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Introduction

Chimeric antigen receptor (CAR) T-cell therapy has
achieved great clinical success in treating patients with
relapsed or refractory (R/R) diffuse large B-cell lymphoma
(DLBCL) (1-3). High-grade B-cell lymphoma with MYC
and BCL2 and/or BCL6 gene rearrangements, defined as
double-hit lymphoma (DHL), accounts for approximately
2-10% of newly diagnosed DLBCL cases (4). Most
studies have shown that DHL has a poor prognosis with
standard chemoimmunotherapy, and it does not derive
apparent benefit from consolidative autologous stem-cell
transplantation (ASCT) (5-7). The ZUMA-7 trial shows
significantly improved efficacy of the CAR-T cell therapy
axicabtagene ciloleucel in R/R DLBCL patients (8).
Although ASCT plays a potentially curative role in treating
R/R DLBCL, the prognosis of R/R DLBCL patients
remains poor, and more novel strategies are needed
compared with standard ASCT alone (9). Preliminary
results have shown that donor-derived allogeneic CAR-T
cells can cause regressions of B cell malignancies refractory
to other therapies without causing graft-versus-host disease
(GVHD) (10,11).

In the present work, we described an R/R DLBCL
patient who received ASCT and CD19/22 CAR-T cell
cocktail therapy and achieved excellent disease response

without the residual lesion. He remained asymptomatic for
38 months of follow-up.

Case presentation

All procedures performed in this study were in accordance
with the ethical standards of the institutional and/or
national research committee(s) and with the Helsinki
Declaration (as revised in 2013). Written informed consent
was obtained from the patient for publication of this case
report and accompanying images. A copy of the written
consent is available for review by the editorial office of this
journal.

In May 2019, a 50-year-old male was diagnosed
with DLBCL, germinal center B-cell (GCB) subtype,
MYC and BCL6 translocation (DHL). Baseline
""F-fluorodeoxyglucose positron emission tomography/
computed tomography (*F-FDG PET/CT) was then
performed for lymphoma staging. PET/CT (Figure 1A4)
showed lymphadenopathy in bilateral cervical, mediastinum,
retroperitoneum, abdominal, and pelvic cavities,
some of which fused into a mass (11.3 cm x 8.5 cm),
with various degrees of abnormal FDG uptake and
maximum standardized uptake value (SUV,,,,) ranging
from 5.4 to 17.3. He was treated with four cycles of
rituximab, cyclophosphamide, doxorubicin, vincristine,
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Figure 1 Serial PET/CT results. Baseline ""F-FDG PET/CT (A) showed hypermetabolic lymph nodes on both sides of the diaphragm.
He was treated with four cycles of R-CHOP, and the "*F-FDG PET/CT (B) finding indicated partial remission. Next, two more cycles of
R-Gemox chemotherapy were given, with progression on PET/CT (C). Then, the patient received CD19/22 CAR-T cells, radiotherapy, and

BR chemotherapy, and the PET/CT (D) indicated a complete metabolic response with no abnormal FDG uptake. The red arrows indicate

the hypermetabolic lymph nodes. PET/CT, positron emission tomography/computed tomography; *F-FDG, "F-fluorodeoxyglucose;

R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisolone; R-Gemogx, ituximab, gemcitabine, and oxaliplatin;
CD19/22 CAR, CD19/22 chimeric antigen receptor; BR, bendamustine-rituximab.

and prednisolone (R-CHOP). Interim "F-FDG PET/
CT (Figure 1B) showed a significant decrease in lymph
node volume (4.3 cm x 2.1 c¢cm) but similar *F-FDG
uptake (SUV,,,, 16.8) and a score of 5 by Deauville criteria.
Therefore, two cycles of R-Gemox (ituximab, gemcitabine,
and oxaliplatin) chemotherapy were given. Unfortunately,
PET/CT showed increased lesion volume with radioactive
uptake, indicating disease progression (SUV,,: 14.98;
7.6 cm x 4.3 cm; Figure 1C). The patient received CD19/22
CAR-T cells at a dose of 1.0x107/kg on Dec 31, 2019. Prior
to CAR-T cell infusion, the patient received decitabine
(50 mg/m”) in combination with FC regimen (fludarabine
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50 mg/m* and cyclophosphamide 200 mg/m?) as
lymphodepletion chemotherapy for three consecutive days.
The CAR transfection efficiency was 34.4%, with 86.95%
CAR-T'CD4" cells and 12.37% CAR-T'CDS8" cells.
From day 3 to day 7, the patient had a fever with a highest
temperature of 39.5 °C. On day 8, the peak of serum IL-6
reached 2,870.5 pg/mL, leading to a diagnosis of grade 3
cytokine release syndrome (CRS). Anti-infective treatment
was administered based on the positive blood culture
results, which suggested catheterized non-fermenting
corynebacterium. Subsequently, he was administered
radiotherapy [volumetric modulated arc therapy (VMAT)
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Figure 2 Pathological results of pericardiocentesis in DLBCL. (A) Mediastinal enlarged lymph nodes (red arrow); (B) pericardial effusion

(red arrow); (C-F) Hematoxylin and eosin (C; magnification x400) and immunohistochemical staining (D and E, magnification x200; F,

magnification x100). DLBCL, diffuse large B-cell lymphoma.

nasopharynx gross tumor volume (GTVnx): 40 Gy/20 {]
and bendamustine-rituximab (BR) chemotherapy, and the
PET/CT indicated a complete metabolic response with no
abnormal FDG uptake (Figure 1D).

At 18 months after the primary diagnosis, the patient
suddenly presented dyspnea and wheezing. Therefore, he
underwent a CT scan, revealing mediastinal, hilar enlarged
lymph nodes, as well as large pericardial and pleural effusions
(Figure 2). Biopsy from the pericardial effusion was suggestive
of lymphoma involvement. Subsequently, on Jan 4, 2021,
the patient underwent allogeneic hematopoietic stem-cell
transplantation (allo-HSCT). Unfortunately, 3 months after
allo-HSCT, a biopsy confirmed that the patient relapsed with
fever and pericardial and pericardial effusions.

Then, he received a second CD22/19 CAR-T
cell therapy on June 30, 2021. The patient received
lymphodepletion chemotherapy with fludarabine (50 mg/m’,
days -5 to -3) before CAR-T cell therapy. A total of 1.0x
10’/kg CAR-T cells were infused in the patient for three
consecutive days (10%, 30%, and 60% of total dose). The
transduction efficiency of the CAR-T cells was 38.13%,
including 84.53% of CAR-T"CD4" cells and 14.27%
of CAR-T"CDS8" cells. Chest tightness occurred after
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reinfusion, which was considered CAR-T-related capillary
leak syndrome, and dexamethasone (DEX) 10 mg once daily
for 1 day was given to suppress the inflammatory response.
No CAR-T cell-associated neurological toxicities were
observed after the infusion.

Peripheral blood lymphocytes were obtained from the
patient via leukapheresis. T cells were isolated using anti-
CD3 magnetic beads (Miltenyi Biotec, Bergisch Gladbach,
Germany), anti-CD3/CD28 monoclonal antibodies
(Miltenyi Biotec, Bergisch Gladbach, Germany) were used
to stimulate cell proliferation. T cells were subsequently
transduced with a recombinant lentiviral vector and cultured
in AIM-V media (Gibco, NY, USA), supplemented with
10% autologous human serum, 100 IU/mL IL-2, 5 ng/mL
IL-7, and 5 ng/mL IL-15 for 12-14 days before infusion.
The CAR-T cells were provided by Shanghai Unicar-
Therapy Bio-Medicine Technology Co. (Shanghai, China).
At 8 months after infusion, PET/CT showed no abnormal
radioactive uptake by the lymphoma and a small amount
of pericardial effusion (Figure 34). PET/CT images 1 year
after CAR-T cell infusion showed no residual lesions with a
Deauville score of 1 (Figure 3B). He remained asymptomatic
for 38 months of follow-up.
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Figure 3 PET/CT scan results. No lymphoma was detected 8 months (A) and 1 year (B) after allo-HSCT and CD19/22 CAR-T cell

infusion. PET/CT, positron emission tomography/computed tomography; allo-HSCT, allogeneic hematopoietic stem-cell transplantation;

CD19/22 CAR, CD19/22 chimeric antigen receptor.

Discussion

R/R DLBCL patients who do not respond to first-line
therapy are unlikely to respond to high-dose therapy
with ASCT. In this case, a change to third-line therapy is
required, sometimes in the absence of progressive disease.

CAR-T cell therapy has shown unexpected results
in patients with R/R DLBCL. Therefore, National
Comprehensive Cancer Network guidelines recommend it
as a third-line treatment for patients with R/R aggressive
B-cell non-Hodgkin lymphoma (B-NHL). Furthermore,
the results of CAR-T cell immunotherapy following
ASCT in patients with R/R DLBCL show a significant
improvement in prognosis. This finding encourages further
trials to explore whether continuous CAR-T cell-targeted
therapy after high-dose therapy and autologous stem cell
transplant improves the outcomes of the suboptimal group
of patients with R/R aggressive B-NHL who have failed to
salvage chemotherapy (12).

Several studies have shown that interventions with
conditional modification and maintenance therapy
cannot achieve long-term disease-free survival, partially
due to positive pre-transplant minimal residual disease
after salvage chemotherapy. The 2-year progression-free
survival (PFS) of patients with PET/CT positivity after
salvage chemotherapy ranges from 30% to 50% (13-15).
Numerous studies have identified PET/CT scans as a main
prognostic factor in patients with R/R B-cell lymphoma,
overshadowing International Prognostic Index (IPI) scores,
Eastern Cooperative Oncology Group (ECOG) scores,
and lactate dehydrogenase (LDH) levels for both PFS and
overall survival (OS) (14). Zhang er al. (14) have assessed
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the prognostic value of pre-transplant *F-FDG PET/CT
in 46 DLBCL patients following salvage chemotherapy.
Compared with PET-negative patients, the positive group
has a high risk of ASCT failure.

"F-FDG PET/CT serial imaging is essential in assessing
disease extent, staging, monitoring treatment response, and
detecting recurrence. Patients with a positive FDG PE'T/
CT after chemotherapy had a worse prognosis. Our results
suggested that patients with a positive interim PET could
be candidates for novel therapeutic strategies.

Conclusions

The survival time of this patient with R/R DLBCL
after CAR-T cell immunotherapy and allo-HSCT was
prolonged. Our findings provided a promising novel
treatment option for R/R DLBCL patients "*F-FDG PET/
CT imaging remained an excellent imaging modality to
assess the extent of disease and response to treatment in
lymphoma. In our case, serial "F-FDG PET/CT helped

monitor treatment response.
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