstasgs | 3 Neg

4 73 M Colon ascendens Liver metastases 4 Neg

5 66 M  Colon ascendens Liver metastases 4 Neg

i 6 59 F Ovarian cancer , Liver_ metastases 3 Pos

. Groin lymph

7 63 F- _Ovarmn cancer node metastases 2 Pos

|8 59 F Pancreatic cancer Local recurrence 4 Pos .
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he developed a new liver metastasis in the right liver lobe and a second liver resection
was done. At this operation injection of patent blue dye around the 2 cm large
metastasis identified 2 metinel nodes located in the hilus of the liver.

25  The third patient was a 77-year old woman who two years earlier had been operated
on for a sigmoid cancer with a sigmoid resection. At follow-up an elevated CEA
was found and further investigations with PET-scan and CT-scan showed a four
centimetres metastasis in the right liver lobe in between segment VI and VIl. A subtotal
right-sided hemihepatectomy was performed and after injection of Patent blue dye

30 three metinel nodes were found at the liver hilus.

Patient number four was a 73-year old man who had been operated on for a tumour in
the sigmoid colon with a sigmoid resection. More than one year later he developed a
solitary liver metastasis of two centimetres in size and was operated with a partial

35 resection of segment V and VI. After the injection of in total 1.0 mi Patent blue dye at
four different locations around and close to the metastasis, one metinel node was
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omentum and underwent after this several tumour-reducing operations, including
resection of the right colon due to a metastasis. One year further she developed a
resistance in the left groin and a fine needle biopsy proved a metastasis from ovarian

25  cancer. After injection of the tracer technetium-99 subcutaneously at four places
(4x0.25ml, 5S0MBeqg/ml) around the palpable metastasis the lymphoscintigraphy
surprisingly demonstrated two metinel nodes closely together distally and medially to
the groin lymph node metastasis (see Figure 1). This node was further identified as a
blue-colored metinel node draining the metastasis by injecting Patent blue dye at the

30 same places as the tracer during the surgical procedure a few hours after the

lymphoscintigraphy.

The 8" patient was a 59 years old woman who had been operated on with Whipples

operation due to a pancreatic cancer. Two years later a local recurrence is diagnosed
35 and she was operated with a tumour-reducing operation in which 4 metinel nodes were

found, after injection of Patent blue dye adjacent and above the local recurrence.
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tunmour-reactive 1-1ynphocytes Identification of netinel nodes was
done using the nmethod described herein. 15The netinel - and
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sent for histopathol ogi cal exam nation according to routine
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20  Cell culture
Phase |, initial activation
The metinel node material was kept on ice and immediately taken care of using AIM
V® Media (Invitrogen) at all times. Single cell suspensions of metinel node
lymphocytes was obtained through gentie homogenisation in a loose fit glass

25 homogenisator, and following homogenisation cells were washed twice in medium. The
metinel node lymphocytes were put in cell culture flasks at 4 million cells/ ml and
interleukin-2 (IL-2) (Proleukin®, Chiron) was added to a concentration of 240 IU/ml
medium.

30 Autologous metastasis extract was prepared by homogenisation with an Ultra Turrax in
5 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
concentration of 1/100. For long-term culture the cells were kept in a cell incubator at
37°C and 5% CO, and 240 U IL-2/m| media added every 3-4 days.

35
Phase |l, activation and expansion
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Cells were resuspended and washed twice in RPMI 1640 (Life technologies) containing
2.5% fetal calf serum (FCS) (Life technologies). Finally, cells were resuspended in

30 RPMI 1640 proliferation media containing 10% human AB serum (Sigma), 1%
penicillin-streptomycin (Sigma) and 1% glutamine (Sigma). Lymph node cells and
purified PBL were used at 3x10° cells/well in a 96-well plate and stimulated with
metastasis homogenate diluted 1/100, 1/10 or Con A 10 pg/ml (Sigma) in triplicates.
Proliferation was measured on day 5, 6 and 7 by adding 1 pCi of 3H-Thymidine/well

35 (Amersham) 18 hours prior to harvesting. Samples were subjected to scintillation

counting.
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TCR Vp anti bodies and with the addltlon of CD8

The VB-repertoire was examined using the Beta mark kit (Beckman Coulter), 5x10°
cells/tube was stained in 10 pl of the 8 different vials containing mixtures of FITC, PE

25  and dual-colour FITC-PE conjugated TCR V antibodies and with the addition of CD8
PerCP and CD4 APC to each tube. (Figure 9).

Example 3
Treatment of metastases by administering expanded metastasis-reactive T-
30 lymphocytes

The following three cases tend to illustrate that T-lymphocytes obtained and expanded
from metinal lymph nodes may be used for treating disseminated cancer.

35 A 47 year old man had earlier been operated on for a colon cancer in the caecum with
a right-sided hemicolectomy. One year later he developed a § cm large intraabdominal
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weeks he was operated on with a left-sided liver resection. Patent blue dye was
injected in the parenchyma around the metastasis and after a few minutes two metinel

30 nodes were turning blue in the hepatoduodenal ligament. No metastases were
detected in the metinel nodes but they all showed activity against the tumour. The
patient was treated with expanded tumour-reactive lymphocytes originating from the
metinel nodes. Despite initial treatment with tumour-reactive lymphocytes and good
general condition he developed a new liver metastasis in the right liver lobe and a

35 second liver resection was done. At this operation injection of patent blue dye around
the 2 cm large metastasis identified 2 metinel nodes located in the hilus of the liver. He
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25
5. A method according to claim 4, wherein the substance having agonistic activity
towards the IL-2 receptor is IL-2.

6. A method according to any of the preceding claims, wherein the tumour-derived
30 antigenis a denatured homogenate of a metastasis.

7. A method according to any of the preceding claims, wherein the second phase is
initiated by the addition of metastasis-derived antigen to the T-lymphocytes for
activating metastasis-reactive CD25-negative T-lymphocytes.

35
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r ri rom bl .
are de 1ged 15 Aometgocp aoc%ording to claim 11, wherein the one or more substances capable of

antagonizing development of Th2 type T-lymphocytes are one or mors substances
capable of neutralizing |L-4, IL-5, IL-10, and/or TGF-beta.

13. A method according to claim 12, wherein the one or more substances capable of
20  neutralizing IL-4, IL-5, IL-10, and/or TGF-beta are anti IL-4 antibody, anti IL-5 antibody
and/or anti IL-10 antibody.

14. A method according to any of the preceding claims, wherein a further amount of the
one or more substance capable of antagonizing development of Th2 type T-

256  lymphocytes, such as, e.g., one or more substance capable of neutralizing IL-4, IL-5,
IL-10 and/or TGF-beta is added regularly throughout phase ii).

18. A method according to any of the preceding claims, wherein the second phase ii)
comprises adding one or more substances promoting the development of Th1 type T-
30  lymphocytes.

16. A method according to claim 15, wherein the one or more substances promoting
the development of Th1 type T-lymphocytes is substances having agonistic activity
towards the IL-7, IL-12, IL-15 and/or IL-21 receptor.
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17 . A method according to claim 16, wherein the one or more substances is selected
from IL-7, IL-12, IL-15 and {L-21.

18. A method according to any of the preceding claims for the preparation of Th1 type
T-lymphocytes of the memory and/or effector type

19. A method according to any of the preceding claims which further comprises
monitoring the expression of cell surface marksrs, such as, e.g., CD25 and/or CD69 on
the T-lymphocytes continuously during the first phase i) and second phase ii) and
wherein the T-lymphocytes are harvested when CD25 on T-lymphocytes in the second
phase ii) is down-regulated.

20. A method according to claim 19, wherein the T-lymphocytes are subjected to at
least one additional round of phase ii), when CD25 on T-lymphocytes is down-
regulated.

21. A method according to any of the preceding claims, wherein the T-lymphocytes are

derived from metinel lymph nodes draining a metastasis, or they are derived from
blood.



