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Abstract. The present study aimed to study the efficacy and 
adverse effects of anti‑B‑cell maturation antigen (BCMA) 
chimeric antigen receptor T (CAR‑T) cell therapy in relapsed 
or refractory multiple myeloma. Patients were divided into 
three dose groups based on cell therapy concentration. After 
CAR‑T cell therapy for 10 patients with recurrent or refractory 
multiple myeloma, the patients were monitored and evaluated 
regularly to observe the efficacy and adverse reactions of 
CAR‑T cell therapy. At a median follow‑up of 337 (253‑504) 
days, one patient succumbed 24 days due to rapidly progressing 
disease. The overall response rate of nine patients was 88.9%, 
including 77.8% (7/9) with minimal residual disease negative 
complete remission (CR) and 11.1% (1/9) with partial remis‑
sion. A total of three patients were maintained in remission 
state for more than a year and eight were maintained for more 
than six months. Among the three patients with extramedul‑
lary invasion, two extramedullary lesions disappeared and 
one was stable. The highest copy number of CAR‑T cells in 
seven patients with CR was >1x105 copies/µl gDNA, and the 
best therapeutic effect can be achieved within 30 (7‑30) days 
after the copy number of CAR‑T cells reached 1x105 copies/µl 
genomic DNA. The median onset time in the nine patients was 
43 (22‑169) days, and the median progression‑free survival was 
337 (253‑504). Among the 10 patients, nine (90%) had cytokine 
release syndrome, all of which were below grade II. There were 

nine (90%) patients with hematological adverse reactions, six 
(60%) patients with severe anemia, five (50%) patients with 
grade III and above leukopenia, five (50%) patients with gran‑
ulocytopenia, four (40%) patients with grade III and above 
thrombocytopenia, and three (30%) patients with grade III and 
above pancytopenia. It was concluded that anti‑BCMA CAR‑T 
cell therapy is a promising treatment method for relapsed or 
refractory multiple myeloma and extramedullary invasion, 
with stable efficacy and controllable adverse effects.

Introduction

Multiple myeloma (MM) is a malignant neoplasm of the blood 
system caused by the malignant proliferation of plasma cells 
(PC) within the bone marrow. Its clinical symptoms are asso‑
ciated with end‑organ damage, with an annual incidence of 2.1 
per 100,000 population (1). With the passage of time and the 
continuous emergence of new drugs such as immunomodula‑
tory agents, proteasome inhibitors and monoclonal antibodies, 
the survival rate of patients has been greatly improved (2), 
and the highest 5‑year total survival rate can reach 60% (3). 
However, despite the rapid development in the treatment of 
MM, it remains an incurable type of tumor to which almost 
all patients will eventually succumb. With each relapse, 
malignant plasma cells undergo clonal evolution, acquire new 
mutations, and lead to a rapid deterioration of the disease and 
drug resistance (4).

The emergence of chimeric antigen receptor T (CAR‑T) 
cell immunotherapy has created a new era in tumor treat‑
ment, especially for malignant tumors of the hematopoietic 
system, which has greatly improved the remission rate. Its 
high remission rate has stimulated the desire of medical 
scholars to explore for relapsed and refractory acute lympho‑
blastic leukemia, chronic lymphocytic leukemia and B‑cell 
non‑Hodgkin lymphoma (5‑7).

B‑cell maturation antigen (BCMA) is a cell surface 
receptor primarily expressed by PC and belongs to the tumor 
necrosis factor receptor superfamily. Its function is to main‑
tain the intracellular homeostasis of long‑lived PC. BCMA is 
almost exclusively expressed on the surface of plasma blasts 
and PCs, but not expressed on memory B cells, naïve B cells, 
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CD34+ hematopoietic stem cells and other normal histiocytes. 
The expression of mRNA and protein on malignant cells is 
higher than that on normal PC (8,9), making it a potential 
therapeutic target for MM. CAR‑T cells have strong inhibitory 
activity against MM cell lines in vitro, and anti‑CAR‑T cell 
therapy in MM mouse model can rapidly and continuously 
eliminate tumor cells, resulting in 100% survival of mice (10). 
Numerous domestic clinical trials have also confirmed the 
effectiveness of anti‑CAR‑T cell therapy for MM (11). Based 
on these findings, the present study launched a new clinical 
protocol for anti‑CAR‑T cell immunotherapy against relapsed 
or refractory multiple myeloma (RRMM).

Materials and methods

Patients. Between June 2020 and November 2021, 10 patients 
with RRMM who successfully received CAR‑T cell transfu‑
sion therapy in the Department of Hematology of Handan 
Central Hospital were included in the present study. Inclusion 
criteria included: i)  Patients aged between 18‑69  years; 
ii) patients who met the RRMM diagnostic criteria established 
by the International Myeloma Working Group (IMWG) (12); 
iii) patients without current infection; iv) patients without major 
organ failure; and, v) patients with no history of bone marrow 
transplantation within 100 days before enrollment. All patients 
had a definite previous diagnosis of MM and had undergone 
at least two treatments, including proteasome inhibitors and 
immunomodulators, or both. Patients included in this study 
were those who relapsed after remission, or did not reached 
remission and were resistant to at least one drug. The assess‑
able abnormal indicators are as follows: Serum monoclonal 
M protein ≥5g/l or urine light chain ≥200 mg/24 h, or the 
increase of the affected serum‑free light chain >100 mg/l, or 
>25% of bone marrow plasma cells, or the emergence of new 
extramedullary lesions. This study was approved by the Ethics 
Committee of Handan Central Hospital [ethics no. (2020), 
ethics review no. 007] and informed consent was obtained 
from all patients.

Research route. Humanized anti‑BCMA CAR‑T cells were 
genetically modified by autologous T lymphocytes expressing 
the anti‑human single‑chain antibody 4C8A against BCMA in 
the extracellular region and the intracellular domain attached 
to the single‑stranded antibody is composed of a sequentially 
linked 41BB: CD3ζ signaling domain. Plasmids, lentiviral 
vectors and clinical‑grade CAR‑T cells of CAR‑BCMA 
single‑chain antibody were prepared by Shandong Kaiti 
Biological Products Co., Ltd. All patients received standard 
lymphodepleting chemotherapy regimen with fludarabine 
25/mg/(m2/d) and cyclophosphamide 300 mg/(m2/d) for 3 days 
starting on day ‑6, followed by infusion of CAR‑T cells on 
day 0. Patients were grouped according to the concentration 
of CAR‑T cell infusion: Two cases in the 0.5x106/kg group, 
three cases in the 2.0x106/kg group, and five cases in the 
4.0x106/kg group. Non‑steroidal anti‑inflammatory drugs 
(NSAIDs), diphenhydramine and promethazine were given 
1 h before transfusion to prevent allergic reactions. Indicator 
monitoring and condition assessment were performed before 
treatment, weekly for the first three weeks after treatment, one 
month, two months, and every three months thereafter, with 

follow‑up for up to two years. The indexes tested included: 
Routine blood test, biochemical tests, cytokine level, copy 
number of CAR‑T cells, coagulation function, proportion of 
bone marrow plasma cells, the quantification of immunopro‑
tein in serum and urine, serum and urine immunofixation 
electrophoresis, quantification of free light chain in serum and 
urine and minimal residual disease (MRD).

Detection of DNA copy numbers by reverse transcription-
quantitative (RT‑q)PCR. hBCMA scFv‑4‑1BB‑CD3 CAR 
(Shandong Kaiti Biological Products Co., Ltd.) copy numbers 
were assessed through RT‑qPCR analysis to evaluate BCMA 
CAR‑T cell expansion and persistence. Genomic DNA was 
extracted with Omega DNA Blood Mini Kit (Omega Bio‑Tek, 
Inc.) from 250 µl fresh peripheral blood samples following 
CAR‑T cell infusion. PCR was performed using the SYBR 
Green PremixPro TaqHS qPCR Kit (cat. no. AG11701; Eric 
Biotechnology Co. Ltd.) following the instructions of the 
manufacturer. PCR was performed by heating at 95˚C for 
10 min, followed by 40 cycles of 95˚C for 10 sec, 60˚C for 
20 sec, and 72˚C for 15 sec, with a final step for 10 min at 72˚C. 
β‑actin was used as an internal control. Relative gene expres‑
sion was analyzed by the 2-ΔΔCq method (13) and normalized 
to β‑actin level. The primer sequences are shown in Table I. 
Reactions were run on Roche LightCycler 96 RT‑PCR system 
(Roche Diagnostics). The experiments were repeated three 
times.

Study endpoints. The primary endpoint was disease response 
rate and progression‑free survival (PFS), and secondary 
endpoints were adverse events and duration of efficacy. The 
severity of adverse events was graded according to the National 
Cancer Institute Common Terminology Criteria for Adverse 
Events (NCI‑CTCAE) grading standard. The diagnosis and 
treatment criteria for cytokine release syndrome (CRS) were 
based on the NCI CTCAE 4.0 standard (14). Within 90 days 
after infusion, immune effector cell‑associated neurotoxicity 
syndrome (ICANS) was graded according to the highest grade 
of any event. Clinical response and disease progression were 
evaluated according to the IMWG uniform response standard 
for multiple myeloma (12).

Results

Demographics of patients. Between June 2020 and November 
2021, 10 RRMM patients (six males and four females) were 
enrolled in this study with a median age of 54 (36‑73) years. 
The median time from diagnosis to CAR‑T cell therapy 
was 24 (6‑72) months, with a median number of prior 
chemotherapy courses of 11 (4‑20) and a median number of 
treatment lines of three (2‑10). All patients received at least 
two treatment regimens with poor efficacy, and two patients 
received five‑line and above treatment. The medical history 
of patients who had previously received drug treatment were 
as follows: Bortezomib in eight (80%) cases, ixazomib in six 
(60%) cases, carfilzomib in one (10%) case, pomalidomide in 
one (10%) case, lenalidomide in four (40%) cases, thalidomide 
in four (40%) cases, CD38 monoclonal antibody in one (10%) 
case, autologous stem cell transplantation in one (10%) case, 
anthracyclines in six (60%) cases, and cyclophosphamide in 
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six (60%) cases. The Eastern Cooperative Oncology Group 
score of patients was 0‑1 in eight (80%) cases and 4 in two 
(20%) cases (Table II).

Efficacy evaluation. Among the 10  patients, one patient 
succumbed 24 days after the infusion of CAR‑T cells due to 
rapidly progressing disease caused by heavy tumor burden. 
The direct cause of death was pneumonia and gastrointestinal 
bleeding and the treatment efficacy could not be evaluated. 
The remaining nine RRMM patients did not receive any treat‑
ment for MM after infusion of CAR‑T cells and were followed 
up regularly. The overall response rate (ORR) of nine patients 
was 88.9%, with eight (88.9%) patients achieving partial 
remission (PR) or above. Among them, seven (77.8%) patients 
achieved complete remission (CR) with negative MRD, one 
(11.1%) patient achieved PR and one (11.1%) patient had 
stable condition (SD; Table II). The median follow‑up time 
of nine patients were 337 (253‑504) days, with a median time 
to response of 43 (22‑169) days, and a median PFS of 337 
(253‑504) days. Among the eight patients who achieved PR or 
above, the duration of disease control exceeded six months, 
and three of them maintained disease remission state for 
more than a year. The infusion dose of CAR‑T cells in one SD 
patient was 0.5x106/kg. At present, among the nine patients, 
only one patient with SD experienced disease progression 
337 days after receiving CAR‑T infusion, while the disease 
status of the remaining patients remained stable at a median 
follow‑up time of 337 (253‑504) days. Among the three 
patients with extramedullary involvement, two patients had 
disappearance of extramedullary lesions and one patient had 
a stable disease status (Fig. 1).

Safety assessment. Of the 10 patients, nine (90%) had grade II 
or lower CRS after infusion of CAR‑T cells, and no ICANS 
occurred. The median time to the onset of CRS was six (1‑8) 
days post‑infusion and the median duration was five (2‑15) 
days, with four (44.4%) patients improving with NSAIDs and 
five (55.6%) patients improving with one time tocilizumab 
treatment. The dose of CAR‑T cell infusion in one patient 
without CRS was 4.0x106/kg, and the disease remission status 
was CR. There were nine (90%) patients with hematological 
adverse reactions, six (60%) patients with severe anemia, 
five (50%) patients with grade III and above leukopenia, five 
(50%) patients with granulocytopenia, four (40%) patients 
with grade  III and above thrombocytopenia, three (30%) 
patients with grade  III and above pancytopenia, and eight 
(80%) patients with hemocytopenia before infusion of CAR‑T 

cells (Table III). After 1 month of CAR‑T cell infusion, the 
hemoglobin of nine patients was higher than 60 g/l, only 
one (10%) patient still had agranulocytosis combined with 
grade IV thrombocytopenia, and the remaining patients had 
granulocytes higher than 1.0x109/l and platelets >50x109/l. 
The other adverse reactions were as follows: Five (50%) 

Table I. Primer sequences.

Gene	 Primers (5'‑3')	 Size, bp

BCMA‑CAR‑T	 Forward: TGAAAGTGAGCTGCAAAGCG	 181
	 Reverse: GTGCTGGTGCTTTTATCCGC	
β‑actin	 Forward: GAGCTACGAGCTGCCTGAC	 121
	 Reverse: GGTAGTTTCGTGGATGCCACAG	

BCMA, B‑cell maturation antigen; CAR‑T, chimeric antigen receptor T.

Table II. Baseline characteristics and therapeutic efficacy.

Baseline characteristic	 Value

Male sex, n (%)	 6 (60)
Median age (range), year	 54 (36‑73)
Median time since diagnosis (range), months	 24 (6‑72)
Median no. of therapies (range), months	 11 (4‑20)
Number of prior lines of treatment (range)	 3 (2‑10)
Extramedullary disease, n (%)	 3 (30)
Previous therapies, n (%)	
  Bortezomib	 8 (80)
  Ixazomib	 6 (60)
  Carfilzomib	 1 (10)
  Pomalidomide	 1 (10)
  Lenalidomide	 4 (40)
  Thalidomide	 4 (40)
  Daratumumab	 1 (10)
Prior ASCT, n (%)	 1 (10)
  Anthracyclines	 6 (60)
  Cyclophosphamide	 6 (60)
ECOG performance‑status score, n (%)	
  0	 5 (50)
  1	 3 (30)
  2	 0 (0)
  3	 0 (0)
  4	 2 (20)
Therapeutic efficacy, % (n/total n)	
  ORR 	 88.9 (8/9)
  sCR	 77.8 (7/9)
  PR	 11.1 (1/9)
  SD	 11.1 (1/9)

ASCT, autologous stem cell transplantation; ECOG, Eastern 
Cooperative Oncology group; ORR, overall response rate; sCR, strin‑
gent complete remission; PR, partial remission; SD, stable disease.

https://www.spandidos-publications.com/10.3892/etm.2023.12170
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patients had grade III pulmonary infection, which improved 
after anti‑infection treatment; two (20%) patients had elevated 
glutamic oxaloacetic transaminase, which improved within 
14 days after liver protection treatment (Table III). A patient 
with a dose of 4.0x106/kg of CAR‑T cell infusion had grade IV 
pancytopenia, bacteremia and grade III pulmonary infection. 
One month after CAR‑T cell infusion, there was still granu‑
locytopenia combined with grade IV thrombocytopenia. One 
patient with CAR‑T cell infusion dose of 4.0x106/kg devel‑
oped grade IV pancytopenia, bacteremia and grade III lung 
infection, and there was still agranulocytosis with grade IV 
thrombocytopenia after 1 month of CAR‑T cell transfusion. 
After 2 months of treatment with hormones plus tocilizumab, 
he was discontinued from blood transfusion. One patient 
succumbed to lung infection and gastrointestinal bleeding on 
the 24th day after infusion due to rapid progression.

Copy number of CAR‑T cells. During the follow‑up, the 
highest copy number of CAR‑T cells in seven patients with CR 
was >1x105 copies/µl gDNA, and all patients achieved the best 
treatment effect within 30 (7‑30) days after the copy number of 
CAR‑T cells reached 1x105 copies/µl gDNA (Fig. 2). One SD 
patient with the highest copy number of CAR‑T cells (4x104) 
had the number reduced to 84 copies/µl gDNA 30 days before 
relapse. The remaining eight patients who remained in remis‑
sion had a median copy number of 2.5x104 (8,526‑116,433) 
copies/µl gDNA in CAR‑T cells.

Discussion

CARs typically consist of high‑affinity antigen‑binding 
sites and T cell activation signal transduction domains on 
single‑chain fragment variants (scFv) of monoclonal antibodies 
that are not limited by major histocompatibility complexes. So 
far, the first‑generation CARs combine scFV domain and CD4 
(extracellular domain) with CD3ζ (intracellular domain), but 

the stability and clinical efficacy are poor. The second‑genera‑
tion CARs add additional co‑stimulatory signal domains on the 
intracellular domain, such as CD28 or 4‑1BB, which enhance 
the in vivo amplification and durability of efficacy. Third‑ and 
fourth‑generation CARs exhibit different characteristics in 
combination with other co‑stimulatory domains (15). After 
CAR‑T cells bind to target antigens in vivo, activation and 
proliferation occur, followed by cytotoxicity, which ultimately 
kills target cells (16).

A number of clinical studies have shown that CAR‑T 
cell immunotherapy plays an important role in the treatment 
of hematological malignancies. In the peripheral blood of 
patients with B‑cell acute lymphoblastic leukemia, diffuse 
large B‑cell lymphoma and follicular lymphoma, it lasted for 
at least 5‑6 months (5,17), and 30‑40% of patients achieved 
remission and maintained for 12 months (18,19). In the research 
area of MM, CAR‑T therapeutics are rapidly evolving, with 
50 clinical trials involving all phases and different CAR‑T 
designs or targets, among which the efficacy of anti‑BCMA 

Figure 1. Response of extramedullary invasion. (A) A patient presented with colon plasmacytoma. The tumor enlarged gradually and lasted for nearly half a 
year although he had been treated with two lines of anti‑MM drugs. (B) After the anti‑BCMA CAR‑T cell immunotherapy for one month, the extramedullary 
lesion completely disappeared. The arrows indicate the colon plasmacytoma. BCMA, B‑cell maturation antigen; CAR‑T, chimeric antigen receptor T.

Figure 2. CAR‑T copy numbers of RRMM. CAR‑T, chimeric antigen receptor 
T; BCMA, B‑cell maturation antigen; RRMM, refractory multiple myeloma.
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CAR‑T is more prominent. BCMA is not expressed by hema‑
topoietic stem cells or non‑hematological cells, but is highly 
expressed in all MM cells and malignant PCs. Its expression 
levels increased sequentially from monoclonal immunoglobu‑
linemia to smoking myeloma to MM (20). BCMA is shed 
from the PC surface by secretase‑mediated division to form a 
soluble form (21), which can be detected in peripheral blood. 
Therefore, BCMA is an ideal target for CAR‑T cells against 
myeloma (22). Although CAR‑T cell therapy has shown good 
efficacy so far, there are still some specific problems to be 
solved, such as the efficacy of RRMM after multi‑line therapy, 
treatment response time, efficacy maintenance time, adverse 
events and related treatment and treatment effect of extramed‑
ullary diseases. Therefore, the present study was designed to 
study the efficacy and adverse effects of second‑generation 
CAR‑T in the treatment of RRMM.

The present study collected 10 patients with RRMM who 
had received multiple lines of treatment but had poor response 
to proteasome inhibitors or immunomodulators. All patients 
had advanced clinical stages and a high level of disease control 
difficulty, leading to poor prognosis. The present study observed 
the disease remission and adverse reactions after anti‑BCMA 
CAR‑T cell therapy, suggesting that RRMM patients are gener‑
ally sensitive to BCMA CAR‑T cell therapy and achieve a high 
response rate. Among the 10 patients, one patient succumbed 
due to the rapid progress of the disease, so the efficacy could 
not be evaluated. The ORR of the remaining nine patients was 
88.9%, and 8 (88.9%) patients achieved PR or above, of which 
seven (77.8%) patients achieved CR with negative MRD, one 
(11.1%) patient had PR. The disease maintenance time of eight 
patients with PR or above exceeded 6 months, and three of 
them maintained the disease remission state for >1 year. The 
condition of one (11.1%) patient remained SD. Among the 
three patients with extramedullary invasion, two extramedul‑
lary lesions disappeared and one was SD. The results of the 
present study suggested that RRMM patients were sensitive 
to BCMA CAR‑T cell therapy and achieved a high response 
rate. In addition, only one patient with SD progressed 337 days 
after CAR‑T infusion and the disease of the remaining patients 
remained in the current state after the median follow‑up time 
of 337 (253‑504) days. It is suggested that CAR‑T cell immuno‑
therapy not only has good efficacy but also has a long duration 

of response, as well as showing good therapeutic effect on 
extramedullary myeloma involvement. These results suggested 
that CAR‑T cell therapy holds great promise for the treatment 
of RRMM. In the initial stage of this project, two patients with 
CAR‑T cell infusion concentration of 0.5x106/kg were set up 
and the treatment process was smooth without obvious adverse 
reactions, so 2.0x106/kg and 4.0x106/kg concentration groups 
were set up in the dose escalation stage. Of the 10 patients, nine 
(90%) had grade II or lower CRS after infusion, which improved 
with NSAIDs or one time tocilizumab treatment. Among the 
patients, five (50%) had grade III pulmonary infection, which 
improved after anti‑infection treatment. A total of two (20%) 
patients had elevated glutamic oxaloacetic transaminase, which 
improved within 14 days after liver protection treatment. In 
addition, 10% of patients had bone marrow failure, bacteremia 
and grade  III pulmonary infection at the same time. The 
large number of patients with hematological adverse reactions 
may be related to the fact that most patients had concomitant 
disease‑related cytopenia prior to treatment, and cytopenia may 
also be associated with pretreatment chemotherapy and most 
patients recovered significantly within 1 month of treatment. 
Abnormal liver function has also appeared in other studies of 
CAR‑T cell therapy for MM, which may be part of systemic 
inflammatory syndrome (11).

Currently, immunotherapy drugs that have been proved 
to significantly improve the overall survival of patients with 
RRMM include targeted monoclonal antibody Daratumumab, 
in addition to CAR‑T cells. In studies targeting RRMM, patients 
who received Daratumumab combined with chemotherapy 
had an ORR of 92.9% and a CR of 56.6% (23,24). Although 
Daratumumab has also shown desirable efficacy, patients who 
relapse after receiving third‑line or above treatment and those 
who are resistant to proteasome inhibitors and immunomodu‑
lators do not receive significant benefits (25) and the repeated 
appearance of adverse reactions and the need for frequent hospi‑
talization have caused difficulties for patients. In a recent study 
of 16 cases of refractory myeloma treated with anti‑BCMA 
CAR‑T cells, the ORR was 81%, among them, 63% achieved 
CR or VGPR (26). In a clinical study of bb2121 CAR‑T in the 
treatment of RRMM, the ORR was 85%, CR was 45% and the 
median disease‑free progression time was 10.9 months (27). 
In a domestic study on the treatment of RRMM with BCMA 

Table III. Adverse events.

Number of patients	 Any grade, n (%)	 Grade III, n (%)	 Grade IV, n (%)

CRS	 9 (90)	 0 (0)	 0 (0)
ICANS	 0 (0)	 0 (0)	 0 (0)
Anemia	 8 (80)	 4 (40)	 2 (20)
Leukopenia	 7 (70)	 2 (20)	 3 (30)
Neutropenia	 7 (70)	 2 (20)	 3 (30)
Thrombocytopenia	 5 (50)	 2 (20)	 2 (20)
Pancytopenia	 4 (40)	 1 (10)	 2 (20)
Pulmonary infection	 5 (50)	 5 (50)	 0 (0)
Glutamic oxaloacetic transaminase increased	 2 (20)	 1 (10)	 0 (0)

CRS, cytokine release syndrome; ICANS, immune effector cell‑associated neurotoxicity syndrome.

https://www.spandidos-publications.com/10.3892/etm.2023.12170
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CAR‑T cells with double epitopes, the ORR was 88% and the 
CR was 68% (28). In the present study, the ORR and CR were 
88.9 and 77.8% respectively, which was basically consistent 
with other reported results. One patient succumbed on day 24 
following CAR‑T cell infusion due to rapid progression. The 
median follow‑up time, median onset time and median PFS of 
nine patients were 337 (253‑504) days, 43 (22‑169) days and 
337 (253‑504) days respectively. The disease maintenance time 
exceeded 6 months, and 33.3% patients maintained the disease 
remission state for more than a year.

The PFS in this study was affected due to the short 
observation time of some cases. Nevertheless, the disease 
maintenance time of patients in the present study was longer 
than that of other domestic studies and the treatment effect 
was improved. CAR‑T cells with a 4‑1BB:CD3ζ co‑stimulated 
domain had significantly longer duration and improved safety 
than those with CD28 co‑stimulated domain (29). Studies have 
shown that the peak blood CAR‑T cell copy number is not 
related to the dose of CAR‑T cell infusion (26), but is related to 
the anti‑MM response (28), which is basically consistent with 
the results of the present study. All patients achieved the best 
treatment effect within 30 (7‑30) days after the copy number 
of CAR‑T cells reached 1x105 copies/µl gDNA. The number 
was reduced to 84 copies/µl gDNA in one patient 30 days 
before relapse. A high level of expanded CAR‑T copy number 
indicates good efficacy, while a sudden decline to low copy 
number predicts disease recurrence.

Although these results were preliminary and the sample size 
was small, the clinical research results of CAR‑T cells showed 
encouraging efficacy and disease remission rate compared with 
other salvage treatments for RRMM. In addition, although some 
adverse reactions occurred, the adverse reactions were control‑
lable and, after symptomatic supportive therapy and anti‑IL6 
antibody therapy, the symptoms were alleviated and there were 
no uncontrollable and long‑term adverse reactions. This caused 
less harm to patients, so the safety of CAR‑T therapy was high. 
CAR‑T cell levels have been shown to correlate with IL6 after 
CAR‑T cell therapy, and high levels of IL6 drive CRS and are 
also associated with high survival (30).

Due to the persistence of antibody‑producing cells after 
CAR‑T cell therapy, the treatment cannot completely cure 
the disease, and there may still be disease recurrence after 
a certain period of time  (31,32). Therefore, the treatment 
exploration for RRMM continues, including bispecific CAR 
therapy, combination CAR therapy and CAR combination 
therapy and it is hoped that CAR‑T cell therapy can once again 
bring medical miracles in the future.
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