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* New data

* [ssues/questions from use of guidelines



Which lymphomas should be imaged with FDG-PET/CT?



Most
lymphomas are
FDG-avid
B-cell
T-cell

Histology and numbers of patients included in studies Percentage FDG-avid

Exceptions

SLL/ CLL
EN MZL / MALT

Peripheral T-cell ymphoma (n = 93)

Anaplastic large T-cell ymphoma (n = 37)

Natural killer/T-cell ymphoma (n = 80)

Angioimmunoblastic T-cell lymphoma (n = 31)

Enteropathy type T-cell lymphoma (n = 20)

Mycosis fungoides ( n = 24)

Sezary Syndrome ( n =8)

Primary cutaneous anaplastic large
T-cell lymphoma (n =14)

Lymphomatoid papulosis (n = 2) Some cutaneous

T-cell

Subcutaneous panniculitis-like T-cell ymphoma (n =7)

Cutaneous B-cell lymphoma (n = 2)

Modified from Weiler-Sagie et al. INM 51: 25-30, 2010



* Marginal Zone Lymphoma (nodal, EN or splenic)
* Lymphoplasmacytic / Waldenstrom: useful for skeletal or nodal disease
e Cutaneous lymphomas: useful for nodal and visceral dis

Discussion:

e Use for staging
* |f staging PET/CT showed uptake = use for response
e Deauville score may not be best ?compare to background and baseline



Can SUVmax predict transformation?



Suspecting high-grade transformation on PET/CT

* De novo FL:
* Does high SUVmax suggest high-grade? No
* Should we biopsy high uptake areas? Yes & No

* Follow-up PET: Signs suggesting possible transformation:
* Increasing uptake during FU
* Relapse has much higher uptake
* Rapid progression of disease
* Necrosis
* Multiple extra-nodal sites



Can FDG-PET/CT replace BM biopsy?



2014 recommendations

e HL: PET/CT only (BMBx no longer required)

High sensitivity and specificity
Large studies showed: v small % of false -ve but no change in therapy

* DLBCL: PET/CT enough in most cases

High sensitivity and specificity
But: - small % of false —ve (small volume BM involvement 10-20%)
- possibility of missing LG component
- Histologically +ve BM may be more prognostically important
So BMBXx indicated only if result may change management

* FL / LG-NHL: BMBx is mandatory




Interpretation of DIFFUSE marrow uptake

* indicates hyperplasia in HL

Extensive BM Involvement

e occurs with chemotherapy & GCSF



Deauville score or ASUVmax for response assessment?



Deauville Score

’yAN.
$ »

Staging

Response

Score

No uptake FDG < MBP FDG >MBP < liver FDG > liver FDG >> liver



ation

Score 1 no uptake
Score 2 uptake £ mediastinum

Score 3 uptake > mediastinum but < liver

Score 4 uptake > liver at any site
Score 5 uptake > liver and new sites of disease

Score X:
new areas of uptake unlikely to be related to lymphoma

Positive scan



Metabolic Response Categories

Response
Complete Metabolic Response CMR

Partial Metabolic Response PMR
Stable Metabolic Disease SMD

Progressive Metabolic Disease PMD

FDG uptake
DS 1, 2,0or3

DS 4/5 - improvement compared to baseline
DS 4/5 - No significant change from baseline

DS 4/5 - Uptake > baseline or new areas



Score 5



Baseline

Response

Score 5



Score 5




Quantitative response assessment: ASUVmax

SUV (Standardised Uptake Value) = activity per unit volume of a region of interest (ROI)

activity per unit whole body volume

ASUVmax = max SUV in hottest lesion in response scan - baseline

max SUV in hottest lesion in baseline scan

Relatively easy but requires accurate measurement:
e Scanner calibration
* Same scanner
* Exactinjected activity recording
* Same injection-to-scan time
e Serum glucose level?



Use of A SUVmax

Staging Response
—_— —_—>
SUV = 25.0 SUV = 2.5
ASUV 90%

* Different cut-off for different lymphomas and time of response assessment
e Example: DLBCL
Cut-off 66% at 2 cycles ; 70% at 4 cycles



Qualitative or Quantitative

* DS easy, widely used, still requires expertise

ASUVmax requires QA

Different performance
* Lymphoma type
* Interim vs end-of-treatment (EOT)
* NPV vs PPV

Hodgkin: DS (both iPET & EOT-PET)

DLBCL:
e EOT: DS
e iPET: PPV highest with DS-5 > ASUVmax > DS4-5



DLBCL

Eertink, Blood advances 2021
1692 patients



Clinical application of DS
* |s DS completely visual?
* |s DS-3 CMR?
* |s DS-5 different from 47
 Effect of improvement in PET technology on DS

e How best to define DS-47



Is Deauville score completely visual?



Semi-quantitative DS

Score 5

SUVmax lesion 8.51 _
© SUVmax liver 2.44

Lesion > 3x liver



Other SUV metrics

Prospective independent test data from 23 PET sites

SUVmax = the single pixel with the highest uptake
SUVpeak = the average uptake in the hottest 1cm3 (less sensitive to image noise)
SUVmean = the average uptake in a region



Is DS-3 CMR?



Is DS-3 CMR?

 Many Hodgkin lymphoma studies considered DS-3 as not CMR (iPET):
* RAPID
e HD-16 (GHSG)
* HD-17 (GHSG)
* (H10)

e Subsequent analysis suggested that DS-3 has same prognosis as DS1-2



PFS rate

Example: HD-16 study
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Deauville 2009

Lugano 2014

JCO 2014 32:3048-3058




Is prognosis of DS-5 different from 47?



DS-5

* Multiple studies show it has worse prognosis > DS-4

» Defined in original DS as: “markedly above the liver” &/or “new lesions.
* Some groups use 2 and others 3 times SUVmax of liver

 |dentifies refractory disease

* Mixed bag:
* >2/3 times liver + responding or no change or worse
* New lesions

e Suggestion to divide DS-5 to
* 5a - Uptake markedly greater than liver (residual refractory dis)
* 5b - Presence of new lesions attributed to lymphoma



2023 suggestion

Response Change from baseline/previous scan

PMR DS 4 or . with responding disease meaning:
reduced intensity* or extent* of lymphoma
SMD DS 4 or . and intensity and extent of lymphoma stable

DS 5b

* Increase in uptake in a single lesion constitutes PMD, even if there has been a response in lesions elsewhere (sometimes
referred to as ‘mixed’ metabolic response)
¥ extent = number of lesions and/or areas of uptake



Effect of improvements of technology on DS?



Effect of improvement in PET technology on DS

Since Lugano 2014:

e Advances in PET hardware
 digital PET scanners
e smaller detectors
* higher spatial resolution
* larger axial field of view

* New image reconstruction software

- changing image characteristics =2 change in DS designation

- increased the variability of visual and semi-quantitative
assessments between imaging centres



Reconstruction methods

“ 2.2 9.2 b 2.8 3.9 e 3.3 45
. » » » » .

. = ® ® -
L L o

TOF-OSEM + PSF BSREM + PSF

OSEM = Ordered Subset Expectation
Maximisation

TOF = Time of Flight
PSF = Point Spread Function

BSREM = Block-Sequential Regularized
Expectation Maximization (Q clear)




Attention: Reconstruction algorithm can change Deauville score

Response gCLEAR
Score 2 Score 4



Change of DS 18/81 =22%
Change from DS 3 2 4 11/81 =14% (25% of DS 3)



How best to define DS-47?



How best to define DS-47

* DS-4 = any uptake > the liver «— 2/3 times > the liver
* CMR/noCMR =1-3v4-5

* |ssues:
* Inter-observer variation
* Visual or semi-quantitative
* Is “any” uptake > liver significant?

e Some studies: 1.3 — 1.4 > liver (e.g. if liver SUVmax is 3, DS-4 is > 3.9)

* Optimal definition may depend on: type, time and purpose of scan



Is MTV ready for clinical use?



Is MTV ready for clinical use?

* |s it prognostic?

* Do we have consensus on how to measure it?
* Software
* Threshold for measurement
e Cut-off for prognosis

Is it reproducible and readily available in clinic?

How should we use it?
* |n addition to prognostic indices
* Replace
* incorporate



Consistently prognostic across many lymphoma types
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MTV vs EORTC classification in ES=[HIL

EORTC criteria: F Vs. UF MTV Low Vs. High
PFS PFS
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In a cohort of 258 early stage HL included in the standard arm of the H10 trial:
« MTV was able to select a much smaller portion of patients compared to EORTC criteria (46 Vs. 157)
* with a lower 3y PFS compared to unfavorable ES-HL patients: 71% Vs. 84%

Cottereau AS: Blood 2018: 131: 1456-63.



Consistently prognostic regardless of
(tools and SUV threshold)

2 software tools
3 SUV thresholds

147 DLBCL pts

PFS

methods

Different

MTV cut-off
defining
low/high MTV



SUV 4



Single cut-off for continuous variables!
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MTV & survival:

Not a linear relationship

Linear-Spline Function with 1-not

JCO 2022



IMPI

International Metabolic
Prognostic Index

1241 patients
3 factors (continuous):
* Age

* Stage
c MTV

Mikhaeel et al, JCO 2022

IPI

IMPI



IMPI — Individual PFS calculator

75 y.0. + stage 4 + MTV 1000m| 75 y.0. + stage 4 + MTV 4000m| 25 y.0. + stage 2 + MTV 4000m|
= 3y PFS 61% = 3y PFS 28% = 3y PFS 58%

https://petralymphoma.org/impi/



https://scanmail.trustwave.com/?c=8248&d=x9fN4ke9QDELwXyIDkJ_jU4XcmrsUz9N2ZOWFZew2Q&u=https%3a%2f%2feur03%2esafelinks%2eprotection%2eoutlook%2ecom%2f%3furl%3dhttps%253A%252F%252Fpetralymphoma%2eorg%252Fimpi%252F%26data%3d04%257C01%257Csally%2ebarrington%2540kcl%2eac%2euk%257C3811ff09cbb54c81286908da17e8a5f5%257C8370cf1416f34c16b83c724071654356%257C0%257C0%257C637848585639301756%257CUnknown%257CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%253D%257C3000%26sdata%3dtS5zEGvQWnSGHdmgSugpK3ykAcB5TWo7gd0Xi%252F9kOjk%253D%26reserved%3d0

Radiomics: Max distance between lesions

High MTV High MTV
(651 cm?) (548 cm?®)
o
3
o))
X
-
Low Dmaxpatient High Dmaxpatient
(20 cm) (67 cm)

Cottereau AS et al J Nucl Med 2020; 61: 40-45



Conclusions

* Modern lymphoma management is heavily dependent on imaging

* Clinicians need to know:
* Optimal use of imaging
* Limitations
* Performance of imaging in their institution



Thank you
Any gquestions?

George.Mikhaeel@gstt.nhs.uk




	Slide 1: Optimal use of imaging for Lymphoma in 2023
	Slide 2
	Slide 3
	Slide 4: Which lymphomas should be imaged with FDG-PET/CT?
	Slide 5
	Slide 6
	Slide 7: Can SUVmax predict transformation?
	Slide 8: Suspecting high-grade transformation on PET/CT
	Slide 9: Can FDG-PET/CT replace BM biopsy?
	Slide 10
	Slide 11: Interpretation of DIFFUSE marrow uptake 
	Slide 12: Deauville score or SUVmax for response assessment?
	Slide 13
	Slide 14: Escalation
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19: Quantitative response assessment: SUVmax
	Slide 20: Use of  SUVmax
	Slide 21: Qualitative or Quantitative
	Slide 22
	Slide 23: Clinical application of DS
	Slide 24: Is Deauville score completely visual?
	Slide 25
	Slide 26: Other SUV metrics
	Slide 27: Is DS-3 CMR?
	Slide 28: Is DS-3 CMR?
	Slide 29
	Slide 30
	Slide 31: Is prognosis of DS-5 different from 4?
	Slide 32: DS-5
	Slide 33: 2023 suggestion
	Slide 34: Effect of improvements of technology on DS?
	Slide 35: Effect of improvement in PET technology on DS
	Slide 36
	Slide 37
	Slide 38
	Slide 39: How best to define DS-4?
	Slide 40: How best to define DS-4?
	Slide 41: Is MTV ready for clinical use?
	Slide 42: Is MTV ready for clinical use? 
	Slide 43
	Slide 44
	Slide 45: Consistently prognostic regardless of methods (tools and SUV threshold)
	Slide 46: SUV 4
	Slide 47: Single cut-off for continuous variables!
	Slide 48
	Slide 49
	Slide 50: IMPI – Individual PFS calculator
	Slide 51
	Slide 52: Conclusions
	Slide 53

