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Chimeric Antigen Receptor T-Cell Therapy for Diffuse Large B-Cell Lymphoma

Heejung Chae and Dok Hyun Yoon

Department of Oncology, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

CD19 chimeric antigen receptor T-cell (CAR-T) therapy, a genetically engineered cell therapy, showed unprecedented efficacy

in the treatment of relapsed or refractory diffuse large B-cell lymphoma. Two agents, axicabtagene ciloleucel and tisagenlecleucel,

were approved by the Food and Drug Administration in 2017. However, CAR-T therapy is a treatment with complex logistics and

high costs, as well as inherent adverse events, including cytokine-release syndrome and neurotoxicity. In addition, predictive bio-

markers for efficacy and toxicity are lacking. Industry-academy cooperation is urgently required to develop CAR-T therapy that is
effective, safe, and affordable for patients in Korea. (Korean J Med 2019;94:152-158)
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Figure 1. (A) Basic structure of three generations of chimeric antigen receptor T-cells. (B) Structure of axicabtagene ciloleucel, tisagenle-
cleucel, and lisocabtagene maraleucel. CAR-T, chimeric antigen receptor T-cell; scFv, single-chain variable fragment.
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Table 1. Summary of the data from pivotal trials of CD19 CAR-T

Study ZUMA-1 JULIET TRANSCEND-NHL-001

Sponsor Kite pharma Novartis Juno therapeutics

CAR-T Axicabtagene ciloleucel Tisagenlecleucel Lisocabtagene maraleucel

Structure FMC63/CD28/CD3zeta FMC63/4-1BB/CD3zeta FMC63/4-1BB /CD3zeta

Vector Retrovirus Lentivirus Lentivirus

CD4:CDS8 Not specified Not specified 1:1

No. of enrolled patients 119 165 134

No. of treated patients 108 111 114

No. of assessable patients 101 93 73°

Time to infusion, median Not reported 54 days (30-92 days) Not reported

Bridging chemotherapy 0% 92% Not reported

Lymphodepletion Flu 30 mg/m” + Cy 500 mg/m>  Flu 25 mg/m’ + Cy Flu 30 mg/m” + Cy 300 mg/m’
for 3 days 250 mg/m2 for 3 days for 3 days

Dose of cells 2.0 x 10° cells/kg

Disease subtypes DLBCL, PMBL, tFL
OR rates 83%

CR rates 58%

PFS, median 5.9 months

Duration of response 11.1 months

OS, median Not reached

CRS 2 grade 3 13%

Neurotoxicity > grade 3 28%

Tocilizumab use 43%

Steroid use 27%

or

Bendamustine 90 mg/m2 for 2 days

Median 3.0 x 10 cells

DLBCL, tFL

52%

40%

Around 3 months (ITT)
Not reached

8.3 months (ITT)
12.0 months (PP)

22%
12%
15%
Not reported

5.0 x 10’ cells (DL1) or
1.0 x 10° cells (DL2)

DLBCL, tFL, FLG3B
80%

59%"

Not reported

Not reached

12 months

3%"
15%*
7%
10%

SRE

CAR-T, chimeric antigen receptor T-cell; DLBCL, diffuse large B-cell lymphoma; PMBL, primary mediastinal B-cell lymphoma; tFL,
transformed follicular lymphoma; FLG3B, follicular lymphoma grade 3B; OR, overall response; CR, complete response; PFS, pro-
gression-free survival; ITT, intention-to-treat; OS, overall survival; PP, per protocol; CRS, cytokine-release syndrome.

*Core cohort: diffuse large B-cell lymphoma (n=53) and transformed follicular lymphoma (n=27).

"Estimated from Kaplan-Meier curve.
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Lisocabtagene maraleucel (JCARO17)

Lisocabtagene maraleucel-> Fred-Hitchinson FAIE| oA 7]
U CARTE 242 /45|25, 41BBS 23 A5 29|
2 ARl THE CAR-TSF ©He] CD4 TAESF CD8 TA|E
o] M9 1118 W Ho| Exo]ch. TRANSCEND-NHL-001
a7l A 1439 B} SR 0f 3 s
AEELE, BEIBALYLE, A LxULTUG £
Yokt AYREE YL o B
S 80%, % A tJ_PO 5 59
41%2] AP} Rl Ak u}[zl]

Al 7FA] CAR-T B TR AA] ol $71 Bt oz
224 %l double hit lymphoma % double expressor lymphoma 5
A E 2L 7 AINE HYrt 0|2 ZFsld aF<Q
A&7 gAo] gl Bt dl$2] 2HAtollA4] CD19 CAR-T=
OF 50-80% HEO] WRS-B-S Holu] A Bl A XS
7l = & Alew Helth

FIE R g B B =

JElh CART A= SHAZAE Bolo] THIZ T4E
SESE AR D4 S4S B9 4 3tk o] % Alo|=
711 B H|Z 3K (cytokine release syndrome, CRS)2} 417 54
o] Ao ul$ FRelTh CRSE CARTS] S5} 3l =
K3t Bl @54 Alol7Rle) 7t S7lshaA e, 3
27 &3 9 BAEH §E5FH(capillary leak syndrome),
L7 0E 5ol 2 H= Aoz AdsHA =
AEA) 4 A AWAY S Qe FR Hakgolr)
ZUMA-1 IR0l A= A &AL 5 93%0] 4] CRSE H A 3HA
Ly, 13%= 3% o]Alo @ B9y, 23 o] zﬂx}% F7}
CRS T3l HPLEAY Y2275 2% (hemophagocytic
lymphohistiocytosis) = AR 2 APgslgTH17,18]. L2}
o] -5 IL-6 =84 AIAQ tocilizumabi} A~E| =0]
CE o] 83lo] AAZE 277}t o] Fo]F T} Axicabtagene cil-
o 290 o]l CRS7} Wlste] 89 4=

foi
el
(K
At

i}

oleucel 2] 3% &
A4 %] At} v tisagenlecleucel W lisocabtagene maraleucel
O] 785 oF 3¢, 5LAof ‘25t Tisagenlecleucel @] 73-9-
22-23%0 4 3% o)%Fe] CRS7F EAYsH=H], #2418 F 71
ol AAHYoleet A 71& ARESHAY] tieoll P
H| o= 3HA|7F ok 18U} tocilizumab2] AFE-2 15%=
ZUMA-12] 43% Agol] H]ako] 2
aleucel©] 7-¢- 352 o] CRS WA¥o] 3% Hrytol ¥4 ¢

4%t} Lisocabtagene mar-

QF3l tocilizumab AMESE 7%0] 1A AFt)d o2 CRSQ] Ht
g0l W Zlew Helth 55 Sl Apo|7t Q= At
Zro) vlal sfjAle] o5 a5k, CD28 22; 41T HelE
3L - 27| F4]o] tL sto] CRSY|
AEo] ¢ =& AoE Btk

< HepgE]7t oA HEe] A A oF
o Fole el S ket TA|E, Tl 5of 2jsto]

o chr @
wHlE G54 Ao|E7el0] Bolsh o E FgE 9l
ok B BE, WY 5 e SR dols 1w
% SR L B 5 s é@& Q) 4 9l CRse}

352 axjolch, CRSE WA Az 2710 ol v,
AR CART A2 3 A 717k0] A Fol= Aol
7Pst A0 PelA Qlrk ZUMA-L Aol Ak 3 o]4)
o A EA o] 28%elA] AT oF 59 ol WAyStol
17907 A% gick, JULIET 5ol 352 o o] 4145

AJo] 12%, TRANSCEND-NHL-001 1% thAIA} & S4HH 912
BAZEYEE 9 A3 2ZYTFUS hYOR 3 A
SEECA 15%4 LAk

ol2loll = A4} B CDI9 o] glo] CARTO] €]
sto] A7 E| B BAE F94 7|7ko] wAlse wteba] o
AH o Wa WelgeEe] o] Bag 4 gtk of
o A3E7E U BABPLZE A A%E 5

of A2 F WY F7 pao] Bashh

[¢]

F

-

5 to

2

A

ZUMA-1 2A79] 7 1117 0] 52 312} 5 9%2l 103 9]
7} CART 2|22 ¥H7] 25190k o] 2 1% CAR-T A}
AF A9, 6% S-3[ A} (adverse events) wjEo] it} JULIET
Aol B¢ 55 A T 31%2] A CART A &s

g
gl
=]
2

e

HR] BEE L % AYAE A, 24% = Fo] A AN 1682
5 A} AFel o A ThEl B4 9lck. TRASCNED-NHL-001
Ao Ao w 15%7F Foluha] Hakgit] 1%2] ABAF Al

9, 10%2] S-siAH 59 A%t Axicabtagene ciloleucel
< ZUMA-1 AtollA] did -t s ol A AA7EA] of
1790] 4 Q =3 0™ tisagenlecleucel-> JULIET &17Lof| 4] AY
At 717k0] AE A= kot At SEYEREE F=U7t
7] o 5491(30-929)0] 42tk ofd ZWS Tejslol
JULIET ¢+ 9 TRANSCEND-NHL-001 &15tof| A= CAR-T
2ol A 7l A8 58519 JULIET A2 A% 92%

- 156 -



— Heejung Chae, et al. Chimeric antigen receptor T-cell therapy for DLBCL —

o| A thekFst 7kl X &7} A=A TH19]. Axicabtagene cil-
oleucel 2] W/FAF 2] HUAREAE 4T FF AFoA=
7%%] A7 MY ERHES Fo A A
A% o8 Agsieith22]. & A 9 AxA] 7|7 F
A G2 SR AFESte] CAR-T 2| =0 2288t SRt Al
g B AL 7R S 2 AdE # AP S8 IAE E e

o{:

2 Holt}

5k 9bA At uhel o] CRS 9 AZE Ao thak 4
A% A7} e SRSt Ao BRfel A HetA] Ul
AF5E7]9) *HLOl "ostoz PolEF oA ohje
ZeAAle] Fel, AAEAY Boh D XS 9Jsk] 417
3} dgeleto] 71Uat Pelo| WasiTh X, CART X =S
AR A$ 1Rk Aha A skl chetAR o
o] Wag Ao ek

2ol gt A4S Al $lak Awo) AR B
= Basich @A) vlRe] AlE 2y 7h A2A A9 1
Hl ol Bio] oFE ol 9 Ralg Al Sk 2o 2
2% o)muE Eakshu WESH u]go] Aawo] o=
B} oAl mEA o]} Ha 9lrk

oro] ATEIA oF 3040% HEO] BA7L H7)H A=
RIS Hols AL uj$- 1RAR) Hifo]7]i st o3

60-70%2] A2 HEgo] AU AE A5 Hrk o
o that Uole = CDI9 & 41, PDLIPD1 2 5 Hen]A|
34 991, CARTS] YIZF 3] H(tmafficking) 4] o] 725
10 QJTi23]. 0|2 ZE3}y| 9J5ke] PD-1 9AIA] E ibrutinib
=3} 9838l AlE 9 CD19 ©]9]9] & = CD20, CD22,
CD79Be]l gt CAR-T 7k Fo] o] Fofx|aL §lri24-26].

N

2

CDI9Z F# 0 & 3= CAR-T X2 20109 X2 AR

ol Thao] Tl 24F AAATE AX Tl 87}
QARITZ Alslo] 20174 27)] X7} FDA 81715 wsk
o} Tl QAT BAE Yol B Xm0 9o
o Ae|ar) ATk Ha Al S AeE ol
F 70 AE B 37k dAATet fARE N7 At
5 A E AT
shxjo} A7z B mA o] 4o TilAfo] BX) o Sxje) 33}
olirel Az AR 5 71E aore Awvt o ojele
Syl SAZAL §2U5 BT A1l S ol

1o

A mrolck dA 9o A 370 A=A hste] CAR-TSE
FZF 22} A8 9 2R RA|Eo|rlo] gutE v|wsh= 34F
A7} AF E= 2F Zof] QITHNCT03391466, NCT03483103,
NCT03570892). CAR-T:= tj]$- 3]7]2] 0] x]z2Ho|A|qt 2| &
ae] 7 9 B RS ST = Sle HiolenA <]
Hh=o] asieh g A CART X 72] =¢fo] w9 Al
she Bt 2= Aol vlg 9 A2 ALLE SRt W€
stetg o] w9 Aids)rt.

ZA cof: v 5271 BAE Yug

7= EATA 2 HAA =

H HEBAIEE 2

REFERENCES

1. Jung KW, Won YJ, Kong HJ, Lee ES. Prediction of cancer
incidence and mortality in Korea, 2018. Cancer Res Treat
2018;50:317-323.

2. Kim JM, Ko YH, Lee SS, et al. WHO classification of ma-
lignant lymphomas in Korea: report of the third nationwide
study. Korean J Pathol 2011;45:254-260.

3. Sehn LH, Gascoyne RD. Diffuse large B-cell lymphoma:
optimizing outcome in the context of clinical and biologic
heterogeneity. Blood 2015;125:22-32.

4. Gisselbrecht C, Glass B, Mounier N, et al. Salvage regimens
with autologous transplantation for relapsed large B-cell lym-
phoma in the rituximab era. J Clin Oncol 2010;28:4184-4190.

5. Crump M, Neelapu SS, Farooq U, et al. Outcomes in refractory
diffuse large B-cell lymphoma: results from the international
SCHOLAR-1 study. Blood 2017;130:1800-1808.

6. Gross G, Waks T, Eshhar Z. Expression of immunoglobulin-
T-cell receptor chimeric molecules as functional receptors
with antibody-type specificity. Proc Natl Acad Sci U S A
1989;86:10024-10028.

7. Eshhar Z, Waks T, Gross G, Schindler DG. Specific activation
and targeting of cytotoxic lymphocytes through chimeric sin-
gle chains consisting of antibody-binding domains and the
gamma or zeta subunits of the immunoglobulin and T-cell
receptors. Proc Natl Acad Sci U S A 1993;90:720-724.

8. Finney HM, Lawson AD, Bebbington CR, Weir AN.
Chimeric receptors providing both primary and cos-
timulatory signaling in T cells from a single gene product. J
Immunol 1998;161:2791-2797.

9. Brentjens RJ, Latouche JB, Santos E, et al. Eradication of
systemic B-cell tumors by genetically targeted human T
lymphocytes co-stimulated by CDS80 and interleukin-15.
Nat Med 2003;9:279-286.

- 157 -



10.

11.

12.

13.

14.

15.

16.

17.

18.

— R aeke] A A4 d A2 %

Mabher J, Brentjens RJ, Gunset G, Riviére I, Sadelain M.
Human T-lymphocyte cytotoxicity and proliferation di-
rected by a single chimeric TCRzeta /CD28 receptor. Nat
Biotechnol 2002;20:70-75.

Eshhar Z, Waks T, Gross G. The emergence of T-bod-
ies/CAR T cells. Cancer J 2014;20:123-126.

Kochenderfer JN, Wilson WH, Janik JE, et al. Eradication
of B-lineage cells and regression of lymphoma in a patient
treated with autologous T cells genetically engineered to
recognize CD19. Blood 2010;116:4099-4102.

Porter DL, Levine BL, Kalos M, Bagg A, June CH.
Chimeric antigen receptor-modified T cells in chronic lym-
phoid leukemia. N Engl J Med 2011;365:725-733.

Davila ML, Riviere I, Wang X, et al. Efficacy and toxicity
management of 19-28z CAR T cell therapy in B cell acute
lymphoblastic leukemia. Sci Transl Med 2014;6:224ra225.
Turtle CJ, Hanafi LA, Berger C, et al. CD19 CAR-T cells of
defined CD4+:CD8+ composition in adult B cell ALL
patients. J Clin Invest 2016;126:2123-2138.

Turtle CJ, Hanafi LA, Berger C, et al. Inmunotherapy of
non-Hodgkin's lymphoma with a defined ratio of CD8+ and
CD4+ CD19-specific chimeric antigen receptor-modified T
cells. Sci Transl Med 2016;8:355ral16.

Neelapu SS, Locke FL, Bartlett NL, et al. Axicabtagene cil-
oleucel CAR T-cell therapy in refractory large B-cell
lymphoma. N Engl J Med 2017;377:2531-2544.

Locke FL, Ghobadi A, Jacobson CA, et al. Long-term safety
and activity of axicabtagene ciloleucel in refractory large
B-cell lymphoma (ZUMA-1): a single-arm, multicentre,

19.

20.

21.

22.

23.

24.

25.

26.

- 158 -

53 A 687 & 2019 —

phase 1-2 trial. Lancet Oncol 2019;20:31-42.

Schuster SJ, Bishop MR, Tam CS, et al. Tisagenlecleucel in
adult relapsed or refractory diffuse large B-cell lymphoma.
N Engl J Med 2019;380:45-56.

Schuster SJ, Svoboda J, Chong EA, et al. Chimeric antigen
receptor T cells in refractory B-cell lymphomas. N Engl J
Med 2017;377:2545-2554.

Abramson JS, Gordon LI, Palomba ML, et al. Updated safety
and long term clinical outcomes in TRANSCEND NHL 001,
pivotal trial of lisocabtagene maraleucel (JCARO17) in R/R
aggressive NHL. J Clin Oncol 2018;36:7505.

Nastoupil LJ, Jain MD, Spiegel JY, et al. Axicabtagene cil-
oleucel (Axi-cel) CD19 chimeric antigen receptor (CAR)
T-cell therapy for relapsed/refractory large B-cell lympho-
ma: real world experience. Blood 2018;132:91.

Jacobson CA, Hunter B, Armand P, et al. Axicabtagene cil-
oleucel in the real world: outcomes and predictors of re-
sponse, resistance and toxicity. Blood 2018;132:92.

Yoon DH, Osborn MJ, Tolar J, Kim CJ. Incorporation of im-
mune checkpoint blockade into chimeric antigen receptor T
cells (CAR-Ts): combination or built-in CAR-T. Int J Mol
Sci 2018;19:E340.

Fry TJ, Shah NN, Orentas RJ, et al. CD22-targeted CAR T cells
induce remission in B-ALL that is naive or resistant to CD19-tar-
geted CAR immunotherapy. Nat Med 2018;24:20-28.

Chu F, Weng J, Kuang SQ, et al. Targeting CAR T resistance
due to CD19 loss with CD79b-specific CAR T cells in
B-cell malignancies. Blood 2018;132:1662.



