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(Prospects for the use of NK cells In
Immunotherapy of human cancer

Hans-Gustaf Ljunggren and Karl-Johan Malmberg

Abstract | Current insights into the molecular specificities that regulate natural killer
{NK)-cell function suggest that it might be possible to design NK-cell-based
immunotherapeutic strategies against human cancer. Here, we describe evidence for NK-cell
targeting of human tumours and address crucial questions that, in our opinion, require
consideration for the development of successful NK-cell-based therapies. Appropriately
used, we predict that NK cells will have arole, both directly and in combination with other

treatment modalities, in future treatment of cancer.

Ljunggren and Malmberg, Nature Rev Immunol (2007)
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Questions addressed relating to @%@ Karolinska
possible NK cell-based
Immunotherapies

RO

A Patients to be selected

A Solid cancers or hematological
cancers

A Within these groups which type of
cancer (e.g. lymphoid vs. myeloid
hematological malignancies)

A Incurable conditions or settings of
Ami ni mal resi dual
A Pretesting of patie
cells ex vivo; e.g., for MHC class |
expression, adhesion or activation
receptor-ligands, susceptibility to
lysis ex vivo, and/or other
parameters?

Ljunggren and Malmberg, Nature Rev Immunol (2007)
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Questions addressed relating to ﬁ%@g Karolinska
possible NK cell-based
Immunotherapies

A Source of NK cells
and donors to be

selected?

A Cellular source: peripheral
blood (PB), cord blood,

bone marrow, hematopoetic | & = wac e —
stem cells or IPS cells =2 ks =
differentiated to NK cells, or | =gg e
NK cell lines? > Hscwe
A If PB derived cells, -
autologus or allogeneic =T o3
donors? = wrou
A If allogeneic donors, would | =" © §o e
certain donors more . e o et
suitable than others? Naturs Riviews | Hrvrunclogy

Ljunggren and Malmberg, Nature Rev Immunol (2007)
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Questions addressed relating to ﬁ%g: Karolinska
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possible NK cell-based
Immunotherapies

A How to isolate and
prepare NK cells from

selected donors?

A If aiming for peripheral blood NK cells
from, e.g., allogeneic donors, how to
collect them?

A Following harvesting, use them directly
as a bulk population, or deplete them
from other cellular populations than NK
cells?

A Activate and/or expand NK cells ex vivo
prior to infusion? Choice of media,
cytokines, other molecules and feeders
to support survival, activation and
proliferation?

A Culture conditions (flasks, bags, -
bioreactors or other)

Ljunggren and Malmberg, Nature Rev Immunol (2007)
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Questions addressed relating to {@%ggc Karolinska
possible NK cell-based
Immunotherapies

A Identification of an optimal =~ 7
NK cell dose, quality '
controls and release

criteria

A How many NK cells/kg to administer to
patients?

A Requirements from regulatory
authorities for the characterization of the
final product to ensure safety and
efficacy.

A Should one opt for even more
sophisticated testing, e.g., reduction in
telomere length indicating cellular
senescence, phenotype and function

Ljunggren and Malmberg, Nature Rev Immunol (2007)
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Questions addressed relating to
possible NK cell-based
Immunotherapies

A Conditioning of recipients in
allogeneic settings

A A high intensity myeloablative conditioning
to allow for maximal expansion of NK cells
in the patients, prevent rejection of donor
NK cells, eradicate regulatory T cells that
could interfere with donor NK cells, and
reduce competition for NK cell growth - \ )¢
factors such as IL-15? Could have side s s IRl O
effects and cause clinical challenges 6

A A reduced intensity conditioning to avoid
some of the side effects of high-dose
myeloablative conditioning. But would it
support NK cell growth and function?

A Study design, single or multiple doses,
supportive treatment, e.qg., IL-2

°

\l = 4 Q
Adoptively transferred e i Incompletely activated > <
tumor-specific CD8" ( ) m « tumor-specitic CO8* @\‘,@ Q
{ . .
Ry X \ v e
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r A Fully activated 5
tumor-specific CD8 tumor-specific CD8* :

Ljunggren and Malmberg, Nature Rev Immunol (2007)
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Patient group selected ;@%@: Karolinska
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A Patients with primary N—
chemotherapy-refractory or relapsed e gy
high-risk myelodysplastic syndrome
(MDS), secondary AML (MDS/AML),
and de novo AML not being eligible
for HSCT

A Age 1875 years

A Clinical performance status Karnofsky
70-100%

A Estimated survival >3 months
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Donors, GMP NK cell product, c@%& Karolinska
. . N Institutet
guality control and release criteria ™

*

r

A Opted for peripheral blood derived NK cell-
enriched product, obtained from selected, _ B cells

well-characterized, haploidentical donors
= 0.3
A Cells derived via a leukapheresis process, =
- O 0.2
CliniMacs depleted from T and B cells 2
A CD3+ T cells, CD19+ B cells X o1
A No ex vivo expansion, overnight 0.0 - >
stimulation with IL-2 in flasks
A IL-2 1,000 IU/ml ‘. T cells
A Release criteria < 4
A Endotoxin free T
A Max cell dose 8.00 x 107/kg ‘é 2
A T-cell < 5.00 x 105/kg X
A % B cells <3% of total nucleated cells

A Viability >70 % before after
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Conditioning and treatment 5 Karalinska
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*

protocol
T TN
A Reduced (nomyelo-ablative) conditioning with Jooseteve |
. . Safe? ,' \ "
, intermediate do_ses of Cy and Flu | N i
A Instead of TBI, titrated doses of total lymphoid ! ,
. . . . 1
irradiation (TLI) Bxpansion?
!
N Y (>=1/3)
¢A -== - _\_ TS ~
Infusion of EDOSGLQVQ,Z :. AN
overnight activated Safe? K Vo
haploidentical NK cells, NS vk ve ':
no subsequent IL-2 } :
treatment of patients Expansion? r
!
v N Y (>=1/3)
7 6 5 4 3 2 4 0 4 +2 43 +4 +5 46 47 48 # gu‘:::\u“\\
¢Dose Level 3 ,I \\\
Fludarabine 25mg/m2 (Day -7 to -4) Safe? /) 'ox
O~/ ‘,
. N Y (2/3) Y (3/3)
Cyclophosphamide 25mg/kg (Day -3 to -2) |
TLI 2-4 Gy (Dose Level 1 and 2) (Day -1) E""a“s‘i !
N /Y

Cyclosporin A (Dose Level 3) Target conc 75ng/ml (Day 0 until end of study 3 months)
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Endpoints

A Primary Endpoints
A Safety (NCI CTCAE v4.0)

A In vivoNK cell expansion
A 100 NK cells/l at day 14

A Secondary Endpoints
A Achievement of complete remission (CR) at 12 weeks following

NK cell infusion
A Detailed phenotypic and functional evaluation of the NK cell

repertoire following NK infusion




Regular work and validation
studies under GMP conditions

A Preparation of all essential regulatory

documents

A Investigator brochure, amendments, case record form, patient
information, informed consent, agreements, insurance, application
and approval ethics committee, application and approval MPA/FDA,
application biobank, registration PUL, signature and delegation
lists, drug accountability log, screening list/inclusion list,
identification list, source data list, secrecy agreement, yearly safety
summaries and reports, signed informed consents, declaration of
end of trial, study report

A Several rounds of validation studies in
GMP lab

A Initiating collaborating clinical
interactions, donor, patient, sand
sample flow

Phase

immunotherapy for high-risk myeloid diseaseso
Protocol No: 2011-003181-32
EudraCT Number: 2011-003181-32
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VECURA

| / In Vivo expamsiog and gfficacy of adoptive natural killer cell-based
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Logistics: Interactions and flow 2? g@ Karolinska
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Clinical trial started in 2012. ﬁ%g;c— Karolinska
Completed in 2016, followed by
extensive data analysis




Patients included and disease ‘g0 Karolinsla
characteristics

Table 1. Patient and disease characteristics, and conditioning regimen _ I n tOtal 16 patlentS

Patient Age, Sex Diagnosis No. of Disease Cytogen./ FISH Marrow biopsy Condi-  Cyclc
y previous Status blasts/CD34+/CD117+ tioning sporint . . . .
e e enrolled, five with hlgh risk
Flu/Cy )
PO1 67 F MDS-AML & Relapse Normal 22%/25%/d TLI 2Gy No . .
MDS, eight with
P02 53 F  MDS-AML 3 Post Complex, 70%/5 /3 Flu/Cy No ] e
HSCT del 5g- TLI 2Gy
MDS/AML, and th th
PO3 64 M fibrosis 1* (PR Normal 2.5%/21%/6 AMGY  pg y an ree WI
RAEB-2 AZA TLI 2Gy

S dol de AML
Flu/C:
PO4 70 M  MDS-AML 2 Relapse  del 5q-, del 7g- 30%/6 /6 0 4ny No nOVO

Monosomy 17
Flu/Cy

P05 66 M Pi’m'y 3 Relapse Trisomy 8 99/10%/40% Tlagy Mo
PO6 44 M Primay 4 Rgﬁgts ¢ Monosomy 7 53%/5 /3 FlulCy — No A” -I: t t -I: t I

AML HSCT TL 4Gy - rerractory to first line

Primary . 80%/6 /6 Flu/Cy
P08 60 F AML 3 PIF Trisomy 4 TLI 4Gy No Che mothe rapy and
P10 66 M cb”ﬁf ) 1* PA{;%" Normal 19%/3 18 TFL%%,y No ) I L. b | f H S CT
P11 69 F Eg%jﬁ 1+ B Normal 15%/3 /3 TFL':{%’y No Ine Igl e 1or .

-Median number of prior
P12 67 F M,l?bsr'o’;?gL 1* P&;%" T?;'O%nz)% 9.5%/60%/5 T’T_IIIJZ%Iy Yes .
therapies 3 (range 1-6).
P13 38 M MDSAML 3+ PIF Trisomy 8 79%/25%/0 TFL'Iugcgy Yes . .
-Six patients had undergone

P14 40 M  MDS-AML 1* PIogr Monosomy 7 48%/5 15 T’T_I:JZCny Yes

AZA

an allogeneic HSCT and

(Complex and P53 4%/5%/3 Flu/Cy

PI5 63 M  RAEB-1 3 Post e Tuagy s .
"SCT preksen relapsed prior to enroliment

Relapse . Flu/Cy

P16 67 M  MDS-AML 2 Post  Trisomy 8 & 11 25%/37%/8 Tuagy e .
-Median age 64 (40-70) years
Relapse Flu/C

P17 44 F  MDS-AML 2+ Post Monosomy 7 3%/12%/3 wLy Yes
= TLI 4Gy
Relapse Flu/C

P18 52 M  MDS-AML 3% Post  t(1;3)(p36;g21) 22%/3 13 wiy Yes
et TLI 4Gy

Cy, cyclophosphamide 25 mg/kg; PIF, Primary Induction Failure; Progr. Aza, Progress efter initial response to Azacytidine. F
Fludarabine 25 mg/m2, TLI, total lymphoid irradiation; *Including therapy with Azacytidine
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Clinical results

Donor NK
day 7-14

Year 1
Q@ @

Year 2
Q1 Q2 Q3 Q4

Year 3

Year 4
Q1 Q2 Q3 Q4

Year 5
Q1 Q2 Q3 Q4

Year 6
Q1 Q2 Q3 Q4

Year 7
Q1 Q2 Q3 Q4

Ya

Ya

Ya

NK

NK

QL Q2 Q3 Q4

Object

—

iveresponse

Non/minor response

MDS, RAEB-2

MDS/ AML

AML

R R/ Marrow (R*

PR*

SO/ MLFS**

ontinued response

Response end

NK

ST

bu

Chemotherapy

NKretreatment

PTLD

Deceased

CT, allogeneic blood stem cell transplantation; DU, donor lymphocyte infusion; PTLD, post transplantation lymphoma; CR, complete remission; Cri, CRwith incomplete hematological

recovery; PR partial remission; D, stable disease; MLFS Morphologic Leukemia free state; MDS myelodysplastic syndrome; AML, acute myeloid leukemia; ¢, not sampled day 7 and 14;
* Response with sufficient hematological recovery within 2 months;
** No hematological recovery within 2 month
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-All NK cell infusions
were well tolerated, no
general severe non-
infectious or NK cell-
related toxicity
observed during the
trial or follow-up

Bjorklund et al., Clin Cancer Res
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9/16 patients responded to

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7

ZZ;";le Q @ @ Q4 QL Q2 Q3 Q4{Q1 Q2 Q3 Q4{Q1 Q2 Q3 Q4{Q1 Q2 Q3 Q4[QL Q2 Q3 Q4{Q1 Q2 Q3 Q4 the trea‘tment
pos u Ya ‘ ‘ —_ MDS, RAEB-2

o | . _— -6 patients achieved an

o u - . objective response with CR,
s o : MCR or PR in combination
= (o with improved hematological
< D Non/minoresponsp {1/ /s parameters

neg u u —> (ontinued response

R . -3 patients achieved stable
o disease or a morphologic
4 leukemia-free state

eoney -6 became eligible for

- " .77 | allogeneic HSCT, and 5

: — proceeded to HSCT (due to
<. e Hood st ol et L o sk LD, trlrtton yeghors R compleserision, ot GRofh oot bt donor availability)

recovery; PR, partial remission; D, stable disease; MLFS Morphologic Leukemia free state; MDS myelodysplastic syndrome; AML, acute myeloid leukemia; ¢, not sampled day 7 and 14;
* Response with sufficient hematological recovery within 2 months;

o hemattga rcaery witin 2 mont -4 of these patients are free
from disease >3 years

Bjorklund et al., Clin Cancer Res
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with responses
A B . .
g D367 NK cells -In all major responders, donor
c 3 31 98
85w oo 4= || nr whg | NKcells were detected at days
ER Py A P11 7 and/or 14 post NK cell-
g 8 20 d21 d14 . .
gx ——*" 1 infusion
a NR MR HLA-A2 HLA-A11

Bjorklund et al., Clin Cancer Res




S INg,

Signs of iImmunoediting among residual ﬁ%@ Karolinska
blast cells correlate with responses

Freq. CD34*CD123"
CDA45RA" of lin" (%)

GeoMFI| HLA-I of lin
CD34*CD45RA*CD123*
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-In major responders, residual
blast cells had higher levels of
total HLA class | and HLA-E

Bjorklund et al., Clin Cancer Res




Cytogenetics and mutational burden g Karlinska

In the patients
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-In major responders,
patients displayed specific
loss of tumor cell clones,
Including clones that carried
poor prognosis mutations

Bjorklund et al., Clin Cancer Res




