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Case Report: Fatal
cytomegalovirus pneumonia
after CAR-T cell therapy in
the long-term follow-up

Jiali Cheng, Jin Huang, Wenyue Cao, Liang Huang, Xia Mao,
Liting Chen, Jianfeng Zhou and Na Wang*

Department of Hematology, Tongji Hospital, Tongji Medical College, Huazhong University of Science
and Technology, Wuhan, Hubei, China

Introduction: The rapidly developed CAR-T cell therapy has a unique profile of
side effects, which perhaps has not been totally realized and understood,
especially the late-phase toxicity. CMV is prevalent world-wide and establishes
a life-long latency infection. It can lead to life-threatening complications in
immunocompromised host, and little is known about CMV disease in patients
after CAR-T cell therapy. Here, we report a patient who developed possible
CMV-pneumonia three months after anti-CD19 and anti-CD22 CAR-T cell
therapy for relapsed B-ALL, contributing to the understanding of severe side-
effects mediated by virus infection or reactivation in patients receiving CAR-T cell
infusion.

Case presentation: A 21-year old male patient with relapsed B-ALL received anti-
CD19/22 CAR-T cell therapy, and achieved complete remission 2 weeks after the
infusion. However, three months later, the patient was hospitalized again with a
10-day history of fever and cough and a 3-day history of palpitations and chest
tightness. He was diagnosed with possible CMV pneumonia. Under treatment
with antiviral medicine (ganciclovir/penciclovir), intravenous gamma globulin
and methylprednisolone and the use of BiPAP ventilator, his symptoms
improved, but after removing penciclovir his symptoms went out of control,
and the patient died of respiratory failure 22 days after admission.

Conclusion: CMV infection/reactivation can occur in patients long after
receiving anti-CD19/22 CAR-T cell therapy, and induce fatal pneumonia,
which reminds us of the late side effects associated with immunosuppression
after CAR-T cell infusion.
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Background

Tumor immunotherapy has rapidly developed, and chimeric
antigen receptor (CAR)-T cell therapy for B cell malignancies is a
good example. The extraordinary outcomes of anti-CD19 CAR-T
therapy for relapsed or refractory non-Hodgkin B cell lymphoma (B-
NHL) (40%-60% complete remission, CR) and B cell acute
lymphoblastic leukemia (B-ALL) patients (70%-94% CR) have led
to the U.S. food and drug administration (FDA) to grant the first
approval for cellular therapy (1-3). The synthetic CAR endows T
cells with the capability of recognizing and cytolyzing target cells
expressing the specified antigen (4). Moreover, it is a “live” drug,
which expands and persists in vivo, providing long-term disease
surveillance, and, therefore, the related side effects may also happen
late after CAR-T infusion. The well-noticed toxicities are cytokine-
release syndrome (CRS) and neurotoxicity, generally occurring
within one month after infusion. Infectious complications within 3
months after infusion have recently been seen, including hepatitis B
virus (HBV) and cytomegalovirus (CMV) reactivation/infection (5,
6). Whilst the risk of viral reactivation/infection still exists during the
late-phase (three months post-infusion) of CAR-T cell therapy due
to the persistent immune suppression, related reports are limited.

CMYV, a linear double-stranded DNA virus, belongs to the beta-
herpesvirus subfamily, and is prevalent among the population, with
over 95% seropositivity in Chinese adults (7). It usually results in an
asymptomatic latent infection (the viral DNA is undetectable in
blood or other body fluids) in immunocompetent individuals. CMV
infection (reactivation) is diagnosed based on the detection of CMV
DNA or antigen in body fluids or isolation of CMV in tissue
specimens (in a previous seropositive individual) (8). CMV disease
includes CMV syndrome, and end-organ disease that is defined as
presence of the clinical symptoms and identification of CMV in the
relevant tissues. Notably, CMV DNA detected in the blood, together
with clinical symptoms, is insufficient to diagnose a proven CMV
disease (except for CMV retinitis), but support the possibility of
other CMV diseases when other causations for the symptoms are
excluded and anti-CMV therapy works (8). Even in
immunocompromised patients, not all CMV infection/
reactivation develops into CMV disease. To date, CMV infection/
reactivation has mainly been studied in patients undergoing
hematopoietic stem cell transplantation (HSCT) or organ
transplantation, and in patients infected with human
immunodeficiency virus (HIV) (9, 10). The incidence rates
ranged from 17% to 92%, with distinct manifestations, including
myelosuppression, pneumonia, gastrointestinal symptoms,
disorders of the central nervous system and even myocarditis (11,
12). Tt is consistent with the literature that a deficiency in cellular
immunity often results in CMV infection/reactivation and diseases.
However, a few studies, including case reports and retrospective
studies, have shown that CMV infection/reactivation may occur in
patients receiving rituximab therapy, which eliminates B cells (13).

Here, we report a case of fatal CMV pneumonia three months
after anti-CD19/22 CAR-T cell therapy. This case may raise
awareness of long-term risk of severe viral infection in the era of
anti-CD19/22 CAR-T cell therapy.
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Case description

A 21-year-old man was diagnosed with B-ALL 5 years ago
(August 2015) and received chemotherapy consisting of one cycle of
VCDLP (CTX, vindesine, daunorubicin, prednisone, PEG-
aspargase) for induction (14)), and one cycle of MTX plus PEG-
aspargase for consolidate (14). After these two cycles of therapy,
minimal residue disease (MRD) was still positive. Therefore, he
underwent a second-line therapy with MA (MTX and Arac) (15),
and reached MRD-negative complete remission (CR). In March
2016, he received allo-HSCT (allogenic hematopoietic stem cell
transplantation) from an HLA-matched unrelated donor, and all
went well with no occurrence of CMV reactivation. Four months
later, a disease relapse was suspected, and the patient was admitted
to our hospital for further treatment, where he underwent bone
marrow (BM) examination. Flow cytometry revealed 18.5%
abnormal B lymphoblasts, and immunohistochemistry showed
significant hyperplasia of abnormal lymphoblasts with CD34"
TdT* CD79a" CD10* CD19" CD22* CD3" BCL2" MPO™ and Ki-
67 Li 90%. Gene examination revealed a missense mutation in the
NOTCH?2 gene and a splice variant of the IKZFI gene. No evidence
of central nervous system (CNS) invasion or any other
extramedullary diseases were identified. Serological tests were
negative for HBV antigens/antibodies except for HBsAb, but they
were not performed for CMV antibodies. No CMV DNA or HBV
DNA was detected in the blood. The chest CT scan and
hematobiochemical results were consistently normal. He was
allergic to ofloxacin and had no history of exposure to HBV,
HIV, tuberculosis, or any other infectious diseases. No other
clinical history, familiar or psycho-social history of importance.

Given the relapse after HSCT, we treated the patient with the
sequential infusion of anti-CD19 and anti-CD22 CAR-T cells
(ChiCTR-OPN-16008526). It took two weeks to manufacture the
patient’s own anti-CD19 and anti-CD22 CAR-T cells from collected
peripheral blood mononuclear cells (PBMCs). The transfection
rates of CD19 CAR and CD22 CAR were 35.6% and 40.9%,
respectively (Figure 1A). The patient was treated with 3-day
conditioning chemotherapy consisting of fludarabine 25 mg/m*
and cyclophosphamide 20 mg/kg per day, and was sequentially
transfused with CD19 CAR-T cells and CD22 CAR-T cells at doses
of 1.5x10° cells/kg and 1x10° cells/kg, respectively. As shown in
Figure 1B, CAR-T cells expanded well in vivo with CD19 and CD22
CAR copy numbers of 1,034,286 and 52,857.14 per g genomic
DNA, respectively, on day 6. Meanwhile, after the infusion of CAR-
T cells, the patient developed grade 3 CRS manifested as high fever
(max temperature of 41°C), hypotension (lowest at 88/42 mmHg,
responsive to fluids therapy), hypoxia (requiring high-flow nasal
cannula oxygen), coagulopathy (requiring fresh frozen plasma),
pulmonary edema characterized by extensive rales among both
lower lobes of the lung, and grade 3 immune effector cell-associated
neurotoxicity syndrome (ICANS) with two-side blurred vision. Eye
examinations found patchy bleeding around the infratemporal
branch of the central retinal vein and scattered exudation in the
other parts of the right retina (suspected to be associated with
coagulopathy and severe thrombocytopenia), and mild retinal
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FIGURE 1

CD19 and CD22 CAR-T cell cocktail therapy for B-ALL. (A), The CAR19 and CAR 22 transfection rate determined by flow cytometry are 35.6% and
40.9%, respectively. (B), The expansion of CAR-T cells in the PB measured by the CAR-contained lentivirus copies. (C), Levels of IL-6 during CAR-T
cell therapy. (D), Levels of ferritin during CAR-T cell therapy. (E), Numbers of WBC and lymphocyte during CAR- T cell therapy.

edema (no hemorrhage was observed) in the left eye. Laboratory
testing revealed markedly increased levels of IL-6 and ferritin after
CAR-T cell infusion, as shown in Figures 1C, D, with peak values of
1,260 pg/mL and 30,014 ug/L on day 6 and day 8, respectively. The
serum levels of aspartate aminotransferase (AST), alanine
aminotransferase (ALT), N-terminal B-type natriuretic peptide
(NT-proBNP), and hypersensitive troponin were also abnormally
elevated. After one session of plasma exchanges [to selectively
eliminate inflammatory cytokines (16)], two 40-mg doses of
methylprednisolone, and other supportive treatments, the
inflammatory cytokine storm was gradually controlled, with both
the levels of IL-6 and ferritin falling to baseline levels 2 weeks after
the infusion as well as the levels of AST, ALT, NT-proBNP, and
hypersensitive troponin. The blurred vision disappeared
spontaneously two days later. In addition, the patient experienced
severe myelosuppression but recovered two weeks later, as depicted
in Figure 1E. The patient received prophylactic anti-infective

treatment (excluding antiviral therapy) after CAR-T cell infusion,
and no severe infection was observed during treatment. BM
aspiration was performed on day 14, indicative of complete
remission by flow cytometry.

On December 3, three months after CAR-T cell treatment, the
patient was hospitalized with a 10-day history of low fever
(37-38 °C) and cough, and a 3-day history of palpitations, chest
tightness and dyspnea. The primary disease was well controlled, and
B cells were still absent (Figure 2A). The findings on chest X-ray
suggested pulmonary infection and interstitial infiltration
(Figure 2B). CMV DNA, rather than bacterial DNA or fungal
DNA, was detected in the peripheral blood by next-generation
sequencing (NGS) sequencing. Given the patient’s previous medical
history, clinical manifestations, and laboratory and radiographic
evidence, he was diagnosed with suspectable CMV pneumonia
(fiberoptic bronchoscopy was contraindicated as the patient was
oxygen dependent, and therefore, no pneumonia tissue was
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available to confirm CMV infection). On December 4, the patient
received antiviral (ganciclovir 5mg/kg ql12h) therapy, as well as
preventive anti-bacteria (tigecycline 50mg q12h, and sequential use
of cefoperazone/sulbactam 3g q8h, meropenem 0.5g q6h and
imipenem/cilastatin 1g q8h) and anti-fungi (sequential use of
voriconazole 0.2g ql2h and caspofungin 50mg qd) therapy (all
intravenously). However, the symptoms worsened rather than
alleviated, with the occurrence of diarrhea (yellow watery stool)
and an SpO2 of 90% despite using oxygen mask on December 7.
Therefore, we introduced intravenous gamma globulin 20 g/day,
methylprednisolone 40 mg/day and bilevel positive airway pressure
(BiPAP) ventilation on December 8, after which his pulmonary
symptoms gradually improved. Ganciclovir was changed to
penciclovir (5mg/kg ql2h, intravenous drip) due to the
side effects of limb numbness, chills and pain at the infusion site.
During treatment with these two antiviral drugs, the patient’s WBC
count and platelet count decreased progressively (Figure 2C). We
stopped penciclovir on December 18 when the clinical symptoms
had improved. Meanwhile, CMV DNA was negative in the blood,
and a chest X-ray showed reduced inflammatory filtration.
However, the side effects of myelosuppression aggravated, and
three days after treatment discontinuation with penciclovir, the
patient again reported chest tightness and shortness of breath. We
reintroduced penciclovir on December 21, but the patient’s
symptoms gradually worsened. He died on December 25 from
respiratory failure. The key events in this case are summarized
in Figure 3.

Discussion

Even though the conditions for the diagnosis of possible CMV
pneumonia were not fully met in this case, the new presence of
CMV DNA in the blood three months after CAR-T infusion and the
rapidly progressing clinical course should make us aware of paying
special attention to late-phase toxicity, while encouraged by the
impressive response of CAR-T therapy. Here we would like to
discuss the following questions: 1) the rate of CMV infection/
reactivation during CAR-T cell therapy and the clinical
significance; 2) the possible mechanisms and high-risk factors
related to CMV infection/reactivation, especially in CAR-T cell
therapy; 3) the effectiveness of prevention strategies and the
advancement in therapies.

10.3389/fimmu.2023.1226148

First, the infection/reactivation of CMV after CAR-T cell
therapy was rarely reported. The available information includes:
four cases of CMV DNAemia with one developing CMV
pneumonia (not proven) in a 133-patient cohort within 90 days
post anti-CD19 CAR-T infusion (5); three cases of detectable viral
DNA with no significant symptoms out of 60 cases within one year
after therapy (17); no CMV reactivation in 83 (within 90 days after
therapy)/53 (within 180 days after therapy) cases of cohorts
reported by Vora et al. and Park et al. (18, 19). In allo-HSCT, the
incidence of CMV infection ranges from 30% to 70%, with a CMV
disease rate of 10-40%. Approximately 70% of the patients who
developed CMV disease died (20). However, CMV DNA is
routinely monitored in allo-HSCT recipients but not in CAR-T
recipients, and CMV infection/reactivation can be asymptomatic.
Meanwhile, approximately 31% of CMV reactivation were
coinfected with other microbes (21), which may lead to the
neglection of CMV infection in the early stages. Moreover, CAR-
T recipients are typically heavily pre-treated, with around one third
experiencing HSCT, which may lead to an increased risk of CMV
infection/reactivation (discussed in the following part). Therefore,
the rates of CMV infection/reactivation after CAR-T therapy and its
clinical significance are possibly underestimated.

Second, CMV infection/reactivation mainly occurs in
immunocompromised patients, especially with cellular deficiency,
like HIV-positive patients and organ transplant patients. It is well
established that CMV-specific CD4" T cells and CD8" T cells play a
pivotal role in controlling the replication and reactivation of CMV
through a cytotoxic mechanism, like the secretion of IFN-y (22). A
recent study showed that humoral immunity also plays a key role in
inhibiting CMV infection/reactivation. Injection of strain-specific
protective antibodies prevented CMV reactivation by restricting the
dissemination of CMV in mice with no plasma cell (23).

In the setting of anti-CD19/22 CAR-T therapy, the impaired
immune functions caused by multiple lines of chemotherapy (24),
fludarabine-containing conditioning chemotherapy (11, 25), and
CAR-T cell activity-induced B cell aplasia potentially increase the
risk of CMV infection/reactivation. The situation is more
complicated for patients who have relapsed after allo-HSCT. Risk
factors of CMV infection/reactivation in HSCT recipient are detailly
summarized (26). Nevertheless, 90% of CMV infection/reactivation
occurred within 100 days post HSCT (27), indicative of the minimal
possibility of the infection in this case secondary to HSCT
(happened 7 months after HSCT). Generally, risk factors for
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CMV infection/reactivation and CMV disease in CAR-T cell
therapy are scarcely understood, which may be due to the limited
cases reported. In this case, the complete blood count (CBC) was
already recovered when CMYV reactivation happened, but the
immune functions were unclear. More basic studies and clinical
data are needed to further evaluate the hematological toxicity of
CAR-T therapy (not only the CBC, but also the immune function)
and associate it with CMV infection/reactivation.

Finally, there are no available guidelines for the prevention of
CMV infection/reactivation in CAR-T therapy. Experience in allo-
HSCT settings may provide a possible reference. Before conduction of
HSCT, serological status for CMV will be determined (unknown in
this case regretfully), guiding the infusion of blood products. A
seronegative recipient should avoid transfusion of seropositive
blood, unless leukocyte-depleted (28). Even though reported to
reduce the risk of CMV infection/reactivation (acyclovir and
valaciclovir) (29) and CMV disease (ganciclovir), prophylactic anti-
CMV therapy using acyclovir, valaciclovir, or ganciclovir, does not
improve the overall survival (30). Additionally, preventive anti-CMV
therapy increases the incidence of late (more than 100 days post
HSCT) CMV diseases (31), and exposes those who will not develop
CMV infection/reactivation to side effects. Excitingly, a newly
approved prophylactic anti-CMV drug, letermovir, can reduce the
CMV infection rate from 60.6% (placebo group) to 37.5% within 24
weeks of follow-up in seropositive HSCT settings, with tolerable
safety profiles (32). It is also possibly beneficial for some CAR-T
recipients. Routine detection of CMV DNA in the blood is
recommended, which provides signals to initiate pre-emptive
therapy, and therefore effectively prevents CMV diseases (33).
However, there are studies arguing that it is not necessary to
monitor CMV infection/reactivation in patients other than allo-
HSCT recipients since only a small proportion of patients with
CMV DNAemia develop into CMV disease (34, 35). Nevertheless,
CAR-T cell therapy creates a totally novel situation that is different
from those associated with other therapies.

The primary pre-emptive treatment of CMV infection/
reactivation is the intravenous ganciclovir or foscarnet, or oral
valganciclovir, with a duration of at least 2 weeks. The viral load
should be monitored during therapy, which is important for the
therapeutic instruction, but regretfully was not performed in this
case. The intravenous transfusion of immunoglobulin or CMV
antibodies is used in clinical practice as an adjuvant therapy, with
no consistent evidence supporting the effectiveness. The main
obstacles to administering these regimens are safety concerns and
drug resistance (36). In this case, the myelosuppression side-effect
of anti-viral medicine (ganciclovir/penciclovir), together with the
potential reduced bone marrow reserve after CAR-T therapy and
CMYV infection itself, led to the dramatic decrease in CBC and
intolerance to the therapy. The second-line therapy includes a
combination of half-dose of foscarnet and ganciclovir, and
cidofovir (37, 38). Novel therapies such as adoptive CMV-specific
T cell transfusion are being researched, with promising primary
outcomes (39, 40). A similar regimen is commended for CMV
pneumonia. Altogether, a speedy recognition of CMV infection/
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reactivation and initiation of effective treatment is vitally important
for patients with a likelihood of developing CMV end-
organ disease.

In conclusion, we report a case of rare fatal CMV pneumonia
three months after CAR-T cell therapy to raise awareness of the
issue of severe CMV disease after CAR-T therapy. Additionally, lots
of CAR-T recipients have experienced allo-HSCT, which
complicates the problems of CMV reactivation after CAR-T
infusion. Thus, during the outpatient follow-up of these patients,
close attention should be paid to CMV reactivation. It would be
interesting to investigate the benefit of prophylactic therapy using
letermovir in the clinical setting, and estimate the high-risk
population to develop CMV reactivation and CMV disease.

Patient perspective

The patient and his parents were fully engaged throughout the
treatment process. We’ve had thorough discussions with them
about the CAR-T therapy, the diagnosis, treatment and prognosis
of CMV pneumonia and the original disease in a timely manner,
and collectively reached a therapeutic decision. We obtained the
informed consent to report this case from the patient’s father.
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