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himeric antigen receptor T-cell therapy (CART)
uses patient-derived tumor antigen-directed T cells
for targeted elimination of cancer cells.! The most
common form applies modified T cells expressing a
chimeric antigen receptor specific for the CD19 antigen to
treat relapsed or refractory (rr) lymphoma? and leukemia,
leading to high rates of durable responses. CART has signifi-
cantly improved progression-free survival (PFS) and over-
all survival (OS). Imaging-based response assessment for
determination of PFS has most frequently relied on positron
emission tomography-computed tomography (PET/CT). The
current and ongoing phase III trials are mostly based on the
Lugano criteria from 2014.3* Earlier trials have relied on
Cheson criteria as published in 2007.° In recent years, novel
lymphoma imaging response criteria have been proposed,
among them the response evaluation criteria in lymphoma
(RECIL)® and lymphoma response to immunomodulatory
therapy criteria (LYRIC).” The scientific literature on struc-
tured comparisons of these imaging response criteria is
scarce for conventional lymphoma treatments and only 2
studies indicate concordance of RECIL and Lugano criteria
in previously untreated lymphoma.®? As there are no reports
on the prognostic value for lymphoma patients treated with
CART, we aimed to assess the different imaging response
criteria, their impact on PFS, and their relation to OS.

The study population was based on a prospective registry of
all consecutive patients who were treated at the Comprehensive
Cancer Center Munich-Ludwig-Maximilian University Munich
(CCCM™Y)  with commercialized CD19-specific CART
products. We included patients with refractory or relapsed
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lymphoma (DLBCL, FL, and MCL), any measurable dis-
ease on imaging according to Lugano criteria,® and available
(PET/CT) imaging studies at baseline and at least 2 follow-up
timepoints (FU1 around 30 days and FU2 around 90 days).
All medical records and imaging studies were reviewed with
the approval of the LMU Munich Institutional Review Board
(Ethikkommission der Medizinischen Fakultit der Ludwig-
Maximilians-Universitit Miinchen, Project Number 19-817)
and informed patient consent. Patients received lymphodeple-
tion with fludarabine and cyclophosphamide according to the
manufacturers’ instructions. Overall response was determined
based on Lugano criteria with up to 6 target lesions (TLs) that
were segmented. The sum of the product of diameters (SPD)
was measured to determine tumor burden (TB) for Lugano cri-
teria, Cheson criteria, and LYRIC. Moreover, spleen size was
measured with splenomegaly being defined by a vertical length
>13.0cm according to Lugano criteria. To assess response
according to RECIL, the sum of longest diameters (SLD) of <3
TLs was measured to define TB. All imaging analyses were per-
formed with the dedicated trial reporting software mintLesion
3.8 (mint Medical GmbH; Heidelberg, Germany). For survival
analysis, OS was visualized using Kaplan—Meier survival curves
with categorization for the patients to the response categories
complete response (CR), partial response (PR), stable disease
(SD), and progressive disease (PD) for all response criteria. The
additional category of minor response (MR) was added for
RECIL and indeterminate response (IR) for LYRIC. The over-
all response rate (ORR) was calculated as the rate of patients
with CR and PR. Log-rank (Mantel-Cox) test was performed
to examine the significance of the results. P values below 0.05
were considered to indicate statistical significance.

Forty-one of 74 patients met the inclusion criteria (median
age: 64 years, 41% female). According to Lugano criteria,
23 patients (56.1%) showed a CR, and 5 patients (12.2%)
a PR at FU2. Thirteen patients (31.7%) had an overall PD
at FU2 by Lugano criteria. Discordance in the classifica-
tion of overall response was observed when applying other
response criteria (Table 1). Notably, Cheson criteria and
RECIL classified 4 patients as an SD, whereas there were
none by Lugano criteria. In addition, 2 patients had a MR
by RECIL, and 6 patients were assigned to the IR cate-
gory according to LYRIC. ORR was 68% by Lugano cri-
teria, 63% by Cheson criteria, 68% by RECIL, and 68%
by LYRIC. There was a significant difference in survival
between patients with CR, PR, and PD using Lugano criteria
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Overview of Different Imaging Response Criteria at 90 Days

Imaging Response Criteria in r/r Lymphoma Under CART

ORR Median PFS, d CR PR MR SD PD IR
Lugano 28 (68%) 153 23 (56%) 5 (12%) — 0 13 (32%) —
Cheson 26 (63%) 169 19 (46%) 7 (17%) — 4 (10%) 11 (27%) —
RECIL 28 (68%) 193 21 (51%) 7(17%) 2 (5%) 4 (10%) 7(17%) —
LYRIC 28 (68%) 200 23 (56%) 5 (12%) — 0 707%  6(15%)

Comparison of different classifications for overall response in lymphoma according to Lugano, Cheson, RECIL, and LYRIC at 90 days after CART. Shown are the color-coded response categories: CR (green),
PR (yellow), MR (orange), SD (gray), PD (red), and IR (blue). ORR was calculated as rate of patients with CR and PR. Median PFS is shown for every classification.

CART = chimeric antigen receptor T-cell therapy; CR = complete response; IR =

indeterminate response; LYRIC =

lymphoma response to immunomodulatory therapy criteria; MR = minor response;

ORR = overall response rate; PD = progressive disease; PFS = progression-free survival; PR = partial response; RECIL = response evaluation criteria in lymphoma; SD = stable disease.

(Fig. 1A) at FU2 (P < 0.001). Patients with CR had longer
OS than patients with PD. Patients with PR were between
CR and PD (P = 0.046). Dichotomization into responding
versus nonresponding patients allowed stratification of OS
(HR = 18.2, P < 0.001). Using Cheson criteria (Fig. 1B), sim-
ilar results were observed (P < 0.001), with the addition of
Kaplan—Meier curve of SD patients falling between PR and
PD. Survival curves by LYRIC (Fig. 1C) showed essentially
the same results as by Lugano criteria with a significant dif-
ference between the categories CR, PR, and PD (P < 0.001).
There was a small yet statistically nonsignificant difference
between PD and IR patients. When categorized by RECIL
(Fig. 1D), a difference between response categories was also
demonstrated (P < 0.001); notably, the 2 patients with MR
showed longer OS.

The most widely established lymphoma response criteria
showed considerable differences in imaging endpoints in our
study on patients that received CART. While the ORR was
least affected, rates of CR and PR differed slightly. Notably, the
response categories SD and PD were more strongly affected and
thus the endpoint PFS varied (PFS, 153 d versus PFS_
169 d versus PFS, ., 198 d versus PF% 200 d). Interestingly,
the immune-adapt ted LYRIC criteria le elded the strongest asso-
ciation of PFS . . to OS in this patient population.

The Cheson and Lugano criteria have evolved from the uni-
dimensional Response Evaluation Criteria in Solid Tumors
(RECIST1.1) criteria'® and capture bidimensional extension for
this typically nodal-dominant tumor phenotype.’® As treated
lymphomas are often characterized by morphologic residues, lym-
phoma criteria incorporate the metabolic status as visualized by
BE-FDG PET/CT to identify CR of the initially vital tumor tissue.
RECIL was developed to facilitate the study assessment by reduc-
ing the number of TL to capture the same response.® A reduction
to 3 representative lesions yielded robust response classification
as in the other criteria relying on 6 manifestations. Furthermore,
RECIL incorporates the depth or response of the morphologic
extension and is thereby not only based on metabolic changes.

Yet, in the course of the disease with relapsed of refrac-
tory lymphomas, phenotypic and metabolic changes of the
lymphoma manifestations occur. Typically, more widespread
nodal locations are involved and extranodal lesions are more
frequently encountered. Moreover, preexisting morphologic
residues can be mistaken for active lymphoma if prior imag-
ing exams are not reviewed. Notably, response criteria have not
been adapted to such changes in the disease course and data on
association of PFS with OS in lymphoma is scarce.>!

Data characterizing response to CART is also limited and
the optimally discriminating method remains ill-defined. In a
single-arm, prospective study of 7 patients, early PET/CT data
from lymphoma patients treated with CD19 CART were evalu-
ated according to Lugano criteria. In this study, all patients with
less than CR at 1-month subsequently relapsed.!' A recent mul-
ticenter study of 171 patients showed similar results. Patients
with Deauville Score 1+2 at 1-month FU had an excellent long-
term outcome, whereas 31% of patients with Deauville Score

3 +4 were at risk for early relapse, and all patients with Deauville
Score 5 relapsed by month 3.2

The evaluation of overall response and response patterns,
including the impact of pseudoprogression associated with
CAR T-cell therapy, has not yet been studied in detail.!* Some
studies described pseudoprogression after CART analogous to
solid tumors under immunotherapy.'* To face the challenge
of pseudoprogression, LYRIC introduced the category of IR,
with 3 subcategories: IR1, increase in overall tumor burden
within the first 12 weeks of therapy, without clinical deteri-
oration; IR2, appearance of new lesions, or growth of one
or more existing lesions 250% at any time during treatment
in the absence of overall progression; IR3, increase in FDG
uptake of one or more lesions without a concomitant increase
in lesion size or number.” LYRIC encouraged biopsy for IR1
and IR2 and advised to evaluate these intermediate features
by follow-up in all cases after 12 weeks. In contrast to LYRIC,
Lugano or RECIL do not provide recommendations for lesion
follow-up.® Therefore, patients with assigned PD solely based
on newly appearing lesions should be further investigated with
regard to clinical benefit and may represent a new response
category. Novel imaging endpoints and response criteria in
lymphoma will likely evolve from selected lesion-based assess-
ments to whole tumor burden quantification. In the first-
line setting, the recently published International Metabolic
Prognostic Index (IMPI) additionally integrates metabolic
tumor volume and has outperformed the conventional IPI in
estimating outcome of DLBCL patients.!

We investigated overall response by Lugano criteria, Cheson
criteria, RECIL, and LYRIC. While the ORR was compara-
ble between the different criteria, we found striking differences
between the SD and PD response categories and thus discrepan-
cies in the surrogate endpoint PFS. Response assessment by LYRIC
exhibited superior association between PFS and OS. The response
assessment method must therefore be considered when interpret-
ing the impact of imaging endpoints on outcomes in clinical trials.
Our study has limitations which need to be considered when inter-
preting the results. First, this is a single-center study with a limited
number of subjects. Second, there were a few patients that were
missed to follow up or had no measurable disease. Considering the
heterogeneity, our results argue for standardization and harmoni-
zation across centers.
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Figure 1. Overall survival stratification. Analysis of OS according to the response criteria Lugano (A), Cheson (B), LYRIC (C), and RECIL (D). The same
color coding as in Table 3 was used to label the different response categories: CR (green), PR (yellow), MR (orange), SD (gray), PD (red), and IR (blue).
CR = complete response; IR = indeterminate response; LYRIC = lymphoma response to immunomodulatory therapy criteria; MR = minor response; OS = overall survival; PD = progressive disease;
PFS = progression-free survival; PR = partial response; RECIL = response evaluation criteria in lymphoma; SD = stable disease.
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