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PTLD post HSCT > 95 Hodgkin lymphoma 30-40 Burkitt's 30-60 ks
PTLD post SOT 95in ffltrf year NK-T lymphoma =95 Pri:nan; effusion .90
_ S0 arterillysay PTLD post SOT (late) 70-80 = )
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Heslop HE, et al. J Clin Oncol 2021;39:514-24

Bednarska K, et al. Br J Haematol 2023 Dec 28.[Online ahead of print]
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Taylor GS, et al. Annu Rev Immunol 2015;33:787-821
Bednarska K, et al. Br J Haematol 2023 Dec 28.[Online ahead of print]
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Group 1 agent Caners for Other I d evids events
P—
Epstein-Barr vines (EBV)  Nasopharyngeal carcinoma, numﬂsnyrrwoma.i-m ‘Gastric carcinoma, * lympho-epithelioma ik -:eupmi-fm-im inhibition of apoptoss, genamic
i Hodgkir ikl il instability, cell migraticn
NE/T-cell Hoidgkis
Hepatitis Cvirus (HOV) [ i Hodgkin Cholangiocard Inflammation, liver cirthesis, liver fibrosis
¥aposi'ssacomaherpes  Kaposi's * primary effirsi icentric C i Cell fion, inhibition of apoptosis, genormic
wirus (KSHV) instablity, cell migration
i i i i Hodgkin's  Cancerof the vuiva,* vagina,* penis,* non- Immunasuppression (indirect action) Diseases arising from B cell infection
wirus, type 1 {HIV-1) lymphoma,* cancer of the cervix,* anus,* conjuncty el ski
Human papillomavirus Carcinoma of the cenvix, vwiva, vagina, penis, anus,oral  Cancer of the larynx Immortzlisation, genomic instability, inhibition of B |ymph0—
type 16 (HPV-16)F cavity. and oropharyn and tonsil DMNA damage response, anti-apoptotic activity proliferative
Hurman T-cell ymphotrophic  Adult T-cell leukaemia and ymphoma - Immortalisation and transformation of T cells Hodgkin's disease
vins, type-1 (HTLV-1) lymphoma Infectious
Helicabacter pylori Nor-cardia gastric carcinoma, low-grade B-cell mucosa- . ion, oxidati - mononucleosis
associated idtissue (MALT) gastric owerand gene expression, methylation, matation Diffuse large
onarchis sinensis Cholangiocarcinoma* . ~ B cell lymphoma XLP/XIAP
Opisthorchis viverrini Cholangiccarcinoma . . - .
Schistosoma haematobium  Urinary bladder cancer . Inflammation, ceidative stress Burkitt's Multiple
lymphoma sclerosis?
“Newlyldentified Ink between vins and cancer. fFor ofher types, seetable. b e EBY Jemmmcmcmcm e B _____.
R He IR Smooth muscle Chronic
sarcoma active EBV
Cancer type % estimated global EBV-  Estimated incidence range  Estimated mortality .
related case proportion of EBV-related cases range of EBV-related Gastric T/NK cell
carcinoma lymphoma
cases
Nasopharyngeal
NPC 846! 105, 500- 120,600 61,600-74,300 carcinoma
GC 7.7-10.4* 82 800116400 58, 200-82 300
HL 458583 34.300-52_ 400 9400-17 400 Diseases arising from atypical target cell infection
BL 55! 6600 3000-3200
2 Immunopathologic Tumors of the heavily Tumors of no/low
DLBCL 36-12.8 4900-27,000 2500-13,300 diseases immunocompromised immune impairment
ENKTL-NT 100¢ 5500-34.700 3000-18.100
Cancer types combined 1.3-1.9° 239.700-357.900 137900208, 700

Bouvard V, et al. Lancet Oncol 2009;10:321-2
Taylor GS, et al. Annu Rev Immunol 2015;33:787-821
Wong Y, et al. J Cancer Res Clin Oncol 2022;148:31-46
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1. Organ type 2. EBV status at time of transplantation (R-/D+)
g‘ 6:: - Heart-Lung n=1222
i 4000 ,
§ { g
% 000 J a4

Cadaver Kidney n=145 104

Years P Modian time 10 PTLD (montne)
=0.003

Allogeneic HSCT

Selective T-cell depletion methods

Use of ATG therapy (prevention/therapy)

Two HLA antigen—mismatched siblings, or
unrelated donors, accompanied by selective T-
cell depletion methods or ATG therapy

Age 50 years or older at allogeneic HCT
Opelz G, et al. Am J Transpl 2003;4:222-30
Landgren O, et al. Blood 2009;113:4992-5001
Shahinian VB, et al. Transplantation 2003;75:851-6
Dharnidharka VR, et al. Am J Transplant 2012;12:976-83
Morton M, et al. Transplantation 2013;95:470-80
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3. Immune suppression

Increased risk associated with ATG, OKT3, tacrolimus,

azathioprine, new agents (e.g., belatacept in EBV- . i . .

negative transplant recipient) Early Sp| ke . | nd UCtIOI’] Late wave: 50_
Controversial degree of risk associated with alemtuzumab, i i

cyclosporine, mTOR inhibitors EBV CumUIat|Ve Immune 70%
No increase in risk associated with mycophenolate SuppreSS|Ve |ntenS|ty

mofetil, basiliximab, daclizumab

Combination maintenance therapy

SOT Induction regimen  Different dosesEpisodes of rejection

HSCT | conditioning aGVHD
regimen Maintenance therapy

Post-transplant lymphoproliferative disease (PTLD)
First Sample. Relative risk (RR) y p "
author Year size Population Measure 95% ClI RR 95% CI Weight Earl S Ike -
i o . ae wave
Landgren 2009 26901 P&A  aRR - 380 [249, 579 316% d g uuuuuuuuuuuuuuuuuuuuuu
Xuan 2013 263 P&A  aHR ————— 1303 [167,10162] 47% Con ItIOI’III’I ‘‘‘‘‘‘‘ v
Vander Velden 2013 273 A aOR —— 240 [1.34; 431] 255%
Fuimoto 2019 64539 P&A  aHR - 6.13 [4.33 868] 343% EBV
Gao 2019 200 P&A  aSHR 290 [0.30; 27.77] 39%
Pooled HR (Random effects model) : <I> . 417 [2.61; 6.68] 100.0%
Heterogeneity : = 56.7% L.
ON1 e 1 5 M‘é Dierickx D, Habermann TM. N Engl J Med 2018;378:549-62
°© Enok Bonong PR, et al. Vaccines (Basel) 2021;19:288
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WHO 2017
e Non-destructive PTLD

. Plasmacytic hyperplasia PTLD

. Florid follicular hyperplasia PTLD

. Infectious mononucleosis-like PTLD
‘ EBV driven

“Precursors” ‘

 Polymorphic PTLD
e Monomorphic PTLD

. B-cell neoplasms (DLBCL; BL; PCM; plasmacytoma-like lesions, other)

True lymphomas
EBV*/ EBV-

. T-cell neoplasms (PTCL, NOS; HSTCL; other)

Classic Hodgkin lymphoma PTLD

Exclusion: indolent/small cell ymphomas (except EBV* MALT lymphoma) e e e
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WHO 2022 (€= ICC)

WHO-HAEM4R WHO-HAEMS
sias.
Post-tran: t LPDs
e e EBER in situ hybridisation
- Polymorphic PTLD W‘::’“""" E
- Monomorphic PTLD »me cell hyperplasia
=CLRID - KSHV/HHV8 MCD g
:g EBV-associated disease Latency type EBV viral gene expression
Polymorphic <= Healthy individuals (resting EBV-infected [i] EEERs, BARTs
EBVMCU 8 cells)
Burkitt lymphoma (BL) 1 EBERs, BARTs, EBNAT
Gastric carcinoma larll EBERs, BARTs, EBMA1
Hadgkin lymphoma HL) 1l EEERs, BARTs, EBNAT, LMP1, LMP2
NKST cell lymphoma (NKTL) n EBERs, BARTs, EBNA1, LMP1, LMP2
Lymphoma Masopharyngeal carcinoma (NPC) n EEERs, BARTs, EBNAT1, LMP1, LMP2
Diffused large B cell ymphoma (DLBGL) lor i EEERs, BARTs, EBNAT, EBNAZ,
EBNA3A B,C, EBNA-LP, BHRF1 miRMAs
HIV-associated lymphomas m EBEERs, BARTs, EBNAT, LMP1, LMP2,
EENAZ, EBNA3A.B,C, EENA-LP, BHRF1
miRNAS
” Post- lymphop i 1] EBERs, BARTs, EBMA1, LMP1, LMPZ,
tEDs speclic e IE] . disease (PTLD) EENAZ, EBNA3A B,C, EBNA-LP, BHRF1
miRNAS
Histological diagnosis Viral associati defici setting
o Hyperplasia (specify type) o EBV +/— e Inborn error of immunity (specify type)
= Polymorphic lymphoproliferative disorder o KSHV/HHVS +/— e HIV infection
= Mucocutaneous ulcer e Posttransplant (specify: solid organ/bone marrow)
o Lymphoma (classify as for imnmunocompetent patients) e Autoimmune disease
o latrogenic/therapy-related (specify)
o Immune senescence

Alaggio R, et al. Leukemia 2022;36:1720-48
Campo E, et al. Blood 2022;140:1229-53
Damania B, et al. Cell 2022;185:3652-70
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Olagne J, et al. Am J Transplant 2011;11:1260-9
Kinch A, et al. Am J Transplant 2014;14:2838-45
Martinez O, Krams SM. Transplatation 2017;101:2009-16
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Restoring 1l . Reduction of immune suppression
o2 |Billaleiile)aM © Adoptive immunotherapy 4

Reducing « Local therapy
tumor  Rituximab and/or chemotherapy

Targeting * Inducers of Iytic cycle
EBV « Antiviral agents

Gottschalk S, et al. Annu Rev Med 2005;56:29-44
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SOT: RIS+R + HSCT: RIS+ R
chemotherapy

Figure 1. PTLD is the Most Common Reason for Death Among EBV* PTLD
Patients Post-SOT (n=63)
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Figure 2. KM Plot for Overall Survival for Post-S0T EBY* PTLD Patients Who N 2 ik (Events) Time of Sarvival (Moaths)
~ oo b a vents)
Failed Rituximab Plus CT (n=86) 31( 0) 18(63) 13(68) 11(69) 11 (69) 8(72) 8(72) £(72) 6(73) 6(73) 6(73)
— 104
=
§ 0s - Figure 1: KM plot for overall survival for EBV* PTLD pts who fail rituximab * CT (n=81) from
5 rituximab failure date
0.6 4
i
2
T 04
=
=
E 0.2 4
€ oo . . . . : )
1} 2 40 &0 B0 100 120
Time of survival (months)
Numbsar at risk {svents)
85 (0} 21 [57) 18 [57) 13 (53) = (59) 5 (63) 2[83)
05 rate, % [35% CI): Dharnidharka V et al. Blood (2021) 138 (Supplement 1): 2528
- 4 4 T4 7.4 15.2 152 Sanz J et al. Blood (2021) 138 (Supplement 1): 1454

(215-417)  (2U5-417) (17B-380) (178-380) (EE272)  [55-27.3)
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Transplantation cell type AHSCT: donor origin SOT: recipient origin

Donor lymphocytes yes (GVHD risk) no

Autologous EBV-CTLs no (donor derived) yes |often EBV-naive, ongoing IS}
Donor-derived EBV-CTLs yes no (mostly receptor derived)
Third party EBV-CTLs yes yes

* 4 Donor-derived
-~ (HSCT)

l-( N Autologous
- (SOT)

Merlo, A. et al. Haematologica 2010;95:1769-77

. Roddie C, Peggs KS. J Clin Invest 2017;127:2513-22

9 e Thlrd party Kaeuferle T, et al. J Hematol Oncol 2019;12:13

g = Heslop HE, et al. J Clin Oncol 2021;39:514-24

COSt A (H SCT + SOT) Toner K, Bollard CM. Blood 2022;139:983-94
L

Dierickx D, et al. Curr Opin Oncol 2022;34:413-21
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EX vivo ACt|V|ty agal nst Immunomagnetic
expansion BBV E Iyt|C antigenS selection
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' l " and EBNAB('6)S
Adenowral vector "‘
expressmg LMP1 and LMP2
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< Activity against
Adenoviral vector
Monocytes expressing LMP1 and LMP2 L M P 1/2
PBMCs Electroporated DCs EBVSTs
90 \‘ Ce
O QoS
Go e — 4 —_— 8 s
& cOOO 17 days
J ular Inmunotherapy for EBV-assoc
Viral antigen pepmixes EBVSTs Dnor ma od Conditioning or Recipient
iy CD4 CD8 . immunosuppressive
SO0 COCOO S B 00 et | e
0.0 ® ) drawn ©
& OOO 10 days N AT @_, ® y
© e i
2. Alapid expangion (7-14 days) Stimulation of PBMC ©© /|
with antigen (EBV) Tangye SG, etal. J Exp Med 2017;214:269-83
_:=' viral | ( specific stimulus . . Heslop HE, et al. J Clin Oncol 2021;39:514-24
o'$ Depide poo Médwe o et g E"Bm ot )  Toner K, Bollard CM. Blood 2022;139:983-94
ﬂ:-.:? Umﬁ EBV antigens T cells cancer patient Walti CS, et al. Curr Opin Infect Dis 2022;35:302-11
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Table 1. Characteristics of the Patients and Outcome of Treatment.*
Table 4. with to cell therapy
Conoi- REGIMEN OF ONSET OF
Pament  Sex)  Duac Tvee oF TioNING ATG EBV VCAIgG  EBV.Asoqatsn Response
No.  AGE (YR} NOSIS GRAFT REGIMENT  PROPHYLAXISE TieR. LFD DONOR-LEUKOCYTE INFUSION Variable Patients. n CRISDIPR D NE P
PATIENT  DONOR mazaruen ff oose ouTCoME Overall assaciation of number of sites involved
day b3+ cellshg and respanse (n = 48)
1site i 14 (100%) 0(0%) 0(0%) 01, 01°
I F20 ALL HLA-maiched; unre- I 30 mghgiday 1:1280 180 %0 105 55%10°  Clinical and pathological o 21 13 (80%) 4(20%) 420%)
donor days —6, s s response; 2nd biopsy ;
e D-ns. 2 :;u b. uz:w‘ day mn::eam-.-x 3+ silen 1 7 (50%) 6 (50%) 1(0%)
dence of disease; alive Overall of use and respo
and well with limited to call therapy (n = 49)
g'gg‘” GVHD on day Patients failing Rituxan 1a 11 (58%) 7(37%) 1(5%) o7, 06"
2 M29 CML HLA-matched; related 1 30 mgkgday 180 1160 ] 87 1.0%10°  Died of respiratory failure s Bl s e M L e Lo ——
donor on days —5 93 LOX10°  on day 94; autopsy as50cialion of MUXIMAD Use ana response (n =
—4,-3 showed no evidence of Patients failing Rituxan by treatment 12 1" 7 1
lymphoma oLl g 4 (44%) 4 (44%,) 1{11%) A7, B3
3 FiS2 ANLL HLA-matched; related 215 mphg 180 15160 107 13 1.0x10°  Died of respiratory failure EBV-CTL 10 7 (70%) 3(30%) (0%
Lot et = 1OX10° - on day 130; autopsy Patisnts without prior Riftuxan orin PR afer Rituxan by reatment 30 23 3 4
day on days showed no evidence of prior by
57,9, 11 \ymphoma oL 21 17 (82%) 1(8%) 3(12%) a2, 280
13 EBVCTL 9 & (67%] 3 (22% L)
4 M43 CML HLA-maiched; relaicd 1 30 mgkgday 110 120 ] 121 0.8%10° Complete response; a 2nd - g
dooor ‘:":”" -5 Blopsy °":°d” 142 - No staroid use 40 20 (72%) 8 (20%) 3(7%) 85, 99°
disease: chronic GVHD Stercid use £l 6 (66°%) 2 (22%) 1{11%)
of oral mucosa; alive and Overall assaciation of use of steroids andlor cyclasporine
;:L::o""'“ post-tmans- or sirolimus {n = 49)
5 B33 ANLL HLA-matched; related 1 None§ 1320 180 ” 140 [ 1.0%10°  Complete response; chronic M ol ) 2 20 2 g S
donor GVHD 16 mg posttrans- Stercid use 1" a 4 1
plantation
Table 3. Outcome following DLI according to presence or not of GVHD
Cohort No GVHD-20 aGVHD-22 cGWHD-26
N=68 N=20 (29%] N=22 (32%) N=26 (38%)
Died 23 (34%) 5 (25%) 11 (50%) 7 (42%)
Alive 45 [66%) 15 (75%) 11 (50%) 19 (73%)
Relapse 25 (37%) 10 (50%) B (36%) 7 (27%)
Died relapse 16 (24%) 5 (25%) 6 (27%) 5 (19%)
Alive relapse 9 (13%) 4 (20%) 3 (1 with mild cGVHD) 2 (both without GYHD)
Alive remission 35 (53%) 11 {55%) B8 (2 with cGVHD) 17 (12 with cGVHD)
Alive cGVHD 15 (22%) [i] 3 (14%) 12 (46%) (6 severa)

Papadopoulos EB, et al. N Engl J Med 1994;330:1185-91
Doubrovina E, et al. Blood 2012;119:2644-56
Scarisbrick JJ. Bone Marrow Transplant 2015;50:62-7
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Ctivity against E
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Table 2. Clinical characteristics of 114 patients who received Overall survival

EBV-specific CTLs after trar
‘Characteristic CTL recipients
Age at ransplantation, y [mean (range)] 8.4 (0.5-38)
Malefemale 6045 Table 3. Severity and f, of GVHD
Diagnosis u L e & I T I N ...,
Acute lymphoblastic leukemia 29 GVHD No. of patients
Acute myeloid leukemia 33 i i
Myelodysplasia 1 Acute GVHD (pre-CTL infusion) el |l
Acute undifferentiated leukemia 1 None &3 =1 T A it o= g A
Chronic myeloid lsukemia 12 Grade 1 a5 g
Hodgkin disease 1 B
Non-Hodgkin lymphoma 3 Grade 2 13 ]
Aplastic anemia 1 Grade 3 2 55-
Paroxysmal nocturnal hemaglobinuria 2 Grade 4 i)
Histiocytic disorders 3
Hurler syndrame 2 Total 14 ——  Kaplan-Meier estimate
X-linked lymphoproliferative disease [ Acute GVHD (post-CTL infusion) o - - - Confidence intervals
Wiskolt-Aldrich syndrome 5 Mone 106
Qsteoganesis imperiecta 3 Grade 1 6 OS at 3, 5, and 10 years: 70%, 69% and 67%
Commen immunodeficiency 2
Type of transplantation Grade 2 2 2
Unrelated donor Grade 3 0
10110 match 3 ey 5 i I L N B O B T
9/10 match 4
&/6 match &3 Total 114
/6 match a0 Chronie GVHD Primary cause of death No. of patients
Family mamber X
Syngeneic 1 N.nr!e Alive 79
) Limited 11
5/6 maich & i o i
o : Extensive Recurrence or parsistence of primary disease 24
a6 match 3 Total 108 Motor vehicle accident 1
HSC product Infection 3
Marrow 108
PBSC 6 EBV-LPD 2
. Regimen-related toxicity 5
Persistence of VST up to 105 months o o

Three centers
n =114 (101: prevention)

Heslop HE, et al. Blood 2010;115:925-35
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Activity against E
lytic antigens and
EBNA3s

Prevention and treatment

Table 4. with to cell therapy
Response
Variable Patients, n CRISIVPR PD NE P
Overall association of number of sites involved
‘and response (n = 48)
1 site 14 14 (100%) 0 [0%) 0{0%) o, .o
Zsites 21 13 (B0%) 4 [20%) 4 (20%)
3+ sites 14 7 (50%) & (50%) 1 {07s)
Overall nd response
1o cell therapy (n = 49)
Palients failing Rituxan 19 11 (58%) 7 [37%) 1{5%) 07, .06
Palient wio prioe Filan o in PR after Fituxan a0 23 (77%) 3 (11%) 4(11%)
Overall association of rituximab use and response (n = 43)
Palients lalling Rituxan by treatment 18 1" 7 1

S 0 e o s a ORR DLI 72% - EBV-CTL 68%
TMIWHNMWﬂmaMWMWEM : ﬁ{&%; ?ns%] ;{12%; a2, .22
o : s =] GVHD DLI 17% - EBV-CTL 0%

Overall association of steroid use and response (n = 45)
Mo steroid use 40 29 (72%) B [20%) 3 (7%) 85, 99"
Sterokd use 9 & (86%:) 2 (22%) 1(11%)
‘Overall association of use of sleroids andior cyclosporine
or sirolimus {n = 49)
Mo steroid use 35 28 [ 3 78, .a4"
Sterokd use 14 9 4 1

Not available in UCB
transplantation

Doubrovina E, et al. Blood 2012;119:2644-56
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Prophylaxis and treatment

Treated

lines

et ofthe T pecitc &y Table 3.0 of
Interval &t time of cell harvest
Patient Sexlage Treatment DA postivity (y) and infusion Chinical effects of CTL infusion(s) Before CTL evaluation Fold reciuction is EBY lnad Outcome at 1y
T e — 5 PSPYr— T Patient EBV DNA load PTLD CTL dose Toxicity 2 mo after & mo after Clinical EBV DNA load
Mo evidence of rejction 1 4158 Mo 2 % 107im? Mo 23 o7 el 1500
2 st Hear 3 FHS06 (0.06 mgKgid)' EBV DNA fell below detectable levels 2 138 000 Mo 2 % 107m? Mo 06 3 wel 180 000
Mo evidence of rejection 3 4508 Mo 2 % 107m2 Transient fise in AST" 25 a7 el a0
3 M5B Hear 05 CaA (4 myKgid) EBV DNA reduced > 2 logs a 16 204 Mo 5 % 107/m? Mo 0.1 1 wel 15 000
Steroids (0.06-0.15 mp/Kgid) Mo evidence of rejection s 10172 Mo 5 % 107m? Mo 04 13 el 3900
4 W7 Hear 1 CaA (10 my/Kgid) EBV DNA levels stil fuctusting [ 6704 N 5 % 107/m2 N 06 10 el 1100
Azathioprine {0.7 mo/Ko/d) Mo evidence of rejection 7 4938 No 1 % 10%m? No LI:] 08 Wed 3900
5 Fir Heart 5 CaA (7 mgKgid) EBV ONA levels reducad = 2 logs 8 14 002 Mo 1 10%m? Mo 06 09 wel 7200
Mo evidence of rejection ] 2500 No 5% 107/m2 x 3 No 17 10 Wed 7 000
6 Fid Liver 1 CaA (4 mgKgid) EBV DNA levels still luctuating 10 1100 Mo 5% 107mE = 3 Mo 27 10 el - 400
Steroids (0.4 mgKg every olher dj Mo evidence of rejection 11 1500 Mo 5 % 107m? x 4 Mo 04 12 Wedl 700
7 M5 Kidney 2 CaA (5.8 my/Kgid) EBV DNA levels reduced > 2 logs 12 20 900 Eye 5 % 107m2 % 4 Mo 0B 3 weat 25000

Steroids (0.2 mg/Kgid)

No evidence of rejection

Prophylaxis Prophylaxis + treatment

Challenges: ongoing immune suppression,
often seronegativity

No development of PTLD

EBV VL. fluctuating

Comoli P, et al. Blood 2002;99:2592-8
Savoldo B, et al. Blood 2006;108:2942-9
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NPC

EBNAS3s
cHL
Table I.  Patient Characteristics
Patient Dhsease stage Mest recent chema Gene  Dhose Toxicity
D Age Sex at diagmosis {time before CTL) murked level  areributed vo CTL Reesponse vo CTL Ourcome
1 21 M 1A SCT—rrelapse 5 mo Ves 1 None Stable disease DO 13 mo after CTLs
later—CTL {8 mo)
2 18 M B 3 wk hemipelvis RT Yes 1 None Stable disease DO} 10 mo after CTLs
(stopped 1 d before CTL ne. 3) (hilar/ mediastinal /
pultnonary)
3 M M A Vinblsrine weekly (1 mo) Yes 1 Transent PR DD 12 o after CTLs
muaksise
4 3% F TgA Parsspinal BT and el FN {1 mo) Yes 1 None NI DO 2 me after CTLs
5 19 F A Mantle Jung BT (1 o) Yex 1 None Seable disease DOD 10 me after CTLs
] 36 A MOPP (2 mo) Yes 1 None Stable disease In remission 56 mo
then allo BMT after CTLs
7 40 F B ABVD (2 ma) Nao 2 MNone Stable disease DO 20 me after CTLs
M M A MTX and 6TG {2 me) Yes 2 MNone NI DO 7 ame after CTLs
9 20 M VB SCT {10 mo) No 1 None Fermains in remission In remission 24 mo
after CTLs then lost o
follow-up
10 27 F B SCT {4 mo) BT (2 ma) Nao 1 None CRLU I remission 24 mo
after CTLs
11 6 M g SCT (2 me) ol FN {1 wk) No 1 None CRU In remission 38 mo
after CTLs
12 18 M A SCT (3 mo) Nao 2 MNone CR In remission 27 mo
after CTLs
13 2 F 1B SCT {3 mo) No 2 None NR. DOD 4 mo after CTLs
14 8 F 1A RT (9 ma) Nao 2 Transient swelling CR I remission 9 mo after CTLs
and pain in cervical
Iymph node

Table 4. Toxicity and clinical response after CTL therapy

Patient no. Toxicity Clinical response Outcome
Treated in remission
729 None A Remaing in remission = 27 mo
606 Nong A Femaing in remission = 26 mo
97 None A Remains in remission = 25 mo
B15 Mong WA Remains in remission > 19 mo
Treated with relapsed or refractory disease
BaS Swelling at Mo response then PR PR for 4 months then progressed and died &t 12 mo
Turmor sile after chemotherspy
B34 None CR Fiemaing in remission = 23 mo after CTLs
389 None CR Remains in remission = 11 mo after CTLs
818 Mong FR PR for 12 mo after CTLs then reapeed
1042 None Stable disease Stable disease for > 14 mo
1046 Nong MO response Diad of dizease al 3 mo
1 9 P IV(TANZMO)  Liver, sploen KT, three lines 0 None SD (4 months)
of CT
2 65 M HI(I3NIMO)  Primary tumor, Two lines of 0 Inflammatory PR (8 months)
skull base CT,RT, reaction at the
gy disease sites fever
and tremors
after second
infusion
3 2 M HI(IINIMO)  Primary tumor, Two lines of 0 Nane m
skull base CT, KT
1 0 F o HI(T2N2M0)  Skull base, neck Three lines of 1 None SD (8 months)
CILRT
5 W M IV(I2N2M1)  Primary tumor, Two lins of CT, 1 None i
skull base RY, surgery
6 61 M UI(TINOMO)  Primary tumor Two lines of 0 None 5D (16+ months)
CT, RT
7 9 M Unknown Skaull base, lung, Three lines of CT, 1 Obital edema and PR (5 months)
tymph nodes, RT, surgery visual ficld defects
orbital cavity
8 0 M Unknown Primary tumor, Three lines of 0 None MR (12 months)
skull base CT.RT
9 3 M IV (IXNZMI)  Primary tumor, Three lines of CT 0 None w
neck
10 0 M IV (TANIMO)  Liver Two lines of CT 1 None W
n * M U(TNIMO)  Lung, lymph Twolines of CT, 1 None P
nodes, liver RT, surgery

Bollard CM, et al. J Exp Med 2004;200:1623-33
Straathof KC, et al. Blood 2005;105:1898-904
Secondino S, et al. Ann Oncol 2012;23:435-41
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Lymphoma

MNPC

NK/T-NHL

n=10

A
n=29 n=16
(adjuvant) A |
n=21 (R/R 100 R of TTP: 38—-420 d
M Remains in remissiod . ange =
Relopsed - disease) E 50 Mean TTP: 136 d
rof e eree mj oo ] Median TTP: 66.5 d
. v £
B . : m{ ) E‘ 50+
. & & ao
- = g ow E & 40
[ + * #+ & 2 . 2 -
- % . B .
9% oo 5= e B R ) 20
g
e Time (years) Time (years)
g8 04
H = LMP2-CTL protacal D 100 E ey _ » . - . .
Wz LMP172-CTL pratocal q fsba v 1] 100 200 300 400 500
Pe22 l_‘ DE!'E
0 1 2 3
Time fyears)

c

1.0 .
T o s e . . : ; S R EEE Median OS 523 days vs 220 days
% = o8 Time {years) Time (years)
=
=R
g
3 o

o 1 2 3 4 5 ] 7 a

Time fyears)

OS (%)

PFS (%)

1.0
0.8+
064
044
024
0.0 T T T T 1
o 20 40 60 80 100
Time (months)
T L .,
084
06
044
024
0.0 T T T T 1
o 20 40 60 80 100
Time (months)

Postremission (CR)

Bollard CM, et al. J Clin Oncol 2014;798-808
Smith C, et al. Cancer Res 2012;72:1116-25
Secondino S, et al. Ann Oncol 2012;23:435-41
Cho SG, et al. Mod Ther 2015;23:1401-9
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(Edinburgh)
HSCT: 33

(MSKCC) HSCT: 33
SOT: 13

A a
Table 3. Response to first and ultimate cycle of EBV-CTLs 2o OS: £¥%
2oy Response to first oycle of EBV-CTLs > ] Zymar O 6T%
i Cohort N w® PR S0 POD (R+PR 2,
£ HLT recipients i B 7 5 12 454, %_ b
5 SOT recipients 1 1 2 5 4 1% 3.
Ultimate response to treatment g s
8 ]
) T yehamemtonmeen © ' ° J = o o POD  (R+PR @ - 2-year O 19%
63 @ 0 @/ W M o HLT recipients EE] ] 3 1 ] BE% =
SOT racipienits. i E] 2 1 1 H Ed%
ORR 52% at 6 months .
OS 79% at 6 months Months from first cycle response evaluation
L L crPR 1] 6 .
No significant toxicities smebnemsia 8 4 8 8 7 8 & o
Progression 16 8 5 4 % 3 3 3 3
A INTACT HOST IMMUNITY IMMUNODEFICIENCY C mocosmumunmen AV SRANPARENCHYMA
Benign B-cell Malignant B-cell EBY latontey 0 infocted EBV latency Il infocted - EBV latency Il infected
PCNSL - =
Accumulation of v M5 ] o=
genetic abberst Viral transformation ol %\
PTL D g ‘/\ /-‘(;“::“
HLA molecule LA molecule MDY pophie %\\__ et L RATD paphda

Haque T, et al. Blood 2007;110:1123-33
Prockop S, et al. J Clin Invest 2020;130:733-45
Gandhi MK, et al. Blood 2021;137:1468-77
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ATA129-302 ALLELE Study: Tabelecleucel Phase 3 Clinical Trial

HCT Cohort (n=33)

» R failure
Treatment Cycle
Pre-dose
Screening N=66 Assessments =@ Observation - End . - Follow-up
Dosing Day 1, 8, Treatments.
SOT Cohort (n=33) 15
) Subgroup A: R failure
Subgroup B: R-chemo
failure
Tabelecleucel may be Tabelecleucel may be
switched to a different switched to a different
HLA restriction HLA restriction
Response .~ . depending on patients depending on patient’s
guided ’ '\ response response

Cycle 2

1 dose on days 20-day 7
1, 8, and 15 observation

Cycle 1

1 dose on
days 1, 8, and

B
>

<
<

Radiographic
assessment

1 dose of 1 dose of 1 dose of PEW Start of
2x10° Day 8 JPX &2 2x10° next
cellsiky cellsfkg ce / qrqe/

3 doses + observation per cycle

https://clinicaltrials.gov/ct2/show/NCT03394365
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ATA129-302 ALLELE Study: Tabelecleucel Phase 3 Clinical Trial

* Healthy EBV-positive donors

* Each T-cell line:

* Virus-specific

« Extensive depletion of alloreactive T-cells

*  HLA (HR) typed

« Identifying the restricting HLA allele (TCR
recognises EBV peptide in complex with a
specific HLA molecule- will increase the
probability to eliminate tumor cells through
cytotoxicity)

+ Cover ~ 95% of expected patients

oé@@“

* Selection based on: o o e B o

+  Specificity of the line for the target antigen
through shared HLA alleles (HLA restriction)

* Overall level of HLA match (selecting a lot
that shares at least 2 HLA with the
immunological profile of the patient will
increase the probability of product
acceptance and tolerance)

» Possibility for restriction switch

Tab-cel Manufacturing

PBMCs collected Separated donor Co-culture of EBY

framEBV* Bcellstransformed  APCs and donor EEE?E‘TGE;I
unrelated donor into EBV APCs T cells
RS e

Separated
donor T ceils

No Genetic Modification of T cells

Loip,

/’/‘

EBV infected B cell

Tab-cel Selection

Selected basedonan
appropriate HLA restriction
andallele profile

Tab-cel Inventory

Diverse HLA profiles
intendedto cover
~95% of patients

Comprehensive
Characterization

EBV-specific
HLA restriction

Tabelecleucel EBV* cell
EBV peptide

Patient in Need

Release

Determine patient's = 4
it !
S i i ! Fi r': F‘ unigue HLA type Jé
pii= I T T IR — 4
T-eell HLA

receptor

Including HLA
restriction

and allogenicity

Selection is intended to

J\juj.j.j.ﬂ.h
optimize EBV* cell targeting
Ready in Advance .
of Patient Need Selected for Each Patient

Withers B, et al. Biol Blood Marrow Transplant 2018;24:2433-42
Gaballa MR, Ramos CA. Curr Treat Options Oncol 2020;21:21
https://clinicaltrials.gov/ct2/show/NCT03394365
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ATA129-302 ALLELE Study: Tabelecleucel Phase 3 Clinical Trial

* Healthy EBV-positive donors

* Each T-cell line:

* Virus-specific

« Extensive depletion of alloreactive T-cells

*  HLA (HR) typed

« Identifying the restricting HLA allele (TCR
recognises EBV peptide in complex with a
specific HLA molecule- will increase the
probability to eliminate tumor cells through

cytotoxicity)
@ )
« Selection based on: o -

+  Specificity of the line for the target antigen
through shared HLA alleles (HLA restriction)

* Overall level of HLA match (selecting a lot
that shares at least 2 HLA with the
immunological profile of the patient will
increase the probability of product
acceptance and tolerance)

» Possibility for restriction switch

+ Cover ~ 95% of expected patients

- 9@

o 6% 7

Third party

MUsT
v Donor(s) HLA:
High resolution

¥ Recipients' HLA:
High resclution

High-resolution HLA genotyping from
disease biopsy available?

|

Patient and donor
gender is mismatched?

e

NO

HCT

sOT

January 15-17, 2024
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MUST

¥ Recipients’ HLA:
High resclution

v" Donor-graft:
Low resclution
(at minimum)

High-resolution
HLA genotyping

HCT ' ‘ SOT

Withers B, et al. Biol Blood Marrow Transplant 2018;24:2433-42
https://clinicaltrials.gov/ct2/show/NCT03394365
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2
HCT (N=14) SOT (N=29) Al (N=43)
P
o 1 Sh ared HLA resirlchon Responders, n (%) 7 (50.0) 15 (51.7) 22 (512)
95% CI 230,770 325,706 355, 66.7
+ BOR, n (%) 1.0
: CR 6 (42.9) 6(20.7 12(27.9
4. > 1 other compatible HLA allele ) o ero)
PR 1(7.1) 9(31.0) 10 (23.3) s 184
sD 3(214) 2(6.9) 5(11.6) 3
PD 2(14.3) 7(24.1) 9(20.9) A ]
Not Evaluable 2(14.3) 5(17.2) 7(16.3) §
CBR, n (%) 10 (71.4) 17 (58.6) 27 (62.8) 3 o4
95% CI 419,916 389,765 267,770 £ 1
Patient HLA TTR, months (range) 10(1.0-4.7) 11(07-4.1) 10(0.7-4.7) g 02
.2 4 ~—— All patients, 1-year OS =61.1%
i L) [ . e
N 5 1 I I I I | |
5/8 Three shared alleles Estimated median OS, NE 164 184 0 3 12 18 24 30 36
menths (85% CI) (5.7, not esti (5.0, not esti (6.9, not esti Time (months)
Number at Risk (Event)
1-year OS rate, % (95% CI) 701 (385,876) | 562 (346,732) | 611(437, 745) Alpatensd3(0) 2502 2005 2¢n ees 248 0(e)
Responders, n 7 15 2 Responder 22 (0)  17(12)  15(3) 9(4) 5(5) 3(5) 0(s)
1-year OS rate, % (95% CI) 100 752(407,914) | 844 (589, 947) Nonrssponderzt @ 000 s(m a3 a0 ot
Product 2 o8 One shared allele Non-responders, n 7 14 21
1-year OS rate % (95% CI) 357 (5.2, 69.9) 336(104,59.1) | 34.8(14.6,56.1)
oA EA R @D 14.1 (2.0-35.4) 6.0 (0.1-35.4) 11.0 (0.1-35.4)
(range)

No reports of tumor flare reaction, infusion reactions, cytokine release
syndrome, immune effector cell-associated neurotoxicity syndrome,

graft rejection, GVHD, or transmission of infectious diseases. Toner K, Bollard CM. Blood 2022;139:983-94
Mahadeo KM, et al. Blood 2022;140(Suppl1):10374-6
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Expanded Access Program (EAP) Tabelecleucel in Europe

EBV* PTLD EBV* PTLD
Post-HCT Post-SOT
(=) (n=16)
1.07
Responders*, n (%) 7 (87.5) 9 (56.3) 16 (66.7) Sr
95% ClI 47.3, 99.7 29.9, 80.2 44.7,84.4 5 = 0.87
=
CR, n (%) 4 (50.0) 4(25.0) 8 (33.3) 22 ;61
PR, n (%) 3(37.5) 5 (31.3) 8 (33.3) g %
SD, n (%) 0 2 (12.5) 2(8.3) 2g 047
° = All patients, 1-year OS = 73.7%
PD. n (%) La29) 5(313) 6 (25.0) 02] — Responder, 1year OS = 90.9%
. * — - R = 0,
Median TTR, 1.0 (0.9-1.6) 1.0 (0.8-2.2) 1.0 (0.8-2.2) 0.0 Censored : : Non-responder, I1 year OS 34.3?
months (range) 0 6 1 18 4

. Time (months)
Number at Risk (Event)

All patients 24 (0) 13 (4) 4 (5) 1(5) 0(5)
Responder 16 (0) 11 (0) 3(1) 1(1) 0(1)
Non-responder 8 (0) 2(4) 1(4) 0(4)

ORR of 75% among patients with EBV* PCNSL-PTLD (n=4)

Choquet S, et al. J Clin Oncol 2023;41(Suppl 16):7521
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ANHL1522: Durable Immunity to EBV post Rituximab and Third Party LMP-specific
T-cells: A Children's Oncology Group Study

Figure 2

Infection with
Laboratory
Strain

EBV

ap

Transduction with a
replication-incompetent
adenoviral vector
expressing LMP 1 and 2 )
f

SOT

Donor

! '5. PBMC

T-cells Monocytes

Transduction with a
replication-incompetent
adenoviral vector expressing
LMP 1 and 2

Patient

Newty Diagnosed B Relaps odRetactory
- - -
A a o - .
L a ®
A . &
A .
A . r
. B

. . +

A +

" . &

L] ] .
. .

0 120 o %
Time since treatment intiation (days)

®  Complete Remission (CR) & Pamal Response (PR) @  Stable O

Event-free survival

“+= Hewly Dingrosed ~+ Relapsed/Retactory

L

50350 (30) + Progressive Disease(PD) @  Not wvaluated

nduckon RTX2 LMP.TC 1 we.Tc2
D  Overall survival
“+= Newly Disgnosed Relapaed Retractory

10 T

-
I

0.0
0 06 1 16 2 25 3 35 4 0 0s 1 15 2 25 3 35 4
Time (Years) Time (Years)
Number at risk Number of risk
1210 8 [ 5 4 4 2 1 -2 1 10 7 [ 4 4 2 1
6 2 L2 0 0 0

Persistence of VST up to 8 months

Wistinghausen B, et al. Blood Adv 2024.Jan 1 [Epub ahead of print]
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Age at PTLD diagnosis, N (%)

Bulky disease (=10cm at

CAR-T), N (%)
Age<60 14 (64) Yes 5(23)
Age=60 8(36) No 17(77) (A) 1.00 — e {B) 100
Gender, N (%) Bone marrow involvement, N (%) P
Mal 16 (73 b¢ 4 (18 ]
ale (73) es (18) PR a7s
Female 5(22) No 10 (45)
Unavailable 1(5) Unavailable 8(36) - E 0.50
£ 050
ECOG at PTLD relapse, N (%) Extranodal sites present, N (%)
0 9(41) <1 17 (77) R P
0257 —
sD
1 12 (55) =1 5(23) -
2 1(5 o001, ' . : "
5) 000 ] o & 12 18 24 30
- A BT - : : N T T y y T T Months from CAR T-cell infusion
[Pl score prior to CAR-T, N (%) CNS disease involvement, N (%) M & 12 18 24 30 n L
1 1(5) Yes 1(5) Months from CAR T-cell infusion -z 9 3 1 3 3
M : 2 0 (L] o Q (]
2 5(23) No 21 (95) -2 ° 6 3 3 3 =1 5 3 3 H e
3 11 (50) {C) 1.00 {D) 100 1
4 2(9)
5 1(5) 075 0757
Unavailable 2{9)
8 050
PTLD stage, N (%) Organ transplant, N (%) 8 0.50
Tto Il 2(9) Kidney 14 (64) 025 — R
MtV 20 (91) Liver 3(14) 025 _— g
LDH, N (%) Heart 2(9) I — 0.00 ] — fo
Elevated 18 (82 Kidney, Pancreas 1 (5, B 95% CI a 3 12 18 24 30
2 e}' © o l, T g T Months from CAR T-cell infusicn
Intestine 1(5) ] 6 12 8 24 30 e
Months from CAR T-cell infusion -z w L 1 3 3
16 N =i i o H 5 o
- 15 a 3
EBV tumour status, N (%) 22 2 ® - 3 ° ° ° 2

Positive 1(5)
Negative 18(82)
Unavailable 3(14)

McKenna M, et al. Br J Haematol 2023;202:248-55
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. Safe and effective therapy

. Persistence of EBV-CTLs: necessary for durable response?
=> up to 9 years following infusion
=>» less long in third party CTLs

. Third party EBV-CTLs
= SOT
=2 HSCT

. Safety concerns?

=>» minimal infusion-related toxicity
= no CRS/ICANS
=> negligible GVDH/rejection

Heslop HE, et al. Blood 2010;115:925-35

Heslop HE. Blood 2012;119:2436-8

Doubrinova E, at al. Blood 2012;119:2644-56

Ricciardelli I, et al. Blood 2014;124:2514-22

Dharnidharka VR, Mohanakumar T. N Engl J Med 2015:372:569-71
Bollard CM, et al. J Clin Oncol 2018;36:1128-39

Sinha D, et al. J Immunother Cancer 2021; 9:e001608
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Tumor Evasion Mechanisms in PTLD
A: CTL Generation
gos  LCLcelis CTL cells

. Resistance 5 "”““"“"‘ P
ey S
‘21“ X Vo

B Tumor Evasion Mechanisms

1: Tumor Transformed by 2: Infused line restricted thr
different strain of EBV HLA antigens not shared by tumor
3
) @) ‘},
Y TCRmolecules O Mutant strain of EBY
YU HLA molecules O Normal strain of EBV

Ji——EBV antigen presented by HLA

. Future:

. Gene engineering of CTLs (CNI resistant — ITREC/NCT03131934)
. Overcoming immunosuppressive properties of TME (dominant negative TGF[3 receptor)
. EBV-CTLs with CART / CARNK (receptors targeting lytic proteins)

. Combination therapy (CPI, BV, BCL2-antagonists, DMAs,...)

. Multivirus virus-specific T cells T ) -

Heslop HE, et al. Blood 2010;115:925-35
Heslop HE. Blood 2012;119:2436-8
Doubrinova E, at al. Blood 2012;119:2644-56
Ricciardelli I, et al. Blood 2014;124:2514-22
= Dharnidharka VR, Mohanakumar T. N Engl J Med 2015:372:569-71

Wesks after infusion Bollard CM, et al. J Clin Oncol 2018;36:1128-39
Targetvinus © CHV 5 EBY 0 Adane 10V 6 JCV Sinha D, et al. J Immunother Cancer 2021; 9:e001608
Pfeiffer T, et al. Clin Cancer Res 2023;29:324-30

Percentage of change of viral load
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NCTO3264853 EBV.zpacific cytotouic Tdymphocytes (CTLs) for refractory EBW infection Praventive Children and

adults

KCTOS1 834590 RWWET cells fior treatment of viml nfections Praventive Aduls

RCTO4989491 Evaluation of the efficacy of a treatment by one single dose of ritusimats (375mg/m?) in Praventive Aduls
the prevertion of the EBY primary infection and posttransplant hmphoprolifemtve
disarder in adult EBY seronegatve patients who neceived an EBV seropasitive kdney
allograt REPLY)

NCTO4S074TT Ex-vivo delivery of mtuximab to present FTLD in EBY mismatch lung transplant recipients: a | Preventive Adulrs
pilt trial

N

NCTO25B0539 A study of the safety and efficacy of EBV specific T-cell lines (EBV-TCLO1) Praventive or | Adults

frantline

NCTOZIDOSTA Ritusimab: and LMP.spe<ific T-cells in treating pediatric solid crgan recipients with EBV. Frantline Children and
positive, CO20-positive posttransplant |ymphoprolfierative disordes adults

NCTO4337827 Rituxsmab and acalabeutinib in newly dagnosed B-cell postiansplant lymphoproliferative Frontline Aduls
disardier

N
NCTOME5S%14 A study to evaluate tabelecleucel in paticipants with EBV-assaciated diseases Frantline Children and
%‘ adlts

NCTOSTRA040 Tafasitamab and ritwsmab for front-line treabment of postiransplant lymphoproliferative Frontline Aduls
disander

NCTO 1924564 EEV CTLs ewpressing CD30 chimeric receptors for CDA0° lymphama (CARCDAD Frantline ar Children and

relapsed adults

NCTOE131934 Immunotherapy with tacrolimus resctant EBV CTL for ymphoproliferative disoase after solid | Frontline or Children and
argan transplart (TREC) relapsed adults

Vv

NCTOSMH 1058 An apen-label, phase 2 trial of naratinastat in combination with valganciclavir in patients with | Relapsed Adules
EEV relapsedirefracton lmphamas (NAVAL-1)

NCTOEIRA3ES Tabelecleucel for solid organ or allogensic hematopoietic cell transplant particpants with | Relapsed Children and
ERV.associated posttransplant lymphoproliferative disease (EBV* PTLD) after failure of adults
ritumimabs or rituximat: and chematherpy (ALLELE)

ﬂ NCTO4464179 EBV-gpeciic Tdymphocytes fior treatment of EBV™ ymphoma (CILESTE) Relapsed Children and
acklts
L4 NCTO4925544 Clinical trial of a nowel small molecuke EBMAT inhibitce, WK 2019, in patients with EBW® Relapsed Adules
nasophanyngeal cances (MPC) and other EBV-associated cancers, with pharmacokinetic and
phammiacodynamic comelative studies
N NCTOET14748 Apglication of mAMNA immunatherapy techriology in EBV.related refractory malignant tumors | Relapsed Adules

NCTOZ287311 Miost dasely matched 3rd paty mpidly generated LMP, BARF1 and EBMAT specific CTL, | Relapsed Children and

EBV* lymphoma [MABEL) adhults
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Amengual JE, Pro B. Blood 2023;142:1426-37
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