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A B S T R A C T

Purpose: Chimeric antigen receptor T-cell (CART) therapy targeting CD19 is effective for relapsed/refractory (r/r) 
lymphoma. As part of the lymphatic system, the spleen might influence CART outcomes. We examined how 
spleen volume (SV) and its changes affect progression-free (PFS) and overall survival (OS).
Methods: Patients with baseline (BL) and 30-day follow-up (FU1) (PET)/CT scans were included. Spleens were 
3D-segmented, and volume change (SVC) from BL to FU1 was calculated. Treatment response, overall response 
rate, and PFS were evaluated by Lugano criteria.
Results: Among 68 patients, responders had a significantly greater SVC decrease from BL to FU1 than non- 
responders (p = 0.001). Those with baseline splenic involvement (SIBL) showed a smaller, non-significant 
SVCBL to FU1 decrease (p = 0.056). Survival analysis showed significant differences in OS (167 vs. 390 days, p 
= 0.040) and PFS (79 vs. 327 days, p = 0.008) based on median SVCBL to FU1. In combination with SIBL, SVC was 
significantly associated with PFS (p = 0.049), but not OS.
Conclusion: This study demonstrated that the early change in SV is associated with PFS and OS, regardless of 
splenic involvement and should be explored as a potential novel dynamic biomarker in the context of lymphoma 
patients receiving CART.

Introduction

Chimeric antigen receptor T-cell therapy (CART) targeting the CD19 
antigen is a powerful treatment option for the treatment of relapsed or 
refractory (r/r) large B-cell lymphoma (LBCL) [1–3], follicular lym
phoma (FL) [2,3] and mantle-cell lymphoma (MCL) [4] with different 
available CAR T cell products. Compared to historical cohorts CART 
results in clinically significant improvements of both progression-free 

survival (PFS) and overall survival (OS). In clinical trials overall 
response rates (ORR) between 52 and 85 % were shown. Approximately 
60 % of non-Hodgkin lymphoma (NHL) patients suffer progression or 
relapse within the first three months after reinfusion of CAR T-cells [1,
3–6]. There are many factors that have an impact on CART efficacy, such 
as age [7], the International Prognostic Index (IPI) [8] or tumor burden 
(TB) [9–11]. However, the mechanisms leading to CART resistance are 
not fully understood yet.

Novelty Statement: This study is the first to demonstrate that changes in spleen volume are significantly associated with progression-free and overall survival in 
lymphoma patients receiving CAR T-cell therapy, highlighting spleen volume dynamics as a potential novel biomarker for treatment response.
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Computed tomography (CT) and 18-F fluorodeoxyglucose positron 
emission tomography ([18F]-FDG PET)/CT are commonly used for 
baseline (BL) staging and response evaluation in NHL [12]. Besides 
detection of TB, lymphoma spread and extranodal manifestations, more 
recent studies show the benefit of dynamic changes in TB including the 
pre-baseline examinations [13,14]. The imaging based biomarkers can 
be used for risk stratification, response assessment, and early detection 
of relapse, helping to further personalize and optimize CART [15]. So 
far, previous studies on medical imaging biomarkers for CART have 
mainly assessed tumor lesions rather than the structure and behavior of 
individual organs during disease progression.

NHL most commonly affect lymph nodes with painless enlargement, 
as well as other lymphatic organs like the tonsils and the spleen [16]. 
Manifestations in the spleen can either be focal or diffuse with or 
without splenomegaly. The spleen, as part of the lymphatic system, is 
often involved in immune response processes [17]. These immunolog
ical mechanisms could also play a role in CART efficacy [18]. Therefore, 
imaging of lymphatic tissue (such as spleen and bone marrow) is of 
particular interest. One study detected that FDG uptake in bone marrow 
unaffected by tumor infiltration is a possible PET/MRI parameter for 
prediction of PFS and OS [19]. Another case series with a small popu
lation of seven patients investigated PET/CT imaging of lymphatic or
gans in LBCL patients. They were able to show that larger decreases in 
post-therapeutic FDG uptake in normal spleen and lymph nodes were 
associated with unfavorable outcome of CAR T-cell therapy [20].

Since there are few studies that shed light on the role of the spleen in 
the context of CART, further investigation of the influence of lymphoid 
tissue besides lymph nodes on the efficacy of CART is needed. In this 
study, we investigate the impact of SV and its dynamic change between 
BL and early follow-up imaging time points on PFS and OS in the context 
of CART.

Methods

Study design and population

The study population consists of patients of a prospective registry 
who were treated at the Comprehensive Cancer Center Munich of the 
Ludwig-Maximilian University Munich (CCCMLMU) with commercial
ized CD19 specific CART products.

The following inclusion criteria were applied: 

1. Patients with r/r lymphoma (LBCL, tFL and MCL)
2. CAR T-cell infusion between 01/2019 and 06/2022
3. Available CT or 18F-FDG PET/CT imaging studies at BL (≤2 weeks 

before CART)
4. Available imaging at 30-day follow-up (FU1)

The following exclusion criteria were applied: 

1. Any non-diagnostic imaging studies
2. No measurable disease on imaging according to Lugano criteria [12]
3. Absence of target lesions according to Lugano criteria at BL imaging

All medical records and imaging studies were reviewed with the 
approval of the LMU Munich Institutional Review Board (LMU Ethics 
Committee, project number 19–817) and informed patient consent was 
obtained from all individual participants included in the study.

Imaging and response assessment

The trial reporting software mintLesion 3.8 (mint Medical GmbH; 
Heidelberg, Germany) was used for all imaging analyses. To evaluate 
treatment response Lugano criteria [12] were applied with segmenta
tion of up to six target lesions (TL). In addition to unidimensional 
measurement as requested by Lugano criteria, a 3D segmentation of the 

spleen was performed as described below. Responders were defined as 
patients who had complete response (CR) or partial response (PR) and 
non-responders were defined as patients who had a stable disease (SD) 
or progressive disease (PD) at the imaging time point FU1, according to 
Lugano criteria. All imaging analysis were approved in consensus 
reading of two board certified radiologists.

Definition of spleen volume (SV), spleen involvement (SI) and spleen 
volume change (SVC)

SV was measured at BL and FU1 by manual 3D segmentation. In 
addition, the dynamic changes in spleen volume (SVC) between these 
two timepoints were analyzed. Spleen involvement (SI) of lymphoma 
was evaluated at BL. SI was defined as focal or diffuse involvement or as 
both. Splenomegaly was determined according to Lugano criteria with 
enlargement >13 cm [12].

BL imaging was performed as the last imaging exam before CAR T- 
cell infusion (≤2 weeks before CART). Time windows have been defined 
to limit time bias in the calculation of SVC.

SVC was calculated using the following formula: 

SVCBL to FU1 [%] =
SVFU1 − SVBL [in cm3]

SVBL [in cm3]
∗ 100 

Analysis of PFS and OS

PFS was defined from day one of CART to the day progression of 
lymphoma was detected on CT as defined by Lugano criteria and above. 
OS was defined from day one of CART to the day of any death related 
event (either lymphoma-treatment-related or any other cause).

Statistical analysis

All statistical analyses were performed using IBM SPSS statistics 
(version 29.0.0.0 (241)). The associated figures were created using R 
Project (version 4.3.0) including package survival (version 3.5–5).

Mann-Whitney U tests were used to investigate the significance of 
differences between responders and non-responders and between pa
tients with or without SIBL. ORR was calculated as the proportion of 
patients with CR and PR according to Lugano in % and corresponds to 
the group of responders at FU1.

For survival analysis, OS and PFS were visualized using Kaplan- 
Meier survival curves. Log-rank (Mantel-Cox) tests were performed to 
assess the significance of survival between the groups. For the various 
sub analyses of survival, the groups were formed either based on the 
median (for analysis of the influence of SVBL and SVCBL to FU1 on OS or 
PFS), and based on the presence or absence of SI (for analysis of the 
influence of SIBL on OS or PFS). For all statistical tests an alpha level of 
0.05 was used.

Results

Patient characteristics

Of the 78 patients treated during the inclusion period 68 patients met 
the inclusion criteria (median age: 64 years, 41.2 % female). 4 patients 
were excluded due to missing FU1 imaging and 6 patients due to missing 
measurable TL at BL (see Fig. 1).

Out of the 68 included patients 56 had a LBCL (82.4 %), 11 patients 
had a MCL (16.2 %), and 1 patient had a tFL (1.5 %). The patients’ SV at 
BL ranges between 57.7 cm3 and 5181.8 cm3 (median SV 244.5 cm3). 
Splenomegaly was present in 12 patients (15.4 %, all patients were 
male). Data is shown in patient characteristics in Table 1.
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Association of SVC BL to FU1 with treatment response and with spleen 
involvement at BL (SIBL)

At FU1, patients of the responder group showed a significant 
decrease in spleen volume (SVCBL to FU1) compared to the non- 
responding group (median SVCBL to FU1 responder: − 16.2 %, median 
SVCBL to FU1 non-responder: +1.4 %, p = 0.001; see Fig. 2A). For FU1, 37 
of the included 68 patients were classified as responders and 31 as non- 
responders (ORR = 54.4 %). There was a difference in the ORR for pa
tients with SVCBL to FU1 ≥ median (ORR = 41.2 %) and the ORR for 
patients with SVCBL to FU1 < median (ORR = 76.5 %).

In a next analysis the differences between patients with and without 
baseline splenic involvement (SIBL) were analysed. Here, we detected a 
small difference in SVCBL to FU1, with patients with SIBL showing a ten
dency towards decreasing spleen size compared to the patient group 
without SIBL. However, this difference did not reach statistical signifi
cance (median SVCBL to FU1 with SIBL: − 20.0 %, median SVCBL to FU1 

without SIBL: − 7.4 %, p = 0.056; see Fig. 2B).

Impact of SVBL on survival

Next, we examined the association between absolute baseline splenic 
volume (SVBL) and survival. Patients were grouped according to the 
median SVBL of 244.5 cm3 (interquartile range (IQR): 164.8 cm3 to 378.5 
cm3). Median PFS was 91 days in patients with SV > median and 124 
days in patients with SV < median (Fig. 3). Median OS was 243 days in 
patients with SV > median and 393 days in patients with SV < median. 
There were small differences for both PFS (Fig. 3A; p = 0.376) and OS 
(Fig. 3B; p = 0.342) that were not statistically significant.

Impact of SVCBL to FU1 on survival

As there were differences in responding and non-responding patients 
in the change of splenic volume from baseline to first follow-up (SVCBL to 

FU1, Fig. 2A), we next explored if SVCBL to FU1 can also be used to stratify 
PFS and OS. Therefore, patients were split in two groups by median 
SVCBL to FU1 of − 8.9 cm3 (IQR: − 27.0 % to 6.1 %), which is shown in 
Fig. 4. Patients with a SVC < median exhibited significantly extended 
PFS compared to patients with values > median (327 vs. 79 days, p =
0.008). Similar differences were detected in OS (Fig. 4B) with patients 〈
median having a median OS of 390 days compared to patients 〉 median 
having a median OS of 167 days (p = 0.040).

Influence of SIBL and SVCBL to FU1 on survival

To exclude that splenic involvement at baseline (SIBL) influences the 
prognostic value of SVCBL to FU1 shown in Fig. 4A+B additional analyses 
were conducted. In a first step, survival analysis comparing the 16 (23.5 
%) patients with SIBL with the 52 (76.5 %) patients without SIBL were 
performed (Fig. 4C+D). We detected no significant differences for PFS (p 
= 0.550) and OS (p = 0.474).

In a next step, we performed a subgroup analysis. Both patients with 
SVCBL to FU1 higher and lower than median were split into subgroups 
depending on SIBL. 23 patients (33.8 %) had a SVCBL to FU1 < median 
without SIBL (median PFS 153 days and median OS 386 days), 11 pa
tients (16.2 %) had a SVCBL to FU1 < median with SIBL (median PFS 354 
days and median OS 418 days), 29 patients (42.6 %) had a SVCBL to FU1 ≥

median without SIBL (median PFS 87 days and median OS 169 days) and 
5 patients (7.4 %) had a SVCBL to FU1 ≥ median with SIBL (median PFS 33 
days and median OS 93 days). There was a small significant difference 
between the groups for PFS (p = 0.049; Fig. 5A), while there was no 
significant difference regarding OS (p = 0.175; Fig. 5B).

Discussion

In this retrospective observational study, we report results from 68 

Fig. 1. Flow Chart. Illustrated is a flow chart for all 78 patients that were 
treated with CAR T-cell therapy Comprehensive Cancer Center Munich-Ludwig- 
Maximilian University Munich (CCCMLMU) with CD19 specific CART products 
in between 01/2019 and 06/2022. 10 patients had to be excluded due to 
missing FU1 imaging or missing TL in BL examination.

Table 1 
Patient Characteristics. BL: baseline; CAR: chimeric antigen receptor; CR: 
complete response; FL: follicular lymphoma; FU1: follow up 1; IPI: International 
Prognostic Index; LBCL: large B cell lymphoma; LDH: lactate dehydrogenase; 
MCL: mantle cell lymphoma; PD: progressive disease; PR: partial remission; SD: 
stable disease; SPD: sum of the product of diameters; SV: spleen volume; SVC: 
spleen volume change.

Age (median) 64

Gender Female: 
Male:

28 (41.2 %) 
40 (58.8 %)

Lymphoma Entity LBCL: 
MCL: 
tFL:

56 (82.4 %) 
11 (16.2 %) 
1 (1.5 %)

Ann Arbor Stage I: 
II: 
III: 
IV:

12 (17.6 %) 
14 (20.6 %) 
10 (14.7 %) 
32 (47.1 %)

IPI 0: 
1: 
2: 
3: 
4: 
5:

1 (1.5 %) 
15 (22.1 %) 
17 (25.0 %)20 (29.4 %) 
11 (16.2 %) 
4 (5.9 %)

CAR T Product Tisagenlecleucel: 
Axicabtagene ciloleucel: 
Brexucabtagene autoleucel: 
Lisocabtagene maraleucel:

28 (41.2 %) 
26 (38.2 %) 
11 (16.2 %) 
3 (4.4 %)

Bridging Yes: 
No:

48 (70.6 %) 
20 (29.4 %)

SPD (median) BL: 
FU1:

4332.5 mm2 

1643.7 mm2

LDH (median) Apheresis: 
Prior Lymphodepletion:

319.5 U/L 
281.0 U/L

Lugano Response FU1: CR: 
PR: 
SD: 
PD:

10 (14.7 %) 
27 (39.7 %) 
16 (23.5 %) 
15 (22.1 %)

SV (median) BL: 
FU1:

244.5 cm3 

209.6 cm3

SVC (median) BL to FU1: − 8.85 cm3

Splenomegaly at BL Total: 
Female: 
Male:

12 (15.4 %)0 (0 %) 
12 (100 %)

Spleen Involvement Yes: 
Diffuse: 
Focal: 
Both: 
No:

16 (23.5 %) 
13 (81.2 %) 
1 (6.3 %) 
2 (12.5 %) 
52 (76.5 %)
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Fig. 2. SVCBL to FU1 per Lugano Response at FU1 and per SIBL. Analysis of differences in spleen volume change (SVC). A compares the SVC distribution between 
responding and non-responding patients in a boxplot analysis. Median SVCBL to FU1 was − 16.2 % (IQR: − 36.9 % to − 7.9 %) in responding and +1.4 % (IQR: − 10.7 % 
to +16.8 %) in non-responding patients at FU1 (p = 0.001). B shows a boxplot for the analysis of SVC distribution by splitting the cohort according to their spleen 
involvement at BL (SIBL). Median SVCBL to FU1 was − 20.0 % (IQR: − 40.4 % to +2.9 %) in patients with SIBL and − 7.4 % (IQR: − 20.9 % to 11.1 %) with no SIBL (p 
= 0.056).

Fig. 3. Impact of SVBL on PFS and OS. Analysis of progression-free survival (PFS) and overall survival (OS) for spleen volume (SV) categories. A depicts Kaplan- 
Meier curves for PFS for patients split by the median SV at baseline (SVBL (median)). Median PFS was 91 days (IQR: 33 days to 348 days) in patients with volumes 
higher than median and 124 days (IQR: 32.75 days to 554.25 days) in patients with values smaller than median. The difference is statistically not significant (p =
0.376). B displays the survival analysis for OS for the same groups as in Fig. 3A. Median OS was 243 days (IQR: 90 days to 431 days) in patients with SVCBL higher 
than median and 393 days (IQR: 91 days to 676 days) in patients with SVCBL smaller than median. There was no significant difference between the two groups (p =
0.342). The group with SVBL < median is labeled blue and the group with SVBL ≥ median are labeled brown.

C. Quell et al.                                                                                                                                                                                                                                    Cancer Treatment and Research Communications 46 (2026) 101080 

4 



patients with r/r lymphoma treated with CD19 specific CART products 
in a real-world setting. We demonstrate that the change in spleen vol
ume between baseline and 30-day follow-up (SVCBL to FU1) is associated 
with PFS and OS both for patients with and without involvement of the 

spleen at baseline (SIBL). Therefore, SVCBL to FU1 is a promising candidate 
to be used as an early survival and response predictor for lymphoma 
patients under CART.

SV has previously been shown to have a predictive value for 

Fig. 4. Impact of SVCBL to FU1 and SIBL on PFS and OS. Analysis of progression-free survival (PFS) and overall survival (OS) for spleen volume change (SVC) and 
spleen involvement (SI) categories. A depicts Kaplan-Meier curves for PFS for patients with SVCBL to FU1 (median) (p = 0.008) and B for OS for patients with SVCBL to FU1 

(median) (p = 0.040) with a SVC < median SVC labeled blue and a SVC ≥ median SVC labeled brown. Median PFS was 79 days (IQR: 27 days to 218 days) in patients 
with volumes higher than median and 327 days (IQR: 85 days to 561 days) in patients with values smaller than median. Median OS was 167 days (IQR: 62 days to 
514 days) in patients with volumes higher than median and 390 days (IQR: 204 days to 652 days) in patients with values smaller than median. C depicts Kaplan- 
Meier curves for PFS for patients with/without SIBL (p = 0.577) and D for OS for patients with/without SIBL (p = 0.418) with none SIBL labeled blue and patients with 
SIBL labeled brown. Median PFS was 240 days (IQR: 89 days to 433 days) in patients with SIBL and 94 days (IQR: 32 days to 398 days) in patients without SIBL. Median 
OS was 377 days (IQR: 220 days to 637 days) in patients with SIBL and 267 days (IQR: 83 days to 600 days) in patients without SIBL.
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treatment response and treatment course in various studies in solid tu
mors, but had not yet been extensively investigated in patients with NHL 
receiving CART. Prassopoulos et al. and Harris et al. found, that SV of 
patients with solid tumors may be influenced by sex, age and underlying 
chronic inflammation [21,22]. Suzuki et al. investigated SV as a pre
dictive factor for severe thrombocytopenia and possibly as a long-term 
prognostic indicator for patients with pancreatic cancer [23]. El Che
diak et al. examined SV in relation to its ability as a predictor of oxali
platin toxicity in patients with solid tumors. This study showed that an 
increase in SV could potentially lead to peripheral neuropathy and is 
therefore a possible marker for oxaliplatin-induced toxicity [24]. Other 
studies in lymphomas show that radiomic features also play a role and 
may even distinguish lymphoma subtypes [25].

In our study, we used the Lugano criteria, which are the most widely 
used criteria for response classification for lymphoma [12], to determine 
the tumor response and ORR, to divide patients into responder and 
non-responder groups and to determine PFS. According to Lugano 
criteria a 30-day ORR (FU1) of 54.4 % was found in our study. The ORR 
of the pivotal study for tisagenlecleucel (tisa-cel) was with 52 % in a 
similar range to that in our cohort [1], while the ORR of the pivotal 
studies for axicabtagene ciloleucel (axi-cel) [3,5], brexucabtagene 
autoleucel (brexu-cel) (ORR 85 %) [4] and lisocabtagene maraleucel 
(lisocel) (ORR 73 %) [6] was higher, but similar differences have already 
been shown comparing US and European cohorts [26]. By dividing our 
patient cohort into patients above and below the median, the ORR for 
patients with a SVC < median was even higher (ORR 76.5 %). In keeping 
with this, in our statistical comparison of responders and 
non-responders, a significantly lower SVCBL to FU1 is observed in patients 
with a positive response to CART at FU1 (Fig. 2A). These results of our 
study correspond to the observations from a study of Daskalogiannaki 
et al., in which the spleen of patients with lymphoma showed a reduc
tion in size when responding to therapy [27]. SI in lymphoma is common 
while the spleen is involved in 10 – 40 % of patients with NHL [28,29]. 
In our cohort, SIBL was 23.5 %. When dividing our cohort into patients 

with and without SIBL, there was a nonsignificant trend in which patients 
with SIBL tended to have a lower SVCBL to FU1, which means a higher 
decrease in volume (Fig. 2B). Since responders have a significantly lower 
SVCBL to FU1, there could be a tendency for patients with SIBL to show a 
better response to CART. Overall, our investigations show that an early 
decrease in spleen volume in the first 30 days post CART is associated 
with an improved response to CART and an improved ORR.

PFS and OS relating to SVBL and SVCBL to FU1 with and without SIBL 

were analysed in different scenarios. We showed that there is no sig
nificant difference by grouping patients according to the absolute SVBL 

in either PFS or OS. In contrast, grouping patients by the dynamic 
change spleen volume (SVCBL to FU1) resulted in significant differences in 
PFS or OS. Zhu et al. and Batlevi et al. showed an association between 
imaging endpoint surrogates for survival in first-line treatment of lym
phoma [30,31]. In line with this, in our study we investigated that the 
SVCBL to FU1 had a significant influence in both PFS and OS. Patients with 
a greater decrease in SVCBL to FU1 had hereby significantly longer PFS 
and OS. Derlin et al. examined in a small cohort the 18F FDG uptake in 
PET/CT in lymphoid organs from seven LBCL patients. Here it was 
shown that larger decreases in post therapeutic FDG uptake in normal 
spleen and lymph nodes were associated with an unfavorable outcome 
of CART [20].

Although our study design does not allow definitive mechanistic 
conclusions, several plausible explanations support why early spleen 
volume changes may correlate with PFS and OS. As a central immuno
logic organ, the spleen reflects systemic immune activity; early volume 
reductions may signal favorable CAR-T–related immune responses, 
including decreased lymphoma burden, shifts in immune cell pop
ulations, or dampened inflammation. Such changes have been linked to 
more effective CAR-T function and may serve as surrogate markers of 
early tumor control. A decrease from BL to FU1 may also indicate 
reduced splenic lymphoma involvement, consistent with previously re
ported associations with improved outcomes. More broadly, early spleen 
volume normalization may reflect lower systemic stress and cytokine 

Fig. 5. Subgroup Survival analysis for SVCBL to FU1 (median) and SIBL on PFS and OS. Subgroup analysis of progression-free survival (PFS) and overall survival (OS) 
for spleen volume change (SVC) in combination with splenic involvement (SI) categories. A depicts Kaplan-Meier curves for PFS for patients with SVCBL to FU1 in 
combination with SIBL (p = 0.049) and B for OS for patients with SVCBL to FU1 in combination with SIBL (p = 0.175) with SVCBL to FU1 

< median (mdn) and no SIBL 

labeled blue, SVCBL to FU1 < mdn and SIBL labeled brown, SVCBL to FU1 ≥ mdn and no SIBL labeled green and patients with SVCBL to FU1 ≥ mdn and SIBL labeled orange.
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activity, conditions associated with optimal CAR-T expansion and 
durability. While these interpretations remain hypothesis-generating 
and require biological validation, they offer a mechanistic context for 
the observed associations between spleen volume change, PFS, and OS.

Since no significant differences were observed in either PFS or OS 
when dividing patients with and without SIBL, we further considered 
more differentiated subgroups in combination of SIBL with SVCBL to FU1. 
There was a significant difference between the groups in PFS, but not in 
OS. In keeping with our initial analyzes of responders and non- 
responders and the difference in SVCBL to FU1 in patients with and 
without SIBL, the maximum PFS was shown here in the group of patients 
with an SVCBL to FU1 smaller than the median and simultaneous SIBL. The 
minimum PFS was found in patients with an SVCBL to FU1 greater than the 
median, also with SIBL.

To our knowledge, there are no previous studies analyzing the dy
namic SVC in r/r NHL patients under CAR T-cell therapy. Our study is 
the first study to analyze SVC in patients undergoing CART, but it is 
limited by moderate patient numbers and its monocentric design. In the 
future, the generalizability of shown results (e.g., the association of 
SVCBL to FU1 with PFS and OS) should be confirmed in an independent 
study. Furthermore, it is important to note that some patients had to be 
excluded from analysis as there was no measurable disease in the per
formed imaging. Since this issue also occurs in everyday clinical routine, 
it may limit the use of this imaging biomarker. Therefore, additional 
studies including different sites with various clinical backgrounds are 
warranted.

To conclude, we demonstrate that early volume change of the spleen 
(SVCBL to FU1) is prognostic for tumor response, ORR, as well as PFS and 
OS. Here a SVCBL to FU1 smaller than the median is associated with longer 
PFS and OS and could therefore be used as an early response predictor 
for lymphoma patients under CART. SIBL does not have a significant 
impact on PFS and OS. A trend was seen for patients with SIBL to have 
lower SVCBL to FU1. Therefore, future studies should investigate SI and 
SVC in larger studies to better understand the impact of SI and SVC on 
treatment response, PFS, and OS in lymphoma patients receiving CART.

Glossary

BL = baseline
CART = chimeric antigen receptor T-cell therapy
CR = complete response
DoR = depth of response
FDG = fluorodeoxyglucose
FL = follicular lymphoma
FU= follow-up
IPI = International prognostic index
IQR = interquartile range
LBCL = large B-cell lymphoma
MCL = mantle-cell lymphoma
NHL = non-Hodgkin lymphoma
ORR = overall response rate
OS = overall survival
PET/CT = positron emission tomography-computed tomography
PD = progressive disease
PFS = progression-free survival
PR = partial response r/r = relapsed or refractory
SD = stable disease
SI = splenic involvement
SPD = sum of the product diameters
SV = spleen volume
SVC = spleen volume change
TB = tumor burden
TL = target lesion
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the Medical Faculty of Ludwig Maximilian University (LMU) Munich 
and the Bavarian Cancer Research Center (BZKF) to M.W.. The work was 
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