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Abstract

Malignant cells have the capacity to rapidly grow exponentially and spread in part by suppressing, evading, and
exploiting the host immune system. Immunotherapy is a form of oncologic treatment directed towards enhancing
the host immune system against cancer. In recent years, manipulation of immune checkpoints or pathways has
emerged as an important and effective form of immunotherapy. Agents that target cytotoxic T lymphocyte-associated
molecule-4 (CTLA-4), programmed cell death receptor-1 (PD-1), and programmed cell death ligand-1 (PD-L1) are the
most widely studied and recognized. Immunotherapy, however, extends beyond immune checkpoint therapy by using
new molecules such as chimeric monoclonal antibodies and antibody drug conjugates that target malignant cells and
promote their destruction. Genetically modified T cells expressing chimeric antigen receptors are able to recognize
specific antigens on cancer cells and subsequently activate the immune system. Native or genetically modified viruses
with oncolytic activity are of great interest as, besides destroying malignant cells, they can increase anti-tumor activity in
response to the release of new antigens and danger signals as a result of infection and tumor cell lysis. Vaccines are also
being explored, either in the form of autologous or allogenic tumor peptide antigens, genetically modified dendritic
cells that express tumor peptides, or even in the use of RNA, DNA, bacteria, or virus as vectors of specific tumor markers.
Most of these agents are yet under development, but they promise to be important options to boost the host immune
system to control and eliminate malignancy. In this review, we have provided detailed discussion of different forms of
immunotherapy agents other than checkpoint-modifying drugs. The specific focus of this manuscript is to include

first-in-human phase | and phase I/1l clinical trials intended to allow the identification of those drugs that most
likely will continue to develop and possibly join the immunotherapeutic arsenal in a near future.

Keywords: Immunotherapy, Tumor-directed monoclonal antibodies, Antibody drug conjugates, Chimeric antigen
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Background

Immunotherapy consists in harnessing the body’s own im-
mune system to generate an anti-tumor response, which is
often sustained after treatment has finished, suggesting a
role of modulation and modification of the immune system
[1, 2]. The most commonly used strategy is the modulation
of immune checkpoints, particularly the cytotoxic T
lymphocyte-associated molecule-4 (CTLA-4), programmed
cell death receptor-1 (PD-1), or programmed cell death
ligand-1 (PD-L1), although new inhibitory (e.g., lympho-
cyte activation gene/LAG-3, T cell immunoglobulin/TIM-
3, V-domain Ig suppressor of T cell activation/VISTA) and
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stimulatory (e.g., inducible co-stimulator/ICOS, OX40, 4-
1BB) pathways have also emerged as targets [3]. Unfortu-
nately, some limitations with immune checkpoint therapy
are of concern including a response heterogeneity where
some patients achieve a complete response (CR) but others
never do. Furthermore, there can be tumor relapse due to
alternative immune escape mechanisms, and there is lack
of optimal biomarkers to predict response and toxicity.
Other major issues have been the emergence of new
adverse events and autoimmune-like reactions, and the
cost associated with this therapy. Thus, approaches that
differ from manipulating immune checkpoints, as alterna-
tives, are under investigation and are the focus of this re-
view. Specifically, we discuss current molecules under
phase I and I/II clinical investigation in the area of conju-
gated monoclonal antibodies (mAbs), chimeric antigen
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receptor (CAR) T cells, oncolytic viruses, vaccines, and
other immune-based approaches that are under investiga-
tion. Agents in more advanced investigational stages (e.g.,
phase III) have not been included. Figure 1 summarizes the
different strategies that will be discussed, and a summary
of these agents is found in Table 1.

Methodology

We performed a thorough review using the databases
PubMed and the American Society of Clinical Oncology
(ASCO), both the American Association of Cancer
Research (AARC) meeting abstract databases, and Clinical-
Trials.gov updated through October 5, 2017. We narrowed
our research with the following keywords and MeSH
terms: immunotherapy, tumor directed monoclonal anti-
bodies, antibody drug conjugates, chimeric antigen recep-
tor T-Cells, oncolytic viruses, oncologic vaccines, and
adjuvants in immunotherapy. We focused our attention on
phase I and phase II clinical trials of new agents in
immunotherapy being used with or without other form of
immunotherapy. Inclusion criteria included published trials
or reported preliminary results during the time of the data
collection. Exclusion criteria included phase III or more
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advanced clinical trials, clinical trials focusing only on im-
mune checkpoint therapy, clinical trials in pediatric popu-
lation, and non-clinical trials. Finally, we collected 65
phase I and 53 phase II clinical trials for this review.

Tumor-directed monoclonal antibodies

A range of mAbs directed against tumor-specific antigens
are currently under development. These mAbs can bind
specific tumor antigens, stay on the surface, and activate
antibody/complement-dependent cytotoxicity, or affect
downstream signals. Monoclonal antibodies promote
tumor Kkilling by different mechanisms including direct
cell killing by induction of apoptosis, receptor blockade or
agonist activity, delivery of cytotoxic agents, radiation,
immune-mediated cell killing, or through specific effects
on tumor vasculature and stroma [4]. Of particular inter-
est are the recently developed bispecific antibodies that
combine antigen-binding specificities on tumor cells and
effector immune cells. Among these, bispecific T cell
engager (BiTE) and dual-affinity re-targeting (DART) are
particularly attractive [5-7]. BiTEs recombinantly link the
four variable domains of heavy and light chains with a
flexible linker peptide allowing to bypass MHC/peptide

X

Antibody-drug

Tumor-directed
monoclonal
antibodies

2. Replication ™

Tumor cell T
5340

1. Isolate TILs

TIL @

2. Expand and
stimulate in vitro

=
@@@@

Fig. 1 Multi-modality cancer immunotherapy approaches

Tumor micro-environment

1 conjugates L-15 4 \V7 7/
[ ) [ \ .
A IL-12 e o°® { | Anti-MDSC agents
N ° ® Q.

1. Oncolytic viruses

Myeloid-derived
suppressor cells

Cytokines
Chimeric antigen

® (]
o receptor (CAR)-T cells

APC/
Dendritic cell

Vaccines



http://clinicaltrials.gov
http://clinicaltrials.gov

Page 3 of 25

Marin-Acevedo et al. Journal of Hematology & Oncology (2018) 11:8

gewnzijoiguiad

10O “UpIignioxop
lewosod| ‘uneidogued
‘CeWINZIDRAS] UIM
UONBUIGUIOD Ul Pas)

Adesayouopy

QUROS LM
uoIPUN(UOD Ul pasn

pa19|dwiod [eul

BuiINIdaI 10U ING
Bujobuo s Apnig

pa19|dwod [eu|

QewINZI|0zale YIM

eluadonau jga)
‘eaylielp ‘ejusdonnasn

SS9 4O 7 opelb
SJ9M 1SOW ING 'SIUSAD
9sIaApe Padojansp %58

59| JO 7 opeib alom
SIUSAS 9SI9APR ISO

dd
LE/9L pUe YD L€/1

anbney
pue SuoNDdeaJ UoISNU|

elusdonau pue anbiej
‘yses ‘Ayredoinau ‘eidado)y

syuaned Jo 9401 < Ul
SIUDAS SSIaAPE dpelb-||y

SuoIeal
UOISNJUI 01 JaAS) WOJ)
Buibuel suUaAS 9SI9APR
91eI9POU 01 P|IN

(eiseyde
%6 ‘Ayredojeydadus 9e)
SJU9A3 D160j0IN3U € SpeID)

UBIpaW ‘%6 | ¥4O

J190Ued 1sealq aanebau oyduy
JOJ SYIUOW 99| SO UeIpaw
"Yd 69/61 YD 69/T "Y4O %0€

$I99M /1| S4d
UBIPaW pUe ‘SY93M Q| SBM
asuodsal Jo uoieINp Ue|paw
'89/¢€ ¥D '%0¥ Y40

%9 440

Hd pawujuodun pey
wsned | pue gs %8¢

as

79/€€ puUe "dd 79/9 "dD 79/1

dd %61

%519 ¥Dd [[e12A0 ‘asS 9z/€l
"dd 97/¢

pawodal 10N

syuow 0
01.dn S4d 4D %61

siowinl
195 [eljayudy [

siowni [eljayioin ,

J20UeD URlRAO |
120UeD URlRAQ ,

siowin)
Juapuadap-y493 |

eWIOUBD I

J1OSN ,

TH +0edD Il

H +0€dD ,

J9oued a1eisoud
1UR1SISaI-UOIIRIISED) |

Da1d Il

¢SSLE9LOLON

666160C0LON

(Il QYVMIO)
S0€909C¢01ON

(I QYVMEO)
955609101ON
C9959€C0.1ON

6££C0EC0LON

850660¢01ON

C6S1CECOLON

LZS1CCLOION
016¢9¢C0ION

SLYECLIOLON

¢6L1¥/101ON

z-doip

p-undaN

(044) eydje
koygwuw\_ 91e|04

d453

gWNadb

BN

voldd
pue 0edd
€dD pue YINSd

€dD PUe VINSd

€dd pue6ldd

(TEL-NINI) uedUA0D
geunzniioes

@AWZZ-95Y ‘3DCZ-O5Y)
UIOP3A BUWINLIOJUT

(ES8NOWI)
SUISURIARIOS

QRWIXNDAIIN

(L2Z-Aggv) unopan
gewnzIXn1esoT

(LL0-XdD 'AD) unopsa
gewnwniequia|n

6£€-\davy

sa1ebn(uod Brup Apognuy

ELNAY
¥1¥S3/60C4OW

(CLLLN TLZOWY)
CL10L0CAVE

gewownieul|g

uonounfuod uj SIUBAD 4d %0C  siown pijos (+)v3D | €1Z0S9C0ON
CewnzZnnuIgo  9SI9APE 2I0W Jo ¢ apelb (889856904 ‘708/DH)
UM uonuNfuod uj padojanap siuaned 991 4d %S SIOWN plos (+)vID | /SCPCECOION €d> pue v3id 21 €dd v
SIUSAD SSI9APE SLIUOW 7| < PIAIAINS
1 9peib ou pue SaNPIXO) € s1d 96/17 'syuow g9
pa1ajdwod (el]  apeib yum siusned Jo 96z > 01 0'G Wolj panoiduil SO dheaidued pue DD ll/1 000070L0LON VSONW Gewixnisuy
S3IPOgIIUe [EUO|DOUOW PadalIP-Jown |
SIUSIWIOD) JAETLES Aoed19 [eoIulD Jowny Jo adA]  aseyd |eup 1901 pnig Aiobare)

S1U9be BpeYDO|g JUIOANIBYD SUNWILI-UOU JO Alewwns | ajqeL


http://clinicaltrials.gov/show/NCT01040000
https://clinicaltrials.gov/show/NCT02324257%20and%20NCT02650713
https://clinicaltrials.gov/ct2/show/NCT02650713?term=NCT02650713&rank=1
http://clinicaltrials.gov/show/NCT01741792
https://clinicaltrials.gov/ct2/show/NCT01723475
https://clinicaltrials.gov/ct2/show/NCT02262910
http://clinicaltrials.gov/show/NCT01221571
https://clinicaltrials.gov/ct2/show/NCT02321592
http://clinicaltrials.gov/show/NCT02099058
http://clinicaltrials.gov/show/NCT02302339
http://clinicaltrials.gov/show/NCT02365662
http://clinicaltrials.gov/show/NCT01609556
http://clinicaltrials.gov/show/NCT02606305
http://clinicaltrials.gov/show/NCT02091999
https://clinicaltrials.gov/ct2/show/NCT01631552?term=IMMU-132&recrs=a&rank=1

Page 4 of 25

Marin-Acevedo et al. Journal of Hematology & Oncology (2018) 11:8

SYIUOW §'6 SeM SO

Ysel pue UBIPSW pue ‘gs €€ Ud 9 AYWWN-IA-L L-YD
- ‘ejuadodinau ‘epadoly YD ¢9/L ewlouepiy Il 6€£C0ECOIDON GANNdD ‘L 10-XdD) UROPSA geuwunudniequis|
- - — Slownl pljos +zY3H , 00¢SCLEOLIDN CHIH ¢0S-10av
- - - slowny pljos I /1///TCOIDN Cd3IH G86AAS
- - - siowni pljos , 006%95C01DN CHIH 210¢8-5d
- - - SISdUB|D +CYiH | £ECCLSCOIDON Cd3H 88/-X4dVY
190Ued
- - - Isealq +¢yaH | 6¢/CS6C01DN C43H CCSL-INX
- - = Slownl pljos +zY3H I1/1 8759/5C01ON CHIH 9/Cr-IAANW
1USAS 9SI9APE | 15e9) ewIoUDIed0USpR
poleulll=] SeM el | 1e padojanap syuaned |y dd0 %¢ Jliealdued Il §8/C0CCO0ION o059 (FOTZONTN) #9Z-MVL
- - - TV pue JAv I ¢6088SC0ION
S PaIeAs]a pue as 81/9 'dd
- ‘SIHISIUS ‘SIISOONW ‘Ysey 8L/1 YD 8L/l THN pPue H | SECCEYCOION Scao L0g-10dv
gewnuJidi
pUe GewN|oAIU
1O QRWIN|OAIU YlIM
UONRUIGUIOD Ul Ppasn - - D10S I 9919¢0€01ON
(suoisnya |elpleduad pue
[eanajd) s1usAs 3sianpe as %vs pue (1-eAoy) duLIs)
BuiobuQ snouss padojaAdp %8¢ "YHO %81 BIBN) Il 895¥/9¢01DN €110 gewnznid|eroy
S10Yyod yiog Ul
SYIUOW (| Sem SO UeIPay
yieap o1 AjPADadsal ‘syiuow /9
Bulpes| JuaAe 95I9APe pue 7’9 JO S4d B pansIyde
apisodoid AVEISIENIER VETTT =T (OQ@y ou) syuaped /4 pue
pue uneidogied yum e pey syuaned 6/ (Adeisayrowayd yum HQy (LOBNDII) ulsueusw
uopeUIqWIoD Ul pasn - Ayiedoinau [elaydiad %67 uoneuIquwoD) siuaned v6 DS 11/l 8/9/€7101ON 95D QPWNZNIOAIOT
SYIUOW 9'E SeM S4d
PaYUIRIP 06/ PUR ‘BlLUSUR pue ‘sLauoWl 6'9 sem SO ‘as (O£ L-NIIII) ued33A0H
- %6 ‘(PlUSdoNNaN %91 pey 9g/ct "dd 98/1 odD I 81€S09101ON WVDV3D gewnzniage
pa13|dwod |eu |
une(dsp pue
‘auoseyIawexsp
‘suigeipwab
‘qewIXNI YIm elusdonnau Jo 9%69 (FFS-DWD/0UI)
uoRdPUN[UOD Ul Pasn ‘eluado1Ao0quoIy} %58 %€S 44O THN +¢2dd , 96¥5S0L01ON ca upiwebozo gewnzniou
DTOSN Ul
SYIUOW G'6 JO SO Uelpaul
e pue ‘Syluow 7'q S4d
SIUSIWIOD) JAETLES Aoed19 [eoIulD Jowny Jo adA]  aseyd |eup 1901 pnig Aiobare)

(panuu0y) susbe apeydo|q IUIodIAYD dUNWIWI-UOU JO Alewwng | ajqel


http://clinicaltrials.gov/show/NCT01055496
https://clinicaltrials.gov/ct2/show/NCT01605318
http://clinicaltrials.gov/show/NCT01237678
http://clinicaltrials.gov/show/NCT02674568
https://clinicaltrials.gov/show/NCT03026166
https://www.clinicaltrials.gov/ct2/show/NCT02432235
https://clinicaltrials.gov/ct2/show/NCT02588092
https://clinicaltrials.gov/ct2/show/NCT02202785
https://clinicaltrials.gov/show/NCT02576548
https://clinicaltrials.gov/show/NCT02952729
https://clinicaltrials.gov/show/NCT02512237
https://clinicaltrials.gov/show/NCT02564900
http://clinicaltrials.gov/show/NCT02277717
http://clinicaltrials.gov/show/NCT03125200
http://clinicaltrials.gov/show/NCT02302339

Page 5 of 25

Marin-Acevedo et al. Journal of Hematology & Oncology (2018) 11:8

—  S3NDIX0} Burlwi-250p ON dd Yum g1/l DDH +€2d9 0SCS6ECOLON €2dO €DdD-huy
quunniql THN Ul Y40
Joud paniadal Adixoloinau 9%¥8 ‘YD Yum T1D Z1/9 4D
pey sid 11D IV %1€ PUR SYD %91 panaiyoe syusied TV €€/1€ 11D pue “THN 1V £19598101ON
gewnz||>0y SUD %El
SI9Y10 pue  pue ‘Ayredojeydadus 91z
SPI0JRIS PAAII3I ‘elUad0oIAD0qUIOIYY %17 SYIUOW g J9YR %6E
sjuaned awos ‘elusdonau djuga4 9%Le gD PUe %78 Yo THN 91¢8YECOLON
AjPAnoadsal
‘%G < Yim asoyl pue
MOJIBW 3UOQ dY3 Ul SISe|q
JO %S > yum syusned uo
- Adixojoinau pue syd %// PUB G6 219M S8l YD TIv-d 6907701 0LON 61dD 61-14vD
Adesayy SIU9AD 3SIDAPE
P-L [elowniend (ssa] 40) ¢ apelb ||y %y 40d DDSNH €CEBLBLOON 11 'Siswip gqi3 Adessyrounuiuil 171
SI192 1 ¥VD
Jadued a1esoid
SpIWeIN[ezUS YIm JUBISISDI-UONRIISED
UOIEeUIGUIOD Ul pas - - ohelseisN L16166¢01ON VSN 9CLEIIN
ewioueawW
pue ‘Jaoued ploJAYl
‘D1DSN ‘[el1awopus
- - - ‘|edIAIRD ‘UelleA) £18886C01ON Xy [X¥-XeNNH
195UeD) 15e31q
- - - Dneiselsuw +€y3H I1/1 L7€086C01ON €43H ovl-€n
190ued |eabeydosa
‘J9ouUed 3d3uU pue
peay ‘1aoued 15eaiq
- - - annebau 3jdiy | 8S65LEZOION € Utiayped-d 790v2d
- - - siowny pljos , 18/5/5C01ON L-dWV1 96BLYYVS
syuaned 9 Ul PAISSGO Siom siouny
pa13jdwiod [ei| S3NDIX0) Bunjui-esoq dd 8¥/S p1jos paoueApy , ¢5/8/0C01ON Py-uuydy €9¢/¥99-4d
ejuadonnau
‘e;>adoje ‘easneu Ad ¥ pue‘gs L 'd4d § siowny /
—  PlIW 2J9M SINIDIXO) 1SON WD 9L/1 pljos psoueApy , TT6CTTTOION  9seuny SuIsoIAL 0¢0/+990-4d
CewNZnises} Yim syuaned Jo €9 Ul panalyde
UONEUIGUIOD Ul P3SN S3IIDIXOY Bulliul-250p ON 19112q 10 S pue 9%l 1 Y4O 1aoued Jseslg , €79696 010N L-A1 VIAIT-NDS
eluadonnau ‘Ayredoinau ds %6¢E pue oyD buissaudxa
pa13|duiod [el| ‘anbiie) :S9NIIX0) PIIA ‘Hd 8 WD vLL/L siowni pljos Il 0/89S1LOLON 9-vYD 8599954VS
J9dued
15ealq buissaidxa
pa13|duwiod [el| smunud pue ysey %9 440 -dIWNdJD P=oueApY Il €5/9S1101ON
SIUSIWIOD) JAETLES Aoed19 [eoIulD Jowny Jo adA]  aseyd |eup 1901 pnig Aiobare)

(panuu0y) susbe apeydo|q IUIodIAYD dUNWIWI-UOU JO Alewwng | ajqel


https://clinicaltrials.gov/ct2/show/NCT01156753
https://clinicaltrials.gov/show/NCT01156870
http://clinicaltrials.gov/show/NCT01969643
http://clinicaltrials.gov/show/NCT02222922
https://clinicaltrials.gov/ct2/show/NCT02078752
http://clinicaltrials.gov/show/NCT02575781
http://clinicaltrials.gov/show/NCT02375958
https://clinicaltrials.gov/ct2/show/NCT02980341
https://clinicaltrials.gov/ct2/show/NCT02988817
http://clinicaltrials.gov/show/NCT02991911
https://clinicaltrials.gov/ct2/show/NCT01818323
https://clinicaltrials.gov/show/NCT01044069
http://clinicaltrials.gov/show/NCT02348216
https://clinicaltrials.gov/show/NCT01865617
https://clinicaltrials.gov/show/NCT02395250

Page 6 of 25

Marin-Acevedo et al. Journal of Hematology & Oncology (2018) 11:8

gewnuwijdi yum %88 YDA
uonduN(uod u| Adixoy fewnuiy %8¢ 4O ewoueRi , 61/0€C01ON
Ja0Ued a1eisoid siowny
qewnzjjoiquiad SaNIDIX0) eWOUBBW Ul 916 pue 1Isppe|q S99€70C0LON Buissaidxe IV LYAYD-LZVYAD)
Yum uoneuiquiod uj Buniwi-esop oN YDA PUe %E/ 94O DTSN ‘BwoueBy ql (66595C01ON -L-AVOI LV SNIIASPORSX0D)
SasNUIA DAI0dUQ
Jowny uo
ad %yl pue Buipuadap
pa13|dwod Apnig psuonusw 10N 'dS %ET 'Ud %LC 4D %LT NW 860995001ON SIUeA TN
|91 ou yum syuaned ui
U935 Jou Ayredolbueoidiw
JRoquIoIY} Jouny uo
191 yum padojaAap g1 PaAIRda) Puipuadsp
UOoeUIquIOD Ul oym syuaned gp/g| %¥CdD ewioueRi Il S9S61€L0ION SoleA L
Adesayy |90 Bunes|yul-lown|
euwiourpW
10 "DDSNH
- - - "Jsdued [eljRYI0IN , #90686C01ON 0LlV-3OVN 0LV IOVNW-huy
(lesbukieyd
‘|leue ‘|eoIAIRD “63)
sewoupied
pa13|dwod Apnig Ap1x03 Buwi-3s0p ON dd ¢L/¢ +91 AdH I1/1 L L808CCOION 93 93-huy
SEO Yim
S3SED HE/| | pue ‘ainje}
MOJIeW auoq [ele) |
eluadoyOoquIoIyy
96/ "eludsue CY-YIH
- %6/ "eIuadoNaT 996 4D JO 95ED | ‘%05 4O ewodJes E€Y0EVELOLON pue 1-0S3-AN 165¢21-0S3-AN
Adesayy ||90 | pauipow-ausb Yo
- 9UON ened | uryD ewolse|qols I 9€80CC0IDN e Ll LUy
THN
- - - pue 14 +0ed>  11/9I S#S069C01ON
as panslyde TH yum
syusned € YD paAsIye DY
- SUON /M | pue TH yum syuaned ¢ THN pue TH , 9¥19LELOLON 0€d> 0€dD-huy
as pey WIN yim W Pue THN suleys
- SUON swuaned £/ "4d 6/1 9D 6/C 1D (+) eddey | 0¢6188001ON 46| eddey uley 1ybi| edde-nuy
5|90 | JO S0P
1RYBIY PaAdal oym
swuaned uj usss YO SYD 21 apesb Auo Y40 L1/9 W | 6C6859¢01ON vIADg lzleqq
SYD SY99M 77 01 8 ewoupIed0lbur|OYD
- pue elwauIgnII|IqadAH woyy buibuer S4d €z/1z DY ‘seadued HOH | O/ELKSTOION €€Lad €el-19vD
SIUSIWIOD) JAETLES Aoed19 [eoIulD Jowny Jo adA]  aseyd |eup 1901 pnig Aiobare)

(panuu0y) susbe apeydo|q IUIodIAYD dUNWIWI-UOU JO Alewwng | ajqel


http://clinicaltrials.gov/show/NCT02541370
http://clinicaltrials.gov/show/NCT02658929
https://clinicaltrials.gov/ct2/show/NCT00881920
https://clinicaltrials.gov/show/NCT01316146
https://clinicaltrials.gov/show/NCT02690545
https://clinicaltrials.gov/ct2/show/NCT02208362
http://clinicaltrials.gov/show/NCT01343043
https://clinicaltrials.gov/show/NCT02280811
https://clinicaltrials.gov/show/NCT02989064
http://clinicaltrials.gov/show/NCT01319565
https://clinicaltrials.gov/show/NCT00566098
https://clinicaltrials.gov/ct2/show/NCT02565992
https://clinicaltrials.gov/ct2/show/NCT02043665
https://clinicaltrials.gov/ct2/show/NCT02307149

Page 7 of 25

Marin-Acevedo et al. Journal of Hematology & Oncology (2018) 11:8

- sIown) (+)z4eH , 8L10€LL0LON CIPH N1D3Cd3HPY
(3yoepeay ‘Buruo
(EVI LDIN) SNJIA ‘eaudsAp ‘erxodAy) AAnoe Jowni-nue 1usnbas
JIA|ODUO Ue Lim SaNIDIX0) BunIwI-9s0p  gns pue sauab Alojewwejjul
uonouN(uod Ul pas padojanap qusned |y/f  -0id JO UONINPUI JO SOUIPIAG slowny pljos , 91858CCOLON EV-3IOVIN EVINPY
(uoisua10dAy) 1uan
Buiobup  as1oApe ¢ speib < | Auo - Jodued [esinR) | L9¥¥91Z0IDON uabnue /3 L00-LLSXQY
buobuo - - 190Ued 91815014 Il ZS9LPELOLON dvd dH-OALd
31IS Uon3(ul 38 UoIdeal ENIEeI A
- [BS0] PUE BlUSLASY asoc/el slowny pijos [ ¥5/10€C0LON uewnyH L-DVANI
suaned bupininal
10U S| ApiS 7171 susbnue
INOYUM JO YUM Pas()  S3RIDIXOY Buniwi-350p ON ad %0l 195Ued 3181501 [ €1TPLSCOIDN  J9oued 31e1sold 051S-ONI
esylielp paseaioul (ogoe|d) sypuow '8 6¢-CCC000-110¢
aUDdeA [BID pue ejuadoyduwA SA SUIUOW €'6 SeM SO 135U DlIeaIdURY [ 1Deipng Z-4493A LOWXA
suabnue (dIVNY)
—  sanpIxol bunjwi-esop oN - BUIOUB[DIA I/ €€L01¥COION ewoueBly xo(dodi|-yNy
10FADOWO S|192
01 | Z1DD pappe PWIOUIDIEDOUSPR ewiouDIed0Udpe
pey syused sWOS  S2IUDIX0} BunIWI-SSOP ON SYIUOW 76 sem SO UBIPIN Bun I1/1 89599%7¢01ON Bun 10¥AD'WO
wie
auole-Adelaypowayd yum
uneldiiexo yim SIUDAD 9SI9APE %6°/9 "SA UlIe Uoleu|ddeA HIER)
UONeUIQUIOD UJ quediubis Ajjediup oN 91 Ul %68 Sem SO Jeaf-¢ J190Ued DLIseD [ L/¥/LET0IDON 192U DLIISED 96db
HIEs)
QeWN|OAIU yses sejndedojnoew eLIOUDIEd0USPR euIouldIed0UPR (7-19on1eWNdusbelp)
YHM UoReuIquIoD uj 'suondeal d)Is Lo %08 440 Buny iy 0S¥6£¥C0LON Bun OLL-SH
SaUIDIRA
QeWN|OAIU uibuo [eisyds (Pyu3)
UM UONeUIGUIOD U| - - siouwny |eljayud3 [ 9£09€9Z0.1ON 4o siown] Ad11DNjoUSpRU]
Syluow €7 Jaye g pue
SpILLR|OZOWR]) 3seas|p bulAispun 1o JUSW1eaJ] 03| SYuow Qg
UM UoReuiquiod Up - 9pIulejozowal 01 pale|ay anlfe sem uaned | ewoIse|qolS , ¥€/956101ON BUIOISEIqOIID LOY¢-XNd
suoje |axeyded
Yum siusied 1oy syiuow 0| pue
auole suabe yioq
|oxeyded o ‘|oxeyoed eayllelp yum syuaned Joy
YIM UOIBUIqUIOD U] ‘BuiiuoA ‘easneu ‘anbiie SUIUOW /| Sem SO UBIpIjA J9oUeD 15e31g [ 8€5959101DN
pa19jdwiod
sem Apnis ‘exelped
pue upeidogued A1121X0) UOWIWIOD %584900 ‘%E
UIM UOReUIGUIOD U] 1SOW 3Y} SeM J9A4 [BAIAINS 1BSA-| ‘%17 Y4O eWIOUBD I YOrP8600LON  Slowiny 1uaiayld (uisAjoay) daioaiejad
SIUSIWIOD) JAETLES Aoed19 [eoIulD Jowny Jo adA]  aseyd |eup 1901 pnig Aiobare)

(panuu0y) susbe apeydo|q IUIodIAYD dUNWIWI-UOU JO Alewwng | ajqel


https://clinicaltrials.gov/ct2/show/NCT00984464
https://clinicaltrials.gov/ct2/show/NCT01656538
https://clinicaltrials.gov/ct2/show/NCT01956734
https://clinicaltrials.gov/ct2/show/NCT02439450
https://clinicaltrials.gov/ct2/show/NCT02317471/
https://clinicaltrials.gov/ct2/show/NCT02466568
https://clinicaltrials.gov/ct2/show/NCT02410733
https://clinicaltrials.gov/show/EudraCT%202011-000222-29
https://clinicaltrials.gov/show/EudraCT%202011-000222-29
https://clinicaltrials.gov/show/NCT02514213
https://clinicaltrials.gov/show/NCT02301754
https://clinicaltrials.gov/show/NCT01341652
https://clinicaltrials.gov/show/NCT02164461
https://clinicaltrials.gov/show/NCT02285816
https://clinicaltrials.gov/show/NCT01730118

Page 8 of 25

Marin-Acevedo et al. Journal of Hematology & Oncology (2018) 11:8

ejuadorfooquioiyy J190Ued 15831q VYXON
- o|qISIoNa1 JO 9sed | - pue ewoueey , 8608¢8C01ON pue s-yaw ClL1-09
DDSNH pue
Aad pamoys syuaned  1sealq ‘ewiourpw
uonedidde jo aus JO ISpUIRWII S} SH9dM | Buipnpul
pajeuiLuiz) sem Apnis SU3 O} payi| pue pliN 10} as 8/l slowns pljos I1/1 68786 101ON el J1DIHAlod
asuodsal [e2160|
ounwiwl poob sem aiayy
1ng ‘dnoib |0uod 01 paled ewioused
W0d [eAIAINS 93l4-95dBal |92 snoulenbs o)
- - JO dUBIBYIP EdYIUDIS ON |eabeydos] Il ZSSE00000NIAN  ‘1¥DAD ‘0LDTHN 1D0X-1¥DdD-01DT4N
syuaned
Z1/S Ul |0U0D 35e35Ip
pue syuaned 7|/9 ul uolssaid €749 sopndad
- SIIDIXOY DIASS ON X9 IDMIBW-IOWN] Paseana Slowny pljos | O¥0Z0000NINN pue 0/dSH Bulpuig VIH-INW
(dSD-WD +££3V)
%68 01 (Suole
Pa1eId0}  4SD-AD) %1 G WOl paroidul J9oUed
4SD-IND Yam pasn [[PM pUE 3Jes S| SaUIDIeA [BAIAINS 231}-2563510 15ea1q (+)z4oH I //T¥TS001ON ZI9H /€Y
uoneinp JERIV]=) siowny
pue spniyubewl bulkien jo |eauoyiad pue Buissaidxe
pa19|dwod [eu| UORIADIN UPS  Sasuodsal aunwiwil pauleisns ‘ueidoy|ey ‘uereAQ ql 8€091+10LON -UIAIAINS JRPAIMING-XdA
JuedIubIS Syuow g7z BWOIDYI0SaUI siowny
paya|dwod jeuy Ajjea1uip 3ou pue pjiy SO UeIpaW %St S4d [eanaid Il €EPS9CLOION  buissaidxe-|-Im S-inwidaduijes
AdD poiens|e %/'/
pue ‘eluadoinau 3|1ga) SI9IM | /9 siowny
pa1ajdwod el 9,/ "eluSdONNaN %8'0E SO UeIpaW ‘%z'81 YO SAW I/l pZEL0L-1Dader  Buissaidxa-1-Im 6987 LM
(au1D2BA
L-LM Yum auigeapwsb)
auIgeRIPWSD Yum 7€ 01 (uoje aulgeldwab) eWIOUIDIed0USpR siowny
uonPUN[Uod Ul pasn - G'LZ Wolj SO pasealdu| Jpeanued Il 87ZSO0000NIWN  Buissaidxa- -1 M 1-1M
usbnue aueliq
waw oydads
po12|dwod [el]  SaNIXO) Buniwi-9S0p ON dd 81/7 pue ¥D yum gl/| 1aoued a1e1s0.d , G65898001DN  -21r3s0id upwny 10LXdg
sasuodsal
pa19|dwod P2AIDSCO oM aunwiwl d1yRads-AINAyoelq sapueubIew
el s3I0} Bumwi|-as0p ON padojanap suaned Jo %78 pljos pssueApy , S1S6/L1C0LION AinAyoeig VAW
syuaned Jo %89
ul sa1pogiue |-0OS3-AN-Rue siown}
pue syuaned Jo 9459 Ul S||9 pljos Buissaidxa
- - 1 1-OS3-AN-11ue JO aseaidu| -1-OS3-AN , SCL/8EC0LON 1-OS3-AN S0edND
suooeal ds G pue "4d
s uonda(ul (B30T L WD LT/L
SIUSWIWOD) JAETLES Aoed19 [eoIulD Jowny Jo adA]  aseyd |eup 19618 brug Alobared)

(panuu0y) susbe apeydo|q IUIodIAYD dUNWIWI-UOU JO Alewwng | ajqel


https://clinicaltrials.gov/ct2/show/NCT02387125
https://clinicaltrials.gov/show/NCT02179515?link_type=CLINTRIALGOV&access_num=NCT02179515
https://clinicaltrials.gov/ct2/show/NCT00868595
http://clinicaltrials.gov/show/UMIN000005248
http://www.clinicaltrials.jp/user/cteDetail.jsp
https://clinicaltrials.gov/ct2/show/NCT01265433
http://clinicaltrials.gov/show/NCT01416038
https://clinicaltrials.gov/show/NCT00524277
http://clinicaltrials.gov/show/UMIN000020440
http://clinicaltrials.gov/show/UMIN000003557
http://clinicaltrials.gov/show/NCT01984892
https://clinicaltrials.gov/show/NCT02828098

Page 9 of 25

Marin-Acevedo et al. Journal of Hematology & Oncology (2018) 11:8

Adeiayy uoneipel

S1USAS

SIeak ¢
18 98¢ 1edA | 1B %69 SO

syuow 47 1e

UM uoleulquiod U asianpe ||| apelb 1sop %8¢ 'SYIOW 9 18 9699 S4d JDH , €89€5S00LON €dlL J1HAjod
syusned €g/¢ (NNId ‘powiiexid)
- Uursanpixo) buniwi-as0g %8¢ JO YDJ ‘Seem ¢ 40y g5 seidueubljew pios 18/¢¥0¢01ON CL-1/64971L SS5d
Adesayy uoneipes
pue geuinjeAinp
Yum uonediquiod Ui AJuo syuand 3sianpe plIN - sapueubijew pijos , €9%955C01ON 8/Ld1L L616103N
saueublew
(YD) %t sibojorewsy CCL8L1C0LON
- S9NIDIX0) BuniWI-as0p ON  puE (BUWOUBBW) %S/ JO YYO pue pljos 8/0£CECOLON odl Jexsopededs
SIUSAS SYuow €01 01 L'y
- 35I9ApE JUedIUDIS ON WIOl) paseanul S4d Uelpapy 31815014 [ €26095L01ON
|oxelded-geu
pue auigedwab
4iog yum pasn SIH|03 JO 958 sUQ %€ 440 oliesldued I 188££0C01ON
gewnzijoiguisd
10 ‘qeudnjoAlu
‘qeuunuict yum
uondUNfUod Ul pasn S91I2IX0) JUedYIUbIs ON %¢S 440 ewiouelpy I €CLEL0COION oal poulixopul
QRWN|OAIU Y3IM
uomdUNfUod Ul pasn - siowny pljos , 068859¢0LON odl S0C986-SING
1USWUOIIAUS0IDIW Jown) Bunabiel syusby
%0€-01
wou} buibuels uononpal
- sanpIxol buniwi-asop oN 3ZIS JOWN) PAASIYDE 95€7  SaldurUDIjEW PIjOS G6¢698C01ON
CRWN|OAIU YIM YD paudiiyuodun pey
uoIUN[UOD Ul IS SDIIDIX0} Buniwi-3s0p ON juaned | sapueubijew pijos I1/1 S0E86C0LON [l LYIN
X3WIP3[IA SiHuIwesues]
UUm UL pasn ‘SYD € apedb ‘ssau|l xi-ni4 SYiuow G'¢ SO Uelpsiy ewiolse|qols L£Z9¢0C01ON 45! CL-NY-S1Y-PY
Adelayy auab aupi01f)
- S3NIXO) Buniwi-a50p ON - slowny pljos LS¥9/0Z0IDON  (S-4) 2d-TIvdL ee/8-5d
SHSAW bunsbie|
anbney pue ‘ysel UONBUIDDRA ISJJE SLIUOW G SUIDdeA
‘SUOIDRAI D11 UONI3(UI 16 3Se3SIP Y} JO 9OUSLND3I suabnueoau uabnueosu |euosiad
- ‘swoydwiAs 3II-NY PN ou pey Jeyl syuaned g/ ewoUB B [ 8GE0/6L0/DN  Jowny [PUOSISd Jlushounuww|
(Stpuow €z-¢1)
pouad dn-moj|o} a1nus 3yl
10} 931}-92U31INJ31 paulewal suabpueosu
Bulobup  SIUSAS SSIaAPE Jofew ON syuaned €1/8 eWIOUBD , 9565€070LON  Jowiny [pUOSISd JWONYLAW DVAI
SIUSIWIOD) JAETLES Aoed19 [eoIulD Jowny Jo adA]  aseyd |eup 1901 pnig Aiobare)

(panuu0y) susbe apeydo|q IUIodIAYD dUNWIWI-UOU JO Alewwng | ajqel


https://clinicaltrials.gov/ct2/show/NCT02035956
https://clinicaltrials.gov/ct2/show/NCT01970358
https://clinicaltrials.gov/ct2/show/NCT02076451
https://clinicaltrials.gov/show/NCT02026271
http://clinicaltrials.gov/show/NCT02983045
http://clinicaltrials.gov/show/NCT02869295
https://clinicaltrials.gov/ct2/show/NCT02658890
https://clinicaltrials.gov/ct2/show/NCT02073123?term=NCT02073123&rank=1
http://clinicaltrials.gov/show/NCT02327078
http://clinicaltrials.gov/show/NCT02178722
https://clinicaltrials.gov/ct2/show/NCT02556463
http://clinicaltrials.gov/show/NCT02042781
https://clinicaltrials.gov/ct2/show/NCT00553683

Page 10 of 25

Marin-Acevedo et al. Journal of Hematology & Oncology (2018) 11:8

L-9uab Jowiny SWIM [-IM ‘T-101dad3J J01oB) YIMOID [eI|2YI0pUD JBINJSBA Z-44DF/ ‘101dadal )

01 Y71 ‘||92 dnupuUap ‘papeo|-ajiued ‘a1esA| Jowny DgTd7L ‘@10ydwA| Bunesjyul Jowns 7/ ‘uone

-Ipeul Apoq [e101 /g ‘9seasip d|qels gs ‘19oued Bunj |93 [jews H7DS ‘Osuodsai [ened Y4 ‘Osojn|@djAy1awAxoqied auisk|Kjod pioe d1ApnAdAjod-ouisoulkjod H7)-Ajo4 ‘usbiiue sueiquisw didads-a1eisoid YNSd ‘[BAIAINS
9aJj-uoissaiboid 54 ‘aseasip anlssaiboid g4 ‘asereydsoyd pide dnelsoid gyd ‘@1el asuodsal SAIIR(GO YYO ‘[BAIAINS |[BISAO SO ‘BiedjUY BIUIDDEA PIIPON VAW ‘ewouldied Bunj |93 [jews-uou J7DsN ‘ewoydwA| s,unbpoH
-uou THN ‘ewoaAw sjdinw p ‘@1K0ydwA| Bunenjyui-moirew iy ‘s||92 Jossaiddns paALSP-pIORAW SHSGW ‘SwoipuAs dnseldsApojakw Sgpy ‘@seusbAxolp-€‘z sulwesjopul 0@/ ‘ewouldied [|9 snowenbs ydau

pue peay DJSNH ‘@seasip s,ubpoH gH ‘ewouried sejnjjed0leday HDHH ‘g d1eiseldw-uou ul101dodA|6 gnNgb ‘s-uedidAIb £3go ‘D asedhd |A|Auenb HHo ‘g uisloid dI|-eYRP £77Q ‘D184 |0JIUOD ISEISIP YIJ ‘DWOIPUAS
95334 UL Sy ‘ewoydwA| [|92 g 9bie| 3shyip 7DgTQJ ‘49dued [e1310]0d DY) ‘dsuodsal 919|dwod ¥ ‘aseunjoydsoyd auneaid ydD ‘elwanna| 2nkdoydwA| d1uoiyd 77D ‘9ndsjow uoisaype |30 yYID WiDYID ‘usbnue
uolieinlew |93 g yog “101dadal usabiue duawIyd Yy ‘elwayna| dnAdoydwA| a1nde (193 g 77y-g ‘elwayna| piojaAw ainde Ty ‘ewoydwA| |93 abie| dnsejdeue 777y ‘elwanna| onk>oydwA| ainde 7y SuonDbIA2IGqY

uolsu10dAy usisuel) pue
gewnzijoiqwiad  ‘snunud ‘buiysnyy ‘ewsyifie

Jo qewnudi [B20] P|IU DI9M SIUSAS
YUM UORRUIGUIOD U 3SI9APE UOWIWOD IS0
gewn|oAlu

YIM UOIDUN[UOD U] SIAIDIXOY BURIWI-9S0P ON

as panaiyoe siuaied g pue
‘9215 JOWN1 3Y1 JO %0S < JO
pasealnap e pey swuaned g

YD 8T/T

J9dUed 15891q
pue euwoueR [

sappueubIfew pljos [

SIUDUIWOD JAETLES

Aoed19 [eoIulD

Jowny Jo adA]  aseyd

saueIqUIDW
|BLPUOYDONW
97986 101ON Jown| SLE-XLT
sapidad 21Aj0duQ
716€06C01ON aseulbly 8511-80
|eup 19618 brug Alobared)

(panuiuo)) syuabe apeydOo|g JUIOANI3YD SuNWIWI-UOU JO Alewwns | ajqeL


http://clinicaltrials.gov/show/NCT02903914
http://clinicaltrials.gov/show/NCT01986426

Marin-Acevedo et al. Journal of Hematology & Oncology (2018) 11:8

recognition and co-stimulation and also to bring effector
cells and target cells close together to form cytolytic
synapses. This therapy has revealed impressive clinical
activity in relapsed non-Hodgkin’s lymphoma, chronic
lymphocytic leukemia, and acute lymphoblastic leukemia
at doses much lower than those administered in conven-
tional monoclonal antibody therapy. DART consists of a
diabody that separates variable domains of heavy and light
chains of the two antigen-binding specificities on two sep-
arate polypeptide chains stabilized through a C-terminal
disulfide bridge which acts as a linker [5]. Compared with
BiTE, DART has shown a moderately higher association
rate constant for CD3 and an ability to cross-link T cells
and B cells more efficiently [8, 9]. Ongoing clinical trials
will provide more insightful understanding through side-
by-side comparison of DART, BiTE, and other bispecific
antibody with identical antigen-binding specificities. The
quality, stability, and drug distribution of antibodies re-
main a challenge. Below outlines the ongoing early
development of agents within this form of therapy.

Ensituximab (NPC-1C) is a chimeric IgG1 monoclonal
antibody that promotes antibody-dependent cellular
cytotoxicity after binding its target, a tumor-specific
variant of MUC5AC, an antigen that is specifically
expressed by colorectal (CRC) and pancreatic cancers.
Results from a completed phase I/II clinical trial were
recently published and are encouraging [10]. The ther-
apy was well tolerated with < 2% of patients experiencing
grade 3 toxicities and there were no grade 4 adverse
events. Furthermore, median overall survival (OS) was
significantly longer than historical control: 6.8 vs
5.0 months, 21 out of 56 patients survived > 12 months.

BiTEs simultaneously target two different antigens and
thus target two different mediators and pathways [6].
CEA CD3 TCB (RG7802, RO6958688) is an IgG1l BiTE
that simultaneously binds carcinoembryonic antigen
(CEA) on tumor cells and CD3 on T cells to increase
tumor-infiltrating lymphocytes (TIL) activation, infiltra-
tion, and expression of PD-1/PD-L1 [11]. Two ongoing
phase I clinical trials using this new drug are currently
recruiting patients (NCT02324257, NCT02650713). Pre-
liminary results reveal that the most common adverse
events were mild and 16% of patients develop grade 3 or
more adverse events. Five percent and 20% of patients in
each study, respectively, showed partial response (PR),
and more importantly, activity appeared to be enhanced
if it was combined with the anti-PD-L1 antibody, atezoli-
zumab [11].

Blinatumomab is another BiTE that binds CD3 on T cells
as well as CD19 on malignant B cells. The antibody is
FDA-approved for the use of Philadelphia chromosome-
negative B cell acute lymphoblastic leukemia (B-ALL) [12].
A phase II clinical trial in relapsed/refractory diffuse large
B cell lymphoma demonstrated a complete response (CR)
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rate of 19% and progression-free survival (PES) of up to
20 months [13].

BAY2010112 (AMG212, MT112) and MOR209/ES414
are prostate-specific membrane antigen (PSMA)/CD3
BiTEs that are being investigated in phase I clinical trials
in patients with castration-resistant prostate cancer
(NCT01723475, NCT02262910).

DARTs differ structurally to BiTEs as stated above [5].
MGDO009 is a humanized DART protein that binds both T
cells and tumor-associated B7-H3 and is being studied in a
phase I clinical study in patients with B7-H3 expressing tu-
mors including melanoma, non-small cell lung carcinoma
(NSCLC), mesothelioma, and urothelial cancers [14]. The
trial is ongoing and recruiting patients (NCT02628535).
Flotetuzumab, another DART that binds CD3 and CD123,
is currently being studied in a phase I clinical trial in
patients with relapsed or refractory acute myeloid leukemia
(AML) and intermediate/high-risk myelodysplastic syn-
drome (MDS) (NCT02152956).

AFM13 is a tetravalent bispecific antibody that is
directed against CD30 and CD16A, this latter found over
natural killer (NK) cells. Pharmacokinetics, therapeutic
index, and efficacy make this agent a NK cell activator
[15]. A phase I clinical trial used AFM13 on patients
with relapsed/refractory CD30+ Hodgkin’s disease (HD)
and concluded that three out of 26 patients achieved PR
and 13 obtained a SD with an overall disease control
rate (DCR) of 61.5% [16]. Adverse events were mostly
mild to moderate and ranged from fever to infusion re-
actions and pneumonia. A phase II clinical trial using
this agent is also being done on patients with HD;
however, results have not yet been published
(NCT02321592).

Antibody drug conjugates

Antibody drug conjugates (ADCs), an emerging thera-
peutic approach in oncology, combine a monoclonal
antibody with a high selectivity for specific targets with a
cytotoxic agent. Microtubule inhibitors or DNA-
damaging chemotherapeutic agents are the two main
cytotoxic agents used in ADCs. One of the most import-
ant aspects in ADC therapy consists on the appropriate
selection of the target antigen. An ideal antigen is one
that is overexpressed by malignant cells with very lim-
ited or no expression by normal tissue [17]. For example,
nectin-4 is often overexpressed in bladder, breast, lung,
and pancreatic cancer, and thus, ACDs against this pep-
tide are indicated in these malignancies. Similarly, folate
receptor alpha is more often expressed by ovarian and
endometrial carcinomas, and CEA cell adhesion mol-
ecule (CEACAM) 5 is commonly found on CRC [17].
Another important factor is the conjugate linker, which
largely influences the pharmacokinetics and therapeutic
efficacy of ADCs [17]. As with other drugs, resistance
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can emerge through different mechanisms such as limi-
tation of intracellular concentration of ADC, downregu-
lation of target antigens, reduction of internalization of
ADC, increased ADC recycling to mask the antigen epi-
topes, or activation of alternative signal pathways. Class
side effects are often associated with the linked cytotoxic
agents. The major challenges of ADCs include target
antigen specificity and drug delivery efficiency.

ABBV-399 is an ADC composed of an anti-c-Met anti-
body (ABT-700) conjugated to a microtubule inhibitor
(monomethyl auristatin E). As the c-Met receptor is
commonly overexpressed in patients with NSCLC, a
phase I clinical trial is using this agent as monotherapy
or in combination with erlotinib in this patient popula-
tion (NCT02099058). Preliminary results demonstrated
adverse events in >10% of patients across all grades,
19% of patients (3 out of 16) had a PR, and, at week 12,
37.5% (6 out of 16) had disease control including stable
disease and partial response [18].

Glembatumumab vedotin (GV, CDX-011) is an ADC
that contains an antibody that targets glycoprotein non-
metastatic b (gpNMB), a transmembrane glycoprotein
usually overexpressed in melanoma and other tumors,
conjugated to monomethyl auristatin E. A phase II clinical
trial using this agent as monotherapy in patients with ad-
vanced melanoma is recruiting patients (NCT02302339).
Preliminary results show 1 CR, 6 PR, and 33 SD out of 62
patients enrolled [19].

Losatuxizumab vedotin (ABBV-221), an ADC that
targets EGFR, is being investigated in a phase I clinical
trial as monotherapy on patients with EGFR-dependent
tumors (NCT02365662). Preliminary results reveal that
the most common adverse events were infusion reac-
tions and fatigue and 16 out of 42 patients (38%) showed
SD and 1 patient had an unconfirmed PR [20].

Mirvetuximab soravtansine (IMGN853) is an ADC
containing the tubulin inhibitor (maytansinoid) DM4,
targeting the folate receptor alpha (FRa). It is being
studied in two phase I clinical trials as monotherapy
(FORWARD I-NCT01609556) and in combination with
bevacizumab, carboplatin, liposomal doxorubicin, or
pembrolizumab (FORWARD II-NCT02606305) in pa-
tients with ovarian cancer. Preliminary results of FOR-
WARD I reveal an objective response rate (ORR) of 46%
with one patient having a CR and 16 out of 37 patients
having PR [21]. FORWARD II preliminary results do not
mention efficacy but do show a good safety profile with
most adverse events being grade 2 or less [21].

Enfortumab vedotin (ASG-22CE; ASG-22ME), an ADC
that targets nectin-4, is in a phase I clinical trial that is in-
vestigating its potential role as monotherapy in patients
with metastatic urothelial tumors (NCT02091999). Pre-
liminary results show that adverse events occurred in 85%
of patients; however, most were grade 2 or less. ORR was
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40%, CR was seen in 3 out of 68 patients with a median
duration of response of 18 weeks, and the median PFS
was 17 weeks [22].

Sacituzumab govitecan (IMMU-132) is an ADC against
Trop-2 antigen expressed in many solid tumors and carry-
ing the topoisomerase inhibitor, SN-38. A phase I/II clin-
ical trial as monotherapy in patients with epithelial cell
tumors is undergoing (NCT01631552). Preliminary results
in triple negative breast cancer show the agent is well tol-
erated demonstrating an ORR of 30% with two cases of
CR and 19 out of 69 patients demonstrating a PR. Median
PFS was 6 months and median OS was 16.6 months [23].
In NSCLC, an ORR of 19% was observed among the 47
patients, with a median response duration of 6 months, a
median PFS of 5.2 months, and a median OS of 9.5 months
[24].

Inotuzumab ozogamicin (InO/CMC-544) is a human-
ized ADC directed against CD22, coupled to a DNA
breaking calicheamicin. The compound was recently
approved by the FDA for use in relapsed or refractory B-
ALL [25]. This agent was recently evaluated in a phase I
clinical trial in conjunction with rituximab, gemcitabine,
dexamethasone, and cisplatin in patients with refractory
CD22+ non-Hodgkin’s lymphoma (NHL) [26]. Results
demonstrated an 85% incidence of thrombocytopenia
and a 69% of neutropenia with an ORR of 53%.

Labetuzumab govitecan (IMMU-130) is an ADC that
targets CEACAM 5 which is expressed by > 80% of CRC
[27]. This ADC is being evaluated in a phase II clinical
trial in patients with metastatic CRC (NCT01605318).
Results reveal that one out of 86 patients enrolled had a
PR that extended beyond 2 years, 42 patients had SD,
OS was 6.9 months, and PFS was 3.6 months [27].

Lorvotuzumab mertansine (IMGN901), an ADC
against CD56 conjugated to the tubulin inhibitor DM1,
that was recently studied in a phase I/II clinical trial in
combination with carboplatin and etoposide in small cell
lung cancer (SCLC) patients with extensive disease [28].
The two-arm cohort of 94 patients (combination ADC
with chemotherapy) and 47 patients (no ADC) achieved
a PES of 6.2 and 6.7 months, respectively, with a median
OS of 10 months in both cohorts. The ORR was 67% for
the combination cohort compared to 59% in the non-
combination with no statistical significance. Thus, the
authors concluded that the combination of lorvotuzu-
mab mertansine did not improve efficacy over standard
therapy [28].

Rovalpituzumab tesirine (Rova-T) is an ADC that tar-
gets delta-like protein 3 (DLL3) which has been found to
be elevated in patients with SCLC. The antibody is con-
jugated to a DNA cross-linker tesirine, and results from
the first-in-human trial in patients with recurrent SCLC
showed that 28 out of 74 patients (38%) developed ser-
ious adverse events consisting of pleural and pericardial
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effusions, 18% demonstrated OR, and 54% had SD [29].
Other phase I/II clinical trials evaluating this agent are
currently ongoing (NCT02674568, NCT03026166).

ADCT-301 is the first ADC against CD25, a receptor for
IL-2 often found on hematological tumors that has a role
in prognosis and oncogenesis in these malignancies [30].
This molecule is being studied in a phase I clinical trial in
patients with relapsed or refractory HD and NHL
(NCT02432235). Preliminary results on 18 patients show 1
CR, 1 PR, and 6 SD, one of which has remained
progression-free for over 30 weeks and four developing ad-
verse events consisting of rash, mucositis, enteritis, and ele-
vated creatine phosphokinase [31]. Another phase I clinical
trial is being conducted in patients with refractory or re-
lapsing CD25-positive AML and ALL (NCT02588092).

TAK-264 (MLN0264), a novel ADC that targets gua-
nylyl cyclase C (GCC), has been recently studied in a
phase II clinical trial in patients with advanced or meta-
static pancreatic adenocarcinoma expressing GCC [32].
The cohort of 43 patients achieved an ORR of only 3%,
and all patients experience at least one adverse event;
thus, the authors concluded these results did not sup-
port further clinical investigation of this molecule.

HER2, a well-studied member of the epidermal growth
factor tyrosine kinase receptor family, plays an important
role in breast cancer and has been a target for ADCs. T-
DM1 (Kadcyla), an ADC consisting of trastuzumab (T)
and a microtubule inhibitor (DM1), was the first ADC ap-
proved by the FDA to use in solid tumors [33]. Other
anti-HER2 ADCs are being studied in multiple phase I/II
clinical trials including MEDI-4276 (NCT02576548),
XMT-1522 (NCT02952729), ARX-788 (NCT02512237),
DS-8201a (NCT02564900), SDY985 (NCT02277717), and
ADCT-502 (NCT03125200).

Glycoprotein non-metastatic b (GPNMB), a highly
expressed protein in melanoma and breast cancer, plays
an important role with modulation, and is an important
target in ADC. Glembatumumab vedotin (CDX-011,
CR-11-vc-MMAE) targets GPNMB, and a detailed re-
view on this agent has been recently published [34]. A
phase II clinical trial on patients with melanoma
(NCT02302339) demonstrated that, while using this
ADC, 1 out of 62 patients achieved CR, 6 achieved PR,
and 33 had SD, and the median OS was 9.8 months.
Toxicities were manageable and included alopecia, neu-
tropenia, and rash [19]. Another phase II clinical trial
using glembatumumab vedotin on patients with
advanced breast cancer demonstrated an ORR of 6%
with mild toxicities including rash and pruritus [35].

CAG6 is a tumor-associated antigen that can be overex-
pressed in many solid tumors with a low expression on
normal tissues [33]. SAR566658 targets CA6 and
delivers maytansinoid DM4. On a first-in-human clinical
trial on patients with solid tumors expressing CA6 using
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this agent, 114 patients were enrolled. Results revealed 1
CR, 8 PR, and 39% SD with overall mild toxicities in-
cluding fatigue, neuropathy, neutropenia, and gastro-
intestinal symptoms [36].

LIV-1 is a transmembrane protein that is highly
expressed in breast cancer cells. SGN-LIV1A is an anti-
LIV-1 ADC that is being tested on a phase I clinical trial
on patients with metastatic LIV-1-postive breast cancer
(NCT01969643). Preliminary results demonstrate no
dose-limiting toxicities, an ORR of 11% and an SD or
better achieved in 63% of patients [37].

PF-06647020 is an ADC directed against protein tyro-
sine kinase 7 (PTK?7) which is overexpressed in a variety
of tumors including lung, CRC, breast, and ovarian can-
cers [33]. This molecule is being studied in a phase I
clinical trial on patients with advanced solid tumors
(NCT02222922). Preliminary results revealed that 1 out
of 76 patients had a CR, 5 had PR, 12 had SD, and 4 had
PD. Most toxicities were grades 1-2 and included nau-
sea, alopecia, neutropenia, and gastrointestinal com-
plaints [38].

Ephrin-A4 has been found to be elevated in multiple
malignancies including lung, pancreas, and breast [33].
PF-06647263 is an anti-Ephrin-A4 ADC that is coupled
to calicheamicin and that was studied in a phase I clin-
ical trial on patients with advanced solid tumors [39].
Results revealed that 5 out of 48 patients achieved PR
and that dose-limiting toxicities were observed in 6
patients [39].

LAMP-1 is a protein highly expressed by lysosomes that
translocates to the surface of tumor cells, and its expres-
sion may influence invasiveness and metastatic behavior
including CRC, melanoma, and laryngeal cancers [33].
SAR428926 is an anti-LAMP-1 ADC coupled with DM4
that is currently being studied on a phase I clinical trial in
patients with advanced solid tumors (NCT02575781). Pre-
liminary results have not been published.

PCAO062 is another ADC that is targeted against P-
cadherin 3, which is often overexpressed in epithelial
tumors [33]. This agent is being studied in a phase I
clinical trial on patients with P-cadherin positive tumors
(NCT02375958). No preliminary results have been
published.

HER-3 overexpression in breast cancer is associated with
poor prognosis, and an anti-HER3 ADC therapy, U3-1402,
is being studied in a phase I clinical trial on patients with
HER-3-positive metastatic breast cancer (NCT02980341)
[40]. Preliminary results have not been published. HuMax-
Axl is an ADC against an Axl-specific immunoglobulin
(IgG1x) which is present in malignancies like pancreatic,
thyroid, and lung cancer and melanoma [41]. A phase I/II
clinical trial on patients with solid tumors is studying the
use of this agent (NCT02988817); however, preliminary re-
sults are not yet available.
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PSMA is highly expressed in prostate cancer, and
MEDI3726, an anti-PSMA ADC, is being studied on a
phase I/Ib clinical trial in patients with metastatic
castration-resistant prostate cancer (NCT02991911).
Preliminary results are yet to be published.

Chimeric antigen receptor (CAR) T cells

CARs are typically genetically engineered T cell recep-
tors with an antibody-based extracellular domain that
specifically recognizes a tumor antigen, a transmem-
brane portion, and an intracellular domain that activates
the T cell. By antigen-specific recognition in a MHC-
independent manner, CAR T cells are activated in vivo
through phosphorylation of immune receptor tyrosine-
based activation motifs (ITAMs) leading to cytokine
secretion, T cell proliferation, and antigen-specific cyto-
toxicity. CAR T cells are produced by inserting specific
CAR genes via viral vectors into autologous or allogeneic
T cells [42]. New-generation CARs have two or more
co-stimulatory domains (e.g., 4-1BB, OX 40) that boost
the stimulatory signal [43, 44]. Anti-CD19 CAR T cells
were recently FDA-approved for B-ALL in pediatric and
young adult population [45]. Other CARs rely on the lig-
and of the receptor of interest rather than on an anti-
body [46]. Although impressive clinical activities of CAR
T cells in hematological malignancies are reported, sev-
eral obstacles need to be overcome for a successful ap-
plication of CAR T cells in solid tumor [47]. Some of
these obstacles include the lack of ideal tumor-specific
antigens, the inefficient trafficking of CAR T cells to
tumor sites, the immune-suppressive tumor microenvir-
onment, and the risk of developing on-target/off-tumor
toxicities which results from an attack to host cells that
express the targeted tumor antigen. One of the major
challenges with this therapy is the cytokine release syn-
drome (CRS). This potentially fatal toxicity occurs after
a massive release of cytokines and causes complications
ranging from mild fever and fatigue to severe respiratory
distress, cardiac dysfunction, or even disseminated intra-
vascular coagulation [48]. Future investigation to im-
prove the safety, specificity, and efficiency will likely take
CAR T cell therapy into the central stage in cancer im-
munotherapy [49].

T4 immunotherapy

T4 immunotherapy uses genetically engineered T cells
that co-express two CARs, T1E28z that targets ErbB di-
mers, and 4af} that binds IL-4 and promotes T cell expan-
sion [50]. These CAR T cells are currently undergoing a
phase I clinical trial on patients with head and neck squa-
mous cell carcinoma (HNSCC) (NCT01818323). Prelim-
inary results show limited adverse events and a disease
control rate (DCR) of 44% [51].
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Anti-CD19 CAR T cells (CART-19)

19-28z CAR (JCARO015) consists of a single-chain mur-
ine antibody against human CD19 (expressed by B cell
malignancies) fused with the transmembrane and cyto-
plasmic domains of the human CD28 co-stimulatory
molecule [52]. Currently, these CAR T cells have been
studied in a phase I clinical trial in patients with
relapsed B-ALL (ROCKET Trial-NCT01044069). In
this trial, patients were divided into two cohorts, those
with <5% of blasts in the bone marrow and those with
>5%. CR rates were 95 and 77%, respectively. The dur-
ation of this response, however, was directly propor-
tional to the disease burden, and therefore, authors
suggest an early use of this therapy before > 5% of blasts
occupy the bone marrow [53].

The ZUMA-1 trial is studying anti-CD-19 CAR T cells
(KTE-C19) in patients with refractory aggressive NHL
(NCTO02348216). Preliminary results reveal an ORR of
82%, and with a median follow-up of 8 months, 39%
remained in CR. Importantly, 43 patients received toci-
lizumab and 27 out of 111 received steroids; however,
ORR did not change significantly with the addition of
this therapy [54].

CART-19 are also being studied in other malignancies
including Richter syndrome [55] and relapsed chronic
lymphocytic leukemia, myeloma, or NHL (NCT01865617).
Although in one study 4% died due to CRS [56], efficacy
results seem promising with some patients achieving CR
or remission at the time of result publication [56, 57].

Anti-GPC3 CAR T cells

Glypican-3 (GPC3) is a membrane proteoglycan select-
ively expressed by hepatocellular carcinoma (HCC) cells
that is being used as a target CAR therapy [58]. GPC3
CAR T cells were studied in a phase I clinical trial of pa-
tients with GPC3+ HCC. Preliminary results showed no
dose-limiting toxicities; 1 out of 13 patients had a PR,
and 3 showed SD. These responses were seen in patients
who received lymphodepletive conditioning [59].

Anti-CD133 CAR T cells (CART-133)

CD133 is expressed by many tumors of epithelial ori-
gin, and therefore, the use of CAR T cells against this
molecule (CART-133) is undergoing investigation be-
ing in a phase I clinical trial in patients with
advanced metastatic malignancies including HCC,
pancreatic carcinoma, CRC, and cholangiocarcinoma
(NCT02541370). Preliminary results show some grade
3 adverse events consisting of hyperbilirubinemia and
CRS. However, 21 out of 23 patients had PFS periods
ranging from 8 to 22 weeks. Furthermore, 2 patients
maintained greater than 8-month SD at the time of
publication [60].
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Anti-BCMA CAR T cells (bb2121)

B cell maturation antigen (BCMA) is expressed by mul-
tiple myeloma (MM) cells, and anti-BCMA CARs have
been genetically incorporated to T cells [61]. One of
these CAR T cells, bb2121, is currently under investiga-
tion in a phase I clinical trial on patients with refractory
MM who have = 50% BCMA expression on their plasma
cells (NCT02658929). Preliminary results show only
minor adverse events with grade 1 or 2 CRS, and an
ORR was seen in all patients (6 out of 11) who received
the higher doses of T cells [62].

LCAR-B38 is another CAR T cell that targets BCMA
that was recently studied in a phase I clinical trial of pa-
tients with refractory or relapsed MM. Preliminary
results were encouraging. Seventy-four percent of pa-
tients (14 out 19) developed CRS, but most of these
were mild in severity. Importantly, ORR and CR/near
CR rates were 100 and 95%, respectively, at a median
follow-up of 6 months [57].

Anti-CD138 CAR T cells

CD138 is a highly expressed molecule on MM cells and
has a role in their development and proliferation [63]. A
phase I clinical trial using anti-CD138 CAR T cells was
conducted in patients with chemotherapy-refractory
MM [63]. Five patients were enrolled, of which 4
achieved SD for more than 3 months and 1 with PD.
The main toxicity observed was CTS.

Anti-immunoglobulin kappa light chain CAR T cells

As a way to spare normal cells from being targeted by
this therapy, CAR T cells directed against more tumor-
specific proteins like kappa light chains are also being
developed [64]. A phase I clinical trial testing this ther-
apy on patients with kappa-positive chronic lymphocytic
leukemia (CLL), NHL, or MM is currently undergoing
(NCT00881920). Results of this trial showed that 2 out
of 9 patients with NHL or CLL had CR and 1 had PR.
Four of the 7 patients with MM showed SD that lasted
2-17 months. No toxicities were seen with this therapy
[64].

Anti-CD30 CAR T cells

CD30 is expressed in a limited amount on normal
tissues whereas is often overexpressed in patients with
HD and NHL [65]. The use of anti-CD30 CAR T cells
was recently studied in a phase I clinical trial on 9 pa-
tients with refractory or relapsed HD and anaplastic
large cell lymphoma (ALCL) [66]. No toxicities were ob-
served with this therapy, 2 patients with HD and 1 with
ALCL achieved CR, and 3 patients with HD achieved
SD. The use of anti-CD30 CAR T cells in combination
with bendamustine is being studied on a phase Ib/II
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clinical trial on patients with CD30+ HD and NHL
(NCT02690545).

Anti-IL13 CAR T cells

Recently, the use of CAR T cells targeting IL13Ra2 in a
patient with recurrent multifocal glioblastoma demon-
strated CR sustained for 7.5 months with no associated
systemic side effects [67].

CARs on the horizon: NKG2D, NKR-2, and mesothelin CAR
T cells

Natural killer group 2D (NKG2D) receptor recognizes
specific ligands over tumor cells and promotes T cell acti-
vation to eliminate NKG2D ligand-expressing cells [68]. A
first-in-human phase I clinical trial is using genetically
modified T cells expressing NKG2D in patients with
AML, MDS, and MM (NCT02203825).

NKR-2 CAR T cells consist of a fusion of NKG2D recep-
tor with CD3 signaling domain, which are under investiga-
tion on a phase I clinical trial in patients with both solid
and hematologic malignancies (THINK-Therapeutic im-
munotherapy with NKR-2-trial) (NCT03018405).

Finally, mesothelin as a target for CAR T therapy in pa-
tients with mesothelioma has been recently reviewed [69].
Various phase I clinical trials are exploring treatment ap-
proach (NCT02414269, NCT01583686, NCT02580747).
Results for these future studies have yet to be reported.

T cell receptor (TCR) gene-modified T cell therapy
In contrast to CAR T cell therapy, TCR gene-modified T
cell therapy functions by targeting the surface antigens
of tumor cells to specifically recognize intracellular
tumor antigens presented by HLA molecules. By genetic
transfer of TCR directed against specific tumor antigens
into normal T cells, T cells are able to perform antigen-
specific tumor killing. In addition, genetic engineering of
T cell also offers the advantage of introducing molecules
that can enhance T cell function or overcome tumor
escape mechanisms, such as adding genes encoding
cytokines, chemokine receptors and costimulatory fac-
tors, as well as elements to silence inhibitory molecules.
Currently, genes encoding TCRs that are specific for a
variety of tumor antigens such as MART-1, gp100, p53,
NY-ESO-1, MAGE-A3, and MAGE-A4 have been stud-
ied as therapeutic targets for TCR gene-modified T cell
therapy in clinical trials for melanoma, lung cancer, and
breast cancer patients [70]. Choosing highly specific
tumor antigens, maintaining TCR expression over time,
and limiting off tumor/on target toxicity are remaining
challenges [70].

Anti-NY-ESO-1 TCR T cells (NY-ESO-1c259t)
NY-ESO-1 is expressed in up to 70% of synovial sarco-
mas and other mesenchymal tumors and the use of TCR


http://clinicaltrials.gov/show/NCT02658929
https://clinicaltrials.gov/ct2/show/NCT00881920
http://clinicaltrials.gov/show/NCT02690545
http://clinicaltrials.gov/show/NCT02203825
http://clinicaltrials.gov/show/NCT03018405
https://clinicaltrials.gov/ct2/show/NCT02414269
https://clinicaltrials.gov/ct2/show/NCT01583686
https://clinicaltrials.gov/ct2/show/NCT02580747

Marin-Acevedo et al. Journal of Hematology & Oncology (2018) 11:8

gene-modified cells, specifically, NY-ESO-1c259T cells
that recognize an HLA-A2 peptide are being studied. An
ongoing phase I/II clinical trial is recruiting patients
with unresectable or metastatic synovial sarcoma who
express NY-ESO-1 and HLA-A2 (NCTO01343043). Pre-
liminary results demonstrated the development of
leukopenia (96%), anemia (79%), thrombocytopenia
(79%), one fatal bone marrow failure, and 11 out of 34
cases with CRS. However, ORR was 50% and 1 patient
had a PR [71].

Anti-E6 TCR T cells

The E6 oncoprotein is an essential component of HPV-
related tumorigenesis, and its expression is maintained
in advanced lesion and represents an ideal tumor-
specific antigen. TCR gene-modified T cells that express
a TCR that recognize an HLA-A*02:01-restricted epitope
of E6 has been developed [72]. A phase I/II clinical trial
using these T cells in patients with metastatic HPV 16+
carcinomas, including cervical, anal, and pharyngeal, was
recently completed. No dose-limiting toxicity was seen,
and 2 out of 12 patients demonstrated PRs [73].

Anti-MAGE A10 TCR T cells

MAGE-A10 peptide is expressed by different malignan-
cies including urothelial, HNSCC, and melanoma [74].
The use of T cells containing the MAGE-A10c796 CAR
is being studied in a first-in-human phase I clinical trial
on patients with advanced or inoperable urothelial can-
cer, HNSCC, or melanoma (NCT02989064). Preliminary
results are not available yet.

Tumor-infiltrating T cell therapy
Adoptive cell therapy that utilizes endogenous tumor-
infiltrating lymphocytes (TIL), which are expanded in vitro
from a surgically resected tumor and then re-infused back
into the patient, has demonstrated a 20% complete re-
sponse lasting beyond 3 years in patients with stage IV mel-
anoma [75]. TILs are naturally occurring T cells in the host
able to recognize tumor antigens. This likely explains the
highly specific anti-tumor responses and the relatively low
toxicity of TILs in comparison with TCR gene-modified T
cell therapy and CAR T cell therapy. In addition, TILs are
heterogeneous in their specificity which represents an im-
portant advantage for impeding immunologic escape. Fur-
thermore, TIL therapy bypasses the limitation identifying
specific tumor antigens or the patients HLA type. None-
theless, all its clinical advantages are somewhat blunted by
the complex process required to generate patient-specific
TILs for clinical use. Strategies to improve and simplify the
TIL production are being studied.

Infusion of ex vivo expanded TIL is currently being
studied in conjunction with total body irradiation (TBI)
in a phase II clinical trial in patients with melanoma
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(NCTO01319565). Preliminary results reveal that 13 out
of the 48 patients who received TBI developed throm-
botic microangiopathy, but this was not seen in the
group without TBIL. Regardless, a CR rate was seen in
24% of patients in both groups, and only one of these
patients had recurrence of the disease [76].

Marrow-infiltrating lymphocytes (MILs) have been
used in patients with newly diagnosed or relapsed MM.
In a phase I clinical trial, the overall clinical response
was of 54%, with 27% CR and 27% PR, 23% of patients
had a SD, and only 14% showed a PD. Patients who
achieved at least 90% reduction of disease burden had a
PFS almost 13 months longer; however, no difference in
OS was seen [77].

Oncolytic viruses

Native or genetically modified viruses are a new thera-
peutic approach within the immunotherapy spectrum.
The mechanisms of action of oncolytic viruses are not
fully elucidated but likely depend on viral replication
within tumor cells, induction of primary cell death,
interaction with tumor cell antiviral elements, and initi-
ation of innate and adaptive anti-tumor immunity. A
variety of native and genetically modified viruses have
been developed as oncolytic agents [78]. Of note, these
viruses selectively infect malignant cells due to the lack
of adequate function of anti-viral mechanisms. Though
many viruses have been considered, the most widely
studied to date include herpes simplex virus type 1
(HSV-1), coxsackievirus, reovirus, and adenovirus.

Talimogene laherparepvec (T-VEC; Imlygic) is the first
oncolytic virus approved by the FDA for its use in mel-
anoma. It is an attenuated HSV-1 engineered to replicate
within tumor cells and enhance immune responses [79].
Treatment has been relatively well tolerated, with the
major side effects including fever, chills, nausea, fatigue,
and reaction of local injection site.

Coxsackievirus A21 (CVA21-CAVATAK) preferentially
infects tumors that express ICAM-1. This virus increases
TIL and PD-L1 expression [80]. Therefore, the use of
CVA21 is currently being studied in conjunction with
pembrolizumab in two phase Ib clinical trials in patients
with solid tumors including melanoma, NSCLC, bladder,
and prostate cancer (NCT 02043665, NCT02565992). Both
STORM ([81] and CAPRA [82] trials demonstrated that
the combination is generally well tolerated and the latter
also showed an ORR of 73% and a DCR of 91% of patients
with advanced melanoma. CVA21 is also being studied in
conjunction with ipilimumab in patients with unresectable
melanoma (NCT02307149). Preliminary results demon-
strate minimal additional toxicity with an ORR of 38% (3
out of 8 patients) and a DCR of 88% (7 out of 8 patients)
[83].


http://clinicaltrials.gov/show/NCT01343043
http://clinicaltrials.gov/show/NCT02989064
http://clinicaltrials.gov/show/NCT01319565
https://clinicaltrials.gov/ct2/show/NCT02043665
https://clinicaltrials.gov/ct2/show/NCT02565992
https://clinicaltrials.gov/ct2/show/NCT02307149

Marin-Acevedo et al. Journal of Hematology & Oncology (2018) 11:8

Pelareorep (Reolysin) is a strain of reovirus
serotype-3 which has shown in vitro and in vivo ac-
tivity against many cancers and synergistic activity
with concomitant use of microtubule-targeting drugs
[84]. This agent has been studied in a phase II clin-
ical trial in combination with carboplatin and pacli-
taxel for patients with advanced malignant melanoma.
Results revealed and ORR of 21%, no CR, and a 1-
year survival of 43% with a DCR of 85% [85].
Another phase II clinical trial using pelareorep with
paclitaxel versus paclitaxel alone in patients with
metastatic breast cancer was also recently published
[84]. Median OS was 17.4 months for patients with
both agents and 10.4 months for patients with pacli-
taxel alone; however, PFS was not different between
the groups.

The oncolytic adenovirus DNX-2401 was also studied
in a phase I clinical trial using temozolamide in patients
with first recurrence of glioblastoma [86]. One patient
out of 31 was still alive 30 months after the treatment
was started, and 2 other patients were still alive
23 months after the agent was given.

Enadenotucirev (EnAd) is an A11/Ad3 chimeric group
B oncolytic adenovirus that is currently under investiga-
tion in combination with nivolumab for patients with
tumors of epithelial origin such as salivary gland, urothe-
lial, HNSCC, and CRC (NCT02636036). No preliminary
results have yet been published.

Vaccines

Therapeutic vaccines are designed to increase immune re-
sponse against malignant cells by enlarging antigen-specific
T cell from endogenous T cell repertoire. Its use has the ad-
vantage of producing a specific immune response that po-
tentially spares normal cells [87]. Successful cancer
vaccines require the selection of appropriate antigens, a
platform able to induce robust effector and memory T cell
responses, and strategies to overcome immune evasion and
suppression. Although cancer vaccines can be effective in
settings of early cancer or minimal residual disease, thera-
peutic cancer vaccines will most likely require co-
treatment, such as immune checkpoint inhibitors, to
overcome immune suppression and be clinically effective in
established cancers.

Depending on its composition, vaccines can be classi-
fied into tumor cell vaccines (autologous/allogenic), gen-
etic vaccines (DNA/RNA /viral/bacterial), dendritic cell
(DC) vaccines, and protein/peptide vaccines.

Tumor cell vaccines

Tumor cell vaccines are classified as autologous when
patient-derived tumor cells are used, or allogenic if
established human tumor cell lines are the utilized. Among
the allogenic vaccines, HS-110 (viagenpumatucel-L) is
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derived from lung adenocarcinoma cells. This vaccine is
currently being studied in combination with nivolumab on
a phase I/IIb clinical trial (DURGA trial) which is recruit-
ing patients with NSCLC (NCT02439450). Preliminary re-
sults showed ORR of 50% in patients with IR (immune
response, defined by doubling of IFNy-secreting cells after
re-stimulation with total vaccine antigen and individual
cancer antigens) in comparison to 0% in patients without
immune response among the initial treated 8 patients.
Interestingly, patients with objective responses were also
found decrease in MDSC and increase in CD8+ T cells in
the blood [88].

An autologous tumor-derived gp96 vaccination was
studied in a phase II clinical trial in patients with
advanced gastric cancer [89]. The trial enrolled 73 pa-
tients of which 38 received both vaccination and chemo-
therapy and the remainder received chemotherapy alone.
Overall vaccination was well tolerated with no clinically
significant adverse events. The 2-year OS was 81.9% in
the vaccination group compared to 67.9% in the
chemotherapy-alone arm, though this was not statisti-
cally significant [89].

The GM.CD40L is another allogenic vaccine com-
posed of radiated lung adenocarcinoma cells transduced
with the GM-CSF and CD40-ligand (CD40L) genes. This
vaccine is being studied in patients with lung adenocar-
cinoma in a phase I/II clinical trial in combination with
nivolumab (NCTO02466568) and in combination with
CCL21, a chemokine that enhances T cell response
(NCTO01433172). Preliminary results reveal an acceptable
safety profile with no dose-limiting toxicities and a me-
dian OS similar to single-agent nivolumab (9.4 months)
[90].

Genetic vaccines

Genetic vaccines use DNA/RNA plasmids, bacteria, or
viruses to deliver antigens by transfection of cells that
subsequently process them and present them to immune
cells [91].

The use of messenger RNA (mRNA) that encodes
tumor antigens is currently being studied in clinical tri-
als. RNA-Lipoplex (RNA(p)) is a mRNA vaccine that
encodes melanoma antigens (e.g., NY-ESO-1). It is being
studied in a first-in-human phase I/II (Lipo-MERIT)
clinical trial (NCT02410733). Preliminary results in 15
patients show no dose-limiting toxicities, but no efficacy
results have been published yet [92].

VXMO1 is an oral vaccine derived from live, attenu-
ated Salmonella carrying a DNA plasmid that encodes
vascular endothelial growth factor receptor-2 (VEGER-
2). A phase I clinical trial using this vaccine in patients
with advanced pancreatic carcinoma showed that 12 out
of the 18 patients studied had a considerable increase of
specific anti-VEGFR2 T cells and the OS was 9.3 months
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compared to 8.4 months in those who received placebo.
Furthermore, patients who showed T cell response had a
longer median OS (10.3 months) compared to those
without it (5.4 months) [93].

INO-5150 is a plasmid-based DNA vaccine that en-
codes for highly expressed prostate cancer antigens with
amino acid sequence changes to break immune toler-
ance. This vaccine is being investigated with and without
co-administration of IL-12 (INO-9012) in a phase I clin-
ical trial (NCT02514213). Preliminary results revealed
no dose-limiting toxicities and PSA was stable in some
patients, whereas 10% reported disease progression [94].

INVAC-1 is another plasmid DNA vaccine that encodes
an inactive form of human telomerase, which is expressed
in over 85% of human tumors [95]. This vaccine is cur-
rently being studied in a phase I clinical trial with refrac-
tory and progressive solid tumors (NCT02301754).
Preliminary results reveal no dose-limiting toxicities with
only mild adverse events, 12 out of 20 patients achieved
SD, and anti-human telomerase activity was found in 55%
of patients [95].

pTVG-HDP, also a plasmid DNA vaccine, encodes pros-
tatic acid phosphatase (PAP). It is being studied in a
phase II clinical trial in patients with non-castrate, non-
metastatic prostate cancer (NCT01341652).

Listeria monocytogenes can survive in the cytosol of
host cells and is therefore considered an ideal vector for
tumor antigens [96]. ADXS11-001 is a live, attenuated
Listeria monocytogenes, which 1is bioengineered to
secrete a HPV-E7 antigen, a marker of HPV transformed
cells. This vaccine is currently being investigated in a
phase I clinical trial in patients with persistent, recur-
rent, or metastatic cervical carcinoma (NCT02164461).
Preliminary results revealed that most adverse events
were mild (grades 1 and 2), with no grade 4 or 5 re-
ported. Tumor response analysis is ongoing and not yet
published [97].

Adenovirus is also used as a vaccine vector. In a phase
I clinical trial, the use of the cancer antigen MAGE-A3
primed to an adenovirus (AdMA3) is being investigated
in conjunction with an oncolytic virus (MG-1 Maraba
virus) that also expresses the MAGA-A3 antigen
(MG1MA3), in patient with MAGE-A3 expressing solid
tumors (NCT02285816). Preliminary results reveal a po-
tent induction of pro-inflammatory genes with subse-
quent anti-tumor activity. However, dose-limiting
toxicities also occurred in 4 out of 41 patients mani-
fested by hypoxia, dyspnea, vomiting, and headache [98].

Dendritic cell vaccines

DCs play an important role in bridging innate and adap-
tive immunity, and as such are considered an important
target for immunotherapy. The autologous tumor lysate,
particle-loaded, dendritic cell (TLPLDC) vaccine consists
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of DCs that are exposed to autologous tumor antigens, be-
come particle-loaded, and are infused back to the patient.
This vaccine is being investigated in patients with stage III
or IV of ovarian cancer and preliminary results reveal
minimal toxicity, 1 out of 12 patients demonstrated CR, 1
had a SD, and 4 had a progression of their disease [99].
AdHER2ECTM consists of autologous DCs expressing
human HER?2 extracellular and transmembrane domains
and is currently under investigation in a phase I clinical
trial on patients with advanced tumors expressing HER-2
(e.g., colon, breast, ovarian) (NCT01730118). Preliminary
results show that adverse events were limited to local in-
jection site reactions, 37% had evidence of response,
namely, 1 out of the 27 evaluated patients demonstrated
CR, 1 had PR, and 5 had SD [100].

CMB305 is another DC vaccine that carries the NY-
ESO-1 gene and a boost with G305, a NY-ESO-1 protein
vaccine [101]. This vaccine is currently being investi-
gated in a phase I clinical trial in patients with NY-ESO-
1-expressing solid tumors. Preliminary results reveal an
increase of anti-NY-ESO-1 T cells in up to 65% of
patients and anti-NY-ESO-1 antibodies in up to 68% of
patients [101].

A Modified Vaccinia Ankara (MVA) vector vaccine
expressing genes for brachyury (a transcription factor
important in the epithelial-to-mesenchymal transition
and in tumor resistance to treatment) and costimulatory
molecules (e.g., ICAM-1) designated TRICOM was de-
veloped for transducing DCs [102]. This vaccine was
studied in a phase I clinical trial in 38 patients with
advanced solid malignancies [102]. No dose-limiting tox-
icities were observed, and 82% of patients developed
brachyury-specific immune responses.

BPX101 is another DC-derived vaccine which was re-
cently evaluated in a phase I clinical trial in 18 men with
progressive metastatic castrate-resistant prostate cancer
[103]. Results revealed no dose-limiting toxicities, one
case of CR, and two PR.

Protein/peptide-based vaccines

The use of specific tumor-associated antigens has the
advantage of inducing specific immune response against
defined antigens, sparing healthy tissue. However, be-
cause only defined epitopes are used, a specific but
sometimes insufficient response may be generated as
tumor cells often exhibit mutations of the epitopes used
[104].

Wilms tumor gene-1 (WT-1) is overexpressed in many
hematological and solid malignancies where it plays an
oncogenic role [105]. The use of WT-1 peptide vaccine
with gemcitabine was investigated in a phase II clinical
trial on patients with pancreatic adenocarcinoma [106].
Results revealed an increased OS from 21.5 to
342 months in patients with gemcitabine alone
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compared to gemcitabine and WT-1 peptide vaccine, re-
spectively. WT4869 is another peptide vaccine derived
from WT1 that was recently studied in a phase I/II clin-
ical trial in 26 patients with MDS. Results reveal an ORR
of 18.2% and a median OS of 64.71 weeks, with an anti-
WT1 lymphocyte induction occurring in 11 patients
[107].

Galinpepimut-S is a WT-1-derived peptide vaccine
with GM-CSF and Montanide as adjuvants that is being
studied with compared to these last two alone, in a
phase II clinical trial in 41 patients with pleural meso-
thelioma [108]. Results revealed a PFS of 45% in the
patients with the vaccine arm compared to 33% in those
without the vaccine. Median OS was 22.8 months in the
vaccine group compared to 18.3. Most adverse events
were not clinically significant. Unfortunately, the trial
did not achieve statistical power.

DPX-Survivac is a peptide-based vaccine containing
survivin epitopes to elicit cytotoxic T cell response
against survivin-expressing tumors. A phase Ib clinical
trial on patients with ovarian/fallopian/peritoneal cancer
studied this vaccine in combination with low-dose of
cyclophosphamide [109]. Besides being safe, it demon-
strated achieving sustained immune responses. This
vaccine is also being investigated in hematologic malig-
nancies in a phase II clinical trial that is currently
recruiting patients (NCT02323230).

AE37 is a vaccine that contains HER-2-derived epi-
topes that stimulate T cell response. It is currently being
studied on a phase II clinical trial on patients in combin-
ation with GM-CSF in patients with HER-2-positive
breast cancer (NCT00524277). Preliminary results reveal
the vaccine is safe and well tolerated, and disease-free
survival was improved from 51% with the use of GM-
CSF alone compared to 89% with AE37+ GM-CSF [110].

Heat shock protein 70 (HSP70) and a glypican-3
(GPC-3)-derived peptide is undergoing investigation in a
phase I clinical trial in solid tumors that express these
antigens (UMIN000020440). Preliminary results revealed
no severe adverse events, a decrease tumor marker ex-
pression in 6 out of 12 patients, and disease control in 5
patients was observed [111].

URLC10-CDCA1-KOCI1 multipeptide vaccine uses three
HLA-A-24-restricted epitope peptides derived from cancer
cells: upregulated lung cancer 10 (URLC10), cell division
cycle-associated 1 (CDCA1), and KH domain-containing
protein overexpressed in cancer 1 (KOC1). A phase II clin-
ical trial studied this vaccine on patients with esophageal
squamous cell carcinoma and found that it is capable of in-
ducing highly specific T cells against these antigens [112].

Other peptide-based vaccines that are undergoing clin-
ical trials but without preliminary results include the
mutation-derived tumor antigen (MTA)-based peptide
vaccine (NCTO02721043); a personalized neoantigen
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vaccine NEO-PV-01 (NCTO02897765); a vaccine com-
posed of GM-CSF and CD40L (GM.CD40l)
(NCT02466568); the OCV-C01 composed of peptides
derived from KIF20A, VEGFR1, and VEGFR2
(UMINO000007991) [113]; and a Toll-like receptor-2
(TLR2) ligand-synthetic long peptide (SLP) vaccine con-
taining HPV-16 E6 protein long peptides (2014-000658-
12) [114].

In situ vaccines
Poly-ICLC is a synthetic immune danger signal and is
specifically a mimic of viral dsRNA that can ligate TLR-
3 and trigger cytokine production by DCs with subse-
quent immune activation and enhancement of the
vaccine-induced anti-tumor responses [115]. A phase I/
II clinical trial was recently conducted using this TLR
ligand as an in situ vaccine in patients with multiple
solid tumors including melanoma, breast, and HNSCC.
Most of adverse events were mild and limited to the site
of application; only 1 out of 8 patients achieved SD for
41 weeks, the remainder of patients showed PD [116].
BO-112 is a synthetic dsSRNA administered intratumo-
rally; it activates pro-apoptotic signals MDA-5 and
NOXA and increases IFN response genes leading to the
anti-tumor activity [117]. Its use is being studied in a
phase I clinical trial in patients with palpable malignant
tumors including melanoma and breast cancer
(NCT02828098). Preliminary results revealed only one
episode of reversible thrombocytopenia, with increase in
circulating immune cells [117].

Neoantigen vaccines

Neoantigens are molecules expressed on tumor cell’s
surface by DNA mutations that present in tumor cells,
but not in normal cells, making it an attractive cancer
vaccine target [118]. Although neoantigen cancer vac-
cines have been long envisioned as ideal, its discovery
and evaluation only became feasible recently with the
development of highly efficient sequencing. Different
from other immunotherapy such as checkpoint inhibi-
tors and CAR T cells, vaccines targeting neoantigens are
designed to be individual-specific. This personal vaccine
induces a focused T cell response to patients specific
tumor neoantigens and avoids toxicities caused by dam-
age to normal cells and tissues [119]. Multiple studies
are ongoing to further explore this novel exciting
approach.

A first-in-human clinical trial on patients with ad-
vanced melanoma identified individual mutations and
neoantigens and developed a vaccine unique to each
patient IVAC MUTANOME) (NCT02035956). All 13
patients showed T cell response against neoantigens.
Eight patients remained recurrence-free for the entire
follow-up period (12-23 months). Two of 5 patients that
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relapsed and achieved objective clinical response, and
one of them achieved a CR in multiple metastatic lesions
that had been unresponsive to radiation therapy and
CTLA-4 blockade. A third patient also achieved CR to
vaccination in combination with PD-1 blockade [119].
No major adverse events were reported.

The use of specific neoantigens in personalized vac-
cines is being explored in a phase I clinical trial in
patients with melanoma (NCT01970358). The vaccine
targets up to 20 personal tumor neoantigens and prelim-
inary results reveal that 4 of the 6 vaccinated patients
had no recurrence of the disease at 25 months after vac-
cination. The other two patients that experienced recur-
rence were subsequently managed with anti-PD-1 and
achieved a complete tumor regression. Adverse events
were mild and consisted of flu-like symptoms, injection
site reactions, rash, and fatigue [120].

Other approaches in immunotherapy

Targeting myeloid-derived suppressor cells

Myeloid-derived suppressor cells (MDSCs) are immature
myeloid cells that promote immunosuppression and
favor tumor growth [121]. The TNF-related apoptosis-
inducing ligand receptor (TRAIL-R)-2, also known as
death receptor (DR)-5, is found on tumor cells and
MDSCs, and its activation promotes apoptosis in these
populations [122]. The use of the TRAIL-R2 agonist
antibody, DS-8273a, is being studied. Results of one trial
in patients with solid tumors revealed only mild to mod-
erate adverse events, no dose-limiting toxicities, and a
decrease in blood levels of MDSCs [123].

Cytokine gene therapy
IL-12 has been considered a good option for immuno-
therapy given its potent anti-tumor effect [124]. This
cytokine promotes the activation of NK and T cells and
synergizes other cytokines with anti-tumor effects [124].

Ad-RTS-hIL-12 is a replication-incompetent adeno-
virus engineered to express IL-12. By default, IL-12 ex-
pression by this virus is “off,” but with the use of
veledimex, gene is activated and 1L-12 production is
started [125]. The use of Ad-RTS-hIL-12 with veledimex
is being studied in patients with advanced gliomas in a
phase I clinical trial (NCT02026271). Preliminary results
revealed that the most frequent adverse events were
mild flu-like symptoms, grade 3 CRS, and grade 3 trans-
aminitis; however, all were reversed upon discontinu-
ation of therapy. A median OS of 12.5 months was also
observed [126]. This technology is also being studied in
patients with locally advanced or metastatic breast can-
cer (NCT02423902); however, no preliminary results
have been revealed yet.

IL-2 enhances the immune system through the IL-2
receptor (IL-2R) [127]. NKTR-214, an engineered
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cytokine that specifically stimulates IL-2R, is being in-
vestigated on phase I/II clinical trials on solid tumors
(NCT02983045, NCT02869295). Preliminary results on
the former trial show no dose-limiting toxicities. One
patient had a 40% decrease in LDH, and another patient
had an unconfirmed CR after only 6 weeks of treatment
[128]. The latter trial revealed no dose-limiting toxicities,
a tumor size reduction ranging from 10 to 30% in 6 out
of 26 patients (23%), and an increase of T cells and NK
cells within the tumor microenvironment in 100% of
patients [129].

Targeting tumor microenvironment

Cancer cells require a milieu, known as tumor micro-
environment, which allows their growth. This micro-
environment consists of immune and nonimmune cells
and non-cellular factors that interact among each other
and promote a chronic inflammatory, immunosuppres-
sive, and pro-angiogenic ecosystem that favors tumor
survival, growth, and dissemination [130]. Some of these
factors that have been identified are being investigated
as potential therapeutic targets, often in conjunction
with other immunotherapy agents.

Indoleamine 2,3-dioxygenase (IDO) is an enzyme that
converts tryptophan to kynurenines. These latter pro-
mote the formation of Tregs, increase the number of
MDSCs, and decrease the activity of CD8 T cells with a
resulting inhibitory environment [130, 131]. BMS-
986205 is an IDO1 inhibitor that is being studied on a
phase I clinical trial in conjunction with a PD-1 inhibitor
in patients with advanced solid tumors (NCT02658890).
Preliminary results reported mild toxicities except for
three cases of grade 3 hepatitis, rash, and hypopho-
sphatemia. No efficacy was described [132]. Indoxi-
mod is another IDO inhibitor undergoing phase II
clinical trials on melanoma (NCT02073123) and pan-
creatic (NCT02077881) and castrate-resistant prostate
cancer (NCTO01560923). Preliminary results reveal an
ORR of 52% in patients with melanoma when used
with immune checkpoint inhibitors [133]. Patients
with pancreatic cancer had an ORR of 37% when
indoximod was used with both gemcitabine and nab-
paclitaxel [134]. Median PFS increased from 4.1 to
10.3 months in castrate-resistant metastatic prostate
cancer compared to placebo [135]. Epacadostat also
blocks IDO pathway and is being evaluated on phase
I/II clinical trials with multiple solid malignancies
(NCT02327078, NCT02178722). Preliminary results
have demonstrated an ORR ranging from 75% in mel-
anoma to 4% in CRC. No dose-limiting toxicities were
identified [136, 137].

Toll-like receptors (TLRs) are critical in the identifica-
tion of pathogens but play a complex role in
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tumorigenesis. TLRs like TLR4 promote cancer progres-
sion by promoting inflammation in the microenviron-
ment. TLRs like TLR7/8 and TLR9 promote anti-tumor
responses by inducing a “danger signal” and activating
the immune system against malignant cells [138].
MEDI9197, a dual agonist of TLR7/8, is under phase I
clinical testing in combination with durvalumab and ra-
diation therapy on metastatic or locally advanced solid
malignancies (NCT02556463). Preliminary results show
that the agent is overall safe with only mild adverse
events. No efficacy data has been yet reported [139].
PG545 (pixatimod, pINN) is an agonist of TLR9/IL-12
tested in a phase I clinical trial in patients with advanced
solid tumors [140]. Results show that 3 out of 23 pa-
tients developed dose-limiting toxicities and the best re-
sponse achieved was a 24-week SD and a DCR of 38%.
Polyinosinic-polycytidylic acid polylysine carboxymethyl-
cellulose (poly-ICLC) is a potent TLR3 agonist that was
studied in combination with radiation in a phase I clin-
ical trial in patients with hepatocellular carcinoma not
eligible for surgery [141]. Intratumoral injection was
found to be safe with mostly grade I-1I adverse events, a
PES of 66% at 6 months and 28% at 24 months and an
OS after 1 year was 69% and 38% after 2 years [141].

Arginine is an amino acid required for T cell activation
and proliferation. Malignant cells produce high levels of
arginase and deplete arginine interfering with immune
activation [142]. CB-1158, an arginase inhibitor, is being
studied in a phase I clinical trial alone and in combin-
ation with a PD-1 inhibitor in patients with advanced
solid tumors (NCT02903914). Preliminary results reveal
no dose-limiting toxicities, > 90% of arginase inhibition,
and up to a 4-fold increase in plasma arginine levels
[143].

Oncolytic peptides

LTX-315 is a cytotoxic peptide that damages the
tumor-mitochondrial membranes and triggers caspase-
independent necrosis leading to a massive release of
tumor antigens and to an increase in TIL activity
[144]. A phase I clinical trial is investigating this
agent as monotherapy or in combination with ICIs in
patients with metastatic solid tumors, particularly
melanoma and breast cancer (NCT01986426). Prelim-
inary results showed that 2 patients achieved a CR, 5
patients had a decrease of >50% of the tumor size,
and 8 patients achieved SD [145].

Conclusions

Cancer immunotherapy has changed the landscape of
modern oncology in varied cancer types. Immunother-
apy with checkpoint inhibitors has significantly im-
proved the clinical outcomes in some, but not all
patients. This is likely due to individual differences in
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immunogenicity of tumor and immunosuppressive
tumor microenvironments. The understanding of emer-
ging novel immunotherapeutic approaches beyond im-
mune checkpoints discussed above will likely open the
opportunities to patients with cancers that have failed to
respond to an immune checkpoint inhibitor alone. Fur-
thermore, combination therapies targeting different
immune mechanisms will likely to better modulate the
immune systems to boost an anti-tumor response.

The development of tumor-directed antibodies,
antibody-drug conjugates, CAR T cells, oncolytic viruses,
vaccines, and even genetic therapy has allowed for a
more targeted and tumor-specific therapy rather than a
non-specific cytolytic chemotherapy or radiation ther-
apy. Next wave of clinical trials are already evaluating
the combinations of immunotherapy agents from differ-
ent classes. Immune-related side effects, cost of treat-
ment, lack of response biomarkers, and tumor relapse
are remaining challenges. Nevertheless, this rapidly
advancing field is becoming the most promising treat-
ment component of current oncologic therapy.
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