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Background

Chimeric antigen receptor-modified T cells (CAR-T) targeting CD19 has produced a high durable response in refractory or relapsed diffuse large B-cell lymphoma. Besides well-known cytokine release syndrome (CRS) or immune effector cell–associated neurotoxicity syndrome during CAR-T cell therapy, there were several rarely encountered fatal complications.



Case Report

A 63-year-old male patient with refractory EBV-positive diffuse large B-cell lymphoma, developed interstitial pneumonitis with prolonged hypoxemia at 16 weeks after CD19 CAR-T cell therapy. There was no evidence of CRS and any infections. The patient recovered after intravenous immunoglobulin without tocilizumab or glucocorticoid administration. Now he is still in remission without interstitial pneumonitis 3 years after CAR-T cell therapy.



Conclusion

This is the first report of immunotherapy-associated interstitial pneumonitis after CAR-T cell therapy. Our finding suggested the importance of careful follow-up and proper treatments for immunotherapy-associated pneumonitis in the CAR-T cell therapy schedule.
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Introduction

Refractory or relapsed diffuse large B-cell lymphoma (DLBCL) patients have achieved nearly 50% complete response rate after receiving chimeric antigen receptor-modified T cells (CAR-T) targeting CD19 (1, 2). The most common adverse events reported are cytokine-release syndrome (CRS), and immune effector cell–associated neurotoxicity syndrome (ICANS) because of the overwhelming release of cytokines (3, 4), endothelial activation or increased blood–brain barrier permeability (5, 6). Due to the better understanding of these complications, at present there are mature grading systems and recommendations regarding toxicity management to ensure the safety of patients receiving CAR-T cell therapies (7, 8).The prompt administration of tocilizumab, a monoclonal antibody for IL-6 receptor, or glucocorticoids, has been served as the first-line therapy for CRS or ICANS (8).

Despite significant advancements in survival, CAR-T cell therapies are associated with unique and life-threatening complications. Besides high-grade CRS and ICANS, fatal hemophagocytic lymphohistiocytosis (HLH), macrophage activation syndrome (MAS) and lethal brain edema were reported (9). Pneumonitis caused by immune checkpoint inhibitors (ICIs) related adverse events (irAEs) has been reported with an incidence of 2.7-20% (10). But so far, there has been no report of immunotherapy-associated interstitial pneumonitis caused by CAR-T cell therapy. Here we report a 63-year-old male patient with refractory EBV-positive DLBCL, who developed immunotherapy-associated interstitial pneumonitis with prolonged hypoxemia after CD19 CAR-T cell therapy. With the accumulation of clinical data and increasing reports, we can better identify these complications and provide proper treatments.



Case Report

A 63-year-old Chinese male with bilateral cervical lymphadenopathy was diagnosed with EBV-positive DLBCL through a right cervical lymph node biopsy 40 months ago. Immunohistochemistry analysis showed CD3 (–), CD19 (+), CD20 (+), CD30 (+), CD5 (–), CD10 (-), BCL2 (+), BCL6 (-), MUM1 (+), PAX5 (+), C-MYC (-), ALK (-) and Ki-67 (+, 80%). In situ hybridization for EBV-encoded small RNA (EBER) was confirmed to be positive and EBV DNA was detectable in blood serum with a level of 5.44×106 copies/ml. The patient underwent 7 courses of chemotherapies without any response, including 2 courses of R-CHOP, one course of R-GDP, 3 courses of R2-MINE, and one course of R2-DHAP. Then the patient was referred to our center and was recruited into a clinical trial of CD19 CAR-T cell therapy with a costimulatory 4-1BB endodomain (ClinicalTrials.gov ID: NCT02644655). The positron emission tomography and computed tomography (PET-CT) before CAR-T cell therapy revealed multiple lymphoma lesions with increased 18F-FDG metabolism (Figure 1A). CT scan showed no obvious pulmonary infection before CAR-T cell therapy (Figure 2A).




Figure 1 | Positron emission tomography and computed tomography (PET-CT) evaluations. (A) PET-CT before CAR-T cell infusion. The coronal image (left) and sagittal image are shown (right). Red arrows indicate lymphoma lesions. (B) PET-CT examination showed significantly diminished lymphoma lesions and proved complete metabolic remission (CMR) 3 months after CAR-T cell therapy.






Figure 2 | Axial computed tomography (CT) scan of the lung at different time points. (A) Screening period before CAR-T cell infusion. (B) 4 weeks after CAR-T cell infusion. (C) 16 weeks after CAR-T cell infusion. (D) 17 weeks after CAR-T cell infusion. (E) 18 weeks after CAR-T cell infusion. (F) 19 weeks after CAR-T cell infusion.



The patient received lymphodepleting chemotherapy with fludarabine (30 mg/m2) and cyclophosphamide (500 mg/m2) for 3 days (day −5 to −3). Subsequently, a total of 1.26×108 CD19 CAR-T cells (2×106 cells per kilogram) was infused on day 0. During the CAR-T cell therapy, the patient received sulfamethoxazole tablets (SMZ) for infection prevention. After CAR-T cell infusion, the patient developed grade 1 CRS and grade 4 neutropenia with fever 3 days later. According to the American society for transplantation and cellular therapy guidelines, piperacillin tazobactam and fluconazole were used in combination as anti-infective therapy with supportive care. One week later, all these symptoms resolved. PET-CT examination 3 months after CAR-T cell therapy showed regression of all lesions and complete metabolic remission was achieved (Figure 1B). Notably, serum EBV DNA was also undetectable.

However, at 4 weeks after CAR-T cell therapy, the CT scan showed mild bilateral lung diffuse lesions without any symptoms or signs (Figure 2B), so no treatment was given. 16 weeks after CAR-T cell therapy, the patient developed prolonged hypoxemia without fever. The CT scan confirmed interstitial pneumonitis with a small amount of pleural effusion (Figure 2C), which progressed one week later (Figure 2D). Influenza virus, COVID-19 and cytomegalovirus infection were excluded through epidemiologic features and laboratory tests. Bronchoscopy and bronchoalveolar lavage fluid examination also failed to capture any abnormalities. PCR examination confirmed the existence of CAR construct DNA copies in peripheral blood. IFN-γ and IL-17a level was increased before the development of pneumonitis, while the IL-6 level and lymphocyte count were significantly increased at the diagnosis of the pneumonitis (Figures 3A, B). The proportion of CAR-T cells re-amplificated, the subtype of CAR-T cells turned from CD8+ T cells back to CD4+ T cells, and the ratio of central memory T cells increased continually at the diagnosis of the pneumonitis (Figure 3C). Given the time onset and all evidences, CRS was excluded and the diagnosis of immunotherapy-associated interstitial pneumonitis after CAR-T cell therapy was made. Therefore, no tocilizumab was given. To avoid any potential negative effects on CAR-T cells, glucocorticoid administration was not given, although this was considered the preferred treatment for interstitial pneumonitis. Finally, intravenous immunoglobulin of 10 grams daily with intravenous levofloxacin was given with careful supportive treatment. Fortunately, the patient recovered from dyspnea 1 week later and the CT scan showed absorption of lesions (Figures 2E, F). At present, the patient is still in remission without interstitial pneumonitis 3 years after CAR-T cell therapy.




Figure 3 | (A) The serum cytokine and C-reactive protein levels at different time points after CAR-T cell infusion. Change folds are relative to the values of day -7 before chemotherapy. (B) Neutrophil and lymphocyte count at different time points after CAR-T cell infusion. (C) Proportion and subtype of CAR-T cell at different time points after CAR-T cell infusion.



This study was approved by the Human Ethics Committee of the Second Affiliated Hospital, School of Medicine, Zhejiang University, China (the number of approvals: SAHZ-2018–036). Written informed consent was obtained from the patient’s family for publication of this case report and any accompanying images.



Discussions

Over the last few years, immunotherapy experienced rapid development with more and more promising immunotherapeutic modalities (11). Currently, tumor immunotherapies mainly refer to CAR-T cell therapy and immune checkpoint inhibitors (ICIs), the latter including monoclonal antibodies targeting programmed cell death protein 1 (PD-1), programmed death-ligand 1 (PD-L1) and cytotoxic T lymphocyte-associated antigen-4 (CTLA-4). The investigations about these ICIs in malignant lymphoma have generated promising results in preclinical studies and/or clinical trials (12). Pneumonitis caused by ICIs has been studied and reported in detail. Immune-related pneumonitis can be severe or even potentially life-threatening. The onset time of this complication was approximately 3 months after the first dose of ICIs (13, 14). Currently, the mechanisms for immune-related pneumonitis are poorly understood. Increased inflammatory cytokines are one of the possible mechanisms (15). IL-6 seems to play an essential role in immune-related pneumonitis, and Th17 cells enhanced and polarized through IL-6 expression, may serve as a more precise biomarker (16). IL-17 plays a crucial role in mediating the pro-inflammatory immune response and elevated IL-17 predisposes to the development of pneumonitis (17). IFN-γ levels were decreased compared with baseline in patients who developed immune-related pneumonitis (18). Here we reported the first documented case of immunotherapy-associated interstitial pneumonitis at 16 weeks after the CAR-T cell therapy, when it was not in the peak period of CRS. In our case, IFN-γ and IL-17a were increased before the development of pneumonitis, whereas IL-6 was elevated at the diagnosis of pneumonitis. These chemokines are biomarkers for immune-related pneumonitis prediction and diagnosis (19).

CD19 CAR-T-cell therapy has emerged as a promising therapy for patients with B-cell malignancies. Three anti-CD19 CAR-T cell constructs with different costimulatory ednodomain are already clinically available. In CAR T-cell therapy recipients, pulmonary complications are more frequent in patients with higher-grade CRS. The most frequent pulmonary symptom was hypoxia, pleural effusion, pulmonary embolism, allergic rhinitis, and pneumomediastinum (20). Most of these pulmonary complications were attributed to the manifestations of CRS and occurred within 10 days after CAR T-cell infusion (20). Due to greater degrees of immune impairment following CAR-T therapy, pneumonia is common and may be life-threatening. The challenge of CAR-T cell therapy is in distinguishing between infection and CRS. In one series, 80% of first infections were within the first 10 days after CAR-T infusion. Late-onset infections were rare and may reflect prolonged immunoglobulin deficiency (21). Bronchoscopy and bronchoalveolar lavage fluid examination were negative for our patient, ruling out infectious etiologies and tumor progression. Given the time onset and all evidences, CRS and pneumonia were excluded, and the diagnosis of immunotherapy-associated interstitial pneumonitis after CAR-T cell therapy was made.

Several guidelines have been established for grading the severity of interstitial pneumonitis and guiding the proper treatments (22, 23). At present, the agents usually used for interstitial pneumonitis caused by irAEs include: (1) glucocorticoids; (2) infliximab which inhibits inflammation by blocking TNF-α binding to its receptor; (3) mycophenolate mofetil which inhibits the function of T and B cells; (4) cyclophosphamide; (5) intravenous immunoglobulin which can serve an immune-regulatory role to inhibit inflammation through complement pathway, humoral immunity and cellular immunity. According to the irAEs guidelines from the European society for medical oncology and society for immunotherapy of cancer, our patient suffered from grade 3 interstitial pneumonitis, which needs medium to large doses of intravenous glucocorticoids or even immunosuppressive agents. To avoid any potential negative effects on CAR-T cells, our patient did not receive any glucocorticoid administration, not to mention other immunosuppressive agents. But we believe the appropriate glucocorticoids administration is necessary for more severe potential patients in the future.

While CRS and ICANS are the most common CAR-T cell therapy toxicities, the case we presented here highlighted the importance of mounting potential immune-related pulmonary pneumonitis after the CAR-T cell therapy. Early detection and diagnosis, and appropriate management according to the severity are critical to improving the prognosis. We hope that our experience will inform patients and physicians alike about the rare immunotherapy-adverse effects of CAR-T cell therapy.
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