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Waldenstrom macroglobulinemia (WM) is char-
acterized by lymphoplasmacytic lymphoma associated
with large amounts of monoclonal immunoglobulin
M (IgM) protein (Owen et al., 2003). Common signs
and symptoms include fatigue due to anemia, lymph
node enlargement, hepatosplenomegaly, thrombocyto-
penia, symptoms related to high viscosity, and periph-
eral neuropathy, among others. Despite significant ad-
vances in WM treatment, this type of indolent lymph-
oma remains incurable, with a wide array of patient
outcomes (Ruan et al., 2020). In recent years, chimeric
antigen receptor T (CAR-T) cell therapy targeting
cluster of differentiation 19 (CD19) has shown unpre-
cedented response rates and durability in the treatment
of B-cell malignancies. In this report, we describe a
challenging case of WM that involved multiple extra-
medullary sites, relapsed, and was refractory to chemo-
therapy, immunotherapy, and targeted therapy. After
anti-CD19 CAR-T cell therapy, the tumor burden sig-
nificantly decreased and the patient’s condition re-
mained stable at the writing of this report.

In August 2018, a 66-year-old female presented
with headache and fever and was diagnosed with
cryptococcal meningitis. Anemia was noted, but no
further workup was performed. In December 2019, the
patient developed generalized pruritus, followed by
dizziness, fatigue, and low-grade fever. Laboratory
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tests revealed severe normocytic anemia (hemoglobin
(Hb) 5.9 g/dL), elevated globulin (52.5 g/L) and IgM
(4784 mg/dL) levels, and increased serum levels of -2
microglobulin and lactic dehydrogenase, as well as
lymphadenopathy. Immunohistochemical studies of
lymph node biopsy showed monoclonal B-cells with
the expression of CD20, CD19, and « light chain re-
striction, and negative staining for CD5, CD10, and
CD23. Bone marrow biopsy revealed 80% diffuse in-
filtration of small lymphocytic cells with MYD8§"*"
mutation (the leucine to proline exchange at position
265 (L265P) in the myeloid differentiation primary re-
sponse gene 88 (MYDSS)), consistent with lymph node
biopsy. Fluorodeoxyglucose (FDG)-positron emission
tomography (PET)/computed tomography (CT) scan
detected enlarged lymph nodes and increased FDG
uptake in the paravertebral soft tissue (standardized
uptake value (SUV)=3.5). The patient was diagnosed
with WM, and the revised International Prognostic
Staging System (rIPSS) score was 4 (very high risk)
(Kastritis et al., 2019). The patient received four cycles
of chemoradiotherapy with rituximab, cyclophosph-
amide, and dexamethasone (RCD). Subsequently,
blood tests showed that Hb increased to 7.8 g/dL. and
IgM decreased to 2864 mg/dL. However, the patient
developed multiple body rashes and back pain. Mag-
netic resonance imaging (MRI) suggested infiltration
of lymphoma in the vertebrae and surrounding tis-
sues. L5 vertebral body biopsy revealed an increase in
small B lymphocytes. Since the patient’s condition
continued to deteriorate, she was enrolled in a single-
arm, multicenter, phase IV clinical trial and began tak-
ing ibrutinib. Three months later, she developed dys-
pnea and bloody pleural effusion. Flow cytometry of
the pleural fluid showed abnormal B lymphocytes.
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The patient then received two cycles of ibrutinib and
rituximab (IR) treatment; however, the pleural effu-
sion did not improve, and therefore, the patient re-
ceived six cycles of bendamustine and rituximab (BR)
treatment. The pleural effusion gradually subsided, re-
sulting in a partial response. Five months after therapy,
a follow-up examination showed Hb level of 11.6 g/dL
and IgM level of 987 mg/dL, but a new lump was
found on the right chest, accompanied by multiple
pleural-based masses detected by CT, indicating dis-
ease progression. Biopsy of the lump confirmed lym-
phoplasmacytic lymphoma with MYD88”*" and frame-
shift mutations in C-X-C chemokine receptor type 4
(CXCR4) by next-generation sequencing (NGS). The
patient then underwent one cycle of R-CHOP regi-
men (rituximab, cyclophosphamide, liposomal doxo-
rubicin, vincristine, and dexamethasone) chemo-
therapy; however, the soft tissue lump on the right
chest wall was enlarged. PET visualized multiple ir-
regular soft masses in the right chest wall with multiple
generalized lymphadenopathies, hepatosplenomegaly,
and involvement of the right gluteus maximus muscle
and left iliac muscle (SUV max=6.3) (Fig. 1a). The
patient was subsequently enrolled in a clinical study
(NCT 04532281) evaluating the safety and efficacy
of anti-CD19 CAR-T therapy in relapsed/refractory
(R/R) B-cell hematological malignancies. Chemother-
apy was administered with fludarabine and cyclophos-
phamide (FC) regimen followed by infusion of second-
generation CD19-directed CAR-T cells (2x10° cells/kg)
in July 2022. These CAR-T cells containing 4-1BB
co-stimulatory and CD3( signaling domains were
manufactured by Shanghai Yake Biotechnology Com-
pany (Shanghai, China). Following CAR19 T-cell in-
fusion, the patient experienced a low-grade fever from
Days 3 to 8. Additionally, she developed grade 4 leu-
kocytopenia (common terminology criteria for ad-
verse events (CTCAE) version 5). To manage the
grade 1 cytokine release syndrome (CRS), the pa-
tient received tocilizumab treatment. Importantly, no
neurological toxicity or secondary infections could be
observed. A PET/CT scan three months after treat-
ment revealed very good partial response (VGPR)
according to the 11th International Workshop on
Waldenstrom’s Macroglobulinemia (IWWM-11) re-
sponse criteria (Treon et al., 2023), especially due to
the disappearance of the chest wall extramedullary
mass (Fig. 1b), with Hb increased to 12.8 g/dL and

(b)

Fig. 1 Comparison of fluorodeoxyglucose (FDG)-positron
emission tomography (PET)/computed tomography (CT)
before and after chimeric antigen receptor T (CAR-T)
treatment. (a) PET image prior to CAR-T cell therapy.
Multiple foci of hypermetabolism could be observed
throughout the body. (b) FDG-PET image three months
after CAR-T cell therapy. The foci of hypermetabolism
were significantly reduced in number and intensity.

IgM decreased to 219 mg/dL. She remained in VGPR
at the 12-month follow-up.

WM is considered an incurable disease, in which
treatment decisions should take into account various
factors, such as patient comorbidities, treatment goals,
and risks of immunosuppression. First-line treatment
options for symptomatic WM patients include CD20
monoclonal antibody combined with alkylating agents
or proteasome inhibitors, and Bruton’s tyrosine kinase
(BTK) inhibitors. These regimens can also be used for
the management of R/R patients. Drugs targeting
MYDSS, CXCR4, and CAR-T cell therapy have shown
potential for R/R patients (Castillo et al., 2020, 2022;
Gertz, 2023; Thompson and Tam, 2023).

The initial treatment chosen for this patient was
the RCD regimen, which is a commonly used chemo-
therapeutic immunotherapy for WM patients. Com-
parative research on the efficacy of initial treatments
in WM has been limited. Retrospective studies sug-
gest that the BR regimen may have better efficacy
than the RCD regimen, while RCD has relatively low
toxicity and can control cell reduction and gastrointest-
inal symptoms, making it a reasonable treatment op-
tion for this patient (Abeykoon et al., 2021). Neverthe-
less, the patient’s condition progressed with the ap-
pearance of multiple extramedullary lesions.

While ibrutinib-containing regimens are ideal for
R/R WM, they may not be as effective for patients with
bulky extramedullary disease, malignant pleural effu-
sions, or severe bone marrow involvement (Treon,
2015). The examination of the chest wall mass in this



patient indicated CXCR4 WHIM (warts, hypogamma-
globulinemia, infections, myelokathexis) in addition
to MYD88"*", which may have affected the efficacy
of ibrutinib. Thus, treatment was adjusted to BR, which
resulted in a significant improvement, with the pleural
effusion subsiding.

When the chest wall mass continued to enlarge
after R-CHOP therapy, an unconventional treatment
approach was urgently needed to address the refractory
extramedullary lesion. At this point, the possibility of
autologous stem cell transplantation (ASCT) was con-
sidered. However, hematopoietic stem cell transplan-
tation (HSCT) has limited data on its effectiveness in
WM patients, especially for those with chemotherapy-
refractory disease (Kyriakou, 2018).

The implementation of new therapies and partici-
pation in clinical trials are crucial to improving the
prognosis of WM patients. In recent years, for ex-
ample, CAR-T cell therapy has shown significant effec-
tiveness against resistant B-cell malignant tumors,
particularly in large B-cell lymphoma and trans-
formed follicular lymphoma (Locke et al., 2019). Not-
withstanding, the application of CAR-T cell therapy in
WM has not been systematically evaluated. Palomba
et al. (2022) showed that CD19-targeted CAR-T cell
therapy could effectively target WM cells and led to
responses in three patients with repeatedly R/R diseases,
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including complete remission, partial remission, and
stable disease. Although disease recurrence occurred
between 3 and 26 months after initial treatment, CD19-
targeted CAR-T cell therapy was effective in R/R WM
patients. Successful CAR-T cell therapy was also re-
ported in a patient with a transformed WM. The pa-
tient had poor responses to various chemotherapy regi-
mens, and the disease progressed even after ASCT.
However, CAR-T cell therapy targeting CD19 re-
sulted in complete remission, which was maintained
during the one-year follow-up period (Bansal et al.,
2020). Furthermore, in a phase 1/2 clinical trial,
CD20-targeted CAR-T cell therapy achieved a 100%
complete remission in four WM patients (Shadman
et al., 2023). The reported cases are presented in
Table 1.

The patient in our case tolerated the CAR-T cell
therapy well with no significant CRS or neurotoxicity
events. She has been followed up for over a year and
her disease remains in very good partial remission, in-
dicating the potential of CAR-T cell therapy as an al-
ternative for R/R WM. Larger-scale clinical studies
are eagerly apticipated to evaluate the efficacy and
safety of this therapy.

Data availability statement
Data sharing is not applicable to this article as all the data
are already listed in this paper.

Table 1 Cases of WM treated with CAR-T treatment

Age Prior lines of

Best PFS OS

Target (years) Genotype therapy response  (months) (months) Reference
CD19 66  MYDSS8 p.L265P, 5 VGPR NR NR Current report
CXCR4 p.S345fs
73 MYDS8S8 p.L265P, 7 SD 6.8 12.4 Palomba et al., 2022
CXCR4 p.S342fs,
TP53 p.R175H/R196Q
75  MYDSS p.L265P, 6 PR 4 4 Palomba et al., 2022
loss of MYB and ATM
64  MYDSS p.L265P, 5 VGPR 26.5 NR Palomba et al., 2022
DNMT3A4 p.R823K
71 MYDS88 p.L265P 5 CR 12 NR Bansal et al., 2020
CD20 NA  MYDSS p.L265P NA CR 1.5 NR Shadman et al., 2023
NA  MYDSS8 p.L265P NA CR 3 NR Shadman et al., 2023
NA  MYDS8 p.L265P NA CR 7 7 Shadman et al., 2023
NA  MYDS8S8 p.L265P NA CR 19 NR Shadman et al., 2023

WM: Waldenstrém macroglobulinemia; CAR-T: chimeric antigen receptor T; PFS: progression-free survival; OS: overall survival; CD: cluster
of differentiation; MYDS8S: myeloid differentiation primary response gene 88; L265P: leucine to proline exchange at position 265; CXCR4:
C-X-C chemokine receptor type 4; TP53: tumor protein p53; ATM: ataxia telangiectasia mutated; DNMT3A: DNA (cytosine-5)-methyltransferase
3A; NA: not available; VGPR: very good partial response; SD: stable disease; PR: partial remission; CR: complete remission; NR: not reached.
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