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ABSTRACT 

Purpose – Chimeric antigen receptor (CAR) T-cells have established themselves as an effective treatment for 

refractory or relapsed large B-cell lymphoma (LBCL). Recently, the sDmax, which corresponds to the distance 

separating the two farthest lesions standardized by the patient's body surface area, has appeared as a prognostic 

factor in LBCL. This study aimed to identify [18F]FDG-PET biomarkers associated with prognosis and predictive 

of adverse events in patients treated with CAR T-cells. 

Methods – Patients were retrospectively included from two different university hospitals. They were being treated 

with CAR T-cells for LBCL and underwent [18F]FDG-PET just before CAR T-cell infusion. Lesions were 

segmented semi-automatically with a threshold of 41% of the maximal uptake. In addition to clinico-biological 

features, sDmax, total metabolic tumor volume (TMTV), SUVmax, and uptake intensity of healthy lymphoid 

organs and liver were collected. Progression-free survival (PFS) and overall survival (OS) were estimated using 

the Kaplan-Meier method. The occurrence of adverse events, such as cytokine release syndrome (CRS) and 

immune effector cell-associated neurotoxicity syndrome (ICANS), was reported. 

Results – Fifty-six patients were included. The median follow-up was 9.7 months. Multivariate analysis showed 

that TMTV (cut-off of 36 mL) was an independent prognostic factor for PFS (p<0.001) and that sDmax (cut-off 

of 0.15 m-1) was an independent prognostic factor for OS (p=0.008). Concerning the occurrence of adverse events, 

a CRP level > 35 mg/L (p=0.006) and a liver SUVmean > 2.5 (p=0.027) before CAR T-cells were associated with 

grade 2 to 4 CRS and a spleen SUVmean > 1.9 with grade 2 to 4 ICANS.  

Conclusion – TMTV and sDmax had independent prognostic values, respectively on PFS and OS. Regarding 

adverse events, the mean liver and spleen uptakes were associated with the occurrence of grade 2 to 4 CRS and 

ICANS, respectively. Integrating these biomarkers into the clinical workflow could be useful for early adaptation 

of patients management. 

Keywords - large B-cell lymphoma; CAR T-cells; positron emission tomography; fluorodeoxyglucose; prognostic 

factors; sDmax 
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INTRODUCTION 

Large B-cell lymphoma (LBCL) is the most common type of non-Hodgkin's lymphoma. Its 

aggressiveness justifies its initial management by a combination of immuno-chemotherapy, after which a third of 

patients relapse [1]. First approved in 2017, anti-CD19 chimeric antigen receptor (CAR) T-cells are an innovative 

treatment for refractory or relapsed LBCL [2]. In this setting, CAR T-cells provide a 40%-60% response rate. 

Cytokine release syndrome (CRS) and immune effector cell associated-neurotoxicity syndrome (ICANS) are 

common treatment toxicities that often require management in the intensive care unit and are associated with high 

inflammatory markers in patients [3]. Identification of potential non-responders and patients at high risk of severe 

toxic syndromes before initiation of treatment would allow for the early management of treatment and subsequent 

toxicities. 

[18F]FDG-PET/CT is a cornerstone imaging tool in managing LBCL and evaluating the response to 

treatment [4]. The total tumor metabolic volume (TMTV) is one of the best prognostic factors for overall survival 

(OS) in patients with LBCL who received a first-line treatment of chemotherapy combined with monoclonal 

antibodies, such as R-CHOP (rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone) [5]. A 

few studies have investigated prognostic features from [18F]FDG-PET performed before LBCL treatment with 

CAR T-cells, where TMTV values [6,7], maximal tumor uptake (SUVmax) [8], and clinico-biological features 

such as CRP, LDH, ECOG status [6–8] were highlighted as prognostic factors for OS. Since 2020, sDmax is a 

new feature measured on PET, defined by the distance separating the two most distant lesions standardized on the 

body surface [9]. This simple feature has been reported as a prognostic factor in LBCL [10,11], but, to the best of 

our knowledge, has never been evaluated before treatment with CAR T-cells. Concurrently, [18F]FDG-PET/CT 

provides information regarding the metabolism of healthy immune system structures, which is known to be 

involved in adverse events induced by CAR T-cells. 

The main objective of this study was to investigate the prognostic value of features measured on 

[18F]FDG-PET performed before treatment with CAR T-cells, in particular sDmax in patients with LBCL. We also 

evaluated the predictive value of the uptake intensity of healthy lymphatic structures on the occurrence of toxicities 

induced by CAR T-cells. 

MATERIAL AND METHODS 

Study population 
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The populations of two French university hospitals were retrospectively included. Patients were included 

in the study if they were treated with CAR T-cells as part of the management of LBCL, between 01/10/2018 and 

31/10/2021 and had performed an [18F]FDG-PET/CT scan before the CAR T-cells infusion and, if applicable, after 

bridge chemotherapy. Non-inclusion criteria were unrecoverable or uninterpretable [18F]FDG-PET/CT, people 

under guardianship or curatorship or deprived of liberty. 

PET/CT protocols and analysis 

[18F]FDG-PET/CT was performed within an average of 15 ±7 days before the administration of CAR T-

cells. The mean blood glucose at the time of intravenous injection of [18F]FDG was 5.65 mmol/l (standard 

deviation ±0.67). The injected activity was on average 3.03 ±0.12 MBq/kg. The mean time between injection and 

PET acquisition was 71 ± 8 min. Each PET was pseudonymized and then analyzed using LIFEx v7.2 software 

[12]. A single nuclear physician carried out image processing. Each lesion was delineated and then segmented 

according to the threshold of 41% of the SUVmax of each lesion, in accordance with the recommendations of the 

EANM [13]. The values of the following features were automatically obtained for each PET scan: the distance 

separating the two farthest lesions, standardized according to the body surface area (sDmax, in m-1); the TMTV 

(mL) defined as the sum of every individual lesion metabolic volume; and SUVmax. A predefined spherical VOI 

was placed in the liver (4mL), spleen (4mL), bone marrow (1mL x 4), tonsils (1mL), lymph nodes (1mL), and 

vascular activity (4mL) (Figure 1). The SUVmax and SUVmean of these tissues were measured. 

Assessment of response and toxicity 

The response to treatment with CAR T-cells was defined by the 2014 Lugano criteria through the reading 

of follow-up [18F]FDG-PET scans performed 1 month and 3 months after the CAR T-cells infusion [14]. The 

objective response (OR) was defined as the presence of a partial or complete response. Early progression (EP) was 

defined as disease relapse or progression within 3 months of reinjection of CAR T-cells. Progression-free survival 

(PFS) was defined as the time between the date of CAR T-cell injection and disease relapse/progression or death 

from any cause. OS was defined as the time between the date of injection of CAR T-cells and death from any 

cause. The occurrences of CRS and ICANS were collected in the medical records of patients. Severity was scored 

from 1 to 4 based on the classification of the American Society for Transplantation and Cellular Therapy (ASTCT) 

[15]. The delay between the treatment and the toxic syndrome, the management of the patient in the intensive care 

unit, and the administration of corticosteroid therapy or tocilizumab (anti-IL-6), were registered. 
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Statistical analysis 

Statistical tests and graphical representations were performed using MedCalc software version 12.5.0.0 

(© MedCalc Software Ltd) and R version 4.1.3 (2022-03-10) (© The R Foundation for Statistical Computing). 

The descriptive statistics of the population were reported according to their frequencies, their means accompanied 

by their standard deviations (SD), or their medians with interquartile ranges (IQR). The values of the studied 

prognostic features were dichotomized according to thresholds picked up from the literature for the studied clinical 

features (ECOG-PS 2-3 versus 0-1 [8,10,16,17], AA stage III-IV versus I-II [10,17], IPI 3-5 versus 0-2 

[6,10,17,18], aaIPI 2-3 versus 0-1 [18]). For PET and biological features, no consensual or reproducible threshold 

values have been reported in the literature in this population. Thus, optimal threshold calculations were performed 

by maximizing Youden indices, after calculating receiver operating characteristic (ROC) curves with each feature. 

For the analyses regarding the prognostic value of the studied features, the best threshold was calculated on ROC 

curves for early progression. For the analyses regarding the prediction of adverse events, the best threshold was 

calculated on ROC curves for grade 2 to 4 CRS. These threshold values were applied for all the analyses. PFS and 

OS were estimated using the Kaplan-Meier method, and the comparison between categories was performed using 

the log-rank test. The selection of prognostic features for OS and PFS was made by univariate and stepwise 

multivariate analysis using the Cox proportional model. The predictive and prognostic value of features on 

objective response, early progression, and the occurrence of adverse effects were analyzed using univariate and 

stepwise multivariate logistic regression. The Spearman correlation coefficients (ρ) were reported for each pair of 

variables highlighted with prognostic value. The statistical tests were two-sided, and their results were considered 

statistically significant if p<0.05. 

RESULTS 

Sample characteristics 

Fifty-six patients were analyzed. Clinical and biological characteristics are detailed in Table 1. The 

median TMTV was 11.5mL [IQR 2.0-56.9]. The median follow-up was 9.7 months [IQR 6.0-20.9]. Forty-five 

(80%) patients demonstrated an objective response to treatment. Sixteen (29%) patients progressed within the first 

3 months. Twenty-three (41%) patients progressed during their follow-up and 19 (24%) died. After 1 year of 

follow-up, PFS was 54% and OS was 66%.  

Prognostic value 
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 Regarding the OR, in univariate analyses, Ann-Arbor stage III-IV, aaIPI score ≥ 2, TMTV > 36 mL, and 

sDmax > 0.15 m-1 were significantly negatively associated with the OR (Table 2). In a multivariate analysis, only 

the aaIPI score was independently associated with the OR. The area under the ROC curve (AUC) was 0.74 [95%CI 

0.60; 0.85]. Regarding the occurrence of EP, the univariate analysis showed that TMTV > 36 mL, aaIPI score ≥ 2, 

sDmax > 0.15 m-1, and SUVmax > 15 were significantly associated with EP (Table 2). In a multivariate analysis, 

only TMTV > 36mL was independently associated with EP (AUC 0.66 [95%CI 0.52; 0.78]). 

Concerning survival, the features significantly associated with the PFS according to univariate linear 

regression were the aaIPI score ≥ 2, the LDH level > 200, the SUVmax > 15, the TMTV > 36 mL, and the sDmax 

> 0.15 m-1 (Table 2). In a multivariate analysis, only the TMTV > 36 mL was independently associated with PFS

(p<0.001). The median PFS was significantly longer (p<0.001) in the group of patients with TMTV ≤ 36 mL (not 

reached) compared to that of patients with TMTV > 36 mL (2.8 months) (Figure 2). Features significantly 

associated with the OS according to univariate linear regression were Ann-Arbor stage III-IV, TMTV > 36 mL, 

and sDmax > 0.15 m-1 (Table 2). In a multivariate analysis, only sDmax > 0.15 m-1 was independently associated 

with OS (p=0.007). The median OS was significantly longer (p=0.005) in the group of patients with sDmax ≤ 0.15 

m-1 (not reached) compared to that of patients with sDmax > 0.15 m-1 (17.9 months) (Figure 2).

Significant pairwise correlations were found between TMTV, sDmax, and aaIPI, as follows: sDmax with

TMTV (ρ=0.74; p<0.001), sDmax with aaIPI (ρ=0.61; p<0.001), and TMTV with aaIPI (ρ=0.58; p<0.001). 

Prediction of adverse events 

Features significantly associated with the occurrence of grade 2-4 CRS according to univariate analysis were 

the hepatic SUVmean > 2.5, the average tonsil SUVmax > 1.9, and the CRP > 35 mg/L. In a multivariate analysis, 

the CRP > 35 mg/L (p=0.006) and the hepatic SUVmean > 2.5 (p=0.027) were both features independently 

associated with the occurrence of CRS grade 2 to 4. The probability of occurrence of grade 2 to 4 CRS varied 

significantly according to a 3-level score (0, 1, or 2 criteria) based on CRP variables and liver SUVmean (p=0.002; 

Chi² test). The probability of occurrence of CRS grade 2 to 4 was 19.4% (6/31) when patients had a score equal to 

0 (CRP ≤ 35 mg/L and hepatic SUVmean ≤ 2.5), 52.4 % (11/21) with a score of 1 (CRP > 35 mg/L or hepatic 

SUVmean > 2.5) and 100% (4/4) with a score of 2 (CRP > 35 mg/L and hepatic SUVmean > 2.5) (Figure 3). 

The only feature significantly associated with the occurrence of grade 2-4 ICANS according to univariate and 

multivariate analyses was the spleen SUVmean > 1.9 (p=0.026) (Table 3).  
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DISCUSSION 

In this study, we explored the value of [18F]FDG-PET features obtained before CAR T-cells therapy. 

When studying the prognostic value of features related to tumors, the sDmax was found as the only feature 

independently associated with OS. When investigating the metabolic activity of healthy structures of the immune 

system for predicting the occurrence of immune-related adverse events, a 3-point scale score integrating the mean 

hepatic SUV (> 2.5) and the CRP blood level (> 35 mg/L) was associated with the probability of occurrence of 

grade 2 to 4 CRS. To the best of our knowledge, this is the first study to investigate the prognostic value of the 

sDmax in this population, as well as the value of PET features to predict adverse events. 

In previous studies performed in populations of LBCL patients treated with chemotherapy, the sDmax 

showed its independent prognostic value, with thresholds ranging from 5.7 cm to 58 cm for the Dmax and from 

0.25 m-1 to 0.32 m-1 for the sDmax [9,10,16,19]. In our study, the most discriminating sDmax threshold was 0.15 

m-1, slightly lower than previously published values from different populations. The other prognostic features for

OS that were reported as independent in the literature but not found in our study are TMTV [6,7,9,16], LDH level 

[6,8], the number of extranodal sites [7], tumor SUVmax [6], ECOG-PS stage [8,10] and CRP level [7].  

The only independent prognostic factor for progression (early progression and PFS) in our study was TMTV 

> 36mL. TMTV is found indirectly associated with progression in most published studies in patients with LBCL

[5,6,9,10,16,19,20]. The other independent prognostic factors for progression reported in the literature are the LDH 

level [6] and the number of extra-nodal sites [7], tumor SUVpeak [19], (s)Dmax [10,16,19], Ann-Arbor stage [21], 

ECOG-PS status [10,16], and CRP level [7]. Although TMTV and sDmax were never found together as 

independent prognostic features after stepwise multivariate analysis in our study, they both were significantly 

associated with OR, EP, PSF, and OS in univariate analyses. The moderate to strong correlation between these 

two factors (ρ=0.74) may have prevented from showing independent prognostic values in multivariate analyses 

[22]. In contrast, there was no correlation between the sDmax and the TMTV in the series reported by Cottereau 

et al. [9,10,16]. Analyses with greater statistical power (i.e., a larger sample size) might have revealed 

complementary prognostic values of these two features since they are related to different aspects of disease 

severity. While TMTV is an indicator of tumor burden, sDmax is a marker of tumor spread. The variability of the 

methods of measurement and dichotomization of the features between the studies may explain some differences 

in the results. Concerning the sDmax, we chose to use the maximum Euclidean distance between the two furthest 

lesion voxels standardized by the body surface because this feature previously showed its independent prognostic 

value before chemotherapy on OS and PFS [10]. Some other authors have used the distances between the centers 
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of gravity of the furthest lesions [9,10]. On the cohort of 291 patients from the REMARC trial, a high sDmax 

remained a factor of poor prognosis regardless of its method of calculation [10]. The sDmax dichotomization 

thresholds before chemotherapy vary in the literature between 0.25 and 0.32 m-1 [10,16]. In our study, the bridge 

chemotherapy provided before the PET scan presumably reduced the tumor volume, which may explain a lower 

sDmax dichotomization threshold than in other recently published studies. Regarding TMTV, in our study, we 

chose a tumor delineation threshold set at 41% of the SUVmax of each lesion, in accordance with the 

recommendations of the EANM [13], and with most of the recent studies published on this subject 

[5,6,9,10,16,19,20]. Among the studies that demonstrated a prognostic impact of TMTV with a threshold of 41%, 

the dichotomization thresholds that made it possible to separate the groups with good and poor prognosis varied 

from 220 mL to 394 mL before chemotherapy treatment [9,10,16] and 25 mL to 80 mL before CAR T-cells 

[6,7,20]. Thus, the optimal threshold calculated at 36 mL in our study was in the same range as those published in 

similar populations. Some of the variations between the presented results and those of previously published studies 

investigating predictive features in LBCL factors before CART T-cells can also be explained by differences in the 

included populations, regarding:  the tumor volume (50% of patient had a TMTV > 11.5mL in the present sample, 

vs. 50% > 52mL [7] and 44% > 80 mL [6] in previous studies), the number of previous systemic treatment lines 

received (with a median of 2 prior lines in the present sample vs. 3 in previous studies [6–8]), and the type of CAR 

T-cells patients received (axi-cel in 89% of the present sample vs. 58%-59% in previous studies [6–8]). This latter 

might have a substantial impact on the results since axi-cel has shown better efficacy than tisa-cel on overall 

survival [23]. 

The prediction of grade ≥ 2 adverse effects according to the ASTCT classification would make it possible to 

anticipate an adaptation of management [24,25]. We hypothesized that the activation of the healthy structures of 

the immune system measured by their [18F]FDG uptake could help in predicting immune-related adverse events.  

In this study, we found the hepatic SUVmean (> 2.5) as independently associated with the occurrence of CRS 

grade 2 to 4, and the spleen SUVmean (> 1.9) as significantly associated with the occurrence of grade 2-4 ICANS.  

The spleen has a well-known key role in producing and growing immune cells. The liver allows the maturation of 

multiple lymphocytes and appears to be progressively integrated among the group of lymphoid organs [26]. This 

has a role in the regulation of systemic inflammation, via interleukin 6 [27–29]. The elevation of IL-6 after 

reinjection of CAR T-cells is associated with more severe CRS [30], frequently treated with anti-IL-6 (tocilizumab) 

[31]. Hepatic inflammation is a provider of impaired hepatic homeostasis [32] and increased [18F]FDG uptake 

[33,34], which may explain its association with the severity of CRS. To date, to the best of our knowledge, only 
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one study involving 10 patients has been published evaluating the value of measuring the [18F]FDG uptake of 

healthy lymphatic structures in this context [35]. Derlin et al. highlighted the association between the response to 

treatment and the evolution of the uptake of the spleen and lymph nodes on [18F]FDG-PET 1 month after the CAR 

T-cells infusion. They did not have evidence of any association with the occurrence of adverse effects. In other

settings, it has been widely reported that [18F]FDG uptake of lymphoid organs is higher in infectious, 

inflammatory, and/or hematopoietic regeneration contexts [36–38]. 

This study has several limitations. The first is its retrospective design. Secondly, the segmentation of the 

lesions was carried out by a single nuclear physician, which does not take into account the inter-observer variability 

of measurements. Nevertheless, the measurement of TMTV with a relative threshold of 41% recommended by the 

EANM has been described as having excellent inter-observer reproducibility (intraclass correlation coefficient > 

0.96) within cohorts [39,40]. This suggests that a double-blind reading of the PET scans would not have 

substantially modified our results. Conversely, there is variability in the 41% TMTV thresholds used to define the 

prognostic groups according to the studies, ranging from 25 mL to 80 mL in cohorts of patients treated for LBCL 

before treatment with CAR T-cells [6,7,20]. This variability may hinder the use of TMTV in everyday clinical 

practice. To the best of our knowledge, no study has been published yet concerning the inter-observer variability 

of sDmax. 

In our study, as in most of the studies published on the subject, the pre-treatment [18F]FDG PET/CT scans 

were performed at “time-to-treat” (PET-TT), after a possible bridge and just before the CAR T-cells infusion 

[6,7,17,20]. Some other authors have chosen to study PET/CT scan at “time-of-decision” (PET-TD), performed 

before a possible bridge, at the time of the therapeutic decision [8]. Lesion features from PET have been reported 

as having a prognostic value, whether performed before or after a possible bridge. While Cohen et al. reported a 

prognostic value of SUVmax on PET-TD [8], TMTV was described as prognostic when measured on PET-TT 

[6,7,17,20]. 

CONCLUSION 

In this study, we highlighted the prognostic value of features extracted from [18F]FDG-PET/CT 

performed before the CAR T-cells infusion in patients treated for progressive LBCL after chemotherapy, in 

particular the sDmax on OS and the TMTV on PFS. Furthermore, combining the intensity of liver [18F]FDG uptake 

with CRP blood level into a 3-point scale score could predict the probability of occurrence of grade 2 to 4 CRS. 

Subject to the validation of these results in other studies, the generalized use of these features could enable to adapt 
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the management of patients according to their a priori probability of response to treatment and of occurrence of 

adverse events.  
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FIGURES  

Table 1 Patients characteristics before CAR T-cells infusion, and adverse events probability 

Features number (%) or average (± SD) 
Patients analyzed 56 (100%) 
Sex (male) 36 (64%) 
Age 60.2 (±11.5) 
Transformation from previous low grade lymphoma 15 (27%) 
Type of CAR T-cells 

● Axi-cel 50 (89%) 
● Tisa-cel 6 (11%) 

Bridging chemotherapy 46 (82%) 
Previous lines of systemic therapy 

● 1 10 (18%) 
● 2 27 (48%) 
● 3 19 (34%) 

Ann-Arbor stage 
● No disease 8 (14%) 
● 1-2 14 (25%) 
● 3-4 34 (61%) 

IPI 
● 0-1 17 (31%) 
● 2 18 (32%) 
● 3 13 (23%) 
● 4-5 8 (14%) 

Age-adjusted IPI 
● 0-1 32 (57%) 
● 2-3 24 (43%) 

LDH 
• Blood level (U/L) 297 (±123) 
• Above the upper normal limit 31 (55%) 

CRP > 5mg/L 23 (41%) 
Time between PET [18F]FDG and infusion of CAR T-cells (d) 14.3 (±6.3) 
TMTV (mL) 79.8 (±104.5) 
sDmax (m-1) 0.26 (±0.25) 
SUVmax 13.9 (±9.7) 
Adverse events 51 (91%) 

● CRS
● Grade 0-1 35 (63%) 
● Grade 2-4 21 (37%) 

● ICANS
● Grade 0-1 40 (71%) 
● Grade 2-4 16 (29%) 
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Table 2 Univariate and stepwise multivariate logistic regressions of the prognostic features studied. 

Objective response Early progression Progression-free survival Overall survival 

OR 
(95%CI) 

p 
uni. 

p 
multi. 

OR 
(95%CI) 

p 
uni. 

p 
multi. 

HR 
(95%CI) 

p 
uni. 

p 
multi. 

HR 
(95%CI) 

p 
uni. 

p 
multi. 

ECOG-PS 2-3 1.54 
(0.17 to 14.28) 

0.70 - 1.00 
(0.17 to 5.77) 

1.00 - 0.52 
(0.17 to 1.60) 

0.37 - 0.60 
(0.18 to 2.00) 

0.48 - 

AA stage III-IV 0.11 
(0.01 to 0.97) 

0.047 ns 3.92 
(0.97 to 15.91) 

0.056 - 2.21 
(1.01 to 4.85) 

0.066 - 3.57 
(1.51 to 8.42) 

0.014 ns 

IPI 3-5 0.42 
(0.11 to 1.59) 

0.20 - 1.44 
(0.44 to 4.71) 

0.54 - 1.61 
(0.71 to 3.63) 

0.23 - 1.01 
(0.42 to 2.45) 

0.98 - 

aaIPI 2-3 0.11 
(0.02 to 0.58) 

0.009 0.009 4.57 
 (1.31 to 15.90) 

0.017 ns 3.07 
(1.36 to 6.92) 

0.004 ns 1.91 
(0.80 to 4.55) 

0.14 - 

LDH ≥ 200 0.22 
(0.03 à 1.90) 

0.17 - 8.08 
(0.96 to 67.7) 

0.054 - 3.34 
 (1.43 to 7.78) 

0.036 ns 1.34 
(0.52 to 3.43) 

0.56 - 

CRP > 20 mg/L 0.86 
 (0.19 à 3.83) 

0.85 - 0.61 
(0.14 to 2.55) 

0.50 - 0.76 
(0.30 to 1.88) 

0.58 - 1.36 
(0.49 to 3.78) 

0.52 - 

SUVmax > 15 0.32 
(0.08 à 1.24) 

0.099 - 5.13 
(1.46 to 18.0) 

0.010 ns 2.33 
(1.03 to 5.30) 

0.029 ns 1.79 
(0.74 to 4.31) 

0.18 - 

TMTV > 36 mL 0.16 
(0.040 à 0.67) 

0.012 ns 7.86 
(2.14 to 28.8) 

0.002 0.002 4.22 
(1.59 to 11.2) 

<0.001 <0.001 2.76 
(0.97 to 7.85) 

0.015 ns 

sDmax > 0.15 m-1 0.21 
(0.05 à 0.89) 

0.034 ns 4.57 
(1.31 to 15.9) 

0.017 ns 2.82 
(1.24 to 6.41) 

0.008 ns 3.25 
(1.31 to 8.07) 

0.005 0.007 

EN sites ≥ 2 0.50 
(0.12 to 2.06) 

0.34 - 2.40 
(0.67 to 8.59) 

0.18 - 1.61 
(0.63 to 4.10) 

0.26 - 1.56 
(0.57 to 4.22) 

0.33 -
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Table 3 Univariate and stepwise multivariate logistic regressions of features related to the immune system 

suspected to be predictive of toxicities. 

CRS grade 2 to 4 ICANS grade 2 to 4 

OR 
 (95%CI) 

p 
uni. 

p 
multi. 

OR 
(95%CI) 

p 
uni. 

p 
multi. 

Liver_mean > 2.5 3.7 
(1.16 to 11.9) 

0.025 0.027 2.64 
(0.79 to 8.76) 

0.12 - 

Spleen_mean > 1.9 3.1 
(0.95 to 10.1) 

0.055 - 4.40 
(1.19 to 16.3) 

0.026 0.026 

BM_mean > 3.5 13.4 
(0.66 to 274) 

0.091 - 5.57 
(0.47 to 66.3) 

0.16 - 

Waldeyer_maxAV > 1.9 4.0 
(0.99 to 16.2) 

0.034 ns 1.44 
(0.39 to 5.36) 

0.58 - 

LN_maxAV > 1.2 1.9 
(0.47 to 7.45) 

0.37 - 0.57 
(0.11 to 3.04) 

0.50  - 

CRP > 35 mg/L 10.2 
(1.90 to 54.3) 

0.007 0.006 1.10 
(0.24 to 4.86) 

0.91 - 

Liver_mean: SUVmean of liver; Spleen_mean: SUVmean of spleen; BM_mean: bone marrow SUVmean; 

Waldeyer_maxAV: mean of tonsils SUVmax; LN_maxAV: mean of lymph nodes SUVmax. 
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Fig. 1 Maximum intensity projections and fused axial slices of a patient in complete response. Delineations of 
healthy structures of the immune system are indicated in color.  
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Fig. 2 Curves of progression-free survival (A) and overall survival (B) according to TMTV and sDmax, 
respectively. 
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Fig. 3 Probability of occurrence of CRS grade 2 to 4 according to a 3-point scale score (presence of 0, 1 or 2 
factors among CRP>35 mg/L and SUVmeanLiver>2.5). 




