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Long history between Nuclear Medicine and
Haematology

FDG PET recommendations and FDG PET
standardization for lymphoma recommendations
for MM

International myeloma working group consensus
recommendations on imaging in monoclonal plasma cell
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Role of nuclear medicine In

haematoloadical fumors

®m FDG-PET is used for pre-therapy staging with prognostic value in lymphoma and MM
: risk classification

®m FDG-PET confirms complete response after therapy (prognostic value) in lymphoma
and MM

®m FDG-PET allows to early evaluate the response and guide therapy in agressive
lymphoma and hodgkin disease

®m Major interest of whole body metabolic imaging to assess disseminated disease
(medullary and extra-medullary)

B |nternational recommendations and standardization use Deauville scale
m Strong potential of radiomics and Al, althought too immature for clinical practice use

®m Radiotherapeutics (Zevalin) has not become a standard in lymphoma but can be used
as an option

m Other radiopharmaceuticals (PET or therapy) are only at the stage of research

European Association of Nuclear Medicine (EANM) Focus 4
consensus recommendations: molecular imaging and
therapy in haematological tumours

CristinaNanni*, Carsten Kobe®, Bettina Baefler, Christian Baues, Ronald Boellaard, Peter Borchmann, Andreas Buck, Iréne Buvat, Bjérn Chapuy,

Bruce D Cheson, Robert Chrzan, Ann-Segolene Cottereau, Ulrich Diihrsen, Live Eikenes, Martin Hutchings, Wojciech Jurczak,

Frangoise Kraeber-Bodéré, EgestaLopci Stefano Luminari, Steven MacLennan, N George Mikhaeel, Marcel Nijland, Paula Rodriguez-Otero, www.thelancet.com/haematology Vol 10 May 2023
Giorgio Treglia, Nadia Withofs, Elena Zamagni, Pier Luigi Zinzani, Josée M Zijistra, Ken Hermann?, Jolanta Kunikowska™ - it



"Nuclear haematology group”

at Nantes University Hospital

Expertises in:

- Lymphoma, Myeloma, Acute
leukemia

- Clinical trials and cohorts

- PET/CT and PET/MR

- Radiotheranostics and innovative
radiopharmaceuticals

- |A and radiomics

Collaborations with

- IFM and LYSA cooperative groups
CRCI2NA, Arronax, Centrale
Academic and industrial partners




Long history between Nuclear Medicine and
Haematology

FDG PET
recommendations

for MM

FDG PET recommendations and
standardization for lymphoma

International myeloma working group consensus
recommendations on imaging in monoclonal plasma cell
disorders

Recommendations for Initial Evaluation, Staging, and
Response Assessment of Hodgkin and Non-Hodgkin
Lymphoma: The Lugano ¢

Use of Positron Emission Tomography for Response
Assessment of Lymphoma: Consensus of the Imaging

FDA approval
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ASUVmax reduces false positive interim PET findings
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Clinical research axis

. @ Numerous clinical trials of radionuclide therapies, industrial and academic,

. anti-CD20 and anti-CD22 RIT with the Goelams group and Immunomedics
and anti-CXCR4 RLT with PentixaPharm (PI F. Kraeber-Bodéré and C. Bodet-
Milin)

. @ Numerous clinical trials and cohorts of FDG-PET in lymphoma, in particular

. with the LYSA cooperative group (Pl C. Bodet-Milin and C. Bailly)

. ® Clinical trials and cohorts of MM patients using FDG-PET, other tracers and

. PET-MRI, in collaboration with the IFM cooperative group, the group of
Bologna and PentixaPharm (Pl F. Kraeber-Bodéré, C. Bodet-Milin, B. Jamet
and C. Bailly)

® Radiomics and IA developments in collaboration with Centrale Nantes (T.
Carlier and D. Mateus)



Zevalin® approved for CD20+ follicular lymphoma in
relapse or consolidation

First pre-dose Pre-dose + Zevalin®

| i % s
% . o
Day 1. 2 3 4 5 6 1 8 r o \
*Dose of cold anti-CD20 monoclonal antibody to optimize biodistribution of Zevalin® "“’ .
At Week 13 after beginning treatment £ "3 * e " - a
11 Partial response - _;:.'
P=0.002 f .
9 Il Complete response -
: L~ -’

Before and affer 1
injection of Zevalin

P=0.04

@ n=T73 n=10

Wagner et al. J Nucl Med 2002;43:267-272



Anti-CD22 hLL2-90Y
(epratuzumab)

U Developed by Immunomedics (Morris Plains, New Jersey)

U Humanized mAB used without loading dose of cold antibody, at variance with anti-CD20 Zevalin® and Bexxar®

JOURNAL OF CLINICAL ONCOLOGY ORIGINAL REPORT

High Rates of Durable Responses With Anti-CD22
Fractionated Radioimmunotherapy: Results of a A
Multicenter, Phase I/II Study in Non-Hodgkin’s Lymphoma
Franck Morschhauser, Frangoise Kraeber-Bodéré, William A. Wegener, Jean-Luc Harousseau,
Marie-Odile Petilion, Danien Huglo, Lorenz H. Trimper, Johannes Meller, Michael Pfreundschuh,
Carl-Martin Kirsch, Ralph Naumann, Joachim Kropp, Heather Home, Nick Teoh, Steven Le Gouill, g
Caroline Bodet-Milin, Jean-Francois Chatal, and David M. Goldenberg
Table 2. Trastment Responzas
OR CR/ICRu
Charactenstio Ne. Total Patients % No. Total Patients %
Overall (n = 81)° 3 &1 €2 20 81 43
No prior ASCT (n = 44) N 4 Kl 24 = 65
Folicular ymphoma ) 25 €0 e 25 72
Total ° doze, mCilm? B
=30 7 12 £e 3 12 &0 o
>320 13 13 100 12 12 a2
Nenfellioalsr n 19 £e € -] 2
Histclegy
Margnalzone lymphomat 2 2 100 2 2 100
Diffuse large B~cel hrphcmst 3 8 £0 2 3 ex] :
Mantle-cel lymghomal 8 " E5 2 1 13 Abdomen Pelvis
Pcerrizk patients -~
Bulky dizeass > E cml 10 14 n 3 14 43 B 3 s
Elavated LDH 7 13 £4 5 12 = s
Positive bene mamrow invelvermant ] 10 €0 4 10 40 -
Refractery to: ‘
Last therapy 12 17 n -] 17 g3
Last ant-CD20-containing regimen " 15 = ] 16 [24] o '
Prior ASCT (n = 171 T 17 a 5 17 e} -
Folicular ymphoma 5 ] E6 3 1} 23 v »
Nenfcllioulsr] 2 3 % 2 g % . 4
Abbreviaticnz: OR, cbjactive respcnza; CR, completa response; CRu, complate rasponse uncenfirmed; ASCT, autclegous sterrrcall transplantation; LDH, lactate
dehydrogenase.
*Sixty-one evaluakle patisntz with best chjsctive rezpcnze bazed on Intamaticnal Working Group critena®’ (OR = CR + CRu + partial razponzal. There ware 22 :
CRz, seven CRus, and nine partidl rezpcnzes. A -
Twa CRICRuz (st 25 and 20 miifm tctel doza). > » — -
3Two CR/CRus (beth st 20 mCifm? total dosal and one partial rezponze (45 mCim? total dose). > 4 . 3
&Two CR/ICRus (st 20 and 20 mCilm tctal dosal and four partial rezponzas (one at 15 and 30 and two at 27.5 mCifm? total dese). ’
|Merginal-zone lymphoms and mentlecel kymphcma: one CRICru each [beth at 7.5 mCifm? total dose). In-111 PET-PRE PET-POST




A Phase Il trial of fractionated °Y-epratuzumab, as consolidation
after R-CHOP induction,in patients with DLBCL
Sponsor: French group Goelams, 75 patients

Following 6-RCHOP

6 weeks after RAIT

* CR/CRu :
67.7% (21/31)

*PR:
29.0% (9/31)

- Stable disease: /

3.2% (1/31)

* Progression :
0.0%
(0/31)

__7

40,0% (4/10)

v

v

Kraeber-Bodéré, et al. Lancet Heamatol, 2017

83.9% (26/31)

12.9% (4/31)

0.0% (0/31)

3.2% (1/31)



A Phase Il trial of fractionated °Y-epratuzumab, as consolidation
after R-CHOP induction,in patients with DLBCL
Sponsor: French group Goelams, 75 patients

Baseline Following 6-RCHOP

Kraeber-Bodéré, et al. Lancet Heamatol, 2017

6 wks after RIT



Phase | using anti-CD22 9Y-epratuzumab
INn patients with refractory LAL

Sponsor Nantes: A molecular complete response
Chevallier, 2015; Bodet-Milin, 2016

Different approaches of a
and P RIT targeting CD33,
CD45, CDé66 or CD22
have been already
evaluated with
encouraging results.
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CXCRA4 RLT in Acute leukemia

m CXCR4 overexpression could be demonstrated in more than
30 different types of cancer including acute leukemia (AL),
lymphoma and multiple myeloma (MM), associated with
adverse prognosis.

Promising results have been reported with CXCR4-directed
PET imaging with the human-specific CXCR4-binding
peptide 88Ga-Pentixafor in several tumors including AML
and MM.

= A modified version of Pentixafor, Pentixather, allows
labeling with B-emitting radionuclides ('"7Lu; °°Y) for
radionuclide therapy/theranostics approaches.
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Wald et al. Theranostics 2013

Herhaus, Haematologica 2016

Project PENTILULA: PHRC-K 2019
Phase 2 study assessing radio-ligand therapy (RLT) using 177Lu-pentixather for

Main objective
Safety and folerance of RLT with one injection of 77Lu-pentixather.

relation with the main
Safety and tolerance of RLT using one injection of *”’Lu-pentixather.

The primary endpoint is to evaluate the incidence of DLT in order to determine the MTD from a
standard dose escalating 3+3 study design.

The DLT is defined as any of the following events:

-non-reversble grade 3 or 4 non-hematological toxicity lasting for >7 days

-a grade 4 pancytopenia with hypocellular bone marrow (no disease detection) lasting for >6
weeks

-a cumulative kidney dose exaeeding 23 Gy evaluated by dosimetry study
-a cumulative bone marrow dose exceeding 2 Gy evaluated by dosimetry study
-a cumulative liver dose exceeding 30 Gy, evaluated by dosimetry study

If no DLT is observed at one level. the escalade can oo on with the next uoper level.

First 3 patients: 2.5 GBq of 177Lu-pentixather (+ 3 patients if DLT)

Patients 4 to 6: 5 GBg of 177Lu-pentixather (+ 3 patients if DLT)

Patients 7 to 9: 7.5 GBg of 177Lu-pentixather (+ 3 patients if DLT)
+ 3 patients if DL

Patients 10 to 12: 10 of 177Lu-pentixather

Secondary objectives

« Overall response rate (ORR) (CR, CRp and PR) after the 7’Lu-pentixather infusion
*Complete response rate (CR + CRp) after '77Lu-pentixather infusion

*Rate of CR/CRp according to CXCR4 MFI intensity

*Minimal residual disease

77Ly-pentixather infusion

*Renal safety.

Phase1 study assessing radioligand therapy ( RLT) using 177lu-pentixather associated with
areduced intensity conditioning regimen for allogeneic fransplantation in patients with

Prospective open-label oligocentric phase 1 dose escalation study
Administration of a single dose of 177Lu-pentixather before the administration of a
177Lu-pentixather RLT will be tested at three dose levels with the aim to document the
maximum tolerated dese of the RLT tested according to a fraditional escalation design
(3+3).

Level 1: 7.5 GBq,

Level 2: 15 GBa,

Level 3: 20 GBg.
Only patients identified (at relapse) by cytometry as CXCR4+ expression >=20% of the
blast population will receive the Investigational Medicinal Product administration.
A standard reduced conditioning regimen will be administered in the sterile unit of each
participating center, as follows:

Thymoglobuline®: 2,5 mg/kg/day IV at days -2 and -1
Allograft at Day 0

leukemic
Main objectivel cells at 4/6 weeks and 3 months post-transplant

h ) ) ) Whole body biodistribution and pharmacokinetics of 177u-
To determine the maximum tolerated dose (MTD) of one infusion of increasing doses | e irey "o uon and phammacekinetics of

of 177Lu-pentixather in combination with a standard reduced intensity conditioning |  Desimetryof 1771 pentiuather (organ exposure to radiaion)

: " : Immin reconsttution: CO4, COB, B, NK, EPP 3t 3,69 nd 12
regimen before allogeneic stem cell transplantation. i ——

Chimerism at days +30, 460, 490 and one year post-transplant.
Infections after transplant: bacterial, viral, parasitic and fungal
Quality of Iife: before RLT, at D-7,030, 030, D180, D365 post.
transplant

Renal and hepatic safety.




FDG PET in lymphoma: characterization of residual
masses and first recommandations
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Original Article

Evaluation of response to fractionated radioimmunotherapy

o pratuniab It on oA T rochy FDG PET was more accurate than
FDG PET allowed characterization of the

residual masses classified as uCR by CT

PET positive-uCR

Figure 1. Detection of residual dis-
ease and early detection of progres-

sion by FDG-PET. Images A, B, C and .
D show FDG-PET and CT transverse P ET ne a‘tlve_u C R
and coronal images recorded, respec-
tively, before RIT and six weeks, three

and six months after radioim-

munotherapy. Pre-treatment FDG-PET

(A1) and CT (A2) show lumbar lymph

m)d?G Involvemtlant eﬁesp(:)n;eb a; Dslc):

weeks was evaluated as y

PET and CT (B1 and B2 arrows show A B c Figure 2. Early detection of com-
residual masses in lumbar lymph plete response by FDG-PET. A, B,
node). The lesion has been reduced and C show FDG-PET coronal

e e St s Images recorded, respectively
by FDG-PET (C1), while CT was evalu- 2 . =L . blefore kradlol(;ntrr?unother?';‘)y %nd
ated as CRu with a reduction of the Urinary tract Urinary tract six weeks an ree months after
SPD of 80% compared with baseline - *——‘ radioimmunotherapy. D, E, and F
aluated as PD (01 and D3 amows v show CT transvrso Images por:
Svaliatedias B (D1 and D2t aimous s .‘.: ) 1|‘ormed. rﬁspec\lvely.dbef?re radloks-
lymph nodes), while CT confirmed mmunotherapy and six weel
CRu with a reduction of 84% of the and 18 months after radioim-
lumbar mass (D3). . munotherapy. Pretreatment imag-
ing shows one lumbar lymph node
~ (A: black arrows show lumbar
- abnormal focus and normal uri-

nary tract, D: white arrow shows
lumbar lymph node). Response at
six weeks was evaluated as CRu
by CT (E: white arrow shows lum-
bar lymph node with 80%
decrease) and CR by FDG-PET (B:
black arrow shows normal urinary
tract). CT three months later con-
firmed the CR, and successive
serlal CT and PET imaging docu-
mented continuing CR, including
the negative image obtained at 18
months (F).

High Rates of Durable Responses With Anti-CD22
Fractionated Radioimmunotherapy: Results of a
Multicenter, Phase I/II Study in Non-Hodgkin’s Lymphoma
HH H Franck Morschhauser, Frangoise Kraeber-Bodéré, William A. Wegener, Jean-Luc Harousseau,
Bodet-Milin et al. Haematologica 2008 iy S ey et My Ve Y
Carl-Martin Kirsch, Ralph Naumann, Joachim Kropp, Heather Home, Nick Teoh, Steven Le Gouill,
Caroline Bodet-Milin, Jean-Francois Chatal, and David M. Goldenberg

| 394 | haematologica | 2008; 93(3)



FDG-PET to guide biopsy in low grade
lymphoma with suspected transformation

Bodet-Milin et al. Haematologica 2008



FDG-PET for mantle cell lymph
trials: prognostic value at

Tt

L1

SUVmax<6 and IPI<2

SUVmax>6 or IPI>2
SRR

SUVmax>6 and IPI>2

*haematologica

Joural of The Ferrata Storti Foundation

Prognostic value of FDG-PET in patients with mantie cell
lymphoma: results from the LyMa-PET Project

by Clément Bailly, Thomas Carlier, Alina Bertiolo-Riedinger, Olivier Casasnovas,
Emmanuel Gyan, Michel Meignan, Anne Moreau, Barbara Burroni, Loic Djaileb,

8!
Remy Gressin, Anne Devillers, Thicrry Lamy, Catherine Thicblemont, Olivier Hermine,
Frangoise Kracber-Bodéré, Steven Le Gouill, and Caroline Bodet-Milin
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Bailly, Haematologica, 2019




FDG-PET for DLBCL in the GAINED trial:
Survival using the PET-driven strategy

Stratified PFS according to TEP strategy 3t e b
o i B ok o P8 Corbne Lot e by b d i 8

R

Prognostic Value of '*F-FDG PET Radiomics Features at
Baseline in PET-Guided Consolidation Strategy in Diffuse
Large B-Cell Lymphoma: A Machine-Learning Analysis from
the GAINED Study

Compared to PET2./PET4- pez (2y-PFS = 90%): Compared to PET2-PET4- pus (25-08 = 94.195): Thomas Carlier'?, Gauthier Frécon'~, Diana Mateus®, Mira Rizkallah®, Francoise Kracber-Bodéré'?, Salim Kanoun',

Paul Blanc-Durand®, Emmanuel Itti°, Steven Le Gouill®, René-Olivier Casasnovas’, Caroline Bodet-Milin'~, and
Clément Bailly'?

J Nucl Med 2024; 65:156-162

GAINED protocol in DLBCL patients iehneal eIV ntions

- PET2+/PET4- pus: 27-PFS = 84.9%; HR=137%; p - PETI+/PET4. pes: 2y-08 = 91.4%; HR = 154; p
<032 <0.2%

- PET4+ pes: 2y-PFS = 61.2%; HR = 4.62; p <0.0001 - PET4+ pes: 2y-08 = §3.194; HR = 3.09; p = 0.0009

Steven Le Gouill et al.Obinutuzumab vs rituximab for advanced DLBCL: a

PET-guided and randomized phase 3 study by LYSA, Blood, 2021

v

Salvage therapy and
consolidation with ASCT

PET2+

Validation of the ASUV,,,, for Interim PET Interpretation in '} i —— coesseiaie il [

(features selection)
Diffuse Large B-Cell Lymphoma on the Basis of the GAINED

Clinical Trial 3 |

Emmanuel Itti', Paul Blanc-Durand’, Alina Berriolo-Riedinger’, Salim Kanoun?, Frangoise Kraeber-Bodéré®,
Michel Meignan'', Elodie Gat®, Steven Le Gouill®, René-Olivier Casasnovas®, and Caroline Bodet-Milin®

No improvement on PFS prediction of PET
features and radiomics in a PET-driven

ASUVmax reduces false positive interim PET findings R R T
1.0

Menton 2011 Menton 2011
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Journal of Nuclear i 21, 2023 as doi:10.2967/jnumed.123.265871




On going studies in lymphoma: Prediction of
efficacy/evaluation of Car T Cells

Bridge therapy
Intensification
Salvage
Relapse or .
progressian Lymphodepletion M1 post Car T M2 post Car T M3 post Car T
| I I ' |
Response kinetic
since R/P o .
Delta MTV 70% at M| Reg|stre
Deauville score 123 versus 45 at M|
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FDG PET in MM: characterization of
heterogeneous disease

Rasche, L. et al. Combination of flow cytometry and functional
imaging for monitoring of residual disease in
myeloma. Leukemia (2019).

MM is a highly heterogeneous disease with patchy bone
marrow infiltration but also extra-medullary disease and
variable clinical course and treatment response due to
molecular variation.

Accurate early identification of high risk patients and
evaluation of intra and extra-medaullary residual disease is
needed to guide therapy.

The International Myeloma Working Group (IMWG) included
minimal residual disease (MRD) as a standard criterion in
the evaluation of treatment response.

Modern imaging techniques are also recommended,
including whole-body low-dose CT, FDG PET/CT or WB-

MRI.
2011 118: 5984-5085
doi-10.1182/blood-2011-09-379818

PET-CT in MM: a new definition of CR
Philippe Moreau



FDG PET at baseline in NDMM: prognostic
biomarkers
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FDG-PET/CT for response to therapy assessment in
MM: How to define complete metabolic response ?

Multicenter Study > J Clin Oncol. 2021 Jan 10;39(2):116-125. doi: 10.1200/)C0.20.00386.
Epub 2020 Nov 5.

Standardization of *® F-FDG-PET/CT According to
Deauville Criteria for Metabolic Complete Response
Definition in Newly Diagnosed Multiple Myeloma

Elena Zamagni 1, Cristina Nanni 2, Luca Dozza ', Thomas Carlier 3, Clément Bailly 3,

Paola Tacchetti !, Annibale Versari 4, Stephane Chauvie 3, Andrea Gallamini 8, Barbara Gamberi 7,
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TABLE 7. Proposed Refinement of PET Response Criteria After Therapy
PET Response After

>

PFS (probability)
PFS (probability)

o

0S (probability)
08 {probability)

Therapy Response Criteria

Complete metabolic Uptake = liver activity in BM sites and FLs previously involved (including dullary and pal dullary
response disease [DS score 1-3])

Partial metabolic Decrease in number and/or activity of BM/FLs present at baseline, but persistence of lesion(s) with uptake = liver
response activity (DS score 4 or 5)

Stable metabolic disease  No significant change in BM/FLs compared with baseline

Progressive metabolic New FLs compared with baseline consistent with myeloma
disease
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PENTIMYELO: Relevance of [?3Ga]Ga-PentixaFor for initial staging and therapeutic evaluation
of symptomatic multiple myeloma patients in first line treatment or in first relapse

Pl: Pr Bodet-Milin

45 Adults with symptomatic MM
in first line orin first relapse

v

Inclusion criteria met
Consent and inclusion

v

Initial diagnostic

Clinical and biological Evaluations
FDG-PET
First [¥Ga]Ga--PentixaFor-PET

l

Start of treatment

I

Therapeutic evaluation [<D100 if stem cell transplantation
or = M6 if no stem cell transplantation (after cycle 6)]
Clinical and biological Evaluations
Myelogram
FDG-PET
Second [#3Ga]Ga-PentixaFor-PET

A4
Follow-up every 6 months until relapse
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PENTIXAFOR—PET FDG—PIET PENTIXAFOR-PET
Before therapy After therapy

RESULTS: PER LESION ANALYSIS
+ FOCAL LESION:
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CXCR4 > 65
FDG 0 0 4 2 0 0 9 0 0 15

* PARAMEDULLARY DISEASE:

I-__I-__-__

CXCR4
FDG 0 [ >20 0 0 0 0 0 0 >21

« EXTRA-MEDULLARY DISEASE:

m______-__
2

CXCR4 0
FDG 0 0 0 0 0 0 0 0 0 0
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Hybrid simultaneous whole-body 2-
('8F]FDG-PET/MRI imaging in newly
diagnosed multiple myeloma: first
diagnostic performance and clinical added

valueresults

Oncology | Published: 06 April 2023
Volume 33, pages 6438—6447,(2023) ~ Cite this article

Bastien Jamet 9, Thomas Carlier, Clément Bailly, Caroline Bodet-Milin, Aurélien Monnet, Eric

Frampas, Cyrille Touzeau, Philippe Moreau & Francoise Kraeber-Bodere

European
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DCE-MRI to distinguish all monoclonal 2

plasma cell disease stages and correlation
with diffusion-weighted MRI/PET-based
biomarkers in a hybrid simultaneous whole
body-2-[18F]FDG-PET/MRI imaging approach

Bastien Jamet'*"®, Hatem Necib', Thomas Carlier', Eric Frampas?, Juliette Bazin?, Paul-Henri Desfontis?,
Aurélien Monnet’, Caroline Bodet-Milin', Philippe Moreau®, CynHeTouzeau‘: and Francoise Kraeber-Bodere'

Significant difference between Stage by Parameter
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Conclusion

. ® Dynamic clinical research in haematology

® | arge cohorts of patients for radiomics and Al developments as
. well as combined analysis including PET and biology

. ® Clinical cohorts/studies for evaluation of new
. immunotherapeutics including Car T cells evaluation in
lymphoma and myeloma

® New radiopharmaceuticals for PET in MM and radionuclide
. therapy in acute leukemia

® |nterest for PET-MRI in myeloma



