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Figure 1  Immune and cytological analysis. (A) Phenotypic 
analysis of the bone marrow aspirate at diagnosis (a–d) 
and after fully human CAR T-cell infusion (e–h). Red dots 
represent CD19+ cells; green dots represent mature 
lymphocytes; blue dots represent progenitor B-cells; gray 
dots represent all the other cells. (B) Histological analysis 
of bone marrow sections by hematoxylin and eosin (H&E) 
and anti-TdT staining at diagnosis. (C) H&E staining of 
bone marrow aspirate slides at diagnosis (left) and at 
CR (right). CAR, chimeric antigen receptor; TdT, terminal 
deoxynucleotidyl transferase.

Figure 2  Family history studies. Pedigree charts. The 
number indicates the age at which the symptomatic tumor 
was detected. ALL, acute lymphoblastic leukemia; LBL, 
lymphoblastic lymphoma.

In regard to treatment, Pepper et al found that TP53-
mutated lymphocytes in LFS patients had an intrinsic 
resistance to conventional chemotherapeutic drugs.11 
Moreover, a recent case series study showed that both 
primary and therapy-related hematopoietic malignan-
cies with LFS were associated with dismal outcomes with 
standard therapies and even allogenic stem cell trans-
plantation (SCT).5 The cohort of patients in that study 
included five patients with a history of solid tumors and 
a known LFS diagnosis who developed therapy-related 
acute myeloid leukemia (AML) or MDS during follow-up 
surveillance, as well as two patients who were diagnosed 
with de novo acute leukemia with an LFS diagnosis estab-
lished during leukemia therapy. They had no responses 
or very short responses to induction therapy. Five patients 
received allogenic SCT after chemotherapy but did not 
achieve long-term remission. All of them had extremely 
poor outcomes. In summary, standard therapy and allo-
genic SCT do not provide long-term control of primary or 
therapy-related hematopoietic malignancies that are asso-
ciated with LFS, and more efficient treatment methods are 
needed for these situations. Here, we report a relapsed/
refractory acute B-cell lymphoblastic lymphoma patient 
in the context of LFS who was identified to harbor a TP53 
c.818G>A (p.R273H) germline mutation. After failure 
of several lines of chemotherapy, this patient received 
murine monoclonal anti-CD19 and anti-CD22 chimeric 
antigen receptor (CAR) T-cell “cocktail” therapy and 
achieved complete remission (CR). Fifteen months 
after murine monoclonal CAR T-cell “cocktail” therapy, 
the patient’s B-cell lymphoblastic lymphoma (B-LBL) 
recurred. Fortunately, a round of fully human mono-
clonal anti-CD22 CAR T-cell therapy was still effective in 
this patient, and he achieved CR again. Before this study, 
immunotherapeutic strategies had not been studied in 
LFS. The present study showed a potential therapeutic 
strategy for LFS with hematologic malignancies.

Case report
A 38-year-old man presented to a local hospital in April 
2017 with pain throughout his body that had been occur-
ring for a month. He was diagnosed with diffuse large 
B-cell lymphoma (DLBCL) at stage IV and had an inter-
national prognostic index (IPI) score of 3. The patient 
was started on induction chemotherapy with four courses 
of R-CHOP (rituximab, cyclophosphamide, doxorubicin, 
vincristine, and carboplatin) and then attained partial 
remission by positron emission tomography-CT. He 
then underwent two courses of R-ICE (rituximab, ifosfa-
mide, carboplatin, and etoposide), two courses of DHAP 
(dexamethasone, high-dose-Ara-C, and platinol) and one 
course of R-MA (rituximab,methotrexate,and Ara-C). He 
did not achieve CR.

To pursue CAR T-cell therapy, the patient was referred 
to our hospital in January 2018. The multiparameter flow 
cytometry results showed that 2.9% of nucleated cells 
expressed surface CD20, CD19, CD10, CD38, and CD22, 
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Figure 3  The protocol and response for murine monoclonal anti-CD19 and anti-CD22 CAR T-cell “cocktail” therapy. (A) 
Schematic diagram of murine anti-CD19 and anti-CD22 CAR vectors. SP, signal peptide; VH, variable H chain; L, linker; 
VL, variable L chain. (B) The protocol of murine CAR22 and CAR19 “cocktail” infusion in combination with chemotherapy. 
Chemotherapy included fludarabine and cyclophosphamide. (C) Murine CAR22 and CAR19 transgene copy numbers detected 
by ddPCR. (D) Levels of IL-6 and ferritin after murine CAR22 and CAR19 infusion. CAR, chimeric antigen receptor; ddPCR, 
droplet digital PCR.

Figure 4  The protocol and response for the fully human monoclonal anti-CD22 CAR T-cell therapy. (A) Schematic diagram of 
fully human anti-CD22 CAR vectors. SP, signal peptide; VH, variable H chain; L, linker; VL, variable L chain. (B) The protocol of 
Hu-CAR22 infusion in combination with chemotherapy. Chemotherapy included fludarabine and cyclophosphamide. (C) Hu-
CAR22 transgene copy numbers detected by ddPCR. (D) Levels of IL-6 and ferritin after Hu-CAR22 infusion. CAR, chimeric 
antigen receptor; ddPCR, droplet digital PCR.

as well as intracellular CD79a and TdT (terminal deoxy-
nucleotidyl transferase), while Igκ and Igλ were negative. 
The immunophenotypic analysis is partially illustrated 
in figure  1A a–d. In addition, immunohistochemistry 
staining also showed that the bone marrow sections were 
TdT positive (figure 1B). According to these phenotypes, 
the patient was newly diagnosed with relapsed/refractory 
acute B-LBL.12 13

Hematological malignancy-targeted deep sequencing 
was performed on his plasma cell-free DNA and revealed 
a TP53 c.818G>A (p.R273H) mutation with a mutation 
allele fraction (MAF) of 88.8% by droplet digital ​PCR.​
online supplementary material To test whether the 
patient harbored a germline TP53 mutation, we analyzed 
his saliva samples and cells obtained by buccal swabbing. 
The TP53 germline analysis revealed the same mutation. 
Family studies were initiated, and the patient’s father, 
sister and brother had died from rectal carcinoma, an 
unknown tumor and ALL, respectively. Additionally, the 
same TP53 variant was also detected in one of the patient’s 

sons, who suffered from ALL 18 months later. Given these 
results, the patient was considered to have LFS (figure 2).

To stop tumor progression, the patient was given decit-
abine (25 mg/m2) and liposomal doxorubicin before 
CAR T-cell therapy. Then, he received lymphodepleting 
chemotherapy with fludarabine (25 mg/m2) and cyclo-
phosphamide (300 mg/m2) for 3 days (days −4 to −2). 
Subsequently, he received murine monoclonal anti-CD19 
and anti-CD22 CAR T-cell “cocktail” therapy (figure 3).14 
Autologous CD22-targeted CAR T-cells (CAR22) (2*106 
cells/kg) were infused on day 0, day +1, and day +2, 
followed by CD19-targeted CAR T-cells (CAR19) (1*106 
cells/kg) on day +3 and day +5 (figure 3B). After day +5, 
he suffered a serious case of cytokine release syndrome 
(CRS) of grade 4 according to the grading system 
published by Lee et al, which lasted for 4 days and was 
characterized by a sustained high fever at 39°C to 40°C 
and hypoxia.15 At the same time, he also developed head-
ache, dizziness, aphasia, dyscalculia and delirium lasting 
for a week, which fit the criteria for immune effector 
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cell-associated neurotoxicity, grade 3.16 17 These symp-
toms were attenuated after plasmapheresis and steroid 
treatment. Both the CAR19 and CAR22 transgene copy 
numbers were tracked (figure  3C). At day +27, the 
patient achieved CR with negative MRD, as assessed by 
morphology and multiparameter flow cytometry of bone 
marrow aspirate samples.

Fifteen months after CAR T-cell “cocktail” therapy, the 
patient’s B-LBL unfortunately recurred. In June 2019, he 
received fully human anti-CD22 CAR T-cell therapy after 
lymphodepleting chemotherapy with fludarabine and 
cyclophosphamide (figure 4). The cells carrying the fully 
human CAR transgene exhibited efficient expansion. 
The Cmax (maximum expansion) value reached 1.1*105 
copies/µg genomic DNA at day +8 (figure  4C). At day 
+30, the patient achieved CR again (figure 1A e–h, C). He 
is currently in remission 4 months after fully human CAR 
T-cell therapy and continues to be followed.

Discussion
An international consensus on the components of a 
cancer screening program for TP53 mutation carriers 
is lacking, and therefore, the personalized guidance for 
TP53 mutation carriers varies across institutions, regions, 
and countries. However, this situation has improved in 
recent years. In 2015, the MD Anderson Cancer Research 
Center announced the beginning of a program named 
LEAD (Li-Fraumeni Syndrome Education and Early 
Detection) for patients with LFS, which offers a compre-
hensive screening plan for LFS patients to detect cancers 
as early as possible. Furthermore, several surveillance 
protocols for TP53 mutation carriers have been proposed 
in Australia, the USA, and Canada.4 18–20 Nevertheless, in 
most countries, effective risk management approaches in 
carriers of TP53 germline mutations remain to be estab-
lished, particularly in children.

In the present patient, screening for TP53 germline 
mutations was not performed, and LFS was not estab-
lished during diagnosis and the beginning of treatment. 
The presence of his TP53 germline mutation was consid-
ered when the MAF of the TP53 c.818G>A (p.R273H) 
mutation detected in his plasma circulating tumor DNA 
was consistently above 50%, even when he achieved 
complete remission by multicolor flow cytometry. Thus, 
lipid biopsy may be applied as a method to discover germ-
line mutations.

Patients with DLBCL that is refractory to chemother-
apies or that has relapsed after SCT have a poor prog-
nosis. Two CAR T-cell products were approved for use 
in DLBCL. Axi-cel is the first CAR T-cell product to be 
FDA approved for DLBCL. The overall response rate was 
83%, with 58% of patients having complete responses.21 
The second anti-CD19 CAR T-cell product to receive FDA 
approval for DLBCL is tisa-cel. The overall response rate 
to tisa-cel in adult relapsed or refractory DLBCL was 52%; 
40% of subjects had complete responses.22 CAR T-cell 
therapy also showed promise in children and adults with 

refractory and relapsed B-cell ALL. In a reported trial, 
after receiving tisa-cel, 90% of patients achieved CR with 
6-month event-free survival and OS values of 67% and 
78%, respectively.23

Antigen escape-related relapse is a major challenge 
for long-term disease control in CAR T-cell therapy. Our 
group previously reported that treatment of relapsed/
refractory (r/r) ALL patients with a cocktail of both 
CAR19 and CAR22 prevented antigen escape of CD19-
CD22+blasts0.24 In this case, we first administered sequen-
tial CAR T-cell infusions targeting CD19 and CD22 to 
prevent antigen escape. This CAR T-cell “cocktail” was 
efficient, and the patient achieved CR with negative MRD, 
which lasted for 15 months. Furthermore, this study also 
indicated that a fully human CAR may still work even if 
the patient relapses after infusion of T-cells carrying a 
murine monoclonal antibody-based CAR.

This case provides evidence for the use of CAR T-cell 
therapy in hematologic malignancy patients with germ-
line TP53 mutations. Each time after infusion, the CAR 
T-cells underwent extremely rapid exponential expan-
sion. A recent study reported that TET2-disrupted anti-
CD19 CAR T-cells exhibited growth advantages and 
displayed a central memory phenotype, which suggested 
that some key gene mutations may alter the function of 
CAR T-cells.25 In this case, we supposed that the extremely 
rapid exponential expansion was due to the disruption 
of TP53, a gene that can functionally control cell cycle 
arrest.

In conclusion, this is the first time that immunother-
apeutic strategies have been used in LFS. Since LFS is 
associated with dismal outcomes with standard therapies 
and even allogenic SCT, CAR T-cell immunotherapy may 
be a promising treatment method. We suggest that CAR 
T-cell therapy be considered in LFS patients with r/r 
B-cell lymphoma or leukemia. As TP53 mutations will be 
present in CAR T-cells derived from LFS patients, atten-
tion should be paid to potential extremely rapid expo-
nential expansion and CRS.
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