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Cytokine release syndrome (CRS) is a potentially life-threatening toxicity that can occur due to high-

level immune activation. CRS can be triggered non-specifically by T-cell engaging therapies 

administered to treat hematologic malignancies.1-3 Clinical manifestations vary, from fever to more 

severe symptoms requiring hospitalization.2 While CRS severity is influenced by disease status and 

underlying histology, prediction of CRS risk is currently not possible.4 Identification of high-grade CRS 

risk factors is critical to inform decisions on patient management when administering T-cell engaging 

therapies.5  

 

Glofitamab, a CD20xCD3 T-cell engaging bispecific antibody with a novel 2:1 format, demonstrated 

high complete response rates with manageable safety in a phase 1/2 study (NP30179; 

NCT03075696) in patients with large B-cell lymphoma.6,7 CRS observed with glofitamab is typically 

Grade 1/2 by American Society for Transplantation and Cellular Therapy (ASTCT) criteria and mostly 

confined to the first treatment cycle.4,8,9 

 

Komanduri et al. outlined a model using eight baseline factors (CRS-risk score [CRS-RS]) that 

accurately classified the risk of Grade ≥2 CRS after the first glofitamab dose.10 Patients classified as 

low-risk (CRS-RS <5, 60% of cohort) had a 5% chance of experiencing Grade ≥2 CRS (negative 

predictive value [NPV] 0.95, standard error [SE] 0.03).10 In aggressive non-Hodgkin lymphomas 

(aNHL), the parameters requiring assessment of bone marrow infiltration, peripheral blood 

infiltration, and cardiac comorbidities could be excluded from CRS-RS thereby offering improved 

clinical applicability without compromising performance. We report a streamlined model using five 

baseline factors (CRS-RS.5p) derived from the original CRS-RS (Table 1). To determine whether CRS-

RS.5p could accurately predict Grade ≥2 CRS events after the first glofitamab dose (step-up dosing 

[SUD], 2.5/10/30mg), we compared CRS-RS.5p with CRS-RS in the NP30179 data set and then 

subsequently analyzed CRS-RS.5p performance in both NP30179 and the GO43921 non-

interventional study (NIS).  
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Model parameters and risk classification 

For CRS-RS and CRS-RS.5p, to predict the risk of developing Grade ≥2 CRS, a multivariate model 

including the first glofitamab dose and a weighted sum of baseline, clinical, laboratory, and imaging 

parameters based on disease and CRS pathophysiology was used (Table 1).10 Weights reflected the 

predictive strength of risk factors in a dose-adjusted logistic regression model and the relative 

stability of risk parameters in a multivariate model resulting from random forest analysis.  

 

Patients were classified as low-risk (CRS-RS <5, CRS-RS.5p <4) or high-risk (CRS-RS ≥5, CRS-RS.5p ≥4) 

for CRS with glofitamab (2.5mg); cut-off values were selected to achieve the required performance.  

To control the rate of false negative predictions, missing data were input at the highest levels for 

each respective parameter. Following identification of patients as low-risk for CRS, NPV was used to 

demonstrate the likelihood that a patient classified as low-risk would not develop Grade ≥2 CRS after 

the first glofitamab dose. 

 

Assessment of model performance 

The predictive model that includes drug dose and CRS-RS.5p risk score was trained on dose-finding 

(not part of this communication) and validated in SUD cohorts of NP30179 with glofitamab (2.5mg). 

CRS-RS.5p model performance was further analyzed in the GO43921 NIS, which consisted of seven 

clinical studies in patients with aNHL (excluding mantle-cell lymphoma) who received glofitamab 

SUD (2.5/10/30mg) monotherapy or as a combination regimen (supplemental Table 1). At the time 

of first analysis, three studies from the NIS had data available (NP39488, BP41072, NP40126). 

Patients enrolled in NP39488 and BP41072 received obinutuzumab pre-treatment before glofitamab 

(2.5mg). Patients enrolled in NP40126 received either obinutuzumab or rituximab and 

chemotherapy prior to glofitamab (2.5mg). The GO43921 NIS primary objective was to determine 

the predictive performance of CRS-RS.5p in identifying low-risk (no CRS or Grade 1 CRS) and high-risk 

(Grade ≥2 CRS) patients after the first glofitamab dose.  
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Data were collected prospectively from the included studies since December 2021, with 

retrospective data from NP30179 (not available at model development stage) analyzed to allow for 

broader and more precise conclusions.  

 

CRS-RS.5p performance in the NP30179 validation cohort 

CRS-RS.5p performance was compared to the CRS-RS model in the NP30179 data set. Figure 1 shows 

the distribution of CRS-RS.5p baseline score values across ASTCT-graded CRS events after the first 

glofitamab dose. Cross-classification results for NP30179 by the original score and CRS-RS.5p are 

shown in supplemental Table 2. Based on data acquired since the introduction of CRS-RS in the 

NP30179 study (n=44), both CRS-RS and CRS-RS.5p identified the same patients who experienced 

Grade ≥2 CRS as high-risk (Grade 2, n=4; Grade 3, n=1). Both models achieved NPVs of 0.97 (n=148, 

SE 0.02).  

 

Performance of CRS-RS.5p in the GO43921 and NP30179 studies 

Reliable prediction of Grade ≥2 CRS was determined using CRS-RS.5p in both GO43921 (n=123) and 

NP30179 (n=148; Figure 1; supplemental Table 3); as of June 6, 2022, 11 Grade ≥2 CRS events in the 

second-line or later setting for patients with aNHL (n=123, data collected prospectively for 41 

patients) were correctly predicted using CRS-RS.5p. In combined data from both studies, CRS-RS.5p 

accurately predicted Grade ≥2 CRS in 30 (CRS-RS.5p≥4) out of 32 (Grade ≥2 CRS) cases with the true 

positive prediction rate of 0.94 (95% confidence interval [CI], 0.79–0.99). The majority (126/128) of 

patients predicted to be low-risk from both studies did not develop Grade ≥2 CRS seven days after 

the first glofitamab dose (NPV=0.98; 95% CI, 0.94–1.00). Across all parameters, 11% and 3% of CRS-

RS.5p values were missing for GO43921 and NP30179, respectively. In GO43921 most cases were 

missing baseline lactate dehydrogenase (LDH) levels. In NP30170, a single risk factor was missing in 
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each case (n=3, Ann Arbor stage; n=1, sum of the product of perpendicular diameters [SPD]; n=1, 

LDH). 

 

Both studies showed similar association between CRS-RS.5p and maximal observed CRS Grade 

following glofitamab (logistic regression for Grade ≥2 CRS; chi-square test P=0.004 at R2=0.21 for 

GO43921, P<0.001 at R2=0.16 for NP30179). 

 

Predictive models have the potential to accurately identify patients at risk of adverse outcomes, and 

early detection of high-risk patients can better enable the adoption of preventative  

interventions.11,12  Before the development of this model, identifying the patients most likely to 

develop Grade ≥2 CRS was not possible, although glofitamab SUD demonstrated a reduction in high-

grade CRS versus fixed -dosing.4,13 This streamlined five-parameter model, using cut-off CRS-RS.5p<4 

accurately identified glofitamab-treated patients at low-risk of Grade ≥2 CRS. CRS-RS and CRS-RS.5p 

showed similar high performance in predicting patients with aNHL most at risk of Grade ≥2 CRS 

following the first glofitamab dose. CRS-RS.5p has reduced complexity versus CRS-RS and patient risk 

can be determined through an easy-to-use scoring system using readily available clinical data. The 

main limitation of CRS-RS.5p is the imaging assessment required to calculate SPD in a clinical setting; 

developing a surrogate marker for high tumor burden such as the sum of longest diameters of a 

maximum of three target lesions could improve its clinical applicability.14 

  

In clinical trials, CRS-RS.5p enabled accurate prediction of Grade ≥2 CRS with 94% true positive 

prediction chance. Together with a 98% chance for a predicted low-risk patient to remain Grade ≥2 

CRS-free after the first glofitamab dose, CRS-RS.5p can potentially support clinical management for 

patients at high risk of Grade ≥2 CRS following glofitamab therapy. CRS-RS.5p is an easy-to-use tool 

that could identify patients who require more intensive monitoring or hospitalization.  

 

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/doi/10.1182/bloodadvances.2023011089/2225724/bloodadvances.2023011089.pdf by guest on 11 June 2024



7 
 

Acknowledgments: This study was sponsored by F. Hoffmann-La Roche Ltd. Third-party medical 

writing assistance, under the direction of all authors, was provided by Dikeledi Matlebjane, MSc, of 

Ashfield MedComms, an Inizio company, and was funded by F. Hoffmann-La Roche Ltd. 

 

Authorship contributions: A.B., J.R., M.D., and M.T. conceived and designed the study. A.B., M.D. 

and G.G. collected and assembled the data, and A.B., J.R., M.D., M.T., G.G. and K.K. analyzed and 

interpreted the data. All authors reviewed and revised the manuscript, approved the final version, 

and agreed to submit the manuscript for publication.  

 

Conflict-of-interest disclosures: G.G. reports consulting/advisory fees from Takeda, Kite-Gilead, F. 

Hoffmann-La Roche Ltd, Clinigen Group, BeiGene, Incyte, Genmab, Ideogen; travel expenses from 

Janssen, Sandoz and BeiGene. A.B., M.D., and M.T. are employees of Roche Products Ltd and own 

equity in F. Hoffmann-La Roche Ltd. J.R. is an employee of Roche Products Ltd, and owns equity in F. 

Hoffmann-La Roche Ltd and F-Star Therapeutics. K.K. has acted as a consultant for Genentech, Inc./F. 

Hoffmann-La Roche Ltd, Iovance, Incyte, Syncopation Life Sciences, and CRISPR Therapeutics, and 

attended scientific advisory boards for Aegle Therapeutics and Avacta Therapeutics.  

  

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/doi/10.1182/bloodadvances.2023011089/2225724/bloodadvances.2023011089.pdf by guest on 11 June 2024



8 
 

References 

1. Cosenza M, Sacchi S, Pozzi S. Cytokine release syndrome associated with T-cell-based therapies 

for hematological malignancies: pathophysiology, clinical presentation, and treatment. Int J Mol 

Sci. 2021;22(14):7652. 

2. Morris EC, Neelapu SS, Giavridis T, Sadelain M. Cytokine release syndrome and associated 

neurotoxicity in cancer immunotherapy. Nat Rev Immunol. 2022;22(2):85-96. 

3. Lussana F, Gritti G, Rambaldi A. Immunotherapy of acute lymphoblastic leukemia and 

lymphoma with T cell-redirected bispecific antibodies. J Clin Oncol. 2021;39(5):444-455. 

4. Yan Z, Zhang H, Cao J, et al. Characteristics and risk factors of cytokine release syndrome in 

chimeric antigen receptor T cell treatment. Front Immunol. 2021;12:e611366. 

5. Crombie JL, Graff T, Falchi L, et al. Consensus recommendations on the management of toxicity 

associated with CD3xCD20 bispecific antibody therapy [published online ahead of print 22 

January 2024]. Blood. doi:10.1182/blood.2023022432. 

6. Dickinson M, Carlo-Stella C, Morschhauser F, et al. Glofitamab in patients with 

relapsed/refractory (R/R) diffuse large B-cell lymphoma (DLBCL) and ≥ 2 prior therapies: Pivotal 

phase II expansion results. J Clin Oncol. 2022;40(suppl 16):7500. 

7. Bacac M, Colombetti S, Herter S, et al. CD20-TCB with obinutuzumab pretreatment as next-

generation treatment of hematologic malignancies. Clin Cancer Res. 2018;24(19):4785-4797. 

8. Hutchings M, Morschhauser F, Iacoboni G, et al. Glofitamab, a novel, bivalent CD20-targeting T-

cell-engaging bispecific antibody, induces durable complete remissions in relapsed or refractory 

B-cell lymphoma: a phase I trial. J Clin Oncol. 2021;39(18):1959-1970. 

9. Lee DW, Santomasso BD, Locke FL, et al. ASTCT consensus grading for cytokine release 

syndrome and neurologic toxicity associated with immune effector cells. Biol Blood Marrow 

Transplant. 2019;25(4):625-638. 

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/doi/10.1182/bloodadvances.2023011089/2225724/bloodadvances.2023011089.pdf by guest on 11 June 2024

https://doi.org/10.1182/blood.2023022432


9 
 

10. Komanduri KV, Belousov A, Brytek M, et al. Development of a predictive model for cytokine 

release syndrome to inform risk stratification and CRS management following immunotherapy. 

Blood. 2021;138(suppl 1):1459. 

11. Osterman CK, Sanoff HK, Wood WA, et al. Predictive modeling for adverse events and risk 

stratification programs for people receiving cancer treatment. JCO Oncol Pract. 2022;18(2):127-

136. 

12. Falconer N, Barras M, Cottrell N. Systematic review of predictive risk models for adverse drug 

events in hospitalized patients. Br J Clin Pharmacol. 2018;84(5):846-864. 

13.  Hutchings M, Carlo-Stella C, Bachy E, et al. Glofitamab step-up dosing induces high response 

rates in patients with hard-to-treat refractory or relapsed non-Hodgkin lymphoma. Blood. 

2020;136(suppl 1):46-48. 

14.  Younes A, Hilden P, Coiffer B, et al. International working group consensus response evaluation 

criteria in lymphoma (RECIL 2017). Annal Oncol. 2017;28(7):1436-1447 

15. Ziepert M, Hasenclever D, Kuhnt E, et al. Standard International prognostic index remains a 

valid predictor of outcome for patients with aggressive CD20+ B-cell lymphoma in the rituximab 

era. J Clin Oncol. 2010;28(14):2373-2380. 

 

  

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/doi/10.1182/bloodadvances.2023011089/2225724/bloodadvances.2023011089.pdf by guest on 11 June 2024



10 
 

Tables 

Table 1. CRS-RS and CRS-RS.5p model parameters 

Parameter and cut-off CRS-RS* CRS-RS.5p*† Weight 

Age‡ >64 years X X 1 

LDH‡§ >280 U/L# X X 0.5 

WBC§¶ >4.5 x 109 cells/L X X 0.5 

Ann Arbor stage III/IV‡ X X 2 

SPD¶ ≥3000 mm3 X X 2 

Cardiac comorbidity**†† X – 0.5 

Bone marrow infiltration†† X – 1 

Atypical cells in peripheral blood†† X – 1 

*The original CRS-RS model used eight baseline factors and the streamlined CRS-RS.5p model used 

five baseline factors. 

†Cut-off values for low-risk and high-risk were <4 and ≥4, respectively. 

‡Age, Ann Arbor stage and LDH levels reflect the aggressiveness of lymphomas and are included in 

International Prognostic Index scores.15  

§Pre-anti-CD20 treatment.  

#Commonly considered as upper limit of normal.  

¶WBC and SPD have been selected to reflect target-effector cell interaction. 

**Cardiac comorbidities reflect the baseline state of cardiovascular compartments relevant to T-cell 

activation.  

††Presence of cardiac comorbidity, bone marrow infiltration and atypical cells in peripheral blood 

have been excluded as parameters in the streamlined model to facilitate clinical application of the 

risk score without adversely impacting its performance.   
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aNHL, aggressive non-Hodgkin lymphoma; CRS-RS, cytokine release syndrome-risk score; LDH, 

lactate dehydrogenase; SPD, sum of the product of the perpendicular diameters; WBC, white blood 

cell.  
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Figure 1. CRS-RS.5p and CRS-RS risk scores vs CRS Grade by ASTCT in GO43921 + NP30179 data sets 

after the first dose of glofitamab in the second-line or later treatment of NHL. 

 

Triangles represent patients in the prospective part of GO43921, diamonds represent patients with 

NHL recruited to NP30179 between October 2021 and April 2022. Every patient from the complete 

analysis cohort is represented by a colored dot. In the right-hand side panel, green indicates patients 

with a low-risk classification as assessed by the CRS-RS model in the NP30179 study; red indicates 

patients that were not deemed low risk by the CRS-RS model in the NP30179 study.  In the left-hand 

side panel, black represent patients in the GO43921 study. For every patient, ASTCT CRS grade 

category corresponds to the maximum ASTCT grade of all CRS events recorded in the first week after 

the first dose of glofitamab. 

ASTCT, American Society for Transplantation and Cellular Therapy; CRS, cytokine release syndrome; 

CRS-RS, CRS risk score; NHL, non-Hodgkin lymphoma. 
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