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8 Andrew J Carr tl Fﬁﬁ

Nature Biotechnology 36, 1043-1047(2018) | Cite this article
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(19) World Intellectual Property N
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International Bureau
a (10) International Publication Number
(43) International Publication Date ._/ WO 2015 / 1 42675 AZ

24 September 2015 (24.09.2015) WIPO |PCT

(74) Agent: COLLAZO, Diana M.; Lando & Amnastasi LLP,
Riverfront Office Park, One Main Street, Suite 1100, Cam-
bridge. MA 02142 (US).

(51) International Patent Classification:
AGIK 39/00 (2006.01)

(21) International Application Number:

PCT/US20 15/020606  (81) Designated States (unless otherwise indicated, for every
kind ¢ national protection available): AE. AG, AL, AM.
AQ. AT. AU, AZ, BA, BB. BG. BH. BN. BR. BW. BY.
BZ. CA. CH. CL. CN, CO. CR. CU, CZ. DE. DK. DM.

(22) International Filing Date:
13 March 2015 (13.03.2015)

(25) Filing Language: English DO, DZ. EC. EE, EG, ES. FL GB, GD. GE. GH. GM. GT.
- ] HN. HR. HU. ID. IL. IN, IR, IS, JP. KE, KG. KN, KP. KR,
(26) Publication Language: English KZ. LA, LC, LK. IR, LS, LU, LY. MA, MD, ME, MG,

MK, MN. MW. MX. MY. MZ. NA. NG. NI. NO. NZ. OM.

(30) Priority Data:
PA. PE. PG. PH. PL. PT. QA. RO. RS. RU. RW. SA. SC,

A1/052 783 18 Mareh 2014 (1802 I014Y e



»

ERHHE

2700 -
2400 +
2100 -
1800 A
1500 -
1200 -
900 +
600 -
300 A

CAR-TEFI2Fi&Ess

10

USA

China

UK
Switzerland

France

2005 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

800 -
700 -

600
T%‘”& 500
g

400

il

1 300
200
100

CNIPA
USPTO
EPO
CIPO
JPO

2005 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

(a)EBFEREER (b) EBFISZIEME. CNIPA —FEIEREFHERERS. USPTO - EEIERAHERES. JPO - BANIBERER. CIPO -
INEXKHZERER. EPO - ENNEFIB



> CAR-TEEFIZERBA

11

HE ZEA i
X4 e
1 Carl H. June (US) 562 44
2 Martin Pule (UK) 493 61
3 Shaun Cordoba (UK) 279 41
4 Philippe Duchateau (France) 268 35
5 Laurent Poirot (France) 260 26
6 Michael C. Milone (US) 256 22
7 Roman Galetto (France) 225 12
8 Jennifer Brogdon (US) 218 19
9 Michael C. Jensen (US) 214 19
10 Bruce L. Levine (US) 203 9
11 Julianne Smith (US) 184 12
12 Michael D. Kalos (US) 178 7
13 Simon Thomas (UK) 173 27
14 Cheng Liu (US) 169 16
15 Saar Gill (US) 159 15
16 Steven A. Rosenberg (US) 154 12
17 Laurence J.N. Cooper (US) 148 19
18 Alexandre Juillerat (US) 146 16
19 Yangbing Zhao (US) 141 15
20 Julien Valton (US) 140 15




»>> CAR-TEHFIEA

HE= BREA A
248 R%EL

1 EHEY LR 908 108
2 SEBFEREEAT 507 82
3 WhtaE 499 71
4 iZEICellectis4EY)HEE/\F] 495 52
5 SEEACSHAPE S EE O 482 60
6 SEEEE RN RIRFEED 457 67
7 G BN 428 40
8 EEFBHEE BIRFREEHAR L 244 40
9 EEEHRREYRA AT 226 24
10 ESESEnE el 223 36
11 EEINFIERERE 220 45
12 EHEFFERZELNT 220 27
13 EEHEEAYI AT 211 27
14 EEFEZIHERERETO 203 27
15 SEEIEA A B EA T 192 36
16 EEAHEE R =R 176 15
17 FEAutolus Y EIEE V5] 172 39
18 RIEAYp R (J:,’é) EBE/\T 150 30
19 ESE 3N 150 24
20 %l%EEkeﬂx 134 12







> eLhiEm 14

FTEERARIAEI-2KEENE AR M INEH
EMmE (ALL) BIEH

o AR RS R SR ARG ENER S EE
2 Yescarta CD19 Kite(Gilead) 2017-10 A BAIH I (LBCL) FRA B E A%,

3 Tecartus CD19  Kite(Gilead) 2020-7 AR AEEZ/EEMHEMEKEEMCLEAERSE

4 Breyanzi CD19 Juno(BMS) 2021-2 &ﬁigﬁﬁﬁ_ﬁ%ﬁ/ AMEAHEHERE (R/IR MCL)

5 Abecma BCMA  Juno(BMS) 2021-3 RN EESSEH AN ZEMEHEERARE

Kymriah  CD19 Novartis 2017-8

frocaten
ST s —— Gene mars
- - Breyoezi) = at

T I T,
‘

BEHRIE: <EFDA



22> CAR-THFIRERIZEIFREILL

15

. 55
1= = S 4=
iy 16.00 2 32
7 9.00 2 18
S 7.68 88 676
Bt 7.20 101 727
] 6.77 133 901
LY RS 6.40 5 32
HIE 6.15 26 160
{ =5 5.84 1366 7977
O XY T2 68
[SE:N 542 48 260
big::ch 5.00 3 15
EF 452 65 294
=N 439 28 123
B 433 3 13
LA 4.00 25 100
RAFEE 3.95 19 75
B2 3.89 36 140
Vie] 3.67 6 22
S 3.25 4 13
B 3.00 1 3
L 2.60 5 13
ENfE 2.33 3 7
TRIISE 1R7 ey o
| PR 1.65 913 1506
BRI 1.00 1 1
&0 1.00 1 1




2>> CAR-TERIRYAI20(EZEES 16

CD19
BCMA
CD20
Mesothelin
PD-1/PD-L1
HER-2
CD22
EGFR
MUC1
HLA
EGFRuvIII
CD33
CD123
CD30
ROR1
GPC3
CEA
PSMA
CD38
GD2

152 114 1 4]

39 [12 1127
161 9]
514

= United States = China O United Kingdom
0 Switzerland = France = Germany
= Japan O Korea [1Singapore

= Canada = Finland o Others

80 100 120 140 160 180 200 220 240 260 280 300 320



> EEEHTERE 17

1y 7 O T z 2 L\ JL 90 o W
o __.’ ; s \ 20
; 9 19 K
1 : Iy 2 -,_ 1
; avl \ ||‘.l
£ / f wa
" > - 5/ C | |
: 247\
( - e —
. i, =,
A / S A |AS 78314
Bt 7\ XK Tonl \«LOZO@BOH oN:
R WEPRRICHN )y 4 zo‘n‘r‘z?(\\ \woo@szs
7 3 s SV N7 NIOfRy7ies WO 817
S SO RO AN s vomggear
%3 1) S5 o @B W) RN N\ [ en11@psean |
NI TR A ORI | | woz0@o02s1
SRHRONL T N ARG N VR 1067 .
- | DA CN10§8p2184
/ WL R K 72359 @
— WO 4 \ . ¢ GB20{Ap2338
, = = 1068078 wo2(
L\ = 2 1 0(8)00001
: 2 woz0@29177
— ~ “ I\ —W 56818 w020
[~ il = y f T~ e 3 C 180/ oN 1
/ , T e wozo 62759
Lo ‘/ v \ 0 1!
\\é 6 oz 5140 wf)721t
I A woz0@2ous // /CN Cé%ﬁ
o / CNI
)20 W 58 Enaofioh7e07 1531
361 19 I 25 WO020£9)61805
[l CN10§8p6942 wozo@gsz
; wo2o@267%6  cnni@yeza WO
I\ CN10§Bge211 w020
AN \ensois CN11(B)6186 cnoyer
- QA 24 wozo@o7700 WO @00929  myrrdh




>>> BERER 18

W02005044996 W02008121420 W02012129514

W02017025038
HA4-1BBRIEAE SR80 L S P B I A AL TR EE A L 1 FH 7 40 L 3 v 7 R T VA FEI BT A IS R 2 1 A LA
bt 2 4P i MEY DTS
W02011056894 W02014153270 W02019076149
WO02007059298 TR R A REEBCZE (EGFRD NI FLCDA9HR A 1 5 32 B 38 F B CAR-T 4 fitd S . S 7 2%
FE A T N\ R [ 00 S g2 A T4 s 452 w1 JOE P R 1 P
(= im ]
e NSe . & Penn
st.Jude Childrens Cityof @ Cityof %41 FRED HUTCH 6 L EGEND
R Jﬂ:HODE PR O Jﬂ:'HODE Uy st 0, woyarmis |OamioTre ¢

2003 2004 2005 2006 2007

1) ZEPenn @ st chicrens o NOVARTIS
e e : 7 & Penn
s e o i UNIVERSITE DE NANTES
US9834590 W02009091826 W02013126061 WO02017172981
FA 4-1BBHI S 5 R 1 B\ CD194F B AR 28 (h- e L A S B e i fE R 1 R L
&g CAR) M4 & AN TT % T 0% BH R
WO02008043777 W02012079000 CN109055380
F G2 A B T IR i o- 2Bl AL T 204 52 0 B 5T A PR Z RS S A TAN e W02015142675 —Fi 3 F B CAR-TAN g
I 0B 1 T R S v 1 S I8 v 4 v ) JE P

BRAE DU SZ B IR IR T7 5



> W02012079000

19

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property 3y
Organization 4
International Bureau |

(43) International Publication Date =

14 June 2012 (14.06.20 12)

AU 0 e

(10) Inter

WO 2012/079000 Al

WIPOI|PCT

Q)]

@n

@y

@9
(26)
@0)

an

International Patent Classification:
CO7H 21/04 (2006.01) AGIK 39/00 (2006.01)

International Application Number:
PCT/US201 1/064191

International Filing Date:

9 December 201 1(09.12.201 1)
Filing Language: English
Publication Language: English
Priority Data:
61/421,470 9 December 2010 (09.12.2010) Us
61/502,649 29 June 201 1(29.06.201 1) Us
Applicant (for all designated States except US): THE

\\ T"!W;ej
sovme Gy A |
Rregon Sunceed)__

\
Goncmy WFRE CD10 BB zeta

hCD8a
Hinge8TM 4-1BE  CD3

e s T B l

@ Designated States (unless otherwise indicated, for eve%
kind g national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™, TN, TR,
TT, TZ, UA, UG, US, UZ VC, VN, ZA, ZM, ZW.

160> NUMBER OF SEQ ID NOS: 27

FEATURE
OTHER INFORMATION: Chemically Synthesized

<400> SEQUENCE: 1

==
EEAA

BHFREA :
SREFHIAR :
fEFIEK:

ERZ RSN TARE SEEEPIAR
Carl H. JuneZs
The Trustees of the University of Pennsylvania
HEIE50{EEIZR
5318, HPeE— T En ARSI ES IR
(CAR) HIZERFS, HFAMACARBEIRE
BfgiEE, BiREEE, HTRIEERESEM
CD3¢fE3REE, CD3ERESHEERE

Basefine ey B3

Bavseciizee




nature.com/nbt December 2020 Vol. 38 No. 12

nature
biotechnology

THE SCIENCE AND BUSINESS OF BIOTECHNOLOGY

RNA velocity fully solved

Transgene-free safety switch for cell thera

Advances in wheat biotech

BRI E: LY. Lyu, Y. Feng, X. Chen, Y.J. Hu*, Patent landscape of global chimeric antigen receptor T

The global chimeric antigen receptor T (CAR-T)
cell therapy patent landscape

Global patents in the field of CAR-T cell therapy show a changing landscape with fierce competition and intensive

collaboration.

s revlutionary immuns-oncals

therapies have

attention with their high dinical rnmusxm
rate in hematological cancers. Since
cell therapics have accounted

Samreg At i o
changes to cancer treatment’, cell
o udaabim ——  fwa  ——+  eighlly  —  patent ncape
2018, =1mrm) m=tamn =iy =12
more
wi

remissions than cancer vaccin
chimeric antigen receptor T {CAR-T
theragies leading the glohal cell therapy
development race’. The US Food and
Drug Administration (FDA) approved
two CAR-T cell therapies in 2017, 2

Obvicuss el ware
it (0= 10

i The

AR cal parts (0 =420)  Dupl
TCR T paterts jo= 25

st ez
=113

show the number of excluded patent files and

ml]l:mmc in |mmum<mm|.<|g\ ymriah  the relevant reasons.
1) and Yescarta
ciloleucel)’. The US Centers for Medicare

& Medicaid Services made a national

coverage & ination” for FDA-app
CAR-T cell therapies on 7 August 2019,
and national health insurance in England
and Japan began covering Kymrish in the
Tast two years*". There has also been an
increase in patent disputes surrounding
CAR-T, with the suit hetween Gilead
e Pharma division and Bristal
Myers Squibbs Juno Therapeutics® the
most noeable example.
According to data from the US Patent
and Trademark Office (USPTO), R-T
patents showed sharp grawth in the past
decade, with an average development speed
of 1,05 as compared with the basline
]l:vl:| ol 105in thl: mnnlwpu]aum

of key messages to support the relevant
hecivion sabing of by stakehel

including academics, government officials,
and industrial leaders.

Methods

To achieve the research objectives mentioned
abaowve and avoid comman shortcomings in
patent landscape reporting®, we adopted
the criteria of the Reporting Items for
Patent Landscapes (RIPL) statement™ and
referred to the Preferred Reporting lems
for Systematic Reviews and Meta-Analyses
(PRIEMA) to collect all patent documents
related to CAR-T wordwide. The study
retrieved patents samples with a priority
date before 31 December 2019 using

v Fig. 1; average a series of searching terms related to
speed is defined as the gromean ofannual ~ “chimeric antigen receptor” in Derwent
.lenekupmcm rpl:nd values over the Innovation (https://clariv nh. com/products/

o, which can be calculated  derwent-i

as the m.inuhhg patent count in year m to
the patent count in year n - I). Howeves, no
comprehensive paent analyses have been
conducted in this area of rapid growth.

A previous study on the patent landscape

of CAR-T covered cnly patent applications
before 2017 and did not include a systematic
analysis of patent content®. Here, we aim to
present a comprehensive overview of the
landscape of CAR-T patents that differs
from the existing literature by its extended
search strategy [Supplementary Note) and
integrated analysis from the temporal,
organizational, spatial and technical
perspectives. This research provides a series
MATURESIOTECHROLOGY | wawrsh

iyt

database. To avoid missing data, we searched
fior these terms in ftemns including the title,
abstract, claims and Derwent World Patents
Index (DWPT) fiddd.

For all sampled patent records, this
research selected various data, such as
inventos, assignee, address of the inventor,
address of the assigaee, citations, application
year and publication year. We first excluded
irrelevant patents manually and then used
Derwent Innovation to deduplicate mcards
— for example, different document types
(B2, Al)ofa given publication — to avoid
multiple counts for the same invention.
Moreover, after judging the relevance of

o)

targets to pasent fles by a hierarchical
reading arder from title, abstract, chaims
and full text, we added target lahels to
relevant patent records. In addition, we
used statistical figures and tables to describe
patent daa and analyzed differens patent
networks by employing the software
platforms Gephi and Cytoscape. More
detailed methods are described in the
Supplementary Note.

Results
In total, 15,718 patent documents were
initially cbtzined from the database. We
excluded obviously irrelevant patents
(n=1,02% for example, patents related to
aulomoh\es] CAR-NK cell patents

0), and -T patents (n= 125).
We a]xl cul.udl:d duplicate records from
the database (m = 1.713) to avoid multiple
counts for the same invention. Ulimately,
12431 patent documents were included
in this analysis of the patent landscape,
involving a total of 2,783 International
Patent Documentation ter (INPADOC)
extended patent fami ig. 1). The
patents included in this study are listed in.
the Supplementary Data.

Top inventors and assignees. The top 20
inventors are located in the United States,
the United Kingdom and France (Tahle 1)
Among them, Carl H. June, one of the
creators of CAR-T, is 2n imventor an the
most patents; Martin Pule and Shaun
Cordoba are sscond and third, respectively.

(CAR-T) cell therapy. Nature Biotechnology, 38:1387-1394, https://rdcu.be/cbFIW, 2020.
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