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ABSTRACT

Rationale: To provide consensus recommendations from a consortium of academic and industry
experts in the field of lymphoma and imaging for the consistent application of the Lugano

classification.

Methods: Consensus was obtained through a series of meetings from July 2019 until July 2021
sponsored by the PINTaD (Pharma Imaging Network for Therapeutics and Diagnostics) as part of

the ProLoG (PINTaD RespOnse criteria in Lymphoma wOrking Group) consensus initiative.

Results: Consensus recommendations clarified technical considerations for PET-CT and
diagnostic CT from the Lugano Classification including updating the FDG-avidity of different
lymphoma entities, clarifying the response nomenclature and refining lesion classification and
scoring, especially with regards to scores 4 and 5 and the X category of the 5 point scale.
Combination of metabolic and anatomic responses is clarified and response assessment in case of
discordant or missing evaluations. Usage of clinical data in the classification, especially the
requirement for bone marrow assessment is further updated based on lymphoma entities.
Clarification is provided with regards to spleen and liver measurements and evaluation, as well as

nodal response.

Conclusion: Consensus recommendations are made to comprehensively address areas of
inconsistency and ambiguity in the classification encountered during response evaluation by end

users and such guidance should be used as a companion to the Lugano 2014.

Keywords: Lugano classification, clinical recommendations, consensus, standardization



INTRODUCTION

In 2014, the Lugano classification (1) and the companion report (2) (referred together as
Lugano 2014) provided a standardized approach to classifying response based upon 18F-
Fluorodeoxyglucose (18F-FDG) Positron Emission Tomography-Computed Tomography (PET-
CT). In particular, Lugano 2014 emphasized the importance of a 5 Point Scale (5-PS) for FDG-
avid lymphomas along with a well-defined characterization of splenomegaly, while maintaining
many of the anatomic elements of the Revised Response Criteria for Malignant Lymphoma

published in 2007 (3) (referred as Cheson 2007).

The Lugano classification has been widely adopted by academia, the pharmaceutical
industry, and in clinical practice for evaluation of Hodgkin Lymphoma (HL) and non-Hodgkin
Lymphoma leading to acceptance by regulatory agencies for drug approval and treating physicians
alike. Currently, hundreds actively recruiting and ongoing investigational trials use the Lugano

classification (4).

As with any criteria, the application of the Lugano classification has uncovered some
challenges in implementation resulting in non-uniform usage, variable interpretation, and
customized modifications with the potential to undermine effective comparisons between patient

groups, treatment regimens and outcomes analyses.

To address these challenges, volunteer leaders from industry and academia, including
original authors of the Lugano classification, referred to as the PRoLoG committee (PINTaD
RespOnse criteria in Lymphoma wOrking Group), sponsored by the PINTaD (5) (Pharma Imaging

Network for Therapeutics and Diagnostics), engaged in discussions from July 2019 until



September 2021 to provide expert guidance for the consistent application of the Lugano

classification.

This manuscript is not intended to replace the classification but is proposed as a companion
to the Lugano 2014. While other lymphoma response criteria have since been published (e.g.,
LYRIC 2016 (6) for immunomodulatory therapies and RECIL 2017 (7)), most of the current

recommendations may also apply to the newer criteria as well.

The recommendations in this document focus on imaging aspects rather than
implementation in clinical practice for treatment decisions. They will hopefully facilitate
consistent imaging interpretation and response assessment during clinical trials and may be a

valuable addition for healthcare providers.

METHODS

Task forces (TF) were created to evaluate technical and clinical considerations and
descriptive ambiguities within the Lugano classification. A steering committee (FR, RK, AS, GB)
was formed to oversee the activities of each TF and to summarize, reconcile, and consolidate the
recommendations from the regularly scheduled TF meetings. The TF members included
independent research leaders (BC, SFB, JT, GS, LS) and representatives from academic/scientific
organizations (n=3), industry (n=9), Clinical Research Organizations (n=13) and other clinical trial

specialists (n=4). All meetings were held virtually, from July 2019 to September 2021.

TF meetings were recorded, minutes transcribed and approved by TF members.
Recommendations were based on a hierarchical approach, with evidence-based decisions

providing the strongest level of support, followed by best practices, then expert consensus



opinions. Where there was lack of evidence-based data, or consensus, a call for future research on
that topic was suggested. Additional recommendations from the TF, primarily for advanced
imaging technical considerations will be available elsewhere (“Application of the Lugano
Classification for Initial Evaluation, Staging, and Response Assessment of Hodgkin and Non-

Hodgkin Lymphoma: The PRoLoG Consensus Initiative (Part 2- technical)”).

Finally, the term “end-user” in this manuscript refers to any individual involved in the
implementation of the Lugano classification — e.g., clinical trialists, physicians, scientists, data
managers, statisticians, scientific and medical writers, healthcare providers, program coders, and
regulatory personnel. The term “reviewer” in this document is defined as any physician responsible
for assessing response in lymphoma, such as an imaging specialist (radiologist and/or nuclear

medicine physician) or a clinical specialist (oncologist, hematologist, radiation oncologist).

IMAGING ACQUISITION CONSIDERATIONS

The use and frequency of acquisition of PET-CT and/or a diagnostic CT with contrast
enhancement depends upon several factors. These include the clinical question, lymphoma
histology and stage, FDG-avidity, and efficacy endpoints. In FDG-avid lymphomas, a diagnostic
CT scan may not be required at each scheduled tumor assessment where 18F-FDG PET-CT is
scheduled, e.g. when it is prespecified in a clinical trial protocol that 18F-FDG PET-CT is required
for each imaging visit, then no additional diagnostic CT examination may be needed. Similarly,
an 18F-FDG PET-CT scan may not be required at each time point, e.g. 18F-FDG PET-CT is

usually discouraged for surveillance (8,9). While the role of surveillance imaging is not established



in clinical practice (10-13), a diagnostic CT may still be required in follow-up of clinical trials

using time-dependent endpoints (e.g. progression free survival (1)).

It should be noted that the terminology PET-CT-based versus CT-based response criteria
in Lugano refers to PET-CT as PET corrected for attenuation by CT, i.e. for metabolic assessment

and localization of lesions, and to define CT as diagnostic quality CT for morphologic assessment.

FDG-AVIDITY OF LYMPHOMA ENTITIES

Although most lymphomas are FDG-avid, metabolic imaging may be less reliable for
response assessment in some histologies because of greater inter- or intra-individual lesion
variability in FDG uptake. Entities of lymphoma can be categorized as:

e Routinely FDG-avid lymphoma (2,14) (e.g. HL, diffuse large B-cell lymphomas [DLBCL],
follicular lymphoma [FL] (15-18), mantle cell lymphoma [MCL] (19-21), nodal peripheral T-
cell lymphoma (22-24), lymphoblastic (25-27) and Burkitt lymphoma (28,29)), to be assessed
by 18F-FDG PET-CT and, when anatomic assessment is required, by diagnostic CT.

e Lymphomas that are generally not FDG-avid should be assessed with diagnostic CT and not
with 18F-FDG PET-CT (e.g. small lymphocytic lymphoma [SLL], chronic lymphocytic
leukemia [CLL]), unless for suspected or documented transformation.

e Other lymphomas, while commonly FDG avid, have variability in FDG uptake, either inter-
patient and/or inter-lesional (e.g. some marginal-zone lymphoma (30-32), some T-cell (33)
notably cutaneous T-cell lymphomas). There is no formal recommendation for which type of
imaging to be performed; it should be based on the lymphoma entity and can be aligned with

Health Authorities. In general, baseline may include 18F-FDG PET-CT and diagnostic CT.



Patients without FDG-avid lesions at baseline should be followed with diagnostic CT (unless
transformation is suspected). In patients with FDG-avid lesions at baseline, PET-CT may be
used for response assessment and rules for combination of metabolic and anatomic response

should be prespecified in the protocol.

LESION CLASSIFICATION, SCORING AND RESPONSE NOMENCLATURE

Common Lesion Classification and Response Nomenclature

CT: tumor lesions should be referred to as either Target Lesion (TL, assessed
quantitatively) or Non-Target Lesions (NTL, assessed qualitatively). Nodal and extra-nodal
lesions should ideally be documented as separate classifications since they have different
assessment rules.

18F-FDG PET-CT: assessment nomenclature is designated as the 5-point scale (5-PS). The
5-PS is based on the single most metabolically active lesion (with visual or semi-quantitative
assessment), which can vary at each time point. SUV values that are captured (e.g. most
hypermetabolic lesion, reference regions) usually represent the maximum values (SUVmax), in
alignment with the Lugano classification. Other types of measurements (e.g. SUVpeak, SUVmean)
are being explored for use in clinical trials (34,35) and further work is required in this field to
identify the optimal measure. Besides, metabolic assessments (e.g. metabolic tumor volumes) or
radiomics may become more important in the future.

Both CT and PET-CT responses should be reported when available, and designated “M”
for metabolic or “A” for anatomic, as well as the overall response (i.e. the response to be used for
determining endpoints, integrating imaging response [metabolic, anatomic, or combination of

both, when available] and clinical data when available). See supplemental Table 1.



Scoring of lesions on CT and PET-CT and metabolic response category

TL selected on CT at baseline should be FDG-avid, with higher uptake than normal liver,
for FDG-avid lymphoma. While the 5-PS was not originally intended to be applied at baseline,
this means 5-PS > 3.

Protocol inclusion criteria for FDG-avid lymphoma should state that eligible subjects
must have at least one FDG-avid lesion; it is recommended that it means at least one lesion with
higher intensity than normal liver (for FDG-avid lymphomas) and at least one CT measurable
lesion (when anatomic measurements are required).

A score of 4 should be applied to lesion uptake greater than the uptake in a large region of
normal liver, i.e. not only to uptake moderately greater than liver as this was originally stated in
the Lugano classification. When a semi-quantitative approach is used, this means an uptake greater
than the SUVmax in a large region of normal liver.

A score of 5 should be applied to lesion uptake markedly greater than liver or to
hypermetabolic new lesions (NL), or both, and the reason for assessing a score of 5 should be
collected (uptake or NL or both). When a semi-quantitative approach is used, this means an uptake
at least 2 times SUVmax in the liver since both thresholds of 2 or 3 times have been used in
published reports (2,34,36-41) and there is no further evidence to recommend one or the other. If
such a semi-quantitative approach is used, the threshold value that will be used should be defined
a priori in clinical study documents and reported (42).

The optimal threshold for response likely depends on lymphoma entity, treatment and
timing; further research is recommended to define score 4 and score 5 (36,43-45).

When evaluating the metabolic response category, the overall metabolic uptake (i.e.

intensity and extent) has to be considered along with the 5-PS. A visual score of 4 or 5 with reduced



intensity and no increase in the extent, is Partial Metabolic Response (PMR), while increased
intensity and/or increased extent is Progressive Metabolic Disease (PMD). Stable intensity uptake
with no increase in extent is No Metabolic Response (NMR).

The “X” defined in the Lugano classification as areas of uptake unlikely to be related to
lymphoma should not be considered as a category by itself and the reviewer should always assign

a 5-PS in addition to “X”.

RESPONSE ASSESSMENT

Imaging Response Assessment

When using the Lugano classification for FDG-avid lymphomas, the metabolic response
assessed on 18F-FDG PET-CT should take precedence over the anatomic response assessed on

diagnostic CT.

While the definition of a PMR lacks an objective quantitative cut-off in the Lugano
classification, there is insufficient evidence at this time to further define a PMR for most
lymphoma, and efforts at further standardization are warranted (e.g. delta SUV, change in

metabolic tumor volume).

The below defines rules for combining metabolic and anatomic responses in FDG-avid

lymphomas when both modalities are available:

e Acceptable assessments of imaging Complete Response (CR)
o PET Complete Metabolic Response (CMR) + CT response (either Complete Anatomic

Response [CAR] or partial anatomic response [PAR]) or stable anatomic disease (SAD)



o PET CMR + CT progressive anatomic disease (PAD) within the same visit window,
I.e. the progressive disease seen on CT does not correlate to any metabolic progression
e Acceptable assessments of imaging Partial Response (PR)
o PET PMR + CT response (either CAR or PAR) or SAD
o PET PMR + CT PAD within the same imaging window, i.e. the progressive disease
seen on CT does not correlate to any metabolic progression
e Acceptable Assessments of imaging Stable Disease
o PET NMR + CT response (either CAR or PAR) or SAD
o PET NMR + CT PAD by new anatomic lesion within the same imaging window, i.e.

the new lesion seen on CT is not showing hypermetabolism suspicious for lymphoma

The TF recognizes (but does not recommend, since metabolic response should take
precedence over anatomic response) the practice by which imaging response based on PET-CT
(e.g. CMR/PMR) is downgraded when CT shows PAD. Such cases may be reassigned as overall
CR/PR based on clinical review (i.e. the hematology-oncology review that is performed in some
clinical trials after the imaging review), after biopsy or follow-up imaging.

In the Lugano classification (1), CMR, PMR and NMR require the absence of new lesions
for FDG-avid lymphomas. For clarification, any new lesion not considered to be lymphoma,

whether metabolically active or not, does not represent disease progression.



Further Considerations for Discordant Cases Between diagnostic CT and 18F-FDG PET-CT

In routinely FDG-avid lymphomas when the 18F-FDG PET results are discordant with
diagnostic CT, the PET results should supersede CT interpretation with the caveat that the overall
time point response can be overridden during a clinical review by integration of clinical data into
the imaging assessment, if applicable, or if additional data, such as biopsy/imaging follow-up are
subsequently provided. For example, when the 18F-FDG PET is CMR (or PMR or NMR), but CT
demonstrates new or growing metabolically inactive lesions, it is unlikely that this represents
lymphoma in a routinely FDG-avid histology, and CR (or PR or Stable Disease respectively) can

usually be assigned.

Biopsy of a growing or new lesion and/or follow-up should be strongly encouraged, as
clinically appropriate, as well as search for alternative causes. A positive biopsy (including via
endoscopy if gastro-intestinal lesion), or cytology (if effusion), or follow-up confirmation of
disease would preclude an overall time point response of CR (or PR or Stable Disease respectively)
and be considered Progressive Disease (PD). PD would then need to be backdated to the first

appearance of the growing/new lesion. This should be prespecified in study documents.

In non-FDG-avid lymphomas, CT results should supersede PET for the imaging time point
response assessments and the CT-based response as per the Lugano classification (1) should be
used. If CT scans visits are missing, the imaging time point response would be not evaluable (NE)
unless a PET-CT has been performed and the CT portion of the PET-CT is of diagnostic quality,

based on reviewer judgement, to permit accurate tumor burden assessments.

Please refer to section “FDG-avidity of lymphoma entities” for recommendations in

lymphomas with variability in FDG uptake.



Assessment of Response When PET-CT or diagnostic CT Imaging Visits Are Missing or not

done as per protocol

Best practice recommendations for PET scheduling in pivotal clinical trials, when
acceptable and reasonable, are to time the frequency of PET-CT acquisitions, with the anticipated
response to the intervention and provide details for superseding rules (i.e. how to carry over

responses when one or the other modality is not done at every visit).

When PET-CT is not available, but a diagnostic CT is, the PET-CT response can be
carried forward from the prior visit to provide an imaging response assessment as long as the
diagnostic CT scan does not suggest disease deterioration (nor clinical status, with regards to
overall response, in the case where clinical review is performed).

When diagnostic CT is not available, but there has been no substantial change on 18F-
FDG PET-CT, the results of the prior CT can be carried forward. On occasion, the CT portion of
PET (CTAC) can be used to assess the CT disease burden if considered of suitable diagnostic
quality.

Note: It is very common for clinical trials to be using a modified Lugano classification
(i.e. with variations from the original publication). In such case, it should be required to define

what "modified" means.



INCORPORATION OF CLINICAL DATA
Imaging and Clinical Response Assessments

Best practice opinions suggest that a paradigm of independent review by imaging
specialists followed by clinical oncology review to update results according to clinical and
laboratory data introduces the least amount of bias into the process while providing the most

reliable and consistent results.

For studies not using an independent clinical oncology review, it is suggested that imaging
reviewers be provided with some limited clinical information, to be prospectively defined in the

protocol.

Clinical Data Requirements

There is no requirement for integrating clinical information per Lugano guidance, except
for bone marrow (BM) biopsy (BMB) and aspiration for lymphoma histologies where PET-CT

may not be a substitute for this information.

The clinical data that should be provided to the reviewer must be defined in study
documents and be consistently recorded and provided as a structured report or dossier with
pertinent clinical information (e.g. BMB results, lesion biopsy/fluid evaluation if performed,
concomitant therapy that could affect scan results, such as the use of colony stimulating factors
(CSF), infection/inflammation or other information that can confound PET-CT and diagnostic CT

findings, clinical and laboratory information).



In general, physical examination data should not be provided to the central reviewer since
imaging should take precedence over clinical examination for lesion measurement; except for

lesions that would not be captured on imaging (e.g. scalp, lower extremities).

As well, when feasible, appropriate but limited clinical history and information should be

provided to imaging reviewers to better select lesions at baseline (e.g. prior radiation therapy).

Recommendations for assessment of Bone Marrow involvement

Although BM samples should usually be obtained prior to the start of therapy, many
patients with relapsed/refractory disease have BM results in the pre-baseline period that could
eliminate the need for a repeat biopsy prior to receiving therapy, especially when it was positive.
In general, it should be discussed if BM results from the pre-baseline period may be used for the
baseline within a timeframe to be prespecified per protocol (typically BM results should be dated

no longer than 3 months prior to start of therapy, and unless clinical changes suggest otherwise).

Requirement for repeat BMB in a clinical trial are based on the setting (e.g. lymphoma

entity, FDG-avidity, study phase and endpoints) and should be prespecified in study documents.

BM involvement in DLBCL and HL tends to be focal in appearance, whereas diffuse
avidity suggests an inflammatory process. Rarely, predominant BM based disease in DLBCL can
present with intense diffuse uptake. Involvement by follicular and other low-grade lymphomas

may not be apparent because of the indolent nature of the diseases (46).

e In FDG-avid lymphomas



o

(@]

(@]

o

In cases where BM sampling is negative at baseline, it is reasonable to assign a CR as
overall response if patient achieves a metabolic CMR without repeating the BM.

In HL and DLBCL, a baseline BMB may not be required in all patients as PET-CT
may substitute for BM evaluation as per Lugano classification (1,42,47-50). Wherein
the patient achieves a CMR, it is reasonable to assign a CR as overall response,
whatever the status of BM sampling at baseline. Requirement for BMB should be
prespecified in the clinical study protocol.

In FL, while there is new evidence that BM sampling may not be mandatory in all trials
(51-53), PET-CT does not uniformly substitute for BM biopsy for staging and response
assessment and may still need to be obtained, especially in patients without BM uptake
on 18F-FDG PET-CT at baseline. It should be pre-specified in study documents if a
patient who had positive BM uptake on PET at baseline and achieves a PET-CT CMR
can be assigned a CR as overall response if BM sampling is not done.

In FDG-avid lymphomas when a BMB during or at the end of treatment shows

lymphoma involvement the best response can be PR, even with an otherwise CMR.

In non-FDG-avid lymphomas or lymphomas with variability in FDG uptake

o

o

In cases where BM sampling is negative at baseline, it is reasonable to assign a CR as
overall response if the patient achieves a CAR (and CMR if PET-CT is available)

In cases where BM sampling is positive or unknown at baseline, and BM sampling is
not obtained or is positive during/at end of treatment, but the patient achieves a CAR
(and CMR if PET-CT is available), it should be downgraded to a PR as overall

response.



¢ Insituations where BMB findings are indeterminate, it is reasonable to downgrade a PET CMR

to PR for lymphomas where PET cannot substitute to BMB.

EVALUATION OF SPLEEN, LIVER AND NODAL INVOLVEMENT

Spleen and Liver size and nodules

Spleen: Expert judgement of the reviewer should be used in instances where the size
measurement is inconsistent with the rest of the tumor burden. Spleen size can vary with factors
unrelated to lymphoma involvement including patient age, body dimensions and sex (54), non-
malignant conditions (e.g. enlargement from portal hypertension, splenic vein thrombosis),
technical factors such as respiratory motion on CT and prior injury/trauma. Thus, expert reviewer
should determine the status of the spleen with respect to splenomegaly when measurements are

close to the 13cm threshold before, during or following treatment.

Liver: in alignment with the Lugano classification, liver size should no longer be

considered as part of the assessment.

Nodules/masses in the spleen and liver should be recorded as part of the anatomic tumor
lesion assessment (TL/NTL). When standard diagnostic CT is acquired, intravenous injection of
contrast during anatomic imaging, unless contra-indicated, is paramount for the evaluation of

lesions in solid organs, which may not be visible without contrast.



Modality for Spleen Measurement

The TF recommends that when splenic size assessments are required, a diagnostic CT

should be used and vertical length be reported (Supplemental Figure 1).

If a diagnostic CT is not available, the splenic measurement from the CTAC may be used
if considered to be of acceptable quality by the reviewer; if the CTAC is considered of
unacceptable quality for measurement (e.g. major breathing motion artifacts), splenic
measurements on PET should be discouraged and, unless splenic size would not have an impact

on the outcome, it should be reported as NE.

Clinical palpation is not considered adequate for determination of splenic length.

New and Recurrent Splenomegaly
As defined in the Lugano classification, an increase of at least 2.0 cm should be applied to
both new and recurrent splenomegaly. Progression should be assessed compared to the nadir

(which can be the baseline).

Liver Used as a Reference for the 5-PS

When the liver is used as a reference site, the reference region in the liver should avoid the
liver margins and any focal hepatic involvement. Where diffuse hepatic involvement occurs,
reviewers should use their expert judgment to decide whether the liver can be used as a reference
organ, though the TF was not able to provide an alternative organ reference tissue in this scenario

due to lack of available publications on the matter and the rarity of the circumstance.



Of note, uptake higher than liver in areas with high physiological uptake may not always
preclude the assessment of a CMR, such as in Waldeyer’s ring, or extranodal sites with high
physiologic uptake (e.g. gastro-intestinal tract, oesophago-gastric junction) or with activation

within spleen or marrow (e.g. with chemotherapy or granulocyte CSF).

New Nodal Lesions and Regrowth of Nodal Lesions on CT

In addition to the size threshold (i.e. >15 mm in the longest transverse diameter), it is
recommended to apply a 5 mm absolute increase from nadir to declare new or recurrent nodal
lesions and be careful when assessing progression in small nodes for which limited variation in
size may represent physiological or post-therapeutic changes (e.g. nodes replenished with B cells
months after discontinuation of antiCD19/20 therapies) in order to avoid overcalling progression

due to small size variation.

Discordance Between Splenic and Nodal Disease Outcomes

In cases of nodal response but unequivocal new/recurrent splenomegaly presumed due to
lymphoma (e.g. with FDG uptake on PET-CT, suspicious for lymphoma involvement), it is

recommended to report disease progression.

Conversely, in situations where FDG-avid lymphomas have sustained splenomegaly on CT
without FDG uptake higher than normal liver but complete resolution of FDG activity in nodal

tissue, a CMR (and thus an imaging CR) may be declared per Lugano classification.



Additionally, consideration of other conditions that may cause diffuse increase in organ
FDG uptake is suggested since several pharmaceutical products (e.g. granulocyte CSF) or other

treatments given to support blood counts may increase splenic activity.

Further recommendations for the evaluation of spleen and nodes can be found in Supplemental 1
and Supplemental Figures 2-5. Summary tables of recommendations can be found in Supplemental

Table 2.

CONCLUSION

The PRoLoG initiative has created a platform to gather recommendations from an
international group of recognized imaging and clinical experts from industry and academia in the
field of lymphoma response assessment to standardize application of the Lugano classification in

clinical trials and beyond.

These recommendations are intended for clinical users, at local sites and central facilities,
in academic and pharmaceutical clinical trials and should be used as a companion to the Lugano
2014 to enhance assessment of response, and facilitate clinical trial conduct and regulatory review,

ultimately leading to improved lymphoma patient outcome.
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KEY POINTS

Question: How can the Lugano classification be consistently applied among clinical end users?

Pertinent Findings: These consensus recommendations should be used as a companion to the
Lugano Classification with regards to FDG-avidity of different lymphoma entities, response
nomenclature and lesion classification and scoring. Response assessment, usage of clinical data

and spleen, liver and nodal evaluation are clarified.

Implications for patient care: This guidance will enhance usage of the Lugano Classification,
facilitating clinical trial conduct and regulatory review, ultimately leading to improved lymphoma

patient outcome.
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SUPPLEMENTAL 1: ADDITIONAL RECOMMENDATIONS FOR THE EVALUATION

OF SPLEEN AND NODES

Method for Splenic Measurements

A unified approach to the methods used to measure spleen size does not exist and the TF
has reviewed several methods. This includes direct measurement of the spleen on coronal (or
sagittal) images from tip to tip (i.e. along the long axis of the spleen) or by placing a vertical
measurement from the top of the spleen to inferior splenic tip in a vertical direction. However,
these techniques suffer from user variability and free hand placement of the electronic cursor, as
the superior and inferior splenic tip may be located on different coronal (or sagittal) slices.
Measuring splenic size using the so-called “axial” method seems to provide the most consistent
and objective method. In this approach the reviewer identifies the number of axial slices on which
the spleen is visible and multiplies the number of slices by the reconstruction interval or slice
thickness (including gap as applicable). In some cases, it may be appropriate to add an additional
1 slice thickness to the calculation to correct for partial volume averaging. The axial slices for
splenic measurement should be determined from axial series in which a standard reconstruction
algorithm has been applied. During this process the reviewer must ensure that the most cranial and
the most caudal slices with significant visible spleen tissue is included in the size determination.
If coronal or sagittal methods are used, they should only be applied to images that have been
acquired as isotropic voxels. In this instance, efforts should be made to capture the true vertical
length of the spleen and avoid oblique measurement (Supplemental Figure 2). Newer and more
exploratory software algorithms that automatically segment and calculate splenic size using Al

approaches are promising but will require validation prior to endorsement by the TF. The same



method should be consistently applied for a same patient throughout the trial and ideally be the

same for all patients.

New/recurrent splenomegaly

The spleen must increase by at least 2 cm from the nadir and be over 13 c¢m to declare both
new/recurrent splenomegaly. For example, a spleen that measures 12 cm at nadir will require at
least a 2 cm growth to 14 cm while a spleen that measures 9 cm at nadir must grow more than 4

cm to cross the >13 cm threshold to be considered new/recurrent splenomegaly.

Progressive Splenomegaly

Progressive splenomegaly (Supplemental Figures 3 and 4) requires several conditions to

be met:

e The splenic length must increase by > 50% in the enlarged portion of the spleen
e There needs to be at least a 1 cm of absolute change
e Progression is always measured from nadir (note: baseline can be the nadir when there has

been no response in spleen)

Responsive Splenomegaly

Splenic based response (Supplemental Figure 5) requires the following conditions to be

met:

e Regression of >50% in length beyond normal in comparison to baseline



e No minimum absolute size change required

e Response is measured in comparison to baseline

Not Evaluable Spleen and Splenectomy Patients

If the spleen cannot be evaluated at a specific timepoint (e.g. missing images), it is
recommended that the anatomic response be NE at that timepoint, except if it was documented that
the spleen was uninvolved with lymphoma since baseline, or unless otherwise specified in a

clinical trial protocol.

In the case of splenectomy before baseline, it is recommended that disease be assessed
without the spleen category. In the case of splenectomy while on trial, the patient assessment
should be censored at the time of splenectomy, except if it was documented that the spleen was

uninvolved with lymphoma at this time.

There is no specific recommendation how accessory spleen in patients with splenectomy
should be assessed but the reviewer should be cautious that an increase in size in accessory spleens

may reflect physiologic growth of the splenic tissue.

Lymphoma Involving the Spleen Only

In cases of spleen-only lymphoma (e.g. splenic marginal zone lymphoma, primary splenic
lymphoma), the TF recommends that spleen assessments evaluate for the presence of
nodules/masses using CT (for all histologies) and PET-CT (when FDG-avid) with the standard

thresholds for spleen size applied.



New/Regrowth of a nodal lesion

For example, a node that measures 12 mm in long axis diameter (non-pathological) would
need to increase to 17 mm to be considered a new nodal lesion (or regrowth, if the node was

pathological prior to shrinkage to 12 mm).



SUPPLEMENTAL FIGURE 1: Modality for measuring Splenic Length

Diagnostic CE CT CTAC 18F-FDG PET with AC

R

Differences in splenic length measurements are dependent upon imaging acquisition techniques.
This patient with DLCBL had same day diagnostic contrast enhanced CT (CE CT; left panel)
and FDG PET-CT scans (middle and right panels). Using the diagnostic CE CT (left panel) as
the gold standard for splenic length measurements, the 'F-FDG PET with attenuation correction
(AC; right panel) clearly overestimates splenic size. Courtesy of Imaging Endpoints Core Lab,

USA.



SUPPLEMENTAL FIGURE 2: Methods Commonly Used to Measure Splenic Length

Axial Slices
Top Slice = image 280

Diagnostic CT- Coronal Splenic Measurements

Bottom Slice = image 349

Splenic Length Calculation

Images [(349-280) + 1]
X
2.0 mm thickness

140 mm spleen length

Coronal and Axial methods to measure spleen size on CT. If the coronal length of the spleen is
used to measure the spleen size, it should be measured from the most cranio-caudal portions of the
spleen (13.6cm). Oblique coronal length measurement should be avoided (14.8cm). Courtesy of

Imaging Endpoints Core Lab, USA.



SUPPLEMENTAL FIGURE 3: Representation of Splenomegaly-Based Disease Progression

from Baseline Nadir Values

Anatomic progression in spleen can be called at TP1 (>50% increase of enlarged portion, i.e. >
(15-13)/2 which means > lcm, and at least 1 cm absolute growth compared to spleen size at
baseline). BL = baseline; TP1= first timepoint after baseline; TP2 = second timepoint after

baseline.



SUPPLEMENTAL FIGURE 4: Representation of Splenomegaly-Based Disease Progression

from Non-Baseline Nadir Values

EES

Disease progression based upon splenomegaly when there is a >50% increase in splenic length
from Nadir. Note that disease progression will be declared when there is >50% increase in splenic
length compared to nadir, or as shown in this example, a 2.5cm or more growth from TP1 since
the spleen is 5.0 cm beyond the ULN). Based on this calculation, progression would be declared
at TP3. Note that TP1 shows partial response in spleen in this example. Sizes in the illustration
represent spleen size. BL= baseline; TP1 =first timepoint after baseline; TP2 = second timepoint

after baseline, etc.)



SUPPLEMENTAL FIGURE 5: Representation of Spleen-Based Response when

Splenomegaly is Present at Baseline

In this example, the enlarged portion of splenic length at BL is 5.0 cm (18.0 cm — 13.0 cm ULN).
AT TPI, the spleen has only enlarged an additional 2.0 cm from baseline (or 40%) and does not
meet the definition of disease progression. Partial spleen response at TP3 (reduction > 5/2, i.e.
regression >2.5cm from baseline). BL: baseline, TP1: first timepoint after baseline, TP2: second

timepoint after baseline, etc.)



SUPPLEMENTAL TABLE 1: Terminology for Metabolic, Anatomic (radiographic) and

Overall responses

Type of Response* Metabolic Anatomic | Overallt

Complete response CMR CAR CR

Partial response PMR PAR PR

Stable disease/No response NMR (preferred term, | SAD SD
otherwise SMD)

Progressive disease PMD PAD PD

CMR: complete metabolic response; PMR: partial metabolic response; NMR: no metabolic response; SMD: stable
metabolic disease; PMD: progressive metabolic disease; CAR: complete anatomic response; PAR: partial anatomic
response; SAD: stable anatomic disease; PAD: progressive anatomic disease; CR: complete response; PR: partial

response; SD: stable disease; PD: progressive disease

*this table is for terminology purpose only and does not describe how to combine metabolic and anatomic responses

(see section “Response Assessment”)

toverall response (used for determining endpoints) integrates imaging response (metabolic, anatomic, or

combination of both, when available) and clinical data, when available



SUPPLEMENTAL TABLE 2: SUMMARY TABLE OF PRoLoG RECOMMENDATIONS (PART 1- CLINICAL)

Issue

PRoLoG Recommendations

Comments

FDG-avidity of
lymphoma entities and
imaging guidance

FDG-avidity of lymphomas

FDG-avid (e.g. HL, DLBCL, FL, MCL,
nodal peripheral T-cell lymphoma,
lymphoblastic and Burkitt lymphoma)

Mostly not FDG-avid (e.g. SLL, CLL)

Lymphomas with inter-patient and/or
inter-lesional variability in FDG uptake
(e.g. some marginal-zone lymphoma,
some T-cell notably cutaneous T-cell
lymphomas)

While routinely FDG-avid lymphomas should be assessed
by FDG PET-CT and, when anatomic assessment is
required, diagnostic CT, there is no formal
recommendation for those with variability in FDG uptake.

Non FDG-avid lymphomas are not expected to be
asssessed by FDG PET-CT unless transformed/suspected
for transformation

Lesion Classification
for Reporting

Anatomic Imaging (CT/MRI)

Target lesion (TL), non-target lesion
(NTL), new lesion (NL)

May be useful to designate nodal and
extranodal lesions separately

Aligns with RECIST approach for lesion labeling
Keeps compliant with CDISC compliance standards

Different treatment regimens may affect nodal vs
extranodal disease differently

FDG PET Imaging

Individual hottest lesion does not require
to be labelled as TL or NTL

NL designation may still be useful

Only the lesion with the highest uptake on the 5-PS needs
to be selected at each timepoint for determination of
metabolic response, thus no TL/NTL labeling is required

Score 5 refers to uptake markedly higher than liver or NLs
or both (to be specifically captured in imaging CRF)




Scoring of lesions

A score of 4 should be applied to lesion
uptake greater than the uptake in a large
region of the liver (i.e. greater than the
SUVmax in a large region of normal
liver)

A score of 5 should be applied to lesion
uptake markedly greater than liver (i.e.
at least 2 times higher) or to
hypermetabolic new lesions

Visual or semi-quantitative assessment can be used

A score of 4 applies to uptake greater than liver, not only
moderatly greater as originally stated in the classification

The reason for a score of 5 (uptake, or new lesion, or both)
should be collected in the CRF

Both 2x and 3x thresholds have been used and the
threshold to be used in score 5 for a specific study should
be prespecified

Metabolic response

Overall metabolic uptake (i.e. intensity
and extent) should be considered.

In case of 5-PS of 4 or 5

o With reduced intensity and no
increae in extent, it is PMR

o With increased intensity and/or

Besides the 5-PS assessment, based on the hottest lesion,
both overall intensity and extent of FDG uptake must be
considered to evaluate the metabolic response

X relates to areas of uptake unlikely to be due to lymphoma
and should not be considered as a response category

category extent, it is PMD
o With stable intensity and no
increase in  extent, it is
NMR/SMD
e X is not a category by itself and a 5-PS
must be assigned in addition to X
Response Assessment Designations Allows for separate reporting of anatomic vs metabolic vs
e Anatomic responses should use a “A” overall changes
Response designation to indicate a radiologic Highlights differences in imaging results for further
Nomenclature

change (e.g. CAR, PAR, SAD and PAD)

Metabolic responses should use a “M”
designation to indicate a metabolic

investigation of discordance

Overall Time Point Response integrating imaging
response with clinical data, when available, should




(FDG) change (e.g
PMR,NMR/SMD, PMD)

CMR,

Overall Time Point response should
continue to apply conventional
designations (e.g. CR, PR, SD, PD)

continue to use conventional reporting to avoid confusion
amongst investigators, patients and regulatory agencies

Imaging Response
Assessment

Maintain ~ recommendations ~ from
Lugano classifications for CR and PR
unless stated in trial protocol

Use caution when designating PD in
patients with new lesions on anatomic
imaging that are metabolically inert on
PET-CT in FDG-avid lymphomas

Areas of uptake on FDG PET (existing
and/or new) are not always malignant

A reduction in tumor size by anatomic imaging does not
need to accompany a CMR or PMR

Any modification of response categories from Lugano
Classification should be clearly stated in the Protocol and
other essential documents and preferably discussed with
regulatory agencies prior to study start up

In routinely FDG-avid lymphomas (e.g., HL, DLBCL, FL,
MCL...), any new finding on anatomic imaging that does
not have increased uptake is considered most likely
unrelated to the disease, until proven otherwise by a biopsy
or follow-up

FDG uptake can be due to infections, inflammatory or
adverse treatment events and providing information that is
specified prospectively (e.g. relevant AE information) to
the central reviewer should be considered.

Assessment of
Imaging Response
When Current Imaging
Visits Are Missing

In selected circumstances (e.g. FDG
avidity of lymphoma entity), the results
from prior time point assessments of
PET or CT can be carried forward when
anatomic or metabolic assessment at
current time point is missing

When either PET or CT is missing but the other scan is
available for response assessment, the missing scan results
can be carried forward from the prior visit to provide an
overall response assessment as long as the current
available scan does not suggest disease deterioration
compared to the last available scan for the missing
modality (nor clinical status, with regards to overall
response, where a clinical review is performed)




On occasion, the CT portion of PET can be used as a
substitute for the missing diagnostic CT if considered of
suitable diagnostic quality

Assessment of
Imaging Response in
Discordant Cases
Between CT and FDG
PET

PET responses should take precedence
over CT when evaluating FDG-avid
malignancies (e.g. HL, DLBCL, FL,
MCL...)

CT responses should take precedence
over PET when evaluating non-FDG-
avid malignancies

No formal recommendation for
lymphomas with variability in FDG
uptake

These are general guidelines as the task force recognizes
that exceptions can exist based upon tumor biology

When in doubt, follow-up imaging and/or tissue biopsy
may be warranted to resolve discordances by integrating
the totality of clinical and radiographic data available for
review

Imaging and Clinical
Response Assessments

The radiology reviewer may receive
prespecified  clinical ~data  when
providing responses to integrate clinical
data into the time point response

Best practices suggests a read paradigm
of independent review by imaging
specialists followed by clinical oncology
review to update results based upon
clinical and laboratory data information

If not carefully controlled, clinical information and data
results may unblind or bias the radiology review during
scan assessments.

Exceptions are e.g. information on treated lesions when
selecting TLs for radiologic responses

In cases where an independent review is performed, a set
of limited and pre-specified data may be appropriately
provided to the reviewer (e.g. bone marrow biospy
information, other pathology results, intercurrent
infection, etc)

Clinical Data
Requirements

Integrating clinical information per
Lugano guidance is not required except
for bone marrow data, where required.
When feasible, appropriate but limited
clinical history and information should

Recommendations that information supplied to the
reviewer be carefully screened to prevent either treatment
arm unblinding or undue reviewer bias.




be provided to reviewers and be pre-
specified in study documents.

Clinical assessment of
Bone Marrow

The requirements for BM sampling
should be clearly stated in the clinical
trial protocol

Pre-baseline BM results (i.e. results
obtained within e.g. 3 months before the
screening period) should be discussed
and prespecified if it can be used as
baseline value, unless clinical changes
suggest otherwise

The meaning of indeterminate BM
results should be clearly defined for
consideration of time point response
assessments

BM involvement in DLBCL and HL
tends to be focal in appearance, whereas
diffuse avidity suggests an inflammatory
process.

For HL and DLBCL, FDG results can
substitute for bone marrow biopsy to
define (BM) status as stated in Lugano
Classification. Bone marrow sampling
may not be needed. For FL, bone
marrow sampling may not be mandatory
for all efficacy trials (depending on the
study endpoints) but is  still
recommended in some instances as PET
may not substitute for BM biopsy, e.g.
when BM is negative on PET at

The type, timing and analysis of BM results needs to be
defined in the trial protocol

BM biopsies may be avoided in certain patients based
upon lymphoma entities (e.g. HL and DLBCL) and
patient’s prior treatment history. For example, it may be
appropriate to avoid a screening bone marrow biopsy in a
patient with DLBCL or HL where FDG PET can substitute
for BMB.

Rarely, predominant BM based disease in DLBCL can
present with intense diffuse uptake.

Involvement by follicular and other low-grade lymphomas
may not be apparent because of the indolent nature of the
diseases.

New treatment regimens (e.g., cellular therapy) may
infiltrate the BM but should be recorded as indeterminate
for lymphoma by IHC evaluation.




baseline. All other lymphoma entities
require negative BM results for CR
unless BM sampling was negative prior
to treatment

Spleen Size

Clear guidance on what should be
considered splenomegaly is helpful (i.e.
spleen > 13cm in vertical plane)

However, in some cases body habitus
and other factors may be taken into
account by expert reviewer judgment

Reviewer expert judgement may be used
in select situations where a diagnostic
CT is not available or if splenic size is
close to the 13.0 cm threshold.

The splenic length does not always need
to regress to under 13.0 cm for assessing
an overall CR

Splenic length can be influenced by patient characteristics
(age, sex, body habitus) benign disease and method of
evaluation. Therefore, rigid reliance on absolute thresholds
for splenomegaly may not accommodate the expert
understanding of the disease state.

Any modification of splenic measurement assessment
should be clearly stated in clinical protocol and other
essential documents

Persistent splenic enlargement without evidence of
lymphoma involvement elsewhere (e.g. negative BM
results, FDG response, no CT evidence of disease and no
additional clinical or laboratory evidence of lymphoma)
should not preclude an overall assessment of CR.

Modalities for Spleen
Measurements

Diagnostic CT with or without contrast
enhancement is the modality of choice
for splenic size assessments

CT component from PET-CT may be
used with caution

Length measurements from FDG PET
alone should not be done

Ultrasound should only be used in
special  situations (e.g.  pediatric
lymphomas)

Considerable variability in splenic length measurements
can occur between different imaging modalities

When precise spleen length measurements are required
then diagnostic CT (and/or MRI) should be used as they
provide the most accurate representation of spleen length

The same modality should be used for longitudinal
assessments of spleen length within the same patient
whenever possible




Newer techniques (e.g. Al, automated
volume assessments) require further
validation

Methodology for
Spleen Measurements

A consistent method should be used for
measuring the vertical (cranio-caudal)
spleen length

Axial methodologies (extrapolating the
vertical size of the spleen from the
number of axial slices on which spleen
is visible) may be more reproducible
than coronal techniques

Switching methodologies between imaging visits can
create significant variabilities which could impact
response assessments

The position of the spleen on cross-sectional imaging can
be different between patients. The axial methods may
provide the most consistent and reproducible approach to
approximate the vertical length of the spleen since it is less
dependent upon orientation of the spleen in the longest
axis

Using Splenic
Measurements For
Response

New and Recurrent Splenomegaly

Progression is determined from nadir,
which may be the baseline scan

Increase > 2 cm and be over 13 cm

Clarify recommendations from Lugano classification

Progressive Splenomegaly

Progression is determined from nadir,
which may be the baseline scan

Increase by > 50% in the enlarged
portion of the spleen and >1 cm absolute
change

Clarify recommendations from Lugano classification

Responsive Splenomegaly

Response is determined from baseline

Maintain recommendations from Lugano classification




Clinical Palpation of the spleen is not
recommended

Maintain recommendations from Lugano classification

Splenectomy

Prior Splenectomy

Disease assessments should proceed
without spleen category if splenectomy
is performed before start of treatment

On-study Splenectomy

Response  assessment should be
censored at the time of splenectomy
unless the spleen is free from lymphoma

Clarify rules for disease assessment in case of prior or on-
study splenectomy

Discordance between

In cases of nodal disease response but

The judgment of the reviewer may be considered for

spleen and unequivocal new/ recurrent borderline cases of new/recurrent splenomegaly for spleen
preen ans splenomegaly due to lymphoma (e.g. measurements in cases of discordant response
extrasplenic disease . .
suspicious splenic FDG PET uptake)
response : .
recommend disease progression
e it is recommended to apply a 5 mm | e Be careful when assessing progression in small nodes for
New Nodal Lesions & absolute increase from nadir, in addition which limited variation in size may represent
Regrowth of nodal to the size threshold (i.e. >15 mm in the physiological or post-therapeutic in order to avoid
lesions longest transverse diameter), to declare overcalling progression due to small size variation
new or recurrent nodal lesions.
Hepatic enlargement e Maintain recommendations from Lugano classifications
e Hepatomegaly is not considered part of | ¢ Focal hepatic lesions can be selected as TL if they meet the
Liver Lugano classification assessments appropriate size criteria

Focal hepatic disease should be assessed
as part of the TL/NTL and for metabolic
lesion scoring

Focal hepatic lesions can be selected for PET evaluation
by 5-PS if they are the hottest focus




Liver as the reference organ for 5-PS=3 e Technical considerations and FDG uptake times can affect

e Uninvolved hepatic parenchyma serves hepatic uptake

as the reference tissue for scores 3,4 and | ¢  Lesions with abnormal FDG uptake can affect the visual
5 appearance of adjacent normal areas due to count spill-
over. Therefore, the use of reference tissue uptake near

e Avoid using uninvolved hepatic lesions should be avoided

parenchyma near focal lymphoma
lesions e An alternative to hepatic reference tissue (5-PS = 3) is not
readily apparent but diffuse hepatic lymphoma without

e No recommendations can be offered . ) .
areas of uninvolved tissue is a rare event

when there 1s diffuse hepatic
involvement as an alternative reference
source

Al artifical intelligence, BM: bone marrow, BMB: BM biopsy, CDISC: clinical data interchange standards consortium, CLL:
chronic lymphocytic leukemia, CMR: complete metabolic response, CR: complete response, CRF: case report form, CRR: complete
response radiographic, CT: computed tomography, DLBCL: diffuse large B cell lymphoma, FDG: FluoroDeoxyGlucose, FL:
follicular lymphoma, HL: Hodgkin lymphoma, ITHC: immunohistochemistry, MCL: mantle cell lymphoma, MRI: magnetic resonance
imaging, MZL: Mantle zone lymphoma, NMR: no metabolic response, NL: new lesion, NTL: non target lesion, PD: progressive
disease, PDR: progressive disease radiographic, PET: positron emission tomography, PMD: progressive metabolic disease, PMR:
partial metabolic response, PR: partial response, PRR: partial response radiographic, RECIST: response evaluation criteria in solid
tumors, SD: stable disease, SDR: stable disease radiographic, SLL: small lymphocytic lymphoma, SMD. stable metaboblic disease,
SUVmax: maximum standardized uptake value, TL: target lesion, WM: Waldenstrom macroglobulinemia, 5-PS: 5 point scale,
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