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Background: Intravascular large B-cell lymphoma (IVLBCL) is a rare, aggressive, large B-
cell non-Hodgkin’s lymphoma. The prognosis of IVLBCL in patients with central nervous
system recurrence after first-line chemotherapy treatment is extremely poor. Among
immunotherapies, chimeric antigen receptor (CAR) T-cell immunotherapy has been
recently found to be a highly effective treatment for B-cell lymphoma, especially for
relapsed or refractory diffuse large B-cell lymphoma. However, no guidelines are available
that provide a clear consensus regarding the management of patients with relapsed/
refractory IVLBCL. Here, we report, for the first time, the use of autologous hematopoietic
stem cell transplantation (ASCT) and CAR T-cell therapy in a patient with relapsed/
refractory IVLBCL.

Case Presentation: A 42‐year‐old woman was diagnosed with IVLBCL based on liver
biopsy and developed central nervous system (CNS) progression. The patient received
ASCT combined with murine monoclonal anti-CD19 and anti-CD22 CAR T-cell therapy.
She achieved complete remission for 22 months so far with negative minimal residual
disease and continues to be followed up.

Conclusion: ASCT combined with CAR T-cell therapy was the best choice for
treatment of relapsed/refractory IVLBCL, as it allowed the achievement of a lasting
complete remission.
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INTRODUCTION

Intravascular large B-cell lymphoma (IVLBCL) is a rare,
aggressive, large B-cell non‐Hodgkin’s lymphoma in which
neoplastic B cells proliferate selectively within the lumina of
small- and medium-sized vessels. IVLBCL is a rare subtype of
diffuse large B-cell lymphoma (DLBCL), with an estimated
incidence <1 per million. Recently, IVLBCL has been
categorized as a subtype of extranodal large B-cell lymphoma
according to the World Health Organization (WHO)
classification criteria (1). IVLBCL shows a high incidence of
neurological symptoms, and commonly involved sites include
bone marrow, spleen, skin, liver, adrenal gland, brain, lung, bone,
kidney, and uterus (2).

IVLBCL is an aggressive disease with a poor outcome, and
clinical signs and symptoms are nonspecific; therefore, the
diagnosis is commonly missed. In fact, many cases were
confirmed in post-mortem evaluation. Owing to the rarity of
IVLBCL, treatment recommendations are largely based on
retrospective studies and case reports. The combination of
rituximab and cyclophosphamide, vincristine, doxorubicin, and
prednisolone (R-CHOP) is widely used as first-line therapy, but
the 2-year progression-free survival (PFS) and overall survival
(OS) rates are only 56% and 66%, respectively (3). In a recent
study, CNS involvement was identified as a risk factor for poor
outcomes (4). In patients without CNS involvement at diagnosis,
the risk of CNS recurrence at 3 years, both with and without CNS
prophylaxis, was 25% (5). The prognosis of the four IVLBCL
patients who developed CNS involvement during or after R-
CHOP chemotherapy was extremely poor, as three patients died
from disease progression (6). Therefore, more effective treatment
strategies should be developed to improve the outcomes of
patients with CNS involvement. In the phase II PRIMEUR-IVL
trial, the 2-year PFS of patients with previously untreated IVLBCL
who received R-CHOP with high-dose methotrexate and
intrathecal chemotherapy as CNS-oriented therapy was 76% (7).
More intensive therapies, such as autologous hematopoietic stem
cell transplantation (ASCT), have been pursued to overcome this
problem. ASCT has been reported to result in prolonged survival
for patients, with 2-year PFS of 81% (8). As one of the most
promising fields of cancer treatment, chimeric antigen receptor
(CAR) T-cell immunotherapy has already shown good outcomes
in patients with refractory and relapsed DLBCL and B-cell ALL
(9). However, there is no research on the application of CAR T-cell
immunotherapeutic strategies to IVLBCL. Here, we report the
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successful use of CD19/22 CAR T-cell cocktail immunotherapy
combined with ASCT in IVLBCL. To the best of our knowledge,
this is the first case of CAR T-cell therapy applied to IVLBCL. This
therapeutic regimen may improve the long-term outcomes of
relapsed/refractory (r/r) IVLBCL.
CASE

A 42-year-old woman presented to a local hospital on January 1,
2019, for a persistent fever of unknown reason that had been
occurring for 1 month accompanied by headache. Laboratory
test results are as follows: hemoglobin 48g/L, platelet count
54×109/L, ALT 90.6U/L, AST 87.2U/L, total bilirubin
32.8umol/L, LDH 636 U/L, ferritin>2000ng/ml. Bone marrow
cytology showed reactive bone marrow images, and
hemophagocytic cells were occasionally observed. Abdominal
computed tomography (CT) (Figure 2K) revealed. multiple
space-occupying lesions in the liver, the largest is about 3.7cm
in diameter. In addition, there was a hepatic cyst with a diameter
of about 1.6 cm in the liver. Positron emission tomography-
computed tomography (PET-CT) revealed multiple density
shadows of abnormally high uptake of fluorodeoxyglucose
(FDG) in the liver, the largest being about 3.7×2.9cm, the early
maximum standard uptake value (SUV max) of the liver was 6.3,
and the delayed SUV max was 8.2 (Figure 2L). A round low-
density foci with no FDG uptake can be seen in the right lobe of
the liver, about 1.7 × 1.5 cm in size. Abnormally increased FDG
uptake in the upper abdominal cavity, retroperitoneum, and
para-vascular lymph nodes with a maximum lymph node size of
1.5 × 1.1 cm and a maximum SUV of 3.1. On January 14, 2019,
the patient suddenly experienced headache, nausea, vomiting,
and started speaking discontinuously and illogically. She
gradually developed irritability, delirium, and coma. Enhanced
magnetic resonance imaging (MRI) (Figure 2A) of the head just
revealed a few ischemic degeneration foci in the brain. As the
patient has chronic viral hepatitis B, hepatocellular carcinoma
was the main differential diagnosis. On January 25, 2019,
ultrasound-guided percutaneous liver biopsy was performed
under the suspicion of an unusual malignant tumor at the
local hospital. Immunohistochemical staining revealed that the
tumor cells were positive for CD20, CD34, and LCA and negative
for CD3, CD30, CD68, MPO, CKpan, Syn, CgA, and CK8/18
(Figure 1). The Ki-67 proliferation index was estimated to be
80%. She has no family history of hematological malignancies. In
FIGURE 1 | Hematoxylin and eosin (H&E) and immunohistochemistry staining of relapsed/refractory intravascular large B-cell lymphoma.
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summary, she was diagnosed with IVLBCL at stage IVB
according to Ann Arbor staging and had a hemophagocytic
syndrome. IPI was 3 and ECOG performance status was 1.

The patient was started on induction chemotherapy with two
courses of R-DEP (rituximab600mgd0, doxorubicin20mg d1, etopo
side100mg d1, and prednisolone80mg d1-5) for hemophagocytic
syndrome and two courses of R-CHOP (rituximab600mgd0,
doxorubicin40mgd1, cyclophosphamide1.1gd1, vindesine4mgd1
and prednisolone100mg d1-5), then she attained partial remission
by PET-CT. Subsequently, she experienced paroxysmal headache
during the third R-CHOP chemotherapy regimen. Combined with
the history of the disease, she was considered to have CNS
progression, which was identified using head MRI (Figure 2B).
The head MRI showed multiple short-line and nodular
enhancements in the cerebellum, the cerebral meninges and in
the brain parenchyma at the junction of the right temporal-occipital
lobe. Then she was administered CNS-directed chemotherapy
including two courses of methotrexate (MTX)-based combination
regimens (intrathecal injection MTX 10 mg, Ara-C 50 mg,
dexamethasone 5 mg) and high-dose MTX therapy (rituximab
600 mg d0, MTX 5.4 g d1), but they did not work as re-
examination of the head MRI (Figure 2C) after 1 month showed
intracranial progress. The patient then received two courses of the
adjusted treatment regimen MTX combined with Ara-C therapy
(MTX5.4g d1, Ara-C 1.5g q12h d2-d3). Head MRI (Figure 2D)
shows improvement compared with previous one.
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To prevent the progression of the disease, she came to our
hospital for CAR T-cell therapy, and we decided to perform ASCT
combined with CAR T-cell therapy. The trial was approved by the
Institutional Review Board of Tongji Hospital, Tongji Medical
College, Huazhong University of Science and Technology, and the
study was registered with the Chinese Clinical Trial Registry
(ChiCTR-OPN-16009847). Informed consent was obtained by
the patient and her family according to the Declaration of
Helsinki. Before the conditioning regimen, the patient received
two separate apheresis procedures, including granulocyte colony-
stimulating factor (G-CSF)-stimulated autologous hematopoietic
stem cell (HSC) collection and peripheral blood mononuclear cell
(PBMC) apheresis for CAR T-cell manufacturing. CAR T-cell
manufacturing-related quality control and analysis were
completed by Wuhan Bio-Raid Biotechnology Co., Ltd., as
previously described (10). Due to the patient’s refractory
characteristics, a cycle of standard salvage treatment with
rituximab, dexamethasone, cytarabine, and cisplatin (R-DHAP)
was initiated in the mid-November 2019. Fourteen days later,
autologous stem cells were harvested (3.08×106 cells/kg). The head
MRI 1 month before ASCT and CAR19/22 T-cell cocktail therapy
treatment is shown in Figure 2E. The patient was administered a
standard dose of the BEAM (carmustine, etoposide, cytarabine,
melphalan) regimen one week before ASCT. On January 14, 2020
(day 0), the patient underwent ASCT (CD34 3.31×106 cells/kg).
Autologous CD22-targeted CAR T-cells (CAR22) (2.7×106 cells/
FIGURE 2 | Head and liver imaging results of relapsed/refractory intravascular large B-cell lymphoma. Brain MRI images: (A) First time headache symptoms
appeared at the initial diagnosis. (B)The intracranial infiltration was diagnosed. (C) 1 month after intrathecal chemotherapy. (D) 1 month after two courses of the
adjusted treatment regimen MTX combined with Ara-C therapy. (E) 1 month before ASCT and CAR T-cell therapy. (F) 3 months after ASCT and CAR T-cell therapy.
(G) 6 months after ASCT and CAR T-cell therapy. (H) 9 months after ASCT and CAR T-cell therapy. (I) 12 months after ASCT and CAR T-cell therapy. (J) 22
months after ASCT and CAR T-cell therapy. Abdominal images: (K) Abdominal CT at initial diagnosis. (L) PET-CT at initial diagnosis. (M) The most recent Abdominal
CT after therapy. (N) The most recent PET/CT after therapy.
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kg) were infused on day +2, followed by CD19-targeted CAR T-
cells (CAR19) (4.3×106 cells/kg) on day +3. The structure is as
shown in Figure 3A. Both CAR19 and CAR22 transgene copy
numbers were determined by droplet digital polymerase chain
reaction (ddPCR) (Figure 3B). After sequential infusion of anti-
CD19 and anti-CD22 CAR T-cells, grade 1 cytokine release
syndrome (CRS) was observed, and interleukin-6 and ferritin
levels increased slightly and transiently (Figure 3C). Since the
patient had hepatitis B virus, we continued to monitor her
hepatitis B virus titers continuously. Before and after CAR T-cell
therapy, both were <1.0×102 IU/mL, and there was no hepatitis B
virus activation after treatment. The dynamic changes in white
blood cells and lymphocytes after CAR T-cell therapy are depicted
in Figure 3D. The leukocytes were engrafted at 2 weeks, and bone
marrow hematopoiesis recovered in about 20 days. B cell
recovered in about six months. CAR T-cell number and the
copies of CAR22 and CAR19 increased dramatically and
reached a peak in the first week. Follow-up after ASCT and
CAR19/22 T-cell cocktail therapy, the patient’s cerebrospinal
Frontiers in Oncology | www.frontiersin.org 4
fluid leukemia/lymphoma minimal residual disease
immunophenotyping test continued to be negative every 3
months. Sustained complete remission on head MRI at 3
(Figure 2F), 6 (Figure 2G), 9 (Figure 2H), and 12 (Figure 2I)
months after ASCT and CAR T-cell therapy. Twenty-two months
after ASCT and CAR19/22 T-cell cocktail therapy, the patient was
still disease-free, and the head MRI image is shown in Figure 2J.
The most recent FDG-PET/CT on November 17, 2021 was unable
to detect any significant disease, and the infiltration of tumor cells
into the liver continued to vanished (Figure 2N). Liver CT showed
no new lesions (Figure 2M). No tumor cells were found in the
cerebrospinal fluid. The timeline of the clinical treatment and
disease status were shown in Figure 4.

When it comes to her thoughts on the disease and treatment, she
expressed her great gratitude to our hospital and her husband.
Despite her reluctance to face the diagnosis of lymphoma, the
encouragement and positivity of her family (especially her husband)
fueled her courage and strength to overcome the disease. She felt
hopeless and helpless when she learned of her central involvement,
FIGURE 4 | Timeline of disease status and corresponding treatment regimens.
A

B
DC

FIGURE 3 | The protocol for the murine monoclonal anti-CD19 and anti-CD22 CAR T cell “cocktail” followed by ASCT and therapeutic response. (A) Schematic
diagram of murine CAR19 and CAR22 CAR vectors. SP, signal peptide; VH, variable H chain; L, linker; VL, variable L chain. (B) Timeline of murine CAR22 and
CAR19 transgene copy numbers. (C) Dynamic changes in IL-6 and ferritin after CAR T cell infusion. (D) Dynamic WBC numbers and lymphocyte numbers before
and after CAR T cell therapy.
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poor prognosis and limited treatment options. When she and her
husband learned of the clinical trials being conducted at our
hospital, her desire to survive was rekindled, and she volunteered
to participate in the clinical trials. Currently, the patient is working
again, grateful, optimistic, healthy, and is very satisfied with
her situation.
DISCUSSION AND CONCLUSION

IVLBCL is a rare, aggressive disease with a dismal prognosis,
especially in patients with relapsed or progressive disease after
first-line treatment. CNS recurrence is a serious complication in
patients with IVLBCL, and optimal treatment strategies for CNS
involvement should be established to further improve clinical
outcomes in the rituximab era. However, there is still no
consensus concerning this issue. Early diagnosis and treatment
are of great significance for improving the prognosis of IVLBCL
patients. Significantly, PET-CT is a powerful tool for the early
diagnosis of IVLBCL by identifying the indicated sites for biopsy
relying on FDG uptake. Ultrasonography-guided percutaneous liver
biopsy was performed in our patient because of the abnormally high
FDG uptake in the liver. In this patient, detection of CNS
involvement was diagnosed based on neurological symptoms,
along with corroborating findings on imaging modalities.

Although rituximab has improved the outcome of patients with
IVLBCL, more treatment strategies are still needed to deal with r/r
IVLBCL. In a single institution in Taiwan containing ten patients
with IVLBCL, it was shown that patients might achieve durable
remission after rituximab-based chemotherapy (2). In a recent
study, the outcomes of four patients who had CNS relapse after
R-CHOP chemotherapy were extremely poor, as three patients died
from disease progression (6). This suggests the need for more
effective consolidation treatments for patients at high risk for
treatment failure. Rituximab-containing chemotherapies
combined with effective CNS prophylaxis may reduce the risk of
CNS recurrence. A retrospective study found that 8 of 10 IVLBCL
patients who received CNS treatment for CNS involvement at
diagnosis survived without recurrence until the end of the study,
indicating the promising potential for CNS prophylaxis and
treatment (5). However, in a recent retrospective study on
patients with IVLBCL with CNS involvement, the application of
blood-brain barrier-penetrating chemotherapy did not improve
outcomes (4). Alternatively, the up-front ASCT during the first
complete remission (CR) may be a useful treatment option for
patients with IVLBCL. Only one of six patients undergoing salvage
ASCT after relapse survived, while two patients receiving upfront
ASCT, including one patient with CNS involvement, were still alive
without relapse at the end of the study period. This showed better
outcomes for upfront ASCT (6). A registry-based study also
suggested a favorable outcome of upfront ASCT in 11 patients
with IVLBCL. Two-year PFS and OS rates were 81% and 91%,
respectively (8). ASCT alone was also an option. Although studies
have shown that early ASCT may improve the results of standard
induction chemoimmunotherapy in these rare high-risk IVLBCL
patients, the treatment options for recurrence after ASCT treatment
Frontiers in Oncology | www.frontiersin.org 5
are limited for patients with r/r IVLBCL. Therefore, there is an
urgent need for new treatment methods to further stabilize the
efficacy of ASCT and prevent disease recurrence, especially in
patients with IVLBCL with CNS involvement.

CAR T-cell immunotherapy has already shown good outcomes
in patients with r/r DLBCL and B-cell ALL (9). Recently, combined
CD19/CD22 chimeric antigen receptor T cell cocktail therapy with
ASCT in patients with relapsed/refractory aggressive B cell
lymphomas has shown encouraging results (10). We pioneered
the use of CAR T-cell immunotherapy with ASCT to treat IVLBCL
and achieved remarkable results. Our case shows a long-term
response of r/r IVLBCL patients to ASCT sequential CAR T-cell
infusion treatment, and CRS is controllable. The possible reasons
are as follows. First, an enhanced conditioning regimen and ASCT
before CAR T-cell immunotherapy can minimize the tumor
burden, reduce the immunosuppressive tumor microenvironment,
and deeply deplete lymphocytes that inhibit the function of CAR-T
cells (11). Second, myeloablative conditioning may help open the
blood-brain barrier and facilitate the entry of CAR T-cells to the
CNS to exert anti-tumor effects. Finally, for this type of lymphoma
characterized by the proliferation of neoplastic cells in the lumen of
small blood vessels, CAR T-cells may better reach the tumor site
through blood circulation, which further improves the curative
effect of CAR T-cell immunotherapy.

Antigen escape and downregulation have emerged as major
issues affecting the durability of CAR T-cell therapy. Early-phase
clinical trials demonstrate robust efficacy in several CD19 CAR T-
cell products. Recently, CAR22 T cells were shown to induce
durable remission in patients who were resistant to prior CD19-
directed immunotherapies (12). Subsequently, a CAR that
simultaneously targets both CD19 and CD22 was developed,
which could prove more effective at inducing remission and could
be less susceptible to relapse associated with antigen escape (13).
Our team conducted a clinical trial to test this CD19–CD22-
multispecific CAR and showed that the infusion of CAR19/22 T-
cell cocktail is efficient and safe for patients with r/r B-cell
malignancies (9). Dual CD19 and CD22 targeting is a promising
approach for reducing antigen-loss relapse in CD19/CD22-directed
therapy. To this end, we first administered sequential CAR T-cell
infusions targeting dual CD19 and CD22 in IVLBCL patients to
prevent antigen escape. In view of CNS infiltration, which is a sign
of poor prognosis, and in order to further enhance the curative
effect, we adopted a treatment strategy of ASCT combined with
CAR T-cell therapy, although this is not a standard approach. The
patient achieved CR and had no evidence of disease recurrence after
22 months of follow-up.

In conclusion, this is the first time that CD19/22 sequential CAR
T-cell combined with ASCT therapy has been used as a novel
therapy in IVLBCL. This one case report where ASCT and CD19/22
CART resulted in long-term remission and was safe, suggests that
this approach may be promising and should be considered for
further study. However, there are some limitations in our present
study. Clinical trials in a wider population are difficult due to the
rarity of ILBCL cases. It still requires more patients and clinical trials
to verify. Our successful case of using sequential CD19/22 CAR T-
cell immunotherapy followed by ASCT provides new treatment
April 2022 | Volume 12 | Article 817969
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options for r/r IVLBCL patients. This approach merits further study
in CNS-involved IVLBCL patients.
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