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Reducing and controlling metabolic active tumor volume prior
to CAR T-cell infusion can improve survival outcomes in
patients with large B-cell lymphoma
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Bridging therapy before CD19-directed chimeric antigen receptor (CAR) T-cell infusion is frequently applied in patients with
relapsed or refractory Large B-cell lymphoma (r/r LBCL). This study aimed to assess the influence of quantified MATV and MATV-
dynamics, between pre-apheresis (baseline) and pre-lymphodepleting chemotherapy (pre-LD) MATV, on CAR T-cell outcomes and
toxicities in patients with r/r LBCL. MATVs were calculated semi-automatically at baseline (n= 74) and pre-LD (n= 68) in patients
with r/r LBCL who received axicabtagene ciloleucel. At baseline, patients with a low MATV (< 190 cc) had a better time to
progression (TTP) and overall survival (OS) compared to high MATV patients (p < 0.001). High MATV patients who remained stable
or reduced upon bridging therapy showed a significant improvement in TTP (p= 0.041) and OS (p= 0.015), compared to patients
with a high pre-LD MATV (> 480 cc). Furthermore, high MATV baseline was associated with severe cytokine release syndrome (CRS,
p= 0.001). In conclusion, patients with low baseline MATV had the best TTP/OS and effective reduction or controlling MATV during
bridging improved survival outcomes in patients with a high baseline MATV, providing rationale for the use of more aggressive
bridging regimens.
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INTRODUCTION
CD19-targeted chimeric antigen receptor (CAR) T-cell therapy
significantly improved outcomes compared to standard 2nd and
3rd line immunochemotherapy in patients with relapsed or
refractory Large B-cell Lymphoma (r/r LBCL) [1–3]. In this strategy,
autologous T-cells are genetically engineered to express a CAR
receptor that targets CD19-antigens expressed on tumor cells and
are subsequently expanded in vitro. Upon testing for quantity,
quality and sterility, and after the patient received lymphodepleting
chemotherapy, the final product is administered in a single infusion.
As this manufacturing process is complex, the total time between
setting the indication for CAR T-cell therapy and the actual CAR
T-cell infusion may take up to 4–6 weeks. Therefore, many patients
might require bridging therapy in between apheresis and CAR T-cell
infusion in order to limit disease progression, diminish lymphoma-
related symptoms and/or reduce tumor volume.
Bridging therapy may include systemic therapy (e.g., che-

motherapy, targeted therapy or steroids), radiotherapy or a
combination of both modalities. Bridging therapy has shown to
be feasible, safe and effective [4]. Moreover, no significant
differences in severe CAR T-cell related toxicity have been
observed between different bridging modalities and patients
who did not receive bridging [4, 5]. Response to bridging might

lead to a reduction in risk of progressive disease, death and
serious (grade 3–4) immune effector cell-associated neurotoxicity
syndrome (ICANS) [4, 5]. In order to more precisely characterize
this response to bridging, it is essential to define the reduction in
tumor volume resulting from the different bridging modalities in
relation to CAR T-cell therapy outcomes.
The measurement of metabolic active tumor volume (MATV)

using 18F-Fluorodeoxyglucose Positron Emission Tomography/
Computerized Tomography (18F-FDG PET/CT) scans provides a
quantification of tumor volume. MATV is a measure of disease
burden and indicates the total metabolically active tumor mass
throughout the body. Previous studies have shown that patients
with a high MATV before CAR T-cell infusion have inferior outcome
(HRs ranging from 1.27 to 5.27) [6–9] and are also more likely to
develop toxicity [6, 10]. Until now, only one study evaluated paired
pre-apheresis and pre-lymphodepleting chemotherapy (pre-LD)
scans, showing that this captures important information, as an
increase in extranodal MATV from pre-apheresis to pre-LD scans is
associated with an increased risk of death [11]. However, detailed
information about MATV dynamics caused by different bridging
strategies is still lacking.
Unlike other pretreatment factors associated with CAR T-cell

therapy outcomes, such as elevated lactate dehydrogenase (LDH),
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bulky disease, or involvement of ≥3 extranodal localizations
[12–14], MATV determined at baseline and pre-LD can capture
precise and objective information regarding the efficacy of the
applied bridging therapy. Therefore, this study aims to investigate
the relation between MATV and MATV-dynamics (baseline to pre-
LD) with CAR T-cell therapy outcomes and toxicities, including the
influence of different bridging strategies on MATV and CAR T-cell
outcomes in patients with r/r LBCL.

MATERIALS AND METHODS
Patient population
All LBCL patients including Diffuse large B-cell lymphoma (DLBCL),
transformed follicular lymphoma (tFL) and High-grade B-cell lymphoma
(HGBCL), not otherwise specified (HGBCL NOS) or double/triple hit (HGBCL
DH/TH) treated with axicabtagene ciloleucel (axi-cel) between October
2017 and September 2022 were consecutively included in this study.
Patients participated in either a clinical trial (ZUMA-1 [NCT02348216],
ZUMA-7 [NCT03391466]), an early access program, or received axi-cel as
standard of care, and received CAR T-cell therapy as a second- or third-line
treatment. Only patients that received CAR T-cell infusion were included.
Patients with central nervous system (CNS) localizations were excluded.
Prospective data were available on patient, tumor and outcome
characteristics. 18F-FDG-PET scans were performed at baseline (before
apheresis) and pre-LD (after bridging therapy, before start lymphodeplet-
ing chemotherapy). This study was carried out in accordance with the
applicable rules concerning the review of research ethics committee and
patients gave informed consent for OncoLifeS registration [15].

Bridging strategies
Bridging therapy was defined as any therapy targeting LBCL administered
between apheresis and lymphodepleting chemotherapy. If pre-apheresis
therapy was administered, it was defined as bridging therapy only if it was
given after baseline 18F-FDG-PET imaging. Based on individual patient
characteristics: tumor volume, tumor location, disease progression and
response to earlier lines of treatment, the type of bridging was chosen.
Applied bridging strategies consisted of focal radiotherapy, systemic
therapy and a combination of both. Radiotherapy was mostly given in 5 to
15 fractions, with a total dose of 20−30 Gy. Systemic therapy included
steroids, one cycle of immunochemotherapy (e.g., rituximab-gemcitabine
oxaliplatin, rituximab-polatuzumab-vedotin-bendamustine) and single
agent immunotherapy (e.g., single dose rituximab). Combination therapy
included a combination of both radiotherapy and systemic therapy
regimens.

Image acquisition and MATV measurement
Baseline 18F-FDG PET/CT scans were performed at either the UMCG or at
referral centers, and pre-LD scans were always performed at the UMCG
(Supplementary File 1). Scans were analyzed using EARL1 accredited
reconstructions according to the European Association of Nuclear
Medicine (EANM) [16, 17] and were acquired from the skull to mid-thigh
or full-body, depending on which was available. MATVs were extracted
using the MUST-segmenter [18], from both baseline and pre-LD 18F-FDG-
PET scans in a semi-automatic manner. To avoid underestimation of MATV
and maintain robustness, a Standardized Uptake Value (SUV) threshold of
2.5 was chosen (SUV2.5) [11, 18–20]. Both nodal and extranodal sites were
included; spleen and bone marrow involvement were incorporated only if
there was focal uptake [21]. All tumors were visually inspected to ensure
that only pathological lesions were incorporated. If necessary, delineation
was multidisciplinary discussed until consensus was reached.

Definitions and endpoints
The primary endpoints of the study were Time to Progression (TTP),
defined as time from CAR T-cell apheresis to disease progression, and
overall survival (OS), defined as the time from CAR T-cell apheresis to death
from any cause. Survival was truncated at 2 years, since the relevant events
occurred within this timeframe. TTP was preferred over progression-free
survival to evaluate the relation between MATV and progression after CAR-
T, as it excludes non-relapse related mortality. Response evaluations prior
to and after CAR T-cell therapy were defined with 18F-FDG-PET
assessments using the Lugano 2014 criteria [22]. Overall response rate
(ORR) was determined as a complete response (CR) or partial response (PR)

to therapy. Secondary endpoints consisted of ≥ grade 2 Cytokine Release
Syndrome (CRS) and ICANS, graded according to the American Society for
Transplantation and Cellular Therapy (ASTCT) criteria [23]. Both CRS and
ICANS events were defined as a grade ≥ 2, given its clinically relevant
nature necessitating close monitoring and medical intervention. In
addition, it ensures sufficient power of the analysis.

Statistical analyses
Descriptive statistics of variables were provided, including median with
interquartile range (IQR). The Wilcoxon signed-rank test was used to
compare baseline MATVs and pre-LD MATVs, and the Mann-Whitney U test
was used to compare MATVs between patient groups. The optimal MATV
cut-off to predict TTP at 2 years was identified by maximizing the Youden
index of the Receiver Operator Characteristic (ROC) curve (sensitivity +
specificity − 1). The Kaplan-Meier method was applied to estimate 2-year
TTP and OS rates, and the log-rank test was utilized to compare the
differences among patient groups. Univariable analysis was performed
with Cox regression for TTP and OS, and with logistic regression for CRS
and ICANS. Hazard- and odd ratios, including the 95% confidence intervals
(CI), were reported. P < 0.05 was considered statistically significant.
Statistical analyses were performed using R v4.2.1.

RESULTS
Patient and treatment characteristics
Seventy-four patients with r/r LBCL who were treated with axi-cel
between October 2017 and September 2022 in the University
Medical Center Groningen (UMCG), were included in this study
(Table 1). During this period, 7 patients underwent apheresis
without proceeding to CAR T-cell infusion. Reasons for drop-out
were heterogeneous and consisted of progressive disease (n= 3),
failure to meet criteria for infusion (n= 2), death due to
hemorrhagic cerebrovascular accident (n= 1) and production
failure of the CAR T-cell product (n= 1).
Age ranged from 20 to 79 years (median: 61). Most patients had

stage III/IV disease (83.8%), involvement of extranodal sites
(68.9%), and an ECOG performance status of 0–1 (97.3%). IPI at
baseline was high-intermediate in 27 (36.5%) patients and high in
4 (5.4%) patients. Median LDH at screening was 275 U/L (IQR
218–403) and at the time of infusion 219 U/L (IQR 176–258). The
majority of patients had chemotherapy refractory disease as they
were primary refractory to first line therapy (68.9%), as well as to
second line therapy (71.6%).
Most patients received CAR T-cell therapy as a third-line

treatment (93.2%). The median time between apheresis and CAR
T-cell infusion was 31 days. Bridging therapy was given to 53
(71.6%) patients, where radiotherapy was most frequently applied
(n= 31; 41.9%). Eleven patients (14.9%) received systemic therapy
and 11 patients (14.9%) received combination therapy. The overall
response rate (ORR) to CAR T-cell therapy was 56.8% and the
median follow-up since apheresis was 12.0 months. The best ORR
was 86.5%, whereof 73.0% CR and 13.5% PR; for 13.5% of the
patients progressive disease was the best response. After CAR
T-cell infusion, disease progression was observed in 21 patients
and 22 patients died. In the majority of cases, reason of death was
progressive disease or relapse after CAR T-cell infusion (n= 21).
One patient died due to severe ICANS. Both median TTP and OS
were not reached, with a 2-year TTP rate of 71.6% and 2-year OS
rate of 70.3%. Any CRS grade was observed in 62 patients (83.8%)
and 28 patients (37.8%) had a grade ≥ 2 CRS, whereas only 2
patients (2.7%) had grade ≥ 3 CRS. Thirty-six patients (48.6%)
experienced ICANS of which 24 patients (32.4%) had a grade ≥ 2
ICANS and 12 patients (16.2%) grade ≥ 3 ICANS.

MATV characteristics between baseline and pre-
lymphodepleting chemotherapy
The median time between baseline 18F-FDG-PET and apheresis
was 12 days [IQR 6–19 days], whereas the median time between
pre-LD 18F-FDG-PET and infusion was 6 days [IQR 6–7 days].
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Baseline 18F-FDG-PET scans were available for all patients (n= 74).
For 6 patients (5 of which were treated in a clinical trial) no pre-LD
scan was performed, resulting in 68 available pre-LD scans; due to
logistic or patient-related reasons, 7 patients started lymphode-
pleting chemotherapy after performing the pre-LD scan. Segmen-
tations and MATV values of patients with varying amounts of
disease are depicted in Fig. 1, illustrating the visual differences
between low and high MATV values.
Median baseline MATV of the full cohort was 180 cc [IQR

64–426] (n= 74). At pre-LD, the median MATV increased to 241 cc
[IQR 75–525] but was not significantly different from baseline
(p= 0.795; n= 68; Fig. 2a). Patients who received no bridging
therapy showed an increase in MATV (p= 0.008), where the
median MATV baseline was 62 cc [IQR 18–100] and changed to
147 cc [IQR 36–395] at pre-LD. Patients who received radiotherapy
showed a non-significant MATV decrease; the median MATV
baseline of 300 cc [IQR 101–495] decreased to a median of 217 cc
[IQR 89–462] at pre-LD (p= 0.193). This also holds for patients who
received systemic therapy, with a median MATV baseline of 341 cc
[IQR 184–715] and a median MATV pre-LD of 268 cc [IQR 123–524]
(p= 0.193). In contrast, for patients who underwent combination
therapy (p= 0.577) a non-significant increase was observed, with
a median MATV baseline of 398 cc [IQR 230–1420] and a median
MATV pre-LD of 675 cc [IQR 466–1199].
The individual bridging impact on MATV is shown in Fig. 2b. For

patients who were bridged with radiotherapy, a decrease of MATV
was predominantly seen; an increase of MATV was observed when
a patient had outfield progression. Systemic therapy and
combination therapy showed a more mixed response, while
patients where no bridging therapy was applied showed an
overall increase (hence progression), in concordance with Fig. 2a.

Association of MATV with time to progression (TTP) and
overall survival (OS)
The optimal MATV cut-off points for 2-year TTP at baseline and pre-
LD were 190 cc and 480 cc, respectively. At baseline, low-MATV
patients had a significant better TTP of 86.9% (p < 0.001), compared
to high-MATV patients with a TTP of 51.7% (Fig. 3a). The same was
observed for OS (Fig. 3d), with 85.0% OS for low-MATV patients
compared to 38.5% OS for high-MATV patients (p < 0.0001).
After the bridging period, at pre-LD, a significant improvement

(p= 0.041) was observed in TTP between patients who initially
had a high MATV at baseline (Fig. 3a lower line) and were
successfully bridged to a low MATV (67.1% survival; Fig. 3c upper
line), compared to those who maintained a high MATV through-
out the bridging course (31.4% survival; Fig. 3c lower line). A
similar trend was observed for OS (Fig. 3f; p= 0.015). For these
patients with both a high MATV at baseline and pre-LD, the
median TTP and OS were reduced to 5.1 months and 6.2 months,
and a 2-year OS rate of 31.4% and 25.7%, respectively. This shows
that effective control of MATV by bridging therapy for patients
who have an initial high-MATV baseline is associated with
improved TTP and OS rates.
Patients with low MATV at baseline (Fig. 3a, d upper line) that

remained low at pre-LD showed the best TTP (92.2%; Fig. 3b upper
line) and OS (90.8%; Fig. 3e upper line). Yet, for the low-MATV
patients at baseline that progressed to have a high MATV at pre-
LD, poorer TTP rates (75.0%; Fig. 3b lower line) and OS rates
(50.0%; Fig. 3e lower line) were observed, but with only 4 patients
in this group this difference was not significant (p > 0.1).

Bridging strategies in the high- and low-MATV patient groups
To further investigate the applied bridging strategies in the MATV
patient groups, the risk paths of patients from baseline to pre-LD
are depicted in Fig. 2c. For patients who were bridged with
radiotherapy and had a high-MATV baseline, the majority

Table 1. Patient, treatment and outcome characteristics.

Characteristic Total (n= 74)

Age in years, median (range) 61 (20–79)

Age > 65 years, n (%) 24 (32.4)

Gender, male, n (%) 51 (68.9)

Lymphoma histology, n (%)

DLBCL 40 (54.1)

tFL 19 (25.7)

HGBCL DH/TH 10 (13.5)

HGBCL NOS 5 (6.8)

ECOG PS, n (%)

0 55 (74.3)

1 17 (23.0)

2 2 (2.7)

Disease stage (at baseline), n (%)

Stage I−II 12 (16.2)

Stage III−IV 62 (83.8)

Nr. of extranodal sites, n (%)

0 23 (31.1)

1 32 (43.2)

≥2 19 (25.7)

LDH at screening > ULNa, n (%) 42 (56.8)

Missing 2 (2.7)

LDH pre-infusion > ULNa, n (%) 24 (32.4)

IPI, n (%)

Low 15 (20.3)

Low-intermediate 26 (35.1)

High-intermediate 27 (36.5)

High 4 (5.4)

Missing 2 (2.7)

Previous lines of therapy, median (range) 2 (1–6)

Primary refractory first line, n (%) 51 (68.9)

Primary refractory second line, n (%) 53 (71.6)

N/A 10 (13.5)

Days between apheresis and infusion, median (IQR) 31 (28–34)

Bridging therapy, n (%)

No bridging 21 (28.4)

Radiotherapy 31 (41.9)

Systemic therapy 11 (14.9)

Combination 11 (14.9)

Clinical response to CAR T-cell therapy, n (%)

CR by last follow-up 38 (51.4)

Best ORR 64 (86.5)

CRS grade, n (%)

No CRS 12 (16.2)

1 34 (45.9)

2 26 (35.1)

3 2 (2.7)

ICANS grade, n (%)

No ICANS 38 (51.4)

1 12 (16.2)

2 12 (16.2)

3 10 (13.5)

4 2 (2.7)

CAR T-cell therapy chimeric antigen T-cell therapy, CR Complete Response,
CRS cytokine release syndrome, ICANS immune effector cell-associated
neurotoxicity syndrome, DLBCL Diffuse Large B-cell lymphoma, ECOG PS
Eastern Cooperative Oncology Group performance status, HGBCL DH/TH
high-grade B-cell lymphoma double-hit/triple-hit, HGBCL NOS high-grade
B-cell lymphoma not otherwise specified, IPI International Prognostic
Index, IQR interquartile range, N/A not applicable, LDH lactate dehydro-
genase, ORR Overall Response Rate, tFL transformed follicular lymphoma.
aULN= 248 for males and 247 for females.
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transitioned to low-MATV at pre-LD (n= 13). Additionally, low-
MATV baseline patients who received radiotherapy remained low
at pre-LD (n= 11), which also applies for most patients who did
not undergo any bridging therapy (n= 13). Furthermore, as
mentioned before, systemic- and combination therapy show
mixed results.

Patient characteristics in the high- and low-MATV
patient groups
Patient, treatment and outcome characteristics per MATV risk
group are described in Supplementary Table 3. LDH at screening
and pre-infusion were both different among the 4 risk groups
(p= 0.002), with the largest median LDH in the highest risk group
(median LDH at screening 451 [IQR 290−635]; median LDH pre-
infusion 315 [IQR 226−484]). Furthermore, gender, follow-up time
and best ORR differed between the risk groups. Other patient and
treatment characteristics did not significantly differ between the
risk groups, including age, IPI-score, number of extranodal sites,
disease stage, ECOG performance status and primary refractory to
first/second line treatment.

Association of MATV with toxicity
Baseline MATV was significantly higher (p= 0.008) in patients with
CRS ≥ 2 (median: 398 cc [IQR 266–684]), compared to patients with
a grade 0–1 CRS (median: 125 cc [IQR 60–317]) (Fig. 4a). The
median pre-LD MATV was also higher in patients with CRS ≥ 2 332
cc [IQR 123–846], compared to patients with a grade 0–1 CRS (215
cc [IQR 41–462]), yet this was not a significant difference
(p= 0.131). For patients with ICANS ≥ 2 the median baseline
MATV (194 cc [IQR 67–495]) was lower, compared to ICANS grade
0–1 (222 cc [IQR 66–406]; p= 0.827). This was higher for MATV
pre-LD (332 cc [IQR 120–830]) compared to ICANS 0–1 (217 cc [IQR
43–510]; p= 0.374) (Fig. 4b). However, both these differences
were not significant.

Univariable analysis for survival and toxicity
Univariable Cox regression analysis demonstrated that a high
baseline MATV was associated with a worse TTP compared to a
low baseline MATV (HR 5.97 CI [2.00–17.80]; p= 0.001; Table 2),
indicating a decreased prognosis for patients with larger tumor
volumes. A similar association was observed between a high
MATV baseline and OS (HR 6.90 CI [2.33–20.70]; p < 0.001). In
addition, high MATV pre-LD had a comparable relation with TTP
(HR 4.56 CI [1.85–11.20]; p < 0.001) and OS (HR 5.80 CI [2.39–14.10];
p < 0.001). Other markers that were significantly associated with
TTP and OS were found for pre-LD LDH (> ULN), gender (for OS
only) and bridging therapy (for OS only).

Development of CRS ≥ 2 was significantly associated with a high
baseline MATV (OR 5.63 CI [1.97–16.05]; p= 0.001) and bridging
therapy (OR 3.52 CI [1.04–11.87]; p= 0.043). Development of
ICANS ≥ 2 was only significantly associated with extranodal sites
(OR 4.67 CI [1.23–17.74]; p= 0.024). An univariable analysis of
additional parameters is provided in Supplementary Table 1.

DISCUSSION
We report on the impact of MATV and MATV-dynamics during the
bridging period upon CAR T-cell treatment in patients with r/r
LBCL who were treated with axi-cel at a single institution.
In this analysis, patients with a low baseline MATV had the best

TTP and OS. In addition, patients with an initial high baseline
MATV, but in which tumor volume could be reduced or controlled
during the bridging period, had a better outcome compared to
patients for whom bridging therapy did not lead to tumor
reduction.
Nowadays, in real-world, a significant number of patients

receive bridging therapy prior to CAR T-cell infusion [12–14].
Patients responding to bridging therapy, regardless of the applied
regimen, had a reduced risk of progression after CAR T-cell
infusion [4]. In addition, others have found that a higher MATV
determined prior to CAR T-cell infusion is associated with disease
progression after CAR T-cell therapy [11, 24–26]. Breen et al.
discovered that especially an increased tumor volume from
apheresis to pre-LD is associated with an increased risk of death
[11]. These results align with our findings that effective reduction
or control of tumor volume results in an improved survival.
Of note, it is difficult to distinguish the effect of disease

reduction from underlying differences in disease biology to
establish these results. Patients with a high baseline MATV that
showed effective control of tumor volume during the bridging
period could represent a subset of patients that is more sensitive
to bridging therapy and CAR T-cell therapy, caused by a
preferable, less aggressive disease biology. However, in our
analysis we did not find any significant differences in the
distribution of well-known markers of aggressive disease, such
as lymphoma histology, advanced stage, a high number of
extranodal sites and a high IPI-score between these subgroups.
Moreover, no significant differences were observed in the
percentage of patients that were primary refractory to first and
second line immunochemotherapy between the different sub-
groups. Altogether, despite the unknown molecular composition
of the tumor itself, these data suggest that disease reduction in
patients with a high disease burden at baseline has a positive
effect on CAR T-cell outcome, pointing to an opportunity for

a b c d

MATV = 101 cc MATV = 428 cc MATV = 916 cc MATV = 1275 cc

MATV

Low

High

Fig. 1 Maximum Intensity Projections (MIPs) and segmentations of 4 patients with different MATVs. Examples of corresponding
segmentations are depicted as an overlay on the MIPs, going from low (a), to low-intermediate (b), to intermediate-high (c), to high (d) MATV.
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further exploration of the implementation of more effective
(aggressive) bridging regimens.
Furthermore, in our cohort radiotherapy was chosen in the

majority of patients in need of bridging therapy. Radiotherapy was
highly effective as a single-modality bridging regimen in

controlling MATV in patients with a low-risk MATV at baseline. In
addition, patients bridged with radiotherapy were most likely to
shift from the high-risk MATV at baseline to the low-risk group at
pre-LD. Both of these findings are in line with the previously found
advantages of radiotherapy bridging for patients with a high
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Fig. 2 Total MATV information regarding applied bridging strategies between baseline and pre-LD (n= 68). Distributions of MATVs
available at both baseline and pre-LD, also categorized by applied bridging strategy (a). The crossbars depict the median and the whiskers
depict the IQR. Absolute MATV change per patient between baseline and pre-LD (b), colored by bridging strategy. Number of patients per
MATV risk group and bridging strategy group, as they transfer from baseline to pre-LD (c).
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tumor load [27]. This highlights the potential of radiotherapy as a
bridging strategy in this heavily pretreated patient group.
In our cohort, baseline and pre-LD 18F-FDG PET/CT-scans were

conducted with limited deviation in timing from apheresis and

infusion. Uniquely, these scans were performed irrespective of the
application of bridging therapy or clinical indication for progres-
sion. Therefore, we were able to provide MATV-dynamics of both
patients who did and did not receive bridging therapy. It is known
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that patients in need of bridging therapy during this period are
more likely to have a high IPI-score, elevated LDH and bulky
disease, and have a worse outcome after CAR T-cell infusion
compared to the patients without an apparent need for bridging
therapy [5]. In alignment, in our cohort patients with a high
baseline MATV had indeed a higher LDH (Supplementary Table 2),
suggesting more aggressive disease.
Even though most patients who did not undergo bridging

therapy showed an increase in MATV, only a few patients
transitioned from low-risk at baseline to high-risk at pre-LD
(Fig. 2). Moreover, our results showed a clear survival benefit for
patients who start with low baseline MATV, as reported previously
[5]. This emphasizes the importance of rapid screening, apheresis
and treatment if patients have an indication for CAR T-cell therapy.
Moreover, we found that a high MATV baseline (> 190 cc) was

associated with a higher risk of CRS grade ≥ 2. Other studies have
found similar results for CRS grade ≥ 3 [6, 10]. Due to low incidence
of CRS grade ≥ 3 in our cohort, this association was not evaluated. On
the contrary, MATV at pre-LD was not associated with CRS grade ≥ 2.
Data regarding pre-LD MATV and CRS are conflicting [24, 26].
Similarly, inconsistent findings for the relation of pre-LD MATV with
ICANS are reported [11, 26, 28]. We observed no association of both
baseline and pre-LD MATV with ICANS grade ≥ 2.
In our cohort, median MATV increased from baseline to pre-LD

in general, indicating the tendency for progressive disease in
these patients despite the bridging strategies that were applied in
the majority of patients. The optimal cut-off values differed
between baseline and pre-LD. This can partly be explained by the
median increase of MATV from baseline to pre-LD and fast
progressive disease in patients not responding to bridging
therapy. On the other hand, radiotherapy is most commonly used
within our cohort, which is a local treatment and disease
progression is expected outside the radiotherapy treatment field.
Also, response assessment after radiotherapy with 18F-FDG PET/
CT-scan was performed after less than 2 weeks. Normally,
response assessment is performed after more than 6 weeks,
suggesting that the effect of radiotherapy might be
underestimated.
We found optimal cut-off values of 190 cc at baseline and

480 cc at pre-LD. This is substantially higher compared to other
studies. The studies of Dean et al., Galtier et al., Hong et al. and
Iacoboni et al. reported optimal cut-offs of 147 cc [6], 80 cc [7],
26 cc [10] and 25 cc [9], using MATVs based on all pre-infusion
18F-FDG PET/CT-scans. These differences can be explained by the
heterogeneity in used segmentation methods (Syngo-volume-
counting-program, manually segmented, the relative SUV thresh-
old 41% SUVmax, and the fixed threshold SUV 2.5 we used). In our
recent publication comparing several segmentation methods, the
application of the fixed threshold SUV 2.5 resulted in the highest
median MATV, while the 41% SUVmax method led to the lowest
median MATV, explaining our higher cut-off values [18]. The 41%
SUVmax method is recommended by the EANM, but only for
higher tumor-to-background values and homogenous tracer
uptake [16]. For LBCL, several studies preferred other SUV
thresholds due to known heterogeneity of this disease, leading
to an underestimation of the tumor volume when 41% SUVmax
method is used [19, 20]. This phenomenon has also been
described by Dean et al. in the setting of CAR T-cell treatment
for LBCL, resulting in their preference of manually segmented
analyses above the 41% SUVmax method [6]. To maintain
robustness and avoid the exclusion of tumor areas, a fixed
threshold of SUV 2.5 was used in our research.
However, validation of our optimal cut-off point for MATV at

baseline and pre-LD using the same segmentation method needs
to be performed. Nevertheless, our results align with previous
studies in terms of the survival benefit of reduced and controlled
tumor volume resulting from effective bridging. Ultimately, a

standardized and optimal segmentation method for LBCL is
needed to reduce these variations between studies.
A limitation of these kind of studies including the current, is that

bridging modalities were chosen according to the treating
physician and not randomized. This could induce the occurrence
of selection bias, as disease location, spread, and tumor volume
could influence the choice of bridging regimen and thereby also
the MATV dynamic. Additionally, performing detailed analyses on
the response to bridging in combination with MATV-dynamics as
well as other FDG PET characteristics would be of interest.
Especially since Breen et al. already showed that other increased
FDG PET characteristics, such as total lesion glycolysis (TLG), from
pre-apheresis to pre-LD are associated with worse survival
outcomes [11].
In conclusion, we demonstrate that r/r LBCL patients treated

with CD19-directed CAR T-cell therapy with low baseline tumor
volume measured using MATV, had a better TTP and OS and a
lower incidence of severe CRS compared to high volume patients.
In addition, effective reducing and controlling tumor volume
during the bridging period in patients with a high baseline volume
improved survival outcomes, providing rationale for the use of
more aggressive bridging therapy regimens.
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