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Summary

There is considerable progress in immune therapy of di-
verse cancers. In haematology these advances are mostly
limited to lymphoid cancers. Effective therapies include
monoclonal antibodies and chimeric antigen receptor
(CAR)-T-cells to lymphoid lineage-antigens such as
CD19, CD20 and B-cell maturation antigen (BCMA).
Gemtuzumab ozogamicin (Myelotarg®) is the only
FDA-approved immune-based therapy for acute mye-
loid leukemia (AML). Several clinical trials of antibod-
ies to CD38 and CD123 are reported with unimpressive
efficacy and safety concerns. Reasons are higher daily
production rates of myeloid cells and unacceptable col-
lateral damage to normal haematopoietic cells because
of imperfect specificity for AML cells. Potential targets
of anti-AML immune therapy are (1) HLA antigens;
(2) minor histocompatibility antigens; (3) leukemia-as-
sociated antigens; and (4) leukemia-specific antigens.

Prediction is very difficult, especially if it's about the future.
Niels Bohr

Introduction

Immune therapy is a safe and effective therapy of diverse
cancers. In haematology this efficacy is limited predom-
inately to B-cell lymphoid cancers including acute lymph-
oblastic leukemia (ALL), lymphomas and plasma cell my-
eloma. Effective therapies include monoclonal antibodies
such as rituximab, antibody-drug conjugates such as bren-
tuximab vedotin, antibody-radionuclide conjugates such as
131-iodine tositumomab, bi-specific monoclonal antibodies
(BiTE® antibodies) such as blinatumomab (CD20/CD3) and
chimeric antigen receptor T-cells (CAR-T-cells) to CD109,
CD20 and to B-cell maturation antigen (BCMA). The target

8 CTT JOURNAL | VOLUME 9 | NUMBER 2 | JUNE-JULY 2020

Data supporting an effective allogeneic anti-AML effect
come from studies in recipients of haematopoietic cell
transplants with graft-versus-host disease (GvHD) and
recipients of donor lymphocyte infusions (DLI). A spe-
cial problem is a relative paucity of neo-antigens in AML
compared with solid cancers because of a low cumula-
tive mutation frequency. Cell immune therapy trials are
in progress including CAR-T-cells, CAR-NK-cells and
allogeneic NK-cells. Approaches using synthetic biology
are being developed. Presently, except for gemtuzumab
ozogamicin there are no convincing data of efficacy of
immune therapy in AML.
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of these immune therapies are B-cell lineage antigens rather
than cancer-specific antigens. These interventions are more
effective than checkpoint-inhibition directed antibodies
such as those to PD-1, or PD-1L or antibodies to CTLA-4
active in solid cancers.

One might expect equal success using immune therapy to
treat myeloid cancers such as acute myeloid leukemia (AML)
and chronic myeloid leukemia (CML). However, this is not
so. Early attempts to use immunotherapy for AML treatment
(with BCG, C.parvum, or leukemia blast antigens) were not
successful [1]. At the present time, there is only one FDA-ap-
proved therapy of myeloid cancers, gemtuzumab ozogamicin
(Myelotarg®) for AML which was first approved >10 years
ago, withdrawn and re-approved. Why this discordance?
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What are the reasons for success-
ful immune therapy of different
blood cancers?

There are two important differences between myeloid and
lymphoid cancers. First is the different structures and ki-
netics of myelopoiesis and lymphopoiesis. Lymphoid and
myeloid lineages are divided (dichotomized) at the level of
early progenitors. About at 600 billion cells myeloid cells are
produced per day in contrast to only about 10 million lym-
phoid cells per day, a 60-fold difference. Also, granulocytes
and platelets survive only a few hours or days in contrast to
lymphoid cells which live years. The implication of these dif-
ferences is a disruption of myelopoiesis is much more serious
than a disruption of lymphopoiesis. One be reasonably well
without B-cells, somewhat well without T- and NK-cells but
you will die immediately without granulocytes and platelets.

Second this the different targetability of myeloid versus lym-
phoid antigens. As indicated, the target of immune therapy
of lymphoid cancers is B-lineage antigens. These antigens
are not cancer-specific such that normal B-cells are target-
ed along with the cancer cells. Fortunately killing all normal
B-cells is compatible with life (normal B-cell function can
be reversed by giving intravenous immune globulin [IVIG]).
In contrast, it is impossible to replace normal granulocyte
production, a situation is incompatible with life.

Is there immune surveillance
against AML?

Considerable data indicate the immune system is effective
in controlling lymphomas. For example, lymphoma-risk is
markedly increased in persons with immune deficiency or
suppression such as those with severe combined immune
deficiency (SCID), acquired immune deficiency syndrome
(AIDS) and solid organ and hematopoietic transplant re-
cipients. Most of these lymphomas are Epstein-Barr virus
(EBV)-related. However, there is a only a small if any in-
creased risk of AML, CML or myelodysplastic syndrome
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Figure 1. Low levels of myeloid leukemia evolving after
kidney transplants [2, 3]

(MDS) in similar populations and amongst solid organ
transplant recipients receiving life-long immune suppression
(Fig. 1) [2, 3]. These data imply immune surveillance does
not operate effectively against myeloid cancers.

Are there convincing data of an
immune response to AML?

Considerable data indicate a strong immune response to
myeloid cancers in the setting of a hematopoietic cell trans-
plant. For example, among persons with AML receiving an
HLA-identical sibling transplant, cumulative incidence of re-
lapse (CIR) is highest among recipients of a transplant from
a genetically-identical twins and lowest among recipients
of allotransplants with acute and chronic graft-versus-host
disease (GvHD) [4]. This difference correlates with histo-in-
compatibility between donor and recipient. Graft-versus-
host disease (GVHD) and graft-versus-leukemia effect (GvL)
may be identical or overlap to different degree in individuals.
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Figure 2. Cumulative incidence of relapse after allo-
transplants for leukaemia [3]

Therefore, the answer on targetability of AML immune
therapy lies in two considerations: (1) lack of a convincing
AML-specific target antigen(s); and (2) unacceptable ad-
verse effects from non-specificity of target antigens used in
AML immune therapy such as CD33 and CD124. Therapy
against these target antigens can potentially kill AML cells
but will unavoidably destroy normal bone marrow cells re-
sulting in death absent a transplant or using synthetic bio-
logy techniques.

What is the role of AML-specific
antigens in graft-versus-leukaemia

(GvL)?

There are several potential targets of anti-AML activity in
the context of an allotransplant including: (1) HLA antigens;
(2) minor histocompatibility antigens; (3) leukemia-asso-
ciated antigens; and (4) leukemia-specific antigens (if they
exist). All of these are potential targets of the so-called
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GvL-effect seen after allotransplants and after donor lym-
phocyte infusions (DLI). Elsewhere my colleague and I dis-
cuss whether this effect is leukemia-specific or against HLA
and/or non-HLA antigens and not leukemia-specific [5].

Several variables correlate with success of immune thera-
py: (1) antigenicity; (2) immunogenicity; (3) accessibility;
(4) sensitivity to killing; and (5) collateral damage to nor-
mal cells. The major current limitation of these approaches
is lack of an AML-specific target antigen. In many models,
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probability of response to immune therapy correlates with
mutation frequency and with estimated numbers of poten-
tial cancer-specific neo-antigens [6]. AML cells have an av-
erage of 0.28 mutation per megabase of DNA compared with
8.15 mutations for lung cancer, 40-fold less. For this reason
checkpoint-inhibitor antibodies and antibodies to CTLA-4
are unlikely to be effective when used alone in persons with
AML.

o
50 Cutaneous
squamous-cell
204 Merkel-cell Noncolorectal
Melanoma (MMRd)
e
(@}
S
2
:a; Colorectal
s (MMRd)
-3
° 304 (]
v
c
g Anal
] Renal-cell ° Objective Response Rate
u::, (] (no. of patients evaluated)
% - Cervical 050
% Hepatocellular e Urothelial O 100
() @ NSCLC (squamous)
© ® \scic (nonsquamous) 0500
Mesothelioma @ Head and neck (O1000
o ®Endometrial
104 Sarcoma © Ovarian @ Esophagogastric @ Small-cell lung Tumor Mutational Burden
o @ Glioblastoma (no. of tumors analyzed)
® Prostate
100
Uveal O .. _ @ Breast .
vea Adrenocortical @ 1000
o
Pancreatic  Germ-cell @ 10,000
0+ ) o @ Colorectal (MMRp)
T T T T T T
1 10 20 30 40 50

Median No. of Coding Somatic Mutations per MB

Figure 3. Correlation between coding somatic mutation frequency and objective response rates in diverse cancers [6]

Clinical trials

We can envision any potential immune therapy of blood
cancer using along two strategies: antibody therapies and
cell therapies. Antibody therapies can be further divided by
technology such as unmodified antibodies, antibody-drug
conjugates, antibody-radionuclide conjugates (radio-immu-
notherapy), bi-specific antibodies, and other more advanced
techniques [7]. These data are summarized in the Table 1.

An example is gemtuzumab ozogamycin [8]. Clinical trials
data are shown in Figure 4.

PD-1 and (TLA-4 inhibitors

Clinical studies of immune checkpoint inhibitors like anti-
PD-1 antibodies report little or no benefit. Current studies
combine anti-PD-1 antibodies with anti-leukemic drugs [10].
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A study in 22 subjects reported complete responses in 4 sub-
jects with extra-medullary relapse of AML but not in sub-
jects with bone marrow relapse [11].

Cell-based immune therapy

Cellular immune therapies use NK-cells and CAR-T- and
CAR-NK cells and cytokine-induced NK-cells (CIK). My
colleagues and I recently reviewed the current state of cell
therapy of AML [12]. We discussed several approaches and
concluded that although there are interesting preliminary
data, there are no convincing data these approaches are a
safe and effective treatment of AML. Perhaps the strongest
current data are for NK-cells [13].

Synthetic biology techniques may allow use of anti-CD33
antibodies in AML by using CRISP/Cas9 to edit out CD33
from normal myeloid cells [14].
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Table 1. Antibody-based therapies of acute myeloid
leukemia (adapted from [7])

ADC Gemtuzumab, SGN33A, IMGN779
| cozs | SL-401, SGN-CD123A

Checkpoint | PD-1/-1L Nivolumab, Pembrolizumab,
Avelumab
CTLA-4 Ipilimumab

Assi. Curr Opin Hematol. 2018

Conclusions

In summary, immune therapy of AML poses challenges
different from immune therapy of lymphoid-lineage cancers.
There is progress, for example with gemtuzumab ozogamicin,
but major challenges remain. There are potential advantag-
es to immune therapy of AML compared with other cancers
such as accessibility of AML cells and susceptibility to kill-
ing. However, negative aspects of immune therapy are re-
quirements for antigenicity, immunogenicity, a low mutation
rate and unacceptable reduced collateral damage to normal
myeloid cells. Whether these challenges can be overcome is
unknown. Hopefully so.
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Mo3KeT N UMMYHOTEpPANMS U3/1IeYNBATH OCTPblii

MunenobnacTHbIN NenKos?

PoGepr I. Iaiin

ITeHTp reMaTONOrMYECKIUX MCCIIEFOBAHMIL, OT/e/ MIMMYHOJIOTMY 1 BOCIIa/leHsT, VIMIepckuit Komtemx JIOH0Ha,
Benmmxo6puranmus

12

Pe3slome

JOCTUTHYT 3HAYMTENBHBI IIPOTPECC B MMMYHOTepa-
UM PasINYHbIX 3/I0KaYeCTBEHHbIX 3abonmeBaHmit. B
0071aCTM TeMaTONIOTMI ITK YCIEXV OTPaHMYEHBI B OC-
HOBHOM uMdonaHbIMY HeorrtasusiMu. D¢deKTrBHbIE
METOJIBI TPy BK/IIOYAIOT MOHOK/IOHAIbHBIE aHTHUTe-
ma u T-KIeTKM ¢ XMMepHBIM aHTUTEeHHBIM PEeLeNTOPOM
(CAR-T-keTK1) K aHTHUIeHAM K/IETOK AMMQOUTHOro
pama, TakuyM, kak CD19, CD20 u aHTureHaMm cospe-
BaHusz B-ximetok (BCMA). Temry3ymab o3oraMmijus
(Muenorapr®) siB/sieTcss eIMHCTBEHHBIM IIPENapaToM,
omobpernpiM FDA [ MMMyHOTepanmuu OCTPOTO MU-
eno6mactHoro neikosa (OMJI). CooOLaoT 0 HECKOIb-
KIX KIMHUYECKNX MccnenoBaHusax aHtuten Kk CD38 u
CD123 ¢ HeBBICOKOIT 3¢ HEKTUBHOCTHIO U TIPOOIEMaMU
0e30IIaCHOCTY TIpUMeHeHMs. [IpuumHamy SIBISIOTCS:
BBICOKWIT YPOBEHb IPONYKIVN MUEIOUIHBIX KIETOK 1
CylleCTBeHHbIe IOBPeXX/IeHN T HOPMa/IbHBIX KPOBETBOP-
HBIX KJIETOK B CBSI3M C HEOCTATOYHOI CIIENI(PUIHOCTDIO
B oTtHomeHyu KjaeTok OMJI. [loTeHIManbHBIMI MIIIIE-
Hamu gyt anT-OMII Tepanum siBsioTcst: (1) aHTUT€HBI
cuctemsl HLA; (2) MMHOpHBIE aHTUTEHBI TMCTOCOBMe-
cTuMOCTYs; (3) 7IeTIK03-acCOLMMpPOBAHHbIe AHTUTEHBI U
(4) nmeitko3-crieruduIecKue aHTUTEHB.
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JaHHBIe B NONB3Y 9P QPEKTMBHOrO a//IOTEHHOIO aHTHU-
OMJI apdexra ocHOBaHBI HA UCCITENOBAHMSX PELVIIIN-
€HTOB Te€MOIIOSTUYECKMX KIETOK C PeaKIel «TPaHC-
IUIAaHTAT IIPOTVB XO3SMHAa» U PEeLUINeHTOB MHQY3uUil
noHopcKux muMdoruToB. Oco60oil TpobIeMoit sBIsIeT-
cs1 OTHOCKTENbHBI Hebunnt Heoanturenos OMJL, mo
CPaBHEHUIO C COMVHBIMM HOBOOOPAa30BAHUAMM, UTO
CBA3aHO C HU3KOJM YacTOTOM HaKOIUIEHHBIX MYTaliViiA.
ViccnenoBannaA 10 K/I€TOYHON MMMYHHOM Te€panuy Mpo-
pormxkatorcs, BKkmogag CAR-T-kmetkn, CAR-NK-knetkn
n ammorenHble NK-xmetkn. PasBuBaroTcs momgxomsl ¢
IIpYMeHEHVeM CHHTeTNYeCKoit 6yonornn. B Hacrosee
BpeM:, KpoMe reMTy3yMaba 030raMiIyHa, OTCYTCTBYIOT
ybenuTenbHble JaHHbIe 00 3P PEKTUBHOCTI IMMYHHOI
teparmn ipu OMJL

Kniouesble c10Ba

OcTpblit MMeTTOOIACTHBII JICVIKO3, MyTaIVIJ, HEOAHTI-
T€HBI, IMMYHOTEpamus.
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