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Post —transplant lymphoproliferative disorder: CLINICAL PRESENTATION

Factor Clinical presentation

« Heterogeneous (from incidental asymptomatic findings to fulminant presentation),

1
U EEIIS including organ failure and spontaneous tumour lysis
* Most common: lymphadenopathy and fever
Symptoms? » Rare (EBV end-organ disease): encephalitis/myelitis, pneumonitis, hepatitis, and

hemophagocytic lymphohistiocytosis

* lymph nodes

Target organs? .
« CNS 5-20%, Gl tract 20-30%, lungs, liver, graft 10-15% (early onset>late onset PTLD)

» After HCT, PTLD often progresses rapidly and is more frequently at an advanced stage

ion3
Progression than after SOT

CNS, cenfral nervous system; EBV, Epstein-Barr virus; Gl, gastrointestinal; HCT, haematopoietic cell fransplantation; PTLD, post-transplant lymphoproliferative disorder; SOT, solid organ transplantation.

1. Dierickx D, et al. N Engl J Med. 2018;378:549-562; 2. Styczynski J, and Giebel S. EBMT Handbook 2019; Chapter 45; 3. Fujimoto A, et al. Cancers (Basel). 2020;12:328




PTLD : DIAGNOSIS

Non-invasive diagnostic methods'-2
* Quantitative determination of EBV-DNA-aemia*

*Imaging: CT or PET-CT** or MRIt

Invasive diagnostic methods'2
* Biopsy: of the lymph node and/or other suspected sites

* Endoscopy: when Gl symptoms present

* Histological examination

» Detection of viral antigens or in situ hybridisation for EBV-encoded RNA transcripts
* Immunohistochemistry

* Flow cytometry for B-cell, T-cell, and plasma cell lineage-specific antigens

» Currently the method of choice for early detection and monitoring progression and response to treatment of EBV+ PTLD starting no later than 4 weeks after HCT.1 ** For avid
structures, localised in the lymph nodes, spleen, liver, Gl tract, skin, lungs, bone,1 BM. t In CNS disease and non-avid histologies. 1
ATG, anti-thymocyte globulin; BM, bone marrow; CNS, central nervous system; CT, computed tomography; EBV, Epstein-Barr virus; Gl, gastrointestinal; GvHD, graft-versus-host
disease; HCT, haematopoietic cell fransplantation; MRI, magnetic resonance imaging; PET-CT; positfron emission fomography-computed tomography; PTLD, post-transplant
lymphoproliferative disorder; TCD, T-cell depletion.

« 1. Styczynski J and Giebel S EBMT Handbook 2019; Chapter 45; 2. Samant H, et al. Posttransplant Lymphoproliferative Disorders. StatPearls 2023.



PTLD :STAGING SYSTEM

There is NO official grading system for EBV+ PTLD'
The use of PET-CT is an important imaging tool for both PTLD diagnosis and staging’

Possible staging of PTLD:!

Clinical end-organ staging: Clinical severity staging: ECIL-6 staging*:
nodal vs extra nodal disease limited (unifocal) vs advanced limited (stages I-l), advanced forms
(multifocal) disease (stages llI-1V)

Based on the Lugano lymphoma classification by PET-CT imaging.!

EBV, Epstein—Barr virus; ECIL, European Conference on Infections in Leukaemia; PET-CT, positron emission tomography—computed tomography; PTLD, post-transplant lymphoproliferative disorder.
1. Styczynski J, and Giebel S. EBMT Handbook



PTLD :THERAPEUTIC STRATEGIES

RESTORING T-CELL FUNCTION! REDUCTION OF B-CELL MASS!
* Reduction of immunosuppression » ANti-CD20 antibodies

« Donorlymphocyte Infusion « Chemotherapy

» EBV+CTLs « Surgery/radiation

* Checkpoint inhibitors *  ANfi-CD30 antibodies

« CAR-T = Bruion kinase inhibitors

TARGETING EBV
T-cell conirol EBV+ B cells
o — «  Anfivirals /f HDAC

inhibitors

CAR-T. chimedc antigen receptor T-cell thempy: CD20/30, duster of differentiation 20/3C: CTL. oytotoxdic T lymphocyte: EBV+, Epstein—8amr virnus postive: HDAC, histone deacehdase:
FTLD. post-transplant lymphoproliferative disorder.
1.Styczynsc J. et al. Anti cancer Research. 2022242(11):5181-513864.



PTLD:TREATMENT ALGORITHM post HSCT

PTLD following HSCT

Early lesions,
polymorphic
PTLD and
monomorphic
PTLD subtype
DLBCL (CD20+)

Monomorphic PTLD
subtype non-DLBCL
and PCNSL

CR Continued FU
rituximab (4 courses) < 7\ CR

Salvage chemotherapy

lymphoma subtype-
specific therapy

Abbreviations: PTLD, posttransplant Ivmphoproliferative disorder; SOT, solid orgarn transplantation; HSCT, hematopoietic stem cell

transplantation; CR, complete remission; FU, follow wup: R, rituximab; G CHOP, cyvclophosphamide-doxorubicine-vincristine-prednisone;
DI.BCL, diffuse large B cell Ivmphoma; Tx, transplantation; HDT, high dose therapy: ASCT, autologous stem cell transplantation;: EBV,
Epstein-Barr virus; PCNSL, primary central nervous stem Ivmphoma; DILI, donor Ilvmphocyte infusion.




PTLD:TREATMENT ALGORITHM post SOT

PTLD following SOT

Early lesions ‘ =
RIS during 2-4 weeks

|

s

| &8

N Continued RIS and
FU
‘ Continued RIS and -
FU R-CHOP (4 courses) + stop IS in L
\ case of kidnev Tx
[ Continued RIS and
CR CR ] FU
Polymorphic PTLD 5 ) \
e e RIS + rituximab (4 /’ /
PTLD subtype courses) \
DLBCL (CD20+) |
Salvage chemotherapy,
including HDT + ASCT
or
Adoptive immunotherapy
(if EBV+ and available)
Monomorphic PTLD RIS + lymphoma
subtype non-DLBCL subtype-specific
and PCNSL therapy




PTLD:FRONTLINE TREATMENT ALGORITHM post SOT

PTLD
< :
RIS in Coordination with SOT Team
!
|

4
l Chemotherapy specific to the disease type

CR ” PR, High Risk
t PR, Low Risk (Syrnw-l-ﬁs%h Tumor Burden)
H PD

Consolidation
Rituximab q 3 ks X 4 d l

l » Ch motherapy™

No response

* Supportive measurements: growth factors, acyclowvir, antifungals and PJP prophylaxis are recommended

* Radiotherapy can be considered for localized disease, consolidation, or for symptom control

e Surgical resection may be advised if Gl involvement given high nisk of local complications

e Chemoimmunotherapy: SOC R-CHOP, can consider R-EPOCH

* Patients with CD30-positive disease who are unfit for chemotherapy may benefit from off label brentuximab vedotin plus rituximab
if CD20 positive

e High-risk patients: EBV+ disease consider earlier referral for EBV-CTLs; EBV- disease consider referral for clinical trials

e CNS PTLD: induction and consolidation regimens used for immunocompetent patients are recommended

Figure 1. Algorithm for management of PTLD in a frontline setting. Gl gastoinmestinal, PJP, Pneumocysts jirovedi pneumonix q every: SD, stable dsesse; SOC,
andad of care

Jennifer E. Amengual,Barbara Pro, How I treat posttransplant lymphoproliferative disorder, Blood, 2023, Figure 1.




PTLD:RIS

Management of post-transplant lymphoproliferative disorder in adult solid organ transplant recipients — BCSH and
BTS Guidelines , Parker ed al.:

- Limited disease : a reduction 25% in immunosuppression
- Extensive disease and critically ill: stop all agents except prednisone 7,5 mg-10mg/die

- Extensive disease and not critically ill: decrease ciclosporine/tacrolimus by 50%, discontinue
azathioprine/mycophenolate and maintain prednisone 7,5 mg-10mg/die

- European guidelines: recommending steroid maintenance alone or reducing ciclosporine/tacrolimys by
50% and stopping all other agents: azathioprine/mycophenolate



PTLD:RIS

- Reduction of immunosluppression

- Reshef, et al. (Am J Transplant, 2011)
= 67 SOT PTLD patients (1988-2008), managed with Rl alone
= 37% polymorphic, 63% monomorphic
- 70% EBV+
- ORR 45% (CR 37%, PR 8%)
= Acute rejection rate: 32%

- mMmOS: 44mo

2 _P<0.0001 NoO Adverse
o 20 <0 ©0 20 100 Factors
OR 0223 10 082.0 545)], P=0 001"



PTLD:RIS

MAJOR CRITICAL ISSUES of RIS: GRAFT REJECTION (above all in heart transplantation)

* Reshef, AJT 2011: 67 pts treated with RIS (25 polymorphic, 42 monomorfic); ORR 45% (37% CR, 4 pts no need for seconc
line treatment); relapse rate 17% of pts in CR; 45% allograft rejection with RIS

* Prospective study (Swinnen, Transplantation 2001) in SOT only 6% ORR, all PR, 38% rejection rate during RIS

Rivalutation after 2-4 weeks from RIS, monitoring any signs of rejection

1-4 weeks = response rates: 0 — ~50%'2

verall response rate
Treatment © P

(CR)
Pennsylvania' RIS only 45% (37%)
Baltimore?t Sequential therapy (RIS 6% (0%)

—IFNa — chemo)

Organ dependent risk in graft failure

Kidney: dialysis rescue
Heart: risk sudden death4s

Rejection rates: 18-40%°!



PTLD:FRONTLINE TREATMENT ALGORITHM post SOT

T e—
\ | / l

g PR, High Risk
S (Symptomatic-High Tumor Burden)
_ e 0
Consolidation
Rituximab q 3 weeks X 4 d l
Rituximab weekly < 4
l —» Chemoimmunotherapy™
No response

* Supportive measurements: growth factors, acyclovir, antifungals and PJP prophylaxis are recommended

* Radiotherapy can be considered for localized disease, consolidation, or for symptom control

* Surgical resection may be advised if Gl involvement given high risk of local complications

e Chemoimmunotherapy: SOC R-CHOP, can consider R-EPOCH

* Patients with CD30-positive disease who are unfit for chemotherapy may benefit from off label brentuximab vedotin plus rituximab
if CD20 positive

* High-risk patients: EBV+ disease consider earlier referral for EBV-CTLs; EBV- disease consider referral for clinical trials

e CNS PTLD: induction and consolidation regimens used for immunocompetent patients are recommended

Figure 1. Algorithm for management of PTLD in a frontline setting. Gl gasto inestinal, PJP, Pneumocysts jirovedi pneumonia, q every: SD, stable dsease; SOC,
mandad of care

Jennifer E. Amengual,Barbara Pro, How I treat posttransplant lymphoproliferative disorder, Blood, 2023, Figure 1.




PTLD treatment

Prospective Phase 2 Trials with Rituximab Monotherapy

No. of Overall Response Rate
Study Patients (complete response rate) Survival
%

Oertel et al.5® 17 59 (53) Overall survival at 3 yr, 5626
Blaes et al.3° 11 64 (55) Mean overall survival, 14 mo
Choquet et al.®° 43 44 (28) Overall survival at 1 yr, 6796
Gonzilez-Barca et al.®! 38 79 (34—60.5) Overall survival at 27.5 mo, 4796
Trappe et al.®3 70 60 (20) Part of sequential treatment
Trappe et al.4! 152 NR (25) Overall survival at 3 yr, 9196

(only low-risk patients treated with rituximab only)

BETTER OUTCOME: Early PTLD, young age, single site lesion

WORSE OUTCOME: CNS disease, bone marrow involvment, Late PTLD, Non B cell disease



PTLD: rituximab monotherapy

- Eradication of the malignant clone: role of rituxan

- Choquet, et al (Blood 2006)
- First prospective treatment trial in PTLD

- 43 patients with SD/PD despite Rl treated with rituxan monotherapy

(375mg/m2 weekly x4weeks)
*« 10% polymorphic PTLD, 65% monomorphic

- ORR:44% (27% CR); 1 year OS: 67%, mOS: 15mo

» Only factor predictive of response: LDH wnl

Survival Rate
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PTLD: more rituximab therapy

- Eradication of the malignant clone: role of (more) rituxan

- Gonzalez-Barca, et al. (Haematologica, 2007)
 Multi-center, prospective phase Il trial

- 38 patients: all prior RI; 18% P-PTLD, 82% M-PTLD (90%DLBCL); 70% EBV+
- Adaptive trial design with initial +/- additional rituxan course
Registzred |
n§41 J

v
Included
1 ritwcima% course ‘

l v ) v
Fail | PR CR
R = = 34% CR
‘ *
FProgression 2 ':{]L?):Hr;jwzg «f:?:]rurse
N=S | N=12 |
x 0,
aE 3 | 83% CR
[ N=2 N=10
' ' v o,
H—chamomempy] IR-chernolherapyl |R~cnem:>m»3ra[)4 60.5% CRITT
_ n=3 n=3 nN=2
3] : :
C CR &
N=2 L3 | [ & |
Authors Study Population Treatment schema Outcomes
Gonzalez-Barcaet al. 80% monomorphic Weekly R x4 If CR. no further N=38 on clinical trial. CR in 6 1%
2021 71% DLBCL treatment 5-yr DSS 68.6%. 94.4% if CR achieved
50% EBV +

10-yr DSS 64.7%. 88.1% if CR achieved
If PR. 4 more weekly AN=21 in “real-world™ cohort, CR in 38%
cycles R S-yr DSS 75.2%. 87.5% if CR achieved
10-yr DSS 64.7%



PTLD:FRONTLINE TREATMENT ALGORITHM post SOT

No response

e Supportive measurements: ors, acyclovir, antifungals and PJP s are recommended

* Radiotherapy can be considered for localized disease, consolidation, or for symptom control

* Surgical resection may be advised if Gl involvement given high risk of local complications

e Chemoimmunotherapy: SOC R-CHOP, can consider R-EPOCH

* Patients with CD30-positive disease who are unfit for chemotherapy may benefit from off label brentuximab vedotin plus rituximab
if CD20 positive

* High-risk patients: EBV+ disease consider earlier referral for EBV-CTLs; EBV- disease consider referral for clinical trials

e CNS PTLD: induction and consolidation regimens used for immunocompetent patients are recommended

Figure 1. Algorithm for management of PTLD in a frontline setting. Gl gasto inestinal, PJP, Pneumocysts jirovedi pneumonia, q every: SD, stable dsease; SOC,
mandad of care

Jennifer E. Amengual,Barbara Pro, How I treat posttransplant lymphoproliferative disorder, Blood, 2023, Figure 1.




PTLD treatment

Trappe et al. 2012
“PTLD-17

Trappe et al. 2017
“PTLD-17

Zimmerman et al.
2022
“PTLD-27

96%
81%
449

85%
74%
47%

97%
75%
38%

monomorphic
DLBCL
EBV +

monomorphic
DLBCL
EBV +

monomorphic
DLBCL
EBV+

Weekly R x4 followed by 4 cycles of CHOP
q3 weeks

Weekly R x4 If CR. 4 cycles of R

g3 weeks

If notin CR. 4 cycles
R-CHOP-21

If CR. or PR with low
IPI. 4 cycles of R g3
weeks (low risk)

If PR/SD/PD. 4 cycles
of R-CHOP-21
(high risk)

If PD in thoracic
SOT-PTLD. 4
alternating cycles
of R-CHOP-21
and modified
R-DHAOX (very
high risk)

Weekly R x4

10-yr DSS 64.7%

N=T74

ORR 90%

mOS 6.6 years

N =34 received
induction + con-
solidation R

N=92 received
induction R then
R-CHOP-21

N=21 low risk

N=22 high risk

N=35 very high risk

ORR 88%
CR 70%
mOS 6.6 years

ORR 95%

CR 52%

2-yr OS 100%
ORR 100%
CR 41%

2-yr OS 59%
ORR 60%
2-yr OS 30%

ORR 94%
CR 46%
2-yr OS 68%

CHOP cyclophosphamide/doxorubicin/vincristine/ prednisone. CR complete response. DILBCL diffuse large B-cell lymphoma, DSS disease-spe-
cific survival, EBV Epstein-Barr virus. /P/ international prognostic index, mOS median overall survival. ORR overall response rate. OS over-
all survival, PD progressive disease. PR partial response. R. rituximab 375 mg/m>, R-CHOP-21 rituximab plus CHOP given every 21 days.
R-DHAOx rituximab plus oxaliplatin/cytarabine/dexamethasone given every 21 days. SD stable disease. yr year



PTLD: sequential therapy PTLD 1 trial Phase 2

PTLD-1 Trial, Sequential Treatment

Rituximab (IV), 375 mg/m2 on days 1, 8, 15, and 22
(if progression, proceed to CHOP
immediately)

Y

CHOP-21 + G-CSF on days 50, 72, 94, and 116

No. of Patients 74
Overall Response Rate 90%6
Complete Response Rate 40%6
Treatment-Related Mortality 119
Median Overall Survival 6.6 Yr

* Phase 2 prospective trial, accrued 70 pts (96% monomorphic,

81% DLBCL ,44% EBV+. )

» Schedule: 4 weekly doses of rituximab monotherapy 375mg/mq ey,
followed by 4 cycles of CHOP administered every 21 days

* ORR 60%, CR 20% after Rituximab monotherapy;
ORR 90% (CR 68%) after CHT,
74% disease-free survival at last FU

* TRM 11%, > in pts non responder to Rituximab monotherapy

* Response to Rituximab in monotherapy important prognostic
factor for OS

* Advanced Age and ECOG>2 most important baseline
characteristics predicting outcomes



PTLD -1 risk-stratified sequential treatment trial Phase 2

PTLD-1 Trial, Risk-Stratified Sequential Treatment

Rituximab (1V), 375 mg/mZ on days 1, 8, 15, and 22
(if progression, proceed to CHOP

g s G O

Response to Rimaximab Inducton Is a Predictive Marker in
I I B-Cell Post-Transplant Lymphoproliferative Disorder and
Allows Successful Stratification Into Rimaximab or R-CHOP

Comp|ete remission No complete remission (Zunsolidali.un in an Intermational, Prospective, Multdcenter
Phase II Trial
' { T TR TR ST SRR R
e s T s St i, Vit o oot P Bt oot i S
Rituximab (IV), 375 mg/m? R-CHOP-21 + G-CSF on
on days 50, 72, days 50, 72, 94, and 116
94, and 116
No. of Patients 152
Overall Response Rate 88%
Complete Response Rate 70%6
Treatment-Related Mortality 8%
Median Overall Survival 6.6 Yr
Trappe et al. 2017 85% monomorphic Weekly R x4 If CR. 4 cycles of R N =34 received ORR 88%
“PTLD-17 74% DLBCL q3 weeks induction + con- CR 70%
47% EBV + solidation R mOS 6.6 years
If notin CR. 4 cycles N=92 received
R-CHOP-21 induction R then
R-CHOP-21



PTLD -1 risk-stratified sequential treatment trial Phase 2

In the international, multicenter, prospective phase Il PTLD-1 trial, EBV association was not found to be a
significant factor neither for overall survival nor time to progression. Thus, there is currently no evidence that
upfront treatment of EBV- and EBV+ PTLD should be different. Of course this does not apply to the use of EBV-

specific adoptive immunotherapy, which is restricted to EBV+ cases.

= Similar survival outcomes as EBV+ disease:

Overall survival (%)

EEBV Posave
== == -—- EBV Negastve
FP= 83

5 10 15 20
Time Since PTLD Diagnosis (years)

Trappe et al, Lancet Oncol. 2012;13(2):196-206

-

Table 2: Best response to initial therzpy

EBV-negzstive EBV-positive

Response PTLD PTLD p
Al patierts
Complete response, n (%) 23 44) 56 (55) 0.30
Pzartial response, n (%) 10 (19) 12 (13)
Stabe disease, n (%) 2 e 8 (8)
Progressive disease, n (%) 11 21) 24 (24)
Llol- eaaa s o © 17

Rl only

Complete response, n (9] 8 (35) 18 (43) 054
Pzartial response. n (%) 2 Q) 4 (9)
Stable dicsezse, n (%) 5 (28) 6 (12)

Progressive disease, n (%) 7 30) 15 (36)

Unknown, n 1 1

Rituximab with or without R
Complete response, n (%) 6 43) g (47) 0.84
Partial response. n (%) 5 (36) 4 (27)
StaHe disezse, n (%) 0 D) 1 (5)
Progressive disease, n (9%) 3 21) 5 (27)
Unknown, n 0 0

Chemo + Rl +=Rituximab
Complete response, n (%) 7 37) 14 (47) 0.88
Pzartial response, n (%) 8 42) 9 (30)
Stabe disezse, n (%) 1 5) 2 (7)
Progressive disease, n (%) 2 1€ 5 (16)
Unknown, n 1 0

EBV, Epstein—-Barr virus; PTLD, pasttransplantation ymphoprol-
forative disorder; BRI, reduction of immunosuppression.



PTLD -1 risk-stratified sequential treatment trial Phase 2: RISK ADAPTED

Arnercan Jowunst of Transpisrestion 2015; 15 10S1—1 100 © Copyrighs 2015 The Ame rican Socicty of Transplarsasion
WVidiey Penodicsis Do and the American Socicty of Transplans Swrecons

doi: 10.11 1148113086

Brief Communication

International Prognostic Index, Type of Transplant
and Response to Rituximab Are Key Parameters to
Tailor Treatment in Adults With CD20-Positive B
Cell PTLD: Clues From the PTLD-1 Trial

R U, Trmnoat e S Clhoaosat™. I D iarSclo®. Table 3: Multivariable Cox-regression analyses for overall survival and time to progression in the PTLD-1 trial

Risk factor p** HR 95% CI

Cox regression model n =62, Step 6, p=0.001*
Overall survival

Thoracic organ transplantation <0.001 7827 2.626-23.333
Age =60 0.001 4423 1.823-10.734
Overall response to rituximab 0.017 0.322 0.127-0816
Late PTLD 0.052 0415 0.171-1.007
Advanced Stage 0.063 2537 0.949-6.781

Cox regression model n =60, Step 9, p=0.020*
Time to progression
Overall response to rituximab 0.008 0.213 0.067-0.671
Thoracic organ transplantation 0.075 2983 0.896-9.930

Factors included inthese analyses were: age > 60, sex, late PTLD (x year after transplantation), EBV association, advanced stage, extranodal
disease, elevated serum LDH, ECOG > 2, thoracic organ transplantation and overall response to rituximab (CR/PR versus SD/PD)

HR, hazard ratio; Cl, confidence interval * Overall significance of the Cox-regression models is assessed based on the likelihood ratio test. **
This p-value is based on the Wald test. The discriminatory power of the models assessed by Somer's D is —0.47 for the overall survival
model (optimism corrected: —0.33)and —0.41 for the time to progression model (optimism corrected: —0.18). The mean calibration error of
the overall survival model is 0.14 (90%-quantile: 0.18). The mean calibration error of the time to progression model is 0.2 (90%-quantile:
0.31). Bootstrap estimates of calibration accuracy for 2-year survival for the prognostic models using adaptive linear spline hazardregression
are shown in supplemental Figure S2.

~ IPl (eta= 60 anni, ECOG=2, LDH=ULN, sedi extranodali, Stadio -1V, ).

si definiscono Low risk (LR) i pazienti con IPI score 0-2 e High Risk (HR) con IPI score 3-5
- organo trapiantato
- valutazione della risposta al Rituximab



PTLD -2 modified risk-stratified sequential treatment trial Phase 2

PTLD-2 Prospective Trial

Rituximab (IV), 375 mg/mZon day 1; rituximab (SC), 1400 mg on days 8, 15, and 22
(if progression, proceed to CHOP immediately)

' ' l

Progressive disease Stable disease or partial remission Complete remission or partial remission
and IPI score high and IPI score low
\d A l
If thoracic-transplant recipient: Rituximab (SC) + CHOP-21 + G-CSF Rituximab (SC), 1400 mg on days 50, 72,
Rituximab (SC) + CHOP-21 + G-CSF on days 50, 72, 94, and 116 94, and 116

on days 50, 94, and 138 alternating
with rituximab (SC) + DHAOx + G-CSF
on days 72, 116, and 160

If nonthoracic-transplant recipient:
Rituximab (SC) + CHOP-21 + G-CSF
on days 50, 72, 94, and 116

Modified risk-stratified sequential treatment (subcutaneous
rituximab with or without chemotherapy) in B-cell
Post-transplant lymphoproliferative disorder (PTLD) after

Solid organ transplantation (SOT): the prospective multicentre
phase Il PTLD-2 tral

Huirwr Ziewremnare'~, Ow alian Ko (3", Martn H Doy ling®, Ovasase Par”, Ulkich D wn (D Dareis Habey,
Nt Meadenbuaoer ™, lnguong A Haued, Matia ). Ruaveeel’ ®, Dossiril Woll™ %, Michud Haser D", Ohviatian Schevih”, .
Puter Schlamenare”, Mamtiin Fingen”, Ruires Setert (D', lake O Miss O, lanes Anagrot opado™ and Raf U Teappe (D'

© The Acthor &) X022



Zimmerman et al.
2022
“PTLD-27

PTLD -2 modified risk-stratified sequential treatment trial Phase 2

97 % monomorphic
75% DLBCL
38% EBV+

Weekly R x4

If CR. or PR with low
IPI. 4 cycles of R g3
weeks (low risk)

If PR/SD/PD. 4 cycles
of R-CHOP-21
(high risk)

If PD in thoracic
SOT-PTLD. 4
alternating cycles
of R-CHOP-21
and modified
R-DHAOXx (very
high risk)

N=21 low risk

N=22 high risk

N=35 very high risk

ORR 95%

CR 52%

2-yr OS 100%
ORR 100%
CR 41%

2-yr OS 59%
ORR 60%

CR 40%

2-yr OS 30%

ORR 94%
CR 46%
2-yr OS 68%

H_ Zimmere smann et sl

2874

Rare histology were all high risk and 8/15 lung
transplantation

* median PFS 3.8 yrs, median OS 5.1 yrs

* TRM 7%. Haematological toxicities (37%
leucopenia G3/4 e trombocitopenia), 42%
infections G3/4, renal toxicities, ,GI bleeding

In an interim analyses adopting this strategy
increased the proprtion of pts who avoid CHT to

33% vs 25% in PTLD 1trial

Fig. 3

Time-to event he
was 2.8 years Numbers i re indicated at the
son. © - rogression-fres surviva
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Ongoing romission (')
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PTLD: new agents

anti-CD20 monoclonal
antibodies

cytotoxic T
lymphocytes
(CTLs)

donor lymphocyte
infusion

chemotherapy

reduction of
immunosuppression

histone
deacetylase
inhibitors

Figure 1. Mechanisms of treatment of EBV PTLD. Treatment options, which will all be discussed in further detail in this review, include
reduction of immunosuppression, chemotherapy (including classical multi-agent lymphoma-based regimens as well as single agent
anti-metabolite therapy), donor lymphocyte infusions, anti-CD20 monoclonal antibodies, cytotoxic T lymphocytes, proteasome
inhibitors, histone deacetylase inhibitors, and checkpoint inhibitors. EBV: Epstein-Barr virus; PTLD: post-transplant lymphoproliferative
disorder.




PTLD: new agents

Table 4. New agents in the treatment of postiransplant lymphoproliferative disorders
Therapy ——Evidenceand-experience

molecules inhibiting B-cell receptor and  Ibrutinib and new generation BTK inhibitors
intracellular signaling pathways. e EBV" DIBCL-PTLD are predominanily nongerminal center B-cell subtypes [34"].
e can cross the BBB [59,62].
e also active against GVHD and graft rejection [63].
Doot-Fi3H¢omd-mTFOR—inhibiters
e PI3K/mTOR pathway is strongly activated in lymphoma cell lines derived from EBV*
PTLD patients [64,65].

Anti-CD30 conjugated monoclonal antibodies. e up to 85% of PTLD biopsies show expression of CD30 with consistent detection across
all subtypes [66].
e CD30+ PTLD tended to occur earlier and to be more frequently EBV-associated
compared o CD30- PTLD [67].
e frontline brentuximabvedotin associated with rituximab was tested in a phase 1/ trial
including 20 patients with CD30+ and/or EBV+ (40%) immunosuppression associatled
lymphomas with ORR and CRR of 75 and 60%, respectively. Treaimentrelated toxicity
however was high [68].

Checkpoint inhibitors. e Overexpression of PD-L1 is a common finding in EBV* PTLD [69,70].
e Case reports have shown successful resulis, although the risk for graft rejection and
GVHD is a major drawback [71-73].
e In addition, there are contradicting studies, reporting that PD-1 blockade is associated
with higher immunosuppressive IL-10 levels in humanized mice with checkpoint inhibitors
resulting in increased EBV viral load [74,75].

Bispecific Tcell engagers. e Only one successful case report has been described [76].
e Rejection and GVHD triggered by the cytckine release syndrome is a potential threat.
Chimeric antigen receptor T-cells. e Thirteen cases of SOT-related PTLD treated with CART have been described, showing

promising results with acceptable toxicity. However, only 2 of the cases were EBV+ [77].
e Rejection and GVHD triggered by the cytokine release syndrome is a potential threat.

BBB, blood brain barrier; BTK, Bruton's tyrosine kinase; CART, Chimeric antigen receptor T<ells; CRR, complete response rate; DLBCL, diffuse large Bcell
lymphoma; EBV, Epstein-Barr Virus; GVHD, groft-versushost disease; Il-10, Interdeukin-10; mTOR, mammalian target of rapamycin; ORR, overall response rate; PD-
L1, programmed death-ligand 1; PI3K, phosphatidylinositol3kinase; PTLD, posttransplant lym phoproliferative disorder; SOT, solid organ transplantation.



TIDAL trial Phase 2

Ibrutinib as Part of Risk-Stratified Treatment for
Posttransplant Lymphoproliferative Disorder
(PTLD): the Phase 2 TIDalL Trial

Context of research: |Ibrutinib added to first-line, risk-
stratified sequential treatment for PTLD (ISRCTN32667607)

Newly-diagnosed PTLD

Ibrutinib + rituximab

Interim
l CT scan 1
Low risk High risk
Ibrutinib + Ibrutinib +
rituximab R-CHOP

"

End-of-treatment scan

Primary outcome: Complete response after initial ibrutinib +

rituximab
. 29% CR rate

Prespecified target

Key secondary outcomes: Allocation to
low-risk, overall survival

59% high-risk
2-year OS 67%

41% low-risk
2-year OS 88%

Conclusions: 1) Adding ibrutinib to initial rituximab did
not result in a clinically significant interim response rate

in untreated PTLD. 2) Increasing the proportion of
low-risk patients, who have favorable survival

outcomes, is a priority.

Chaganti et al. DOI: 10.1182/blood.2024023847

€ blood

Visual
Abstract




TIDAL trial Phase 2
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Agure 2. Survival outcames. Sureval Kaplan-Maser curves of PFS(A), eventdree surwval (B), PFS afer intial IR thempy (C), and OS (D)

Prospective single arm phase 2 trial
investigating activity and tolerability of
ibrutinib combined with risk stratified therapy
for first line treatment

Schedule: 49 days of Ibrutinib 560 mg once

daily plus 4 doses of weekly rituximab

39 patients included:

> CR 29% after first induction

>ORR 67% (CR 56%) at end of treatment

- ORR 81 % (CR 75%) in the low-risk arm

- ORR 57% (CR 43%) in the high-risk arm

> 2-years PFS 56% and OS 75%

> PRIMARY ENDPOINT: CR on interim scan
-> NOT REACHED

The role of IPI2 and TC vs PET/TC ad interim



PTLD: new agents

Table 4. New agents in the treatment of postiransplant lymphoproliferative disorders

Therapy Evidence and experience

Small molecules inhibiting B-cell receptor and  Ibrutinib and new generation BTK inhibitors
intracellular signaling pathways. e EBV" DIBCLPTLD are predominanily nongerminal center B-cell subtypes [34"].
e can cross the BBB [59,62].
e also actlive against GVHD and graft rejection [63].
Dual PI3K and mTOR inhibitors
e PI3BK/mTOR pathway is strongly achiva
PTLD patients [64,65].

30 conjugated monoclonal antibodies. e up o 85% of PTLD biopsies show expression of CD30 with consistent detection
all subtypes [66].

e CD30+ PTLD tended to occur earlier and to be more frequently EBV-associated
compared o CD30- PTLD [67].

e frontline brentuximabvedotin associated with rituximab was tested in a phase I/l trj
including 20 patients with CD30+ and/or EBV+ (40%) immunosuppression
lymphomas with ORR and CRR of 75 and 60%, respectively. Tr elated toxicity
however was high [68].

Checkpoint inhibitors. e Overexpression of PD-L1 is a common finding in EBV* PTLD [69,70].
e Case reports have shown successful results, although the risk for graft rejecfion and
GVHD is a major drawback [71-73].
e In addition, there are contradicting studies, reporting that PD-1 blockade is associated
with higher immunosuppressive Il-10 levels in humanized mice with checkpoint inhibitors
resulting in increased EBV viral load [74,75].

cell lines derived from EBV"

Bispecific Tcell engagers. e Only one successful case report has been described [76].
e Rejection and GVHD triggered by the cytckine release syndrome is a potential threat.
Chimeric antigen receptor T-cells. e Thirteen cases of SOT-related PTLD treated with CART have been described, showing

promising results with acceptable toxicity. However, only 2 of the cases were EBV+ [77].
e Rejection and GVHD triggered by the cytckine release syndrome is a potential threat.

BBB, blood brain barrier; BTK, Bruton's tyrosine kinase; CART, Chimeric antigen receptor T<ells; CRR, complete response rate; DLBCL, diffuse large B<cell
lymphoma; EBV, Epstein-Barr Virus; GVHD, groft-versus-host disease; IL-10, Interdeukin-10; mTOR, mammalian target of rapamycin; ORR, overall response rate; PD-
L1, programmed death-ligand 1; PI3K, phosphatidylinositol3kinase; PTLD, posttransplant lym phoproliferative disorder; SOT, solid organ transplantation.



A Phase l/ll Trial of Brentuximab Vedotin (BV) Plus Rituximab (R) As Frontline

Therapy for Patients with Immunosuppression-Associated CD30+ and/or EBV+

Lymphomas
Investigate efficacy of Bv+R once weekly for 4 weeks, g 100 %,
followed by manteinance § P 1 N
» Schedule: £ s0
chedu’e: S 12-Mo and 24-Mo PFS: 75%
— Pts in PD after induction therapy --> CT ‘3 25
— Pts in CR/PR/SD --> manteinance with Bv+R for 12 go o 2° 11 10 O 2 o
months a (o) 12 24 36 48 60

100 +

* 20 pts enrolled (55% monomorphic, all with IP1>2, 35%
ECOG 2)
* ORR 75% con CR 60%

12-Mo and 24-Mo OS: 90%

Overall Survival
w0
(@)

* Median time to response: 28 days 25

- HIGH rate of Toxicities: 40% neutropenia, 30% 020 14 1 1 2 ©
hyperte:lhsion, 25% infections, 15% peripheral °© 12 24 36 48 60
neuropathy



PTLD: SECOND LINE TREATMENT ALGORITHM post SOT &HSCT

Relapsed or Refractory B cell PTLD

I
v

EBV-positive

v

CD20(+)

v

EBV-negative

|

Consider regardless of fitness
Or if
Failed salvage regimen

Not a candidate for intensive therapy
Asymptomatic
Low risk
Low tumor burden

!

Durable previous
response to rituximab

v

CD30(+)
Poor previous response
to rituximab

b 4 CAR T Therapy
l EBV CTLs*
Rituximab monotherapy A
Weekly x 4 doses Brentuximab vedotin*
g 3 weeks
+/— rituximab
l l x 3 cycles
CR Poor Response
v
! ! - :
Consolidation EBV Gilils l
Rituximab q 3 weeks x 4 doses

CD19(+)
Candidate for intensive therapy
Not chemotherapy responsive

\ 4
Candidate for intensive therapy

V

Salvage platinum-based
chemotherapy

=

CR
SD/POD /

CR

v

Stop therapy or

Consolidation
Brentuximab vedotin
q 3 weeks
+/— rituximab
Maximum 16 cycles

Jennifer E. Amengual,Barbara Pro, How I treat posttransplant lymphoproliferative disorder, Blood,
2023, Figure 1.

Consider Clinical Trial
(See Table 2)
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Clinical Outcomes of Patients With Epstein—Barr Virus-driven (EBV+) Post-Transplant

Lymphoproliferative Disease (PTLD) following Hematopoietic Stem Cell Transplantation Who Fail
Rituximab Plus Chemotherapy: A Multinational, Retrospective Chart Review Study

- Evaluating the data from Figure 2. KM Plot for Overall Survival for EBV® PTLD Patients Post-HCT Who
a large multinational, Failed Rituximab = CT (n=81)

multicenter retrospective

i
chart review of EBV- PTLD £ 109
patients following HCT after 2 08-
failure of rituximab = CT =
demonstrated poor OS with = 0.6 1 Median OS: 0.7 months (95% ClI- 0.3—1)
median OS of 0.7 months. S 04
= A vast majority of the patients g 0.2
(91%) ultimately died; more g .
than 2/3 of the deaths (68%) & 0.0 T v . v - v T . . )
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Figure 1. PTLD is the Most Common Reason for Death Among EBV* PTLD
Patients Following HCT (n=74)
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Clinical Outcomes of Solid Organ Transplant Patients With Epstein—Barr Virus-driven (EBV+) Post-

Transplant Lymphoproliferative Disease (PTLD) Who Fail

Rituximab Plus Chemotherapy: A

Multinational, Retrospective Chart Review Study

Evaluating the data from
large multinational,
multicenter retrospective
chartreview of EBV- PTLD
patients following solid
organ transplantation after
failure of rituximab plus
CT demonstrated poor

OS with median OS of

4.1 months.

Three-fourths of rituximab
plus CT failure patients
ultimately died: nearly 2/3 of
the deaths (65.1%) were from
PTLD and 16% were from
treatment-related causes.

There remains a significant
unmet need for effective and
well-tolerated therapies for
EBVT PTLD post-SOT patients
who fail rituximab plus CT.

Vikas Dharnidharkal, DhanalakshmiThirumalai2, Ulrich Jaeger3, WeizhiZhao2,
DaanDierickx4, PengchengXun2, PerianaMinga5, Ahmed Sawas6, Natalia Sadetsky7,
Paul Chauvet8, Erin Sundaram9, Arie Barlev7, Heiner Zimmermann10, Ralf Ulrich
Trappel0

Figure 2_ KM FPlot for Overall Survival for Post-SOT EBEVT PTLD Patients Who
Failed Rituximab Plus CT (n=86)

— 1.0 -
=
s
3 0.8 -
€ os _
F Median OS: 4 1 months {(95% CI: 1.9-8.35)
S 04 ‘1\__.
= + " ——
3 02 - b
e - Censored
1 0-0 L] L L] L L] L)
o 20 40 €0 80 100 120
Time of survival (months)
Numbsr at risk (svents)
36 (0) 21 (57) 13 (57) 13 (S9) 9 (S9) s (53) 2 (63)
OS rate. 3% (95% CI):
—_ 31.4 314 27 .4 27 .4 152 152
(21.5—421.7) (21.5—41.7) (17.8-38.0) (17.8—38.0) (6.6—27.2) (5.6—27.2)
Survival wac sciimated from the sarfiect date when patientc b r tory or r d following rittucimab pluc CT

Figure 1. PTLD is the Most Common Reason for Death Among EBV- PTLD
FPatients Post-SOT (n=63)

31

n=2

. Organ
rejectSonSaEilur=




PTLD: new agents

Table 4. New agents in the treatment of postiransplant lymphoproliferative disorders

Therapy Evidence and experience

Small molecules inhibiting B-cell receptor and  Ibrutinib and new generation BTK inhibitors
intracellular signaling pathways. e EBV" DIBCLPTLD are predominanily nongerminal center B-cell subtypes [34"].
e can cross the BBB [59,62].
e also actlive against GVHD and graft rejection [63].
Dual PI3K and mTOR inhibitors
e PI3K/mTOR pathway is strongly activated in lymphoma cell lines derived from EBV"*
PTLD patients [64,65].

Anti-CD30 conjugated monoclonal antibodies. e up o 85% of PTLD biopsies show expression of CD30 with consistent detection across
all subtypes [66].

e CD30+ PTLD tended to occur earlier and to be more frequently EBV-associated
compared o CD30- PTLD [67].

e frontline brentuximabvedotin associated with rituximab was tested in a phase I/l trial
including 20 patients with CD30+ andy/or EBY-+—402.) i mmunosuppression associaled
lymphomas with ORR and CRR of 75 and 60%, respectively. lated toxicity
however was high [68].

e Overexpression of PD-L1 is a common finding in EBV* PTLD [69,70].
e Case reports have shown successful results, although the risk for graft rejecfion and
GVHD is a major drawback [71-73].

e In addition, there are contradicting studies, reporting that PD-1 blockade is associated
with higher immunosuppressive Il-10 levels in humanized mice with checkpoint inhibitors
resulting in increased EBV viral load [74,75].

Bispecific Tcell engagers. e Only one successful case report has been described [76].
e Rejection and GVHD triggered by the cytckine release syndrome is a potential threat.

Chimeric antigen receptor T-cells. e Thirteen cases of SOT-related PTLD treated with CART have been described, showing
promising results with acceptable toxicity. However, only 2 of the cases were EB -
e Rejection and GVHD triggered by the cytckine release syndrome i ntial threat.

—_— —

BBB, blood brain barrier; BTK, Bruton's tyrosine kinase; CART, Chimenc anfigen recepior I<ells, CRR, complete response rate; DLBCL, diffuse large B<cell

lymphoma; EBV, Epstein-Barr Virus; GVHD, groft-versus-host disease; IL-10, Interdeukin-10; mTOR, mammalian target of rapamycin; ORR, overall response rate; PD-

L1, programmed death-ligand 1; PI3K, phosphatidylinositol3kinase; PTLD, posttransplant lym phoproliferative disorder; SOT, solid organ transplantation.

Checkpoint inhibitors.




PTLD: new agents

CAR-T in PTLD

Limited literature, only 41 cases of PTLD treated with CAR-T in 2023

Challanges:
. allograft rejection

. limited DOR due to the need to continuous IS therapy

McKennan, BJH 2023: real-world experience, 22 pts R/R SOT associated PTLD (20 DLBCL-NOS, 1 MCL, 1 HGBCL), 5% EBV+,
91% advanced stage, 64% IPI>2

— Prior SOT: kidney (n=14), liver (n=3), heart (n=3), intestinal, lung and kidney followed by pancreas (n=1 each)
— Before CAR-T: bridging therapy in 55%, 64% stop IS. Median IS restart after 3 months (1-14)

— CRS 82% (5% G3, 5% G4), ICANS 73% (27% G3, 9% G4), 2 treatment-related deaths

— =>ORR 64% (CR 55%)

— =>2-ys PFS 35% e OS 58%

—  14% after CAR-T allograft rejection



PTLD:antiviral therapy

EBV is predominantly latent in infected tumour cells, and should be re-sensitised to become susceptible to antivirals'2

Options for lytic induction:3

Traditional
chemotherapies

The use of antivirals and HDAC inhibitors in freatment of PTLD is currently
limited to investigational settings’

BAREF, bamhl-a reading frame; EBNA, Epstein-Barr nuclear antigen; EBV, Epstein-Barr virus; HDAC, histone deacetylase; HIV, human immunodeficiency virus; LMP, latent membrane protein; NHL, non-Hodgkin lymphoma;
1. Atallah-Yunes SA, et al. Br J Haematol. 2023;201:383-395; 2. Heslop HE. BloodNK, natural killer; PTLD, post-transplant lymphoproliferative disorder.. 2020;135:1822—-1823; 3. Dugan JP, et al. Front Oncol. 2019;9:127.




NAVAL-1 trial Phase 2

Global pivotal phase 2 trial, multicentric, open-label, single arm basket study
Inclusion criteria: >18 aa, EBV+ R/R lymphoma following 1 or more systemic therapies, no other therapies available ; not
elegible to HD-CT with allo/AutoSCT or CAR-T; no CNS involvement, adeguate hepatic and hematological function

Aims evaluate safety & efficacy of the all oral combination of nanatinostat (class | HDAC inhibitor) with
valganciclovir in R/R EBV+ lymhoma pts (PTCL, PTLD, DLBCL)

Rationale:

* EBV in latent form is not susceptible to the cytotoxic activity of ganciclovir

» Nanatinostat induces EBV lytic activation and expression of the EBV BGLF4 proteine kinase : this in turn
activates ganciclovir via phosphorylation — ganciclovir-induced inhibition of viral and cellular DNA synthesis
and apoptosis

» Well tolerated, common Aes: nausea (38%) thrombocytopenia (436%), neutropenia (34%), anemia (34%),
fatigue (26%), inappetence (22%)

43 pts evaluable, ORR 40% (CR 19%), median DoR 10,4 months



PTLD:adoptive immunotherapy

Different sources and applications for adoptive immune therapy in EBV+ PTLD1

AHCT: donor origin SOT: recipient origin

Transplantation cell type

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

EBV antigens expressed in the different latency programmes can be targeted by different immunotherapies!
AHCT, autologous haematopoietic cell transplantation; CTL, cytotoxic T-lymphocyte; EBV, Epstein-Barr virus; GVHD, graft vs host disease; IS, Immunosuppression; PTLD, post-transplant lymphoproliferative disorder; SOT, solid organ

transplantation.

1. Dierickx D, et al. Curr Opin Oncol 2022;34:413-421.



