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Chimeric Antigen Receptor T (CAR-T) cell therapy significantly and rapidly changed the treatment paradigm for lymphoma, myeloma and leukemia, and the recent approvals of the first cellular immunotherapies in melanoma and synovial sarcoma demonstrate the potential success of this approach in solid tumors. Though the therapeutic potential of CAR-T is impressive, severe cytokine release syndrome (CRS) remains an ongoing challenge. Here we report a patient who received an investigational CAR-T product for metastatic castration-resistant prostate cancer who developed multi-drug refractory, life-threatening CRS, which was successfully treated with the interferon (IFN)-γ antagonist emapalumab. Within 12 hours after the first dose of emapalumab, there was a dramatic improvement in hemodynamic status and the patient was weaned off all four vasopressors. The hemodynamic improvement was associated with a decrease in IFN-γ and CXCL10 levels but no other cytokines. Not only was emapalumab the only drug effective at treating this case of refractory CRS, but it did not appear to reduce the activity of the CAR-T product, as the CAR-T vector copy numbers remained persistent and the patient’s PSA levels remained low. This case demonstrates the clinical use of emapalumab to treat refractory cytokine release syndrome in a solid tumor CAR-T while potentially preserving therapeutic efficacy of CAR-T therapy. Further studies with larger patient populations are needed to evaluate the use of emapalumab as a treatment for CRS.
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Introduction

Chimeric Antigen Receptor T (CAR-T) cell therapy is a form of genetically modified autologous or allogeneic immunotherapy armed with a receptor directed against an antigen on the surface of cancer cells. This novel treatment modality significantly and rapidly changed the treatment paradigm for lymphoma, myeloma and leukemia (1–4), and the recent approvals of the first cellular immunotherapies in melanoma and synovial sarcoma demonstrate the potential success of this approach in solid tumors (5, 6). Though the therapeutic potential of CAR-T is impressive, cytokine release syndrome (CRS) remains an ongoing challenge with rates as high as 92% in patients receiving CAR-T therapy (1). Treatment for CRS includes agents such as tocilizumab and anakinra (7–9), though some patients have severe CRS refractory to these interventions. Most research on the treatment of CRS in CAR-T therapy is based on CD19 and BCMA constructs targeting liquid tumors, while specific data on the treatment of CRS in solid tumors is largely lacking. This patient with prostate cancer received the investigational prostate stem cell antigen (PSCA) targeting autologous CAR-T product (BPX-601) on a Phase 1/2 clinical trial (NCT02744287). This particular CAR-T product was equipped with a cytoplasmic molecular “on switch” that allows re-activation of the CAR-T cells with weekly infusions of the dimerizing agent rimiducid starting on Day +7. This dimerization activates toll-like receptors and CD40 signaling pathways which triggers strong pro-survival, activation, and expansion signals. A separate report has been published on the results of this clinical trial (10).

Here, we report on a case of multi-drug refractory, life-threatening CRS, which was successfully treated with the interferon (IFN)-γ antagonist emapalumab.





Case description

A 67-year-old patient was diagnosed with metastatic castration-resistant prostate cancer (mCRPC), T3bN0M1, Gleason score 8 with bone metastases involving S1 vertebra and left iliac bone in 2019. He was initially treated with degarelix, leuprolide, and apalutamide with a brief response. In 2020, olaparib was added and he received palliative radiation to metastatic lesions in the thoracic spine. In 2022, he received consolidative radiation therapy to the prostate and was treated with an ATR inhibitor on a clinical trial. He enrolled in the Phase 1/2 BPX-601 clinical trial using autologous prostate stem cell antigen (PSCA)-targeted CAR-T cells with weekly infusions of rimiducid (10). The patient’s T cells were collected, followed by bridging docetaxel as well as palliative radiation to the lumbar and sacral spine. Baseline prostate-specific antigen (PSA) level prior to clinical trial start date was 22.5 ng/mL.

He underwent lymphodepleting chemotherapy with fludarabine 30 mg/m2 and cyclophosphamide 500 mg/m2 on Day -5 through -3, followed by infusion of BPX-601 on Day 0. On Day +1, the patient developed fever consistent with Grade 1 cytokine release syndrome (CRS) as per ASTCT consensus grading, which progressed to Grade 2 (fever with hypoxia) on Day +2 and was treated with one dose of tocilizumab 8mg/kg. Blood and urine cultures were obtained, and he was started on broad spectrum antibiotics. On Day +3, he continued to have persistent fevers and hypoxia, as well as new fluid-responsive hypotension, still consistent with Grade 2 CRS. He was given a second and a third dose of tocilizumab, as well as dexamethasone 10mg x2. His CRP peaked at 96.77 mg/L, but ferritin was stable from baseline at 487 ng/mL. By Day +4, CRS was resolved. The patient had one Immune Effector Cell-Associated Encephalopathy (ICE) score of 9/10, which resolved without intervention and deemed not to be immune effector cell-associated neurotoxicity syndrome (ICANS), however levetiracetam was initiated and continued throughout the hospitalization.

On Day +5, the patient developed hematuria, dry eyes, and a diffuse papular rash with skin biopsy showing superficial perivascular mononuclear cell infiltrate consistent with a hypersensitivity reaction thought to be due to CAR-T “on-target/off-tumor” effect. The Day +7 rimiducid was delayed until symptoms improved.

The first dose of rimiducid was given on Day + 11. On Day +12, the patient developed a worsening rash, which was more pronounced on abdomen and trunk, and newly involving face and scalp. He also had worsening eye redness with blurry vision, as well as new swollen parotid and submandibular glands bilaterally.

On Day +13, he had recurrent fevers with severe hypotension (lowest BP 70/40) requiring a norepinephrine infusion, consistent with Grade 3 CRS, and was transferred to the ICU. He received fluid resuscitation, tocilizumab x 1 (fourth total dose), and dexamethasone 10mg every six hours. By Day +15, he was weaned off vasopressors and dexamethasone, and the skin rash, eye redness, and parotid gland swelling improved. He then was transferred out of the ICU.

Given rapid resolution of CRS and responsiveness to treatment, the second dose of weekly rimiducid was given on Day +18. The following day, the patient developed fevers, hypotension requiring a norepinephrine infusion, and hypoxia requiring 4L of oxygen via nasal cannula, consistent with Grade 3 CRS, and was transferred to the ICU. He was again given fluid boluses, tocilizumab (fifth total dose), and dexamethasone 10mg every 6hrs without improvement. Over the next two days, he developed a worsening vasopressor requirement (norepinephrine up to 40mcg/min, addition of vasopressin and phenylephrine) and required intubation for hypoxemic respiratory failure consistent with Grade 4 CRS. He had no evidence of ICANS and infectious workup was negative. He also had a rapid increase of ferritin to over 4,000 ng/mL and lactic acidosis (pH 7.12), however, his PSA level continued to decrease to 0.29. For rapidly progressive Grade 4 CRS without response to tocilizumab or dexamethasone, additional CRS treatment was initiated including siltuximab 11mg/kg once, methylprednisolone 1g twice daily, anakinra 200mg every 6 hours, and ruxolitinib 10mg twice daily on Day +21. The clinical course is summarized in Figure 1.




Figure 1 | Effect of anti-cytokine therapy on fever and vasopressor requirement. The patient experienced three separate episodes of CRS: the first on Day +1, second on Day +13, and third and most severe on Day +19. After the second dose of rimiducid on Day +18, the patient rapidly decompensated and required multiple vasopressors. Note the lack of effect of siltuximab, methylprednisolone, anakinra, and ruxolitinib (all given on Day +21) on fever curve and vasopressor requirement. Emapalumab was first given on Day +24, which led to rapid decrease in temperature and vasopressor requirement.



His hemodynamic status continued to deteriorate on Day +22. He developed multiorgan failure, disseminated intravascular coagulation (fibrinogen <50 mg/dL), and required continuous renal replacement therapy. He continued to have persistent fevers despite broad anti-cytokine therapy and high-dose steroids; norepinephrine, vasopressin, and phenylephrine were at or near their maximal doses; and angiotensin II was added. An abdominal ultrasound showed suspicion for acalculous cholecystitis, therefore an urgent percutaneous cholecystostomy tube was placed. Labs showed concern for immune effector cell-associated HLH-like syndrome (IEC-HS): he was pancyotopenic and transfusion dependent, ferritin peaked at 9,580 ng/mL, triglycerides elevated to 318 mg/dL, and soluble IL-2 receptor elevated to 93,326 pg/mL. A cytokine panel revealed that interferon (IFN)-γ was elevated to 1,786 pg/mL (baseline was <4.2 pg/mL on Day 0); thus, we decided to administer the IFN-γ antagonist emapalumab (Gamifant) 1mg/kg on Day +24. No other intervention was initiated.

Within 12 hours of the first dose of emapalumab, he had a dramatic improvement in his hemodynamic status. Vasopressors were gradually withdrawn, he became afebrile, and oxygen requirement improved. Angiotensin and vasopressin were quickly weaned off, and he was maintained on low dose norepinephrine until Day +27. The second dose of emapalumab was given on Day +27, at which point he was normotensive, afebrile, and no longer on vasopressors (see Figure 1). Ferritin decreased by over 50% to 4,460 ng/mL, and IFN-γ decreased by over 99% from 1,786.3 pg/mL to 6.0 pg/mL (see Figure 2). CXCL10 (IP-10), a downstream effector molecule in the IFN-γ signaling pathway, decreased by 2-fold. Interestingly, other cytokines, such as IL-6 and TNF-α, either increased or did not significantly change. These trends were confirmed by separate lab studies conducted by the study sponsor (Supplementary Figure S1).




Figure 2 | (Top panel) Prostate Specific Antigen (PSA) levels and CAR-T Vector Copy Numbers (VCN) in relation to date of cell infusion (Day 0) and rimiducid doses. Baseline PSA levels starting on Day -10 (before lymphodepleting chemotherapy) was 22.5 ng/mL and maintained at 0.29 ng/mL at time of death. CAR-T VCN remained persistent despite emapalumab administration on Day +24 and Day +27. (Bottom panel) Cytokine and ferritin levels in relation to date of cell infusion (Day 0) and emapalumab administration (Day +24 and Day +27). After the first dose of emapalumab, ferritin (blue shaded portion) decreased by over 50% from 9,580 ng/mL to 4,460 ng/mL, IFN-γ decreased by over 99% from 1,786.3 pg/mL to 6.0 pg/mL, and CXCL10 (IP-10), a downstream effector molecule in the IFN-γ signaling pathway, decreased 2-fold. IL-6 and TNF-α increased after emapalumab.



Despite hemodynamic and respiratory improvement, he had evidence of severe end-organ damage from prolonged shock manifested as anuric renal failure, digital ischemia and probable anoxic brain injury.

On Day +33, he developed bacteremia with vancomycin-resistant enterococcus, along with progressive encephalopathy and lactic acidosis. MRI brain showed multiple embolic strokes in frontal/parietal lobes. Given the significant multi-organ damage, his family decided to withdraw care and he passed away on D+37. He had no signs of active CRS at the time of death and his PSA dropped from baseline of 22.5 ng/mL before therapy to 0.29 ng/mL at time of death (see Figure 2).





Discussion

Despite mortality, this case is remarkable for two reasons. First, emapalumab dramatically and rapidly led to complete resolution of CRS after failed attempts with tocilizumab, siltuximab, high dose steroids, anakinra, and ruxolitinib (see Figure 1). Levels of Inflammatory cytokines also increased despite administration of these medications (see Figure 2, Supplementary Figure S1). In contrast, emapalumab effectively reduced active IFN-γ levels and improved hemodynamic status. In particular, IFN-γ blockade seemed to clearly correlate with clinical improvement in fever curve and hemodynamic stability (i.e., reduction in vasopressor requirement). Other cytokines increased when CRS worsened, but did not decrease when CRS improved. This evidence supports the importance of IFN-γ as a primary driver of severe CRS and suggests that IFN-γ blockade can be used to effectively reverse CRS. To the best of our knowledge, ours is the first case report of emapalumab use in CAR-T for a solid tumor. Other studies have shown promise in IFN-γ blockade to treat severe CRS, though these are largely limited to the pediatric B-cell acute lymphoblastic leukemia population, with only one adult case report published to the best of our knowledge (11–13). These case reports also show mixed reduction in ferritin, IL-2, IL-6, IL-8, IL-10, TNF-α after administration of emapalumab, suggesting some differences in the overall inflammatory cascade in CRS induced by PSCA vs CD19-targeted CAR-T. IFN-γ blockade also has a key role in treating hemophagocytic lymphohistiocytosis (HLH), and HLH mouse models show that IFN-γ blockade has better survival outcomes compared to blockade of other cytokines (14–18). One study that showed the efficacy of emapalumab administration for pediatric primary HLH noted reduction in C-X-C motif chemokine ligand 9 (CXCL9), which is induced by IFN-γ (15). Our patient also had a decrease in a similar C-X-C motif chemokine ligand, CXCL10, after emapalumab administration (see Figure 2, Supplementary Figure S1).

Second, emapalumab did not appear to decrease activity of PSCA-targeting CAR-T therapy. Although follow up is short, the patient’s serum PSA dropped by nearly two orders of magnitude and was nearly undetectable (0.29 ng/mL) at the time of death. Most of the impressive PSA response was achieved prior to the first dose of emapalumab, however, our case is unique in that we were able to measure CAR-T vector copy numbers (VCN) in relation to multiple doses of emapalumab (see Figure 2). A persistence of CAR-T VCN in the peripheral blood, as well as the persistent decrease in PSA, suggest that emapalumab does not decrease efficacy of CAR-T cell therapy. However, it should be noted that the pre-emapalumab PSA level and post-emapalumab PSA level was the same (0.29 ng/mL). Decrease in PSA was similar to other patients in this trial, with 44.4% of mCRPC patients achieving a reduction of 90% or greater (10). Preclinical studies demonstrate the effective use of IFN-γ blockade while preserving CAR-T cytotoxicity in hematologic malignancies (19, 20), though a critical role of the IFN-γ signaling pathway in mediating CAR-T cytotoxicity in solid tumors has been demonstrated both in vitro and in immunocompromised mice (21). This suggests a key difference between hematologic and solid tumor CAR-T therapies, although the role of IFN-γ in CAR-T in humans needs further study and the specific clinical scenario presented in this case report (i.e., PSCA target, use of an activation switch, prostate cancer microenvironment) may limit a broad conclusion.

It is thought that CRS typically occurs at the same time as CAR-T cell expansion due to an increase in cytokines levels (22). In this particular trial, the dimerizing agent rimiducid was administered to assist with CAR-T expansion. Rimiducid was given on Day +11 and Day +18, which increased CAR-T vector copy numbers to 21,033 and 5,299 copies/µg, respectively (see Figure 2), but also ultimately led to Grade 3 and Grade 4 CRS, respectively. Cytokine levels increased after each administration of rimiducid (see Figure 2, Supplementary Figure S1), which correlated with worsening CRS. Of note, all patients with mCRPC in this trial had an increase in pro-inflammatory cytokines and clinical evidence of CRS after the first dose of rimiducid (10). The contribution of “off-tumor” antigen burden to the severity of CRS is possible in this case, given the expression of PSCA in certain healthy tissues and the off-target manifestation of a disseminated skin rash in this patient. This case highlights the critical need for better predictors of severe toxicity that can be used in real time to guide patient management.

Interestingly, emapalumab had a dramatic effect after failure of ruxolitinib. While both agents act on the IFN-γ-JAK-STAT pathway, there are key differences. First, ruxolitinib is only available orally and its absorption in the setting of profound circulatory shock may be inadequate. Second, ruxolitinib has an effect on signaling of multiple cytokines which may be suboptimal if the pathogenesis is primarily driven by IFN-γ. Lastly, IFN-γ triggers non-canonical STAT-independent pathways that affect cellular metabolism, histone modification and NF-kB signaling, which may explain a selective response to emapalumab (23).

A limitation of our study is that this is a case report with a PSCA targeting CAR-T product under clinical investigation. Further studies with larger patient populations should be conducted before extrapolating these findings to other types of solid tumor and hematologic malignancy CAR-T products. In this case, CRS appeared to dramatically and rapidly improve after emapalumab administration, but methylprednisolone, anakinra, and ruxolitinib all were continued during this resolution. The possibility of synergistic or cumulative effects from these other agents cannot be entirely ruled out. Despite resolution of CRS and sustained PSA reduction, the patient unfortunately did not survive and the duration of response was not evaluated past Day +30. With multiple immunosuppressive medications given to treat severe CRS, this patient developed a severe bacteremia, which highlights the need for further studies to evaluate effect of CRS treatment on infection risk and overall survival.

In conclusion, emapalumab appears to be an effective agent in treating severe CRS while preserving CAR-T persistence. Further research is needed to help understand the potential of IFN-γ blockade in CRS and its impact on anti-tumor efficacy.
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Supplementary Figure 1 | Cytokine and ferritin levels (Source: Bellicum Inc.) in relation to date of cell infusion (Day 0) and emapalumab administration. IFN-γ CXCL10, CM-CSF decreased after emapalumab, while most other cytokines either increased or did not significantly change.



Abbreviations

CAR-T, chimeric antigen receptor T-cell; CRS, cytokine release syndrome; ICANS, immune effector cell-associated neurotoxicity syndrome; ICE (score), immune effector cell-associated encephalopathy; IFN-γ, interferon gamma; mCRPC, metastatic castration-resistant prostate cancer; PSCA, prostate stem cell antigen; PSA, Prostate-specific antigen; IEC-HS, immune effector cell-associated HLH-like syndrome; HLH, hemophagocytic lymphohistiocytosis; CXCL, C-X-C motif chemokine ligand; VCN, vector copy number; Chimeric antigen receptor T-cell or CAR-T; CRS, Cytokine Release Syndrome; Emapalumab or Gamifant; IFN-γ, Interferon gamma; PSCA, Prostate Stem Cell Antigen; PSA, Prostate-specific antigen; IEC-HS, Immune effector cell-associated HLH-like syndrome.




References

1. Locke, FL, Miklos, DB, Jacobson, CA, Perales, MA, Kersten, MJ, Oluwole, OO, et al. Axicabtagene ciloleucel as second-line therapy for large B-cell lymphoma. N Engl J Med. (2022) 386:640–54. doi: 10.1056/NEJMoa2116133

2. Kamdar, M, Solomon, SR, Arnason, J, Johnston, PB, Glass, B, Bachanova, V, et al. Lisocabtagene maraleucel versus standard of care with salvage chemotherapy followed by autologous stem cell transplantation as second-line treatment in patients with relapsed or refractory large B-cell lymphoma (TRANSFORM): results from an interim analysis of an open-label, randomised, phase 3 trial. Lancet. (2022) 399:2294–308. doi: 10.1016/S0140-6736(22)00662-6

3. Wang, M, Munoz, J, Goy, A, Locke, FL, Jacobson, CA, Hill, BT, et al. KTE-X19 CAR T-cell therapy in relapsed or refractory mantle-cell lymphoma. N Engl J Med. (2020) 382:1331–42. doi: 10.1056/NEJMoa1914347

4. San-Miguel, J, Dhakal, B, Yong, K, Spencer, A, Anguille, S, Mateos, MV, et al. Cilta-cel or standard care in lenalidomide-refractory multiple myeloma. N Engl J Med. (2023) 389:335–47. doi: 10.1056/NEJMoa2303379

5. Rohaan, MW, Borch, TH, van den Berg, JH, Met, O, Kessels, R, Geukes Foppen, MH, et al. Tumor-infiltrating lymphocyte therapy or ipilimumab in advanced melanoma. N Engl J Med. (2022) 387:2113–25. doi: 10.1056/NEJMoa2210233

6. D’Angelo, SP, Araujo, DM, Abdul Razak, AR, Agulnik, M, Attia, S, Blay, JY, et al. Afamitresgene autoleucel for advanced synovial sarcoma and myxoid round cell liposarcoma (SPEARHEAD-1): an international, open-label, phase 2 trial. Lancet. (2024) 403:1460–71. doi: 10.1016/S0140-6736(24)00319-2

7. Jain, MD, Smith, M, and Shah, NN. How I treat refractory CRS and ICANS after CAR T-cell therapy. Blood. (2023) 141:2430–42. doi: 10.1182/blood.2022017414

8. Kotch, C, Barrett, D, and Teachey, DT. Tocilizumab for the treatment of chimeric antigen receptor T cell-induced cytokine release syndrome. Expert Rev Clin Immunol. (2019) 15:813–22. doi: 10.1080/1744666X.2019.1629904

9. Gazeau, N, Liang, EC, Wu, QV, Voutsinas, JM, Barba, P, Iacoboni, G, et al. Anakinra for refractory cytokine release syndrome or immune effector cell-associated neurotoxicity syndrome after chimeric antigen receptor T cell therapy. Transplant Cell Ther. (2023) 29:430–7. doi: 10.1016/j.jtct.2023.04.001

10. Stein, MN, Dumbrava, EE, Teply, BA, Gergis, US, Guiterrez, ME, Reshef, R, et al. PSCA-targeted BPX-601 CAR T cells with pharmacological activation by rimiducid in metastatic pancreatic and prostate cancer: a phase 1 dose escalation trial. Nat Commun. (2024) 15:10743. doi: 10.1038/s41467-024-53220-6

11. Rainone, M, Ngo, D, Baird, JH, Budde, LE, Htut, M, Aldoss, I, et al. Interferon-gamma blockade in CAR T-cell therapy-associated macrophage activation syndrome/hemophagocytic lymphohistiocytosis. Blood Adv. (2023) 7:533–6. doi: 10.1182/bloodadvances.2022008256

12. Schuelke, MR, Bassiri, H, Behrens, EM, Canna, S, Croy, C, DiNofia, A, et al. Emapalumab for the treatment of refractory cytokine release syndrome in pediatric patients. Blood Adv. (2023) 7:5603–7. doi: 10.1182/bloodadvances.2023010712

13. McNerney, KO, DiNofia, AM, Teachey, DT, Grupp, SA, and Maude, SL. Potential role of IFNgamma inhibition in refractory cytokine release syndrome associated with CAR T-cell therapy. Blood Cancer Discovery. (2022) 3:90–4. doi: 10.1158/2643-3230.BCD-21-0203

14. Buatois, V, Chatel, L, Cons, L, Lory, S, Richard, F, Guilhot, F, et al. Use of a mouse model to identify a blood biomarker for IFNgamma activity in pediatric secondary hemophagocytic lymphohistiocytosis. Transl Res. (2017) 180:37–52 e2. doi: 10.1016/j.trsl.2016.07.023

15. Locatelli, F, Jordan, MB, Allen, C, Cesaro, S, Rizzari, C, Rao, A, et al. Emapalumab in children with primary hemophagocytic lymphohistiocytosis. N Engl J Med. (2020) 382:1811–22. doi: 10.1056/NEJMoa1911326

16. Jordan, MB, Hildeman, D, Kappler, J, and Marrack, P. An animal model of hemophagocytic lymphohistiocytosis (HLH): CD8+ T cells and interferon gamma are essential for the disorder. Blood. (2004) 104:735–43. doi: 10.1182/blood-2003-10-3413

17. Pachlopnik Schmid, J, Ho, CH, Chretien, F, Lefebvre, JM, Pivert, G, Kosco-Vilbois, M, et al. Neutralization of IFNgamma defeats haemophagocytosis in LCMV-infected perforin- and Rab27a-deficient mice. EMBO Mol Med. (2009) 1:112–24. doi: 10.1002/emmm.200900009

18. Prencipe, G, Caiello, I, Pascarella, A, Grom, AA, Bracaglia, C, Chatel, L, et al. Neutralization of IFN-gamma reverts clinical and laboratory features in a mouse model of macrophage activation syndrome. J Allergy Clin Immunol. (2018) 141:1439–49. doi: 10.1016/j.jaci.2017.07.021

19. Bailey, SR, Vatsa, S, Larson, RC, Bouffard, AA, Scarfo, I, Kann, MC, et al. Blockade or deletion of IFNgamma reduces macrophage activation without compromising CAR T-cell function in hematologic Malignancies. Blood Cancer Discovery. (2022) 3:136–53. doi: 10.1158/2643-3230.BCD-21-0181

20. Manni, S, Del Bufalo, F, Merli, P, Silvestris, DA, Guercio, M, Caruso, S, et al. Neutralizing IFNgamma improves safety without compromising efficacy of CAR-T cell therapy in B-cell Malignancies. Nat Commun. (2023) 14:3423. doi: 10.1038/s41467-023-38723-y

21. Larson, RC, Kann, MC, Bailey, SR, Haradhvala, NJ, Llopis, PM, Bouffard, AA, et al. CAR T cell killing requires the IFNgammaR pathway in solid but not liquid tumours. Nature. (2022) 604:563–70. doi: 10.1038/s41586-022-04585-5

22. Morris, EC, Neelapu, SS, Giavridis, T, and Sadelain, M. Cytokine release syndrome and associated neurotoxicity in cancer immunotherapy. Nat Rev Immunol. (2022) 22:85–96. doi: 10.1038/s41577-021-00547-6

23. Saleiro, D, and Platanias, LC. Interferon signaling in cancer. Non-canonical pathways and control of intracellular immune checkpoints. Semin Immunol. (2019) 43:101299. doi: 10.1016/j.smim.2019.101299




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Ruemmele, Macedo, Stein, Chan, Mapara, Jacquemont and Reshef. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-15-1543622-g002.jpg
Cytokines (ng/mL or pg/mL)

Rimiducid
—— VCN
20+ ~ 10000
"
£ 154 - 1000
= i
=
< 10- -100
o
5 -10
1 PSA limit
0 I T I \. I 1
-10 0 10 20 30 40
Days in relation to CAR-T infusion
Emapalumab
100000 4 Do ~ 12000
10000~ s 10000
1 cXcL10 (pg/mL) |
10003 (o/mi) 8000
100+ -6000
] IFNy |
10§ (paimL) | 4000
14 TNFB - 2000
] (pg/mL) 1
01 I T I I I - - I 0
-10 0 10 20 30 40

Days in relation to CAR-T infusion

(YNQ@ Br/seidoo) poojg ut NOA

(7/6n) unie4





OEBPS/Images/fonc-15-1543622-g001.jpg
(°C)

40.5
40.0
39.5
39.0
38.5
38.0
37.5
37.0
36.5
36.0
355
35.0
345

Days after CAR T infusion

1 10
20 21 22 23 24 25 26 27
¢ ¢ Tocilizumab » * ¢ Siltuximab 2 Emapalumab L 2
° Dexamethasone oD

angiotensin Il (ng/kg/min)

norepinephrine (mcg/min)

n

phenylephrine (mcg/min)

vasopressin (Units/hr)

M e thy I pre dNis Ol 0N ©
'9elde.......___________________
Ruxolitinih o ————————— )

s 2025

L, 2025

404040 40 40 40
26 32 \ 20
- 10 11121 B4 6 53 _ 21

2.4 s D424 24. 2424 24






OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc.2025.1543622_cover.jpg
& frontiers | Frontiers in Oncology

Emapalumab for severe cytokine release
syndrome in solid tumor CAR-T: a case
report





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Emapalumab for severe cytokine release syndrome in solid tumor CAR-T: a case report

      

        		

          Introduction

        



        		

          Case description

        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          Supplementary material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





