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Background: CD19-targeted chimeric antigen receptor T (CAR T) cell therapy
has revolutionized the treatment of refractory/relapsed B-cell malignancies.
However, this therapy introduces significant safety concerns, including
cytokine release syndrome (CRS) and infections, both of which can lead to life-
threatening complications. These two complications often require conflicting
treatment approaches, making it challenging to balance patient safety and
therapeutic effectiveness. The optimal approach to managing infections
complicated by CRS remains unclear.

Case presentation: A 54-year-old man with primary refractory high-grade B-cell
lymphoma, who had failed multiple prior therapies, received CD19 CAR T-cell
therapy after bridging therapy and intensive lymphodepletion. He developed a
severe diffuse alveolar hemorrhage induced by CRS complicated with virus
infection following CAR T-cell infusion. Despite aggressive therapeutic approaches
including anti-infection measures, immune modulation, and anticytokine agents, no
significant clinical improvement was initially observed. The patient’s toxicity was
effectively managed, ultimately leading to a complete response (CR), only after the
introduction of glucocorticoids following the median time to peak CAR T-cell
expansion. The patient sustained this CR for over 36 months, until January 2025.

Conclusion: This case highlights the importance of early diagnosis and
management of CRS and infection after CAR T-cell therapy, offering critical
insights into managing adverse reactions and optimizing patient outcomes.
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1 Introduction

CD19-targeted chimeric antigen receptor T (CAR-T) cell
therapy has demonstrated exceptional efficacy for refractory/
relapsed B-cell malignancies (1) and received the US Food and
Drug Administration (FDA) approval in 2017; however, this
therapy has also shown increased risk of cytokine release
syndrome (CRS) infection. The incidence of CRS ranges from
50% to 100% (2) and is mediated by elevated levels of
proinflammatory cytokines, which result from the extensive
expansion and activation of infused CAR T cells during the first 3
to 4 weeks post-infusion (3, 4). In addition to CRS, approximately
70% of patients develop infections caused by identifiable pathogens
within the first month following CAR T-cell therapy (5). The
malignancy itself, multiple lines of anticancer treatments, and
lymphodepleting chemotherapy administered before CAR T-cell
infusion result in immunodeficiency, thereby increasing the risk of
infections (6, 7). Of note, nearly 20% of patients may encounter
overlapping CRS and infection, with viral infection accounting for
8% (8). The convergence of CRS and infections may lead to severe
systemic inflammation, posing life-threatening risks. Therefore,
balancing the management of infection and CRS during CAR T-
cell therapy is crucial for optimizing patient outcomes. To date, only
a few studies have reported the concurrence of CRS and infections
following CAR T-cell therapy (1, 6, 7, 9, 10), providing limited
guidance for treatment strategies. Currently, how to balance and
manage this complex scenario remains unclear.

Here, we present a case of a patient successfully treated for
severe viral pneumonia complicated by grade 3 CRS and even severe
diffuse alveolar hemorrhage (DAH) during CAR T-cell therapy. The

10.3389/frhem.2025.1616504

patient was diagnosed with high-grade B-cell lymphoma (HGBL)
with primary refractory disease, high tumor burden, and failure of
fourth-line treatment before CAR T-cell treatment. The patient
achieved and sustained a complete response (CR) for over 36
months after CAR T-cell therapy. This report indicates that
introducing glucocorticoids after the median time to peak CAR
T-cell expansion may be a viable option for balancing and
managing CRS and infections, and enhances awareness of severe
DAH as a critical complication following CAR T-cell therapy.

2 Case presentation

A 54-year-old man was diagnosed with stage IV HGBL,
characterized by extranodal involvement, positivity for CD19, Ki-
67 expression of over 90%, and features indicative of double
expression and double-hit lymphoma (DHL). Genetic analysis
revealed a mutation in MYD88/CD79B and TP53. Despite
undergoing four lines of therapy, including rituximab-based and
anthracycline-based chemotherapies and autologous hematopoietic
stem cell transplantation (auto-HSCT), the patient never achieved
CR (Figure 1A). In late 2021, the patient presented to our
department with weakness and B symptoms and elevated levels of
aminotransferases, bilirubin, and lactate dehydrogenase (LDH)
(Supplementary Figure S1). Positron emission tomography-
computed tomography (PET-CT) revealed hypermetabolism in
multiple lymph nodes, lungs, liver, spleen, and bones
(Supplementary Figure S2A).

Considering the patient’s refractory condition, CAR T-cell
therapy was deemed a rational course of action. To optimize the
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FIGURE 1
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CAR T-cell infusion

Treatment of the patient. (A) The history of treatment before CAR T-cell therapy. R2-CHOP included rituximab 700 mg on day 1, cyclophosphamide
1.4 g on day 2, doxorubicin 130 mg on day 2, vincristine 2 mg on day 2, prednisone 50 mg daily from day 2 to day 6, and lenalidomide 25 mg daily
from day 2 to day 11; R-ESHAP included rituximab 700 mg on day 1, etoposide 74 mg daily from day 1 to day 4, cisplatin 46 mg daily from day 1 to
day 4, cytarabine 3.7 g on day 5, and prednisone 50 mg daily from day 1 to day 5; BEAM included carmustine 450 mg on day -7, etoposide 360 mg
daily from day —6 to day -3, cytarabine 360 mg on day -3, and melphalan 250 mg on day —2. (B) The clinical application scheme of the CAR T-cell
therapy. CAR, chimeric antigen receptor; auto-HSCT, autologous hematopoietic stem cell transplantation; SD, stable disease; PD, progressive
disease; m, month; DM, doxorubicin hydrochloride liposome and chlormethine hydrochloride; FC, fludarabine and cyclophosphamide; d, day.
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efficacy of CAR T-cell treatment, the patient received ibrutinib (560
mg once daily from day —34 to —7) and polatuzumab vedotin (140
mg once daily on day —16) as bridging therapy. This was followed
by an intensified lymphodepleting chemotherapy regimen
consisting of doxorubicin hydrochloride liposome (20 mg once
daily on day —7), chlormethine hydrochloride (15 mg once daily on
day -7), fludarabine (20 mg once daily on days -6, -5, —4), and
cyclophosphamide (0.4 g once daily on days -6, -5, —4) (Figure 1B).
On day -5, the patient developed herpes zoster, presenting with a
maculopapular rash and vesicles. Antiviral treatments were initiated
alongside human immunoglobulin. On the next day, the patient
developed a fever with a maximum temperature of 39.0°C. The
leukocyte count dropped to 0.05 x 10°/L, and procalcitonin (PCT)
levels were elevated at 25.74 ng/mL (reference range < 0.5 ng/mL).
Broad-spectrum antibiotics and antifungal agents were
administered as a precaution.

On 7 January 2022, the patient received a CAR T-cell infusion,
with a total of 100 x 10° CD19 CAR T cells (relmacabtagene
autoleucel). Between days 3 and 5 post-infusion, the patient
experienced hemoptysis, dyspnea, and fever, with auscultation
revealing sporadic wet rales. Arterial blood gas analysis indicated
respiratory failure (PaO,: 53 mmHg), and hemoglobin levels fell to
66 g/L. Chest radiography revealed bilateral diffuse exudation, and
chest CT showed extensive ground-glass opacification (GGO) and
consolidation with interlobular septal thickening (Figure 2), leading
to a diagnosis of DAH. PMseq-DNA Pro high-throughput gene
detection revealed the presence of human beta-herpesvirus 5 (13
gene sequences) in the phlegm and human beta-herpesvirus 5 (7
gene sequences) and human alpha-herpesvirus 3 (780 gene
sequences) in the peripheral blood (Supplementary Table S1),

day 1 Baseline

FIGURE 2
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suggesting reactivation of the herpesvirus. Simultaneously,
cytokine levels increased and CAR T cells massively proliferated
in the peripheral blood (Figure 3), leading to a diagnosis of grade 3
CRS. In addition to symptomatic, supportive therapies, antiviral
treatments, and plasma were administered to support immunologic
function, along with recombinant human TNF receptor-Ig fusion
protein that was initiated to manage CRS. However, on day 8,
pneumonia and respiratory failure worsened. Methylprednisolone
sodium succinate (80 mg once daily from day 9 to 11, 60 mg once
daily on day 12, 40 mg once daily on day 13) was administered from
day 9 to 13 for its anti-inflammatory and immunosuppressive
properties. Subsequently, the patient’s vital signs stabilized, and
the clinical manifestations and pneumonia gradually improved
(Figure 2). The patient achieved CR from the first month after
CAR T-cell infusion and lasted for 36 months until the cutoff date in
January 2025 (Supplementary Figure S2).

3 Discussion

The prevention and management of infection and CRS during
CAR T-cell therapy is the focus of ongoing work. While CAR
T-cell therapy has manifested remarkable efficacy in treating
hematological malignancies, it is associated with several adverse
effects. A meta-analysis indicated that infections are the primary
driver of non-relapse mortality, regardless of the type of CAR T-cell
product or disease entity, accounting for more than half (50.9%) of
all reported non-relapse deaths (11). CRS, as a CAR T-cell side
effect, is associated with 4.7% of non-relapse deaths (11). Thus,
infection complicated by CRS may pose a potentially life-

1 month

Changes in pulmonary inflammation at different time points after CAR T-cell infusion. (A) Before CAR T-cell infusion. (B) Five days after CAR T-cell
infusion: extensive GGOs and consolidation with interlobular septal thickening. (C) Fifteen days after CAR T-cell infusion: notably reduced GGOs and
consolidations. (D) One month after CAR T-cell infusion: there was almost complete resolution of pulmonary inflammation. CAR, chimeric antigen

receptor; GGOs, ground-glass opacities.
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FIGURE 3

The proliferation of CAR T cells in peripheral blood. (A) One day after CAR T-cell infusion. (B) Four days after CAR T-cell infusion. (C) Seven days
after CAR T-cell infusion. (D) Twelve days after CAR T-cell infusion. (E) Fourteen days after CAR T-cell infusion. (F) CAR gene copy number, CAR T-
cell absolute number, and CAR T-cell proportions in peripheral blood. CAR, chimeric antigen receptor.

threatening risk to the patient. However, specific treatment
guidelines are still lacking, and balancing these two conditions
remains challenging. To our knowledge, this represents the first
reported case of severe viral pneumonia complicated by grade 3
CRS-induced DAH during CAR T-cell therapy that was successfully
managed by introducing glucocorticoids following the median peak
expansion of CAR T cells.

In our study, the patient was diagnosed with a highly aggressive,
relapsed/refractory stage IV HGBL and adverse genetic mutations,
which may indicate a poor prognosis. He had previously undergone
multiple lines of chemotherapy and an auto-HSCT. Prior to receiving
CAR T-cell therapy, he also received bridging therapy followed by
intensive lymphodepletion conditioning. These cumulative
treatments collectively compromised the patient’s immune function
and increased susceptibility to infections (6, 7, 12). The patient
developed herpes zoster 5 days before CAR T-cell infusion. In
response, antiviral medication and human immunoglobulin were
administered to manage the viral infection. Additionally, broad-
spectrum antibiotics and antifungal drugs were provided as
prophylactic treatment. Unfortunately, within 3 to 5 days following
CAR T-cell infusion, the patient developed symptoms including
cough, hemoptysis, and dyspnea. Further diagnosis through DNA
polymerase chain reaction sequencing and imaging studies indicated
the presence of viral pneumonia. Additionally, the patient exhibited
pulmonary lymphoma infiltration, respiratory failure, and grade 3
CRS. CT scans reveal bilateral consolidative changes, diffuse ill-

Frontiers in Hematology

defined patchy GGO, and interlobular septal thickening (Figure 2).
Notably, these findings suggest that this viral infection and severe
CRS have induced the occurrence of DAH, a condition that has not
been previously reported in the literature.

There is no consensus on the optimal management of viral
infections and CRS occurring after CAR T-cell therapy.
Corticosteroid treatment might be a strategy to balance the
impact of both conditions. Corticosteroids, recommended by
multiple guidelines for the treatment of severe infections (13, 14),
can effectively reduce inflammatory responses and minimize organ
damage. Furthermore, it can mitigate CRS by inhibiting the
proliferation of CAR T cells and other immune cells, as well as
reducing the production of inflammatory cytokines (15-18).
Nevertheless, the use of corticosteroids during the early
phase of CAR T-cell therapy can influence the expansion of
CAR T cells, thereby affecting clinical efficacy (19). Therefore, the
timing of corticosteroid administration is critical and requires a
careful balance between effectiveness and safety to ensure
optimal treatment outcomes. Currently, the optimal timing of
corticosteroid administration to balance CRS and infections
remains unclear. In this case, given the potential for early
administration of corticosteroids to hinder antitumor activity and
CAR T-cell expansion, thereby affecting long-term prognosis (10),
glucocorticoids were not immediately introduced to treat early
severe infections and CRS. Aggressive therapeutic approaches
involving anti-infection measures, immune modulation, and anti-
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cytokine agents were undertaken. However, no significant clinical
improvement was observed initially. Until the introduction of
glucocorticoids after the median time to peak CAR T-cell
expansion (Figures 1, 3), the patient’s toxicity was effectively
managed, ultimately resulting in the achievement of a long-term
CR (Supplementary Figure S2). This case offers clinicians early
diagnosis and treatment recommendations for CRS and infection
following CAR T-cell therapy, providing references for treatment
strategies and medication time points.

Although a study reported a case of a patient with
relapsed/refractory B-cell acute lymphoblastic leukemia who
successfully underwent treatment for severe CRS and infection via
hemofiltration after CD19 CAR T-cell infusion, that patient did not
develop DAH as observed in this study (9). This is the first
documented case of a patient with primary refractory HGBL
developing CRS and reactivation of herpesvirus infection, inducing
a severe DAH, following CAR T-cell therapy. The FDA has issued
black box warnings for CAR T-cell therapies, emphasizing the
importance of reporting novel safety concerns. Therefore, our study
is also crucial for identifying potential toxicity signals associated with
CAR T-cell products.

4 Conclusion

In summary, we report the first case of severe viral infection
complicated by grade 3 CRS-induced DAH during CAR
T-cell therapy that was successfully managed by introducing
glucocorticoids following the median peak expansion of CAR T
cells. A comprehensive approach, incorporating anti-infective
measures, immunosuppression, and strategic use of steroids
following the peak of CAR T-cell amplification, offers the best
potential for optimizing patient outcomes and provides valuable
insights for managing similar cases.
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