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Abstract

The historical background and current direction of cancer immunotherapy have been overviewed. Among them
has been a special focus on lung cancer immunotherapies, which have been undergoing global phase III trials, such
as L-BLP25 (MUC 1), MAGE A3 protein, and Belagenpumatucel-L (allogeneic lung cancer cell lines). We also
introduced our new trial using autologous tumor lysate-pulsed DC as a surgical adjuvant therapy (Umin-CTR:
000005776). Finally, results from the new methods to block immune checkpoints, such as anti-CTLA4 Ab, anti-
PD-1 Ab, and anti-PD-L1 Ab, and the adoptive transfer of gene manipulated T lymphocytes, such as TCR trans-

duced T cells and chimeric Ag receptor transduced T cells have been examined.

(Jpn J Clin Ecol 22 : 18 — 24, 2013)
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T BEOMINCZ S O % 4E# L THAo
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@ Coley’s toxin 2%l & Wb TWw b, New York

® Sloan Kettering Cancer Center D ¥} £}HE TH -

7z William B Coley #3350 1 2 P JE 55 (21 52
HERHE2T 52 ETHEEORMNALNS Z & & H
HLTWAEY, ZoHIOKEZI -1 v Iz
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720 19604EAR DD ) T 512 BCG A1 A3 R
R L, WS IOREL 79 Y AR ETRE
MDD X%k 572% 7% HARTIEBCG
DFOT T 2Ny MEWEOWITEZ B A T > T
72 WA e — KRBOK #2845 D 7 v — 7 %3 BCG-cell
wall skeleton (BCG-CWS) DHUIESZRhH % FEHH L .
I e H7EREz . B BIEZ% & TR
AN, FD%Z OWSEIX Nocardia rubra O
CWS” NET 5T NR R OFIE. proof
of concept [ZEEMI BT T 5N THE L TREW
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BtaEfd:t LT~ a7 7y — Y%A ET5H
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B o 72 NOFIZHUENED B 2 D2 &\ 9 dr i ]
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X9 B AR E ) HETHLRD2.9% 128
oz faemE L TRAMICZVw - 72 (3
3)7 RIREFEECELVHEB L LTHA 2%
JEF IR D B Z E S IZER, IR
BICHT T B RROBEEMARFHE SN THHIZE S
TWwWb, ZORI19844FE 121X Milstein (& / — NIV E
2 H LT/ 70— VUK rituximab H35EH 12
EONIEL7-DDN97FETH -7z, 72 DC 5
# @ Steinman (320114E12 ) —RXVEZZE L7
D BRI A DDIZH LA BHZE L 72
DC 7 7 F V¥ % 2T 2 h3 S 4 451 O B A 1%
WZHEIEFF 2 3T o Tz 20104F 12 1d apheresis T
f+ 572 PBMC (KA1 HEEK) %2 GM-CSF &
PSA o @l 4 % F1 C in vitro 1 # L 7z Sipuleucel-T
(Provenge) 23] CTORIEMIHED: & L TRV
T VARG LR AT A FDA 5 5 KGR S vz
L', 20114F 121X 52 9% I 25 @ priming phase T {if
LI 7 THllE 2 A3 % > 7+ CTLA4
70 7§ 5HK Ipilimumab A% B4 6 12
% LC FDA % & @0 & i '™'¥, 20124F121& CTL

R B s =44 T M) @ effector phase © CTL @
HHE % negative regulation 9% PD-1" B L U2 D
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R1 HAREREDESE

1898  Coley’s toxin(Strept. pyogenes, Seratia marcescens)
1969~ Living BCG
1974~ BCG-CWS, OK432 ,Nocardia-CWS , PSK etc.
1975 Hybridoma technique for production of MoAb (Dr Cesar Milstein)
1978  Dendritic cells ; identification and role in immune
response (Dr Ralph M Steinman)
1985~ Recombinant cytokine : IL-2, IL-12, IFN etc.
Adoptive transfer of LAK cells
1991~ Identification of human cancer rejection Ag: MAGE
Ag vaccination(peptide, protein, DNA, tumor cell)
wiwo adjuvant(DC, FCA, FICA, CpG etc.)
Adoptive transfer of CTL
1997~ MoAb for cancer treatment
rituximab,trastuzumab,bevacizumab etc.
2003 Completion of human genome project
2004~ Counter-measures for tumor escape mechanisms
Treg, IDO, TGF-B, VEGF etc.
2010 Approval of Sipuleucel-T against prostate cancer by FDA
2011 Approval of ipilimumab for malignant melanoma

2012  Effect of anti-PD-1,PD-L1 for various solid tumors including
NSCLC

&2 HhbhHiERMARRD SEE L -MER

-
EHRESR
Classification Origin Ag coding gene Epitope peptide HLA restriction
Mutated Ag A904L mutated-p53 TRVLAMAIY Cw7
R
B1203L mutated-NF-YC AEJ())ITKTEV B52
Q)
Cancer-testis Ag
F1121L KK-LC-1 RKRILVNL B15
Over-expressed Ag
A904L Tara NYGFZIHTK A24
SGT1 CHILLGNYC B39
AL137255 VYPEYVIQY Cw7
A110L GITR not yet determined Cw12
H1224L RP-L19 KNKRILMEH A31
C831L LRRC8C GPRESRPPA B7

#& 3 Final Results of Various Vaccine Trials
at Surgery Branch of NCI

(Rosenberg SA et al., Nature Med. 10: 909-915, 2004)

Di No. of patients Percentage
melanoma 422 96%
renal cell cancer 10 2
ovarian cancer 4 1
colorectal cancer 3 1
breast cancer 1 0
Response evaluated by RECIST

CR 4 0.9%

PR 9 2.0

NR 427 97.0
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I TICHE AR D Y 5 =AM EAER IS
Ao TWnE DL LTEAIZHITHDONDH %,
ENOLOEMHABETORREE T LDONES
Td 5. L-BLP251E MUCL % #ERy & L T MUC14
HOWD257 3 JBED 5 7% 5T F K% A lipid
A %Nz T liposome & L CH 595 b DT, Stage
IIIB C Best supportive care ® I ¥ b 1 — L |k
RTHAFHHOBEBEOREENED LN TNEY,
MAGE-A313 MAGE-A3%& H % 5& &Y kr S L 7z
stage IB/II ® NSCLC (FE/NHlFEAtifE) (2t o
7Yayy v ML THE L T Disease free in-
terval (DFI) AYHE TN 2 M A3 A H LT 5%,
Belagenpumatucel-L (& 4 FfE3H o fligg Mok (B -
2. WP L1, KMl 1) 12 TGF-B @
anti-sense oligonucleotide L ¥ LU T i 44 #3 B2 5
100Gy Z Iz <#H 53 % b DT, F&5MEEH2.5
~5x 10°PA L@ 3 O T Overall survival (0S) 7AS%E
BLTWw2Y, IhHo7—4%% b LIE=MR
A E T, FhENL47661. 2,27060, 70041
DIEBIEEZ O S L THEITH TH b0 TORERD
ff7zhza LA TH b,

#F4 Ongoing Phase 3 Immunotherapy
Trials in NSCLC

Treatment Arms Study Design Planned Primary End Point
accrual
L-BLP25 vs placb unresectable stage IlI 1476 overall survival
MAGE-A3 vs placb MAGE-A3+ stage IB,II, 2270 disease free
survival
or IlIA, randomized2:1
Belagenpumatucel stage III/IV as maintenance
-L vs placb following first line chemo/ 700 overall survival

#&5 Phase 2 Study Results of Vaccines
Currently in Phase 3 Development

Name Target Study Design Outcome

L-BLP25 MUC1 171 patients with stage Patients with stage 11IB showed
HIB/IV NSCLC improved survival (30.6 vs 13.3m
BLP25 or BSC ,p=0.16)

MAGE-A3 MAGE-A3 182 with completely trend for extending DFI1,p=0.107

resected MAGE-A3+
stage IB/Il NSCLC
Belagenpumatucel-L 75 NSCLC received 15% response rate in advanced
4 lung cancer 1.25,2.5, or 5x 107 cells  group, 2y OS 52 vs 20%;2 higher
cell lines + doses vs lower dose
anti-sense TGF-B2

2. bhbhOHLLVEYIEA - BRES
lysate-pulsed DC IC & BT I F &% (R6)
T2 YRGBT Va7 v MREE LT
CBDCA (Carboplatin) +GEM (Gemcitabine) @
1279 1 & # A A T Autologou tumor lysate-
pulsed DC 12 X % $E 1% % YIBR T fE % stage IB
~ IV ® NSCLC & # 8 #1247 - 72 (UMIN-CTR:
000005776) . € DA 3 B THUEFER T CTL D
FEDFED B, TS OFER T lysate-pulsed
DC 1ZxF3 % DTH (Delayed-Type Hypersensitivity:
PBIERIGIEROS) b8 5, £ 72 CTL clone A%
O NTHEB S & 1) Z DRIEFEE D proof of con-
cept ViFEOLN/EEZTn5D (£6), 51I1ZE
RAFNZ DWW THERF L Tw <

#F6 autologous tumor lysate-pulsed DC (Z
& B REDWTE BN EEDR A DFER

fE] 5 W M&E TNM f&H#] DTH CTL  DFI(m) 0s
induction (m)

1 79 RLL Sq T3N1MO A 17x10  yes >21 >21

2 66 RLL Ad T1bN2MO  1IIA 10x8 yes 62 >20

3 61 RLL Sq T2aN2M0  llIA 90x60 yes 62 >18

4 63 RUL Sq T2aNOM0O 1B ) no >15 >15

5 67 LLL Ad T1bN2M1b IV 2x1 no 120 >13

6 73 RUL Ad T2bNOMO 1IB 15x15 no 10¢ >13

7 715 RLL Sq T3N2MO A 15x10 no 8d >12

8 70 RLL Sq T2aN1 MO 1IA ) no >9 >9

a: hilar node=PET positive at 6months after operation
b: chest wall recurrence

c: liver metastasis detected by CT

d: mediastinal lymph node meta detected by PET/CT

3. Immune checkpoint blocker IC & % &%
DR (B1)

B A3IE ML ¥ M % 12 & priming phase T 1
TCR (T cell receptor) %% DC fll® MHC/Ag & %
& L 72 721F Tid 72 ¥ T costimulatory signal 7%
CD28% B LT B L 5> TIEV L LERH L, Z
@ costimulatory signal 25 CTL 12 A % & H b I
CTL & CTLA-4% %83 L 2 11id B7%* 5 inhibitory
signal # Z\JHL A Z £12 X ) CTL oG HEAL % #)
#il9 5, —Jj. effector phase T & CTL @ TCR
\Z MHC/Ag @ signal 2* A% & PD-123%8L L T %
® ligand T# % PD-L1iZ X ) CTL i apoptosis I
ez, COXHITRERTBEEIULE LT S 7R
Az aryra—rEhTn3?, Thb
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Immune checkpoints: normally terminate immune responses after Ag activation 3X#k26 & U

1 Immune-checkpoint-pathway inhibitors

@ checkpoint # 7' 1 v 7 9 % @ %% anti-CTLA-4
Ab (ipilimumab) T3 V. anti-PD-1 Ab & % \» (&
anti-PD-L1 Ab TH 5%,

Ipilimumab (22> Tl Y4 9) malignant melanoma
NP 5201 1AF TGRS T B H3Z Dl
WECTOMRD DL EPHME SN TS, Anti-
PD-1" {22 W TIZZ L Z 7 objective response (%
%) 7% melanoma T26/94 (28%). NSCL14/76
(18%). renal cell carcinoma 9/33 (27%) T & 1
[ %5 > PD-L1D 5 BLA 22 v b O TiX0/17, FE Bl
WdH5HHDTIEI/25(36%) D response rate T o
72 £ w9, Anti-PD-L11Z © \» T (* melanoma T
9/52 (17.3%). NSCLC T1&5/49 (10.2%) O re-
sponse rate TH - 7%, L2 bR E ORI E
ol I Twa,

V. #HLUULER

C O X ITBHNIHEIUEII T 5 RIEISE % P
Ji & W72 ) W h o 720§ B S G A5 iR
DEFRTH > 7225, Iilk TR HIE S % negative
WZay va— V3 E5FE0 Ty 7 THEERIED
HHIENMY, SRIIZOMEZMAEDET
EHREPHEEIN T DLEZ NS, 1)
—o2 @O CTL 2SR HICFETE 5 X
I o2 ORI IZH$ 5 CTL @
TCREETFR 70—V 7 LCHEASDY ¥
NERICEEFBA L TEIAFZ CTL 23ER ]
RE L 7o 72", bivb N b ks CRIE L 72653
P KKLC-1% HLA-B154 3P 12 #25#% 3 % CTL
70— ho TCREEFOI7 O —= VT E2iTV
LA NVARYZ & —TyTHRBIZBALT
PUE 55 %0 % R 5 KBk & KKLC-1 (+).
HLA-B15 (+) Nifidg#iia% > T SCID ¥~ A %
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HwTiro7: (K2), 2Of%, K3 ITRT X
O \ZHEG AR lw THBBMG L 72T 935
LWRIERD D % 25, Bhife2w THBMG T 5 &
BRI R BB L o7 TORERMER
DK & U CRAIES 122w 72 Tl FAS-L Gtz
WZHRFAS DY Y F) BT 5L AW
LM% ->THBY, FAS (+) @ CTL 2* apoptosis
275k L EZ 5Nz, PD-LIOFH S Bald %4

SCIDT™ RM & FIZtumor cell (B901L-parental, BOO1L-HLA-B15) 2x105 & T 1i&

| |

R TR LEE) (BHR T EELa%

&YTCRaB-CDS-yST || KYTCRaB-CD8-yST

#faE1x10°% B 18] || #FEZ% 1x105% 823

E#REY#E E#REYEE
(B R TiiEsa% | ([En L T EER%
&YTCRaB-CD8-yST || LYTCRaB-CD8-yST
#RZ 1102810 | | #Hfa% 1x10°% 2@
ERiREYEE FRAR K YRRE

AEE (n=4) BEE (n=4) CE# (n=4) DE (n=4)

2 TCRap A yoT flREHTIC KB EEDIR
REEE B K UA RS HAD MRS

23

YD B LEZTWD, — 7 TP IR
F APk 25 & T il @ signaling domain
% %4 &7z chimeric antigen receptor (CAR) %
AL 7 T ML Z TV 2 iE# AT E <12 CD-1912
9Pk T BMBEAMRECHEHE SN
THEH. O TIE HLA class I DA
PTE WA DS 5, — I CTEE ZEITEH
cytokine storm syndrome b5 2N THH 2D
MRAVRE L % 5% L, MiFEO%HE 3G &
& M FEHUR Z 23 5 hikey &7 5B,
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