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Introduction
As a revolutionary medical technology, chimeric 
antigen receptor (CAR) T-cell therapy holds sub-
stantial promise to provide a cure for diseases that 
often lack practical and realistic treatment 
options.1,2 Within the past decade, considerable 
attention and large investments have poured into 
the cellular immunotherapy industry all over the 
world, which has resulted in tremendous growth 
in clinical studies in cellular immunotherapy.3 In 
China, the development of CAR T-cell therapy 
clinical studies has flourished with the stimulation 
of supportive government policies in recent 
years.4 In 2017, the number of Chinese clinical 
studies of CAR T-cell therapies surpassed that of 
the United States, as posted on ClinicalTrials.
gov.5 In addition, since the National Medical 

Products Administration (NMPA) issued 
Guidance for research and evaluation of cellular ther-
apy products in 2017, 15 investigational new drug 
CAR T-cell therapy registered clinical trials have 
been approved as of January 2020.

Unlike many small-molecule pharmaceuticals, 
CAR T-cell therapy is a class of living cell prod-
ucts, and the clinical trial process is complex due 
to the heterogeneity of starting materials, the lim-
itation of quality indicators, the lack of long-term 
safety evaluation methods and so on, which pose 
a potential severe risk to subjects.6,7 Further, a 
failure to meet certain requirements of quality 
management in clinical trials, including those 
relating to the eligibility of institutions and 
researchers and SOP (standard operating 
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procedure) as well as ethical review compliance, 
also compounds the potential risk. Therefore, the 
International Conference on Harmonization, the 
United States, and the European Union have issued 
relevant guidelines to encourage a series of risk-
based quality management strategies for sponsors to 
ensure subjects’ safety and data credibility in clinical 
trials.8–10 The new Chinese Drug Administration 
Law (2019 edition) also required risk-based quality 
management in drug clinical trials.

Given the potential risk of CAR T-cell therapy, 
the adoption of risk-based quality management is 
paramount to provide assurance that the rights, 
safety and well-being of subjects are protected. 
To our knowledge, no study focusing on risk 
identification in CAR T-cell therapy clinical trials 
has been reported. The aim of this study is to 
reach a consensus with experts on the most rele-
vant set of risks that are likely to occur in CAR 
T-cell therapy clinical trials from the perspective 
of subject protection. The conclusion reached in 
this study is likely to be influential on future risk-
based quality management in CAR T-cell therapy 
clinical trials, and it may also promote the further 
development of CAR T-cell therapy products in 
China.

Methods

Study structure
The Delphi method is a popular research method 
that has been successfully used by large numbers 
of experts across diverse locations and has proven 
to be a reliable measurement instrument in devel-
oping new concepts and setting the direction of 
future-oriented research.11–13 The Delphi method 
has been used to establish consensus across a 
range of subject areas, including in the field of 
public health and clinical trials.14,15 In this study, 
a three-round Delphi process was used to identify 
risks that likely occur in clinical trials of CAR 
T-cell therapy that also have the potential to 
cause great harm to the safety of the subject 
(Figure 1). Prior to the Delphi process, a brain-
storming session and literature review were con-
ducted to identify the core clinical trial processes 
that involved potential risks.

In the first round, participants were asked open-
ended questions designed to elicit a wide range of 
potential risks in the core clinical trial processes of 
CAR T-cell therapy. These responses were then 
collated by the researchers for further second- and 

third-round questionnaires that comprised a series 
of statements that participants were required to 
rank or rate according to their level of agreement 
using a five-point Likert scale (“5: strongly agree”, 
“4: agree”, “3: neutral”, “2: disagree”, “1: strongly 
disagree”). Participants were asked to consider 
their previous answers in light of the group’s 
responses and the comments that had been made 
throughout the Delphi survey. If they wished to, 
they could change their answers and make any 
further comments.

Participant selection
In Delphi exercises, a minimum of 12 respond-
ents is generally considered to be sufficient to 
enable a consensus to be achieved, and larger 
sample sizes can provide diminishing returns 
regarding the validity of the findings.16 
Nevertheless, Delphi sample groups depend more 
on group dynamics in reaching a consensus than 
on statistical power.17,18

It was not until the end of 2017 that the NMPA 
issued technical guidelines for clinical trials of cel-
lular therapies, and these guidelines have greatly 
accelerated the progress of clinical trials on cellu-
lar immunotherapy and stem cell therapy in 
China. Before this, the clinical study of cell ther-
apy was mainly conducted in the form of clinical 
research, which did not have the purpose of col-
lecting data for market authorization and does 
not require strict compliance with good clinical 
practice (GCP) and good manufacturing prac-
tice. Therefore, there are few clinical trials of 
CAR T-cell therapy being conducted in China, 
and all of them are still in early stages. In this 
study, we wish to harness the opinions of a group 
of participants who have rich experience in CAR 
T-cell therapy clinical research and are currently 
involved in CAR T-cell therapy clinical trials. 
These experts include principal investigators, 
clinical research physicians, members of institu-
tional ethics committees (IECs), and GCP 
experts. Finally, 24 experts were invited, 20 
agreed to take part in our study via email, and 
four participants were both clinical research phy-
sicians and members of an IEC.

Data collection and analysis
Nine core clinical trial processes were identified 
for investigation through a brainstorming session 
and literature review: institutions and personnel, 
protocol design, ethical review, clinical subject 
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management, biological sample collection, inves-
tigatory drug management, investigatory drug 
infusion, adverse drug reaction (ADR) manage-
ment and the follow-up of subjects. Qualtrics sur-
vey software was used for the design and 
distribution of all questionnaires online, and all 
participants were given a code that made their 
answers identifiable to the researcher across ques-
tionnaire rounds. Participants were asked to com-
plete each questionnaire within 2 weeks. Email 
reminders were sent at 1 week and 2 days prior to 
the questionnaire deadline.

Round 1 questionnaire.  In the first-round ques-
tionnaire, open-ended questions designed to elicit 
a wide range of specific manifestations of risk 
were posed. At the end of the open-ended ques-
tions, a blank space was provided for any further 
comments or information participants wished to 

provide. All answers received in the first round 
were recorded as statements of potential risk 
based on the specific nature of the participant’s 
response; similar suggestions were collapsed into 
one statement that retained the intended mean-
ing. Where there was any uncertainty about 
whether the comments were referring to the same 
risk, or there was a subtle difference, comments 
were kept as separate statements.

Round 2 questionnaire.  The second-round ques-
tionnaire comprised 59 statements generated 
from the answers and comments provided by the 
participants in the first round. Space was also 
provided below each statement for any further 
comments that participants wished to make. Par-
ticipant ratings were entered into SPSS data anal-
ysis software, and the frequency of each type of 
rating for each statement was calculated.

Figure 1.  Overview of the Delphi process.
ADR, adverse drug reaction; AE, adverse event; CAR, chimeric antigen receptor; SAE, serious adverse event.
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Round 3 questionnaire.  The third-round question-
naire was used to assess 15 statements that had not 
met consensus in the second round. Consensus 
was defined as agreement with a statement (agree 
or strongly agree) by 80% of participants. There is 
no set level of agreement for a consensus in Delphi 
studies, with the level selected by the researcher 
often being dependent on the number of partici-
pants and the priorities of the study.19 In this study, 
80% was chosen to reflect the smaller overall num-
ber of participants and the desire to represent the 
panel’s views as accurately as possible. When the 
third-round questionnaires were received, partici-
pants’ ratings for each of the 15 statements were 
again entered into SPSS, and the frequency of 
each response was calculated to identify any state-
ments that had now reached consensus.

Result and discussion
In this study, we focused on only the topics related 
to the quality risk management of CAR T-cell 
products clinical trials. Therefore, other topics 
related to whole lifecycle management of CAR 
T-cell products were not included in this Delphi 
study.

Of the 24 experts invited to participate in this 
Delphi study, 20 completed Round 1, Round 2, 
and Round 3. Participant demographics are 
shown in Table 1. The participants’ mean age 
was 41 years across the three rounds, and approx-
imately three-quarters of participants resided in 
the Shanghai and Beijing metro areas. This is 
likely because the majority of sites conducting 
clinical trials of CAR T-cell therapy in China are 
located in these two cities. The majority of 
respondents were senior academics, had doctoral 
degrees and had been working in the field of CAR 
T-cell therapy clinical research for ⩾3 years.

Table 2 shows the 59 statements collected in 
Round 1 and the group responses to each risk. By 
Round 2, consensus was achieved for 44 out of 59 
statements. Fifteen statements needed a third 
round before consensus was reached. Finally, 54 
risks were identified by experts in Round 3, and 
five were either not expected to occur or were not 
expected to pose a significant risk to subjects. 
Notably, this is not to say that there are no other 
risks other than those identified here in CAR 
T-cell therapy clinical trials; rather, the risks dis-
cussed here are considered to be more likely to 
occur in clinical trials and may pose a greater 
safety threat to trial subjects.

Table 1.  Demographic characteristics of Delphi 
participants.

Rounds 1, 2, 3 
(N = 20)

Gender

  Male 5

  Female 15

Mean age 41

Province

  Shanghai 11

  Beijing 4

  Zhejiang 3

  Jiangsu 1

  Tianjin 1

Current role

  Director physician 5

  Director pharmacist 1

  Associate director physician 4

  Doctor-in-charge 4

  Pharmacist-in-charge 4

  Senior engineer 2

Education

  Doctoral degree 13

  Master’s degree 7

Years working in the field

  10+ years 3

  6–9 years 6

  3–5 years 7

  1–2 years 4

The number of patients cared by each 
participant

  1–19 6

  20–49 9

  50–100 3

  100–250 2
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Experience relating to CAR T-cell therapy prod-
uct clinical trials in China and abroad demon-
strates that the products are genetically modified 
and may cause adverse reactions such as cytokine 
release syndrome (CRS), neurotoxicity, tumor 
lysis syndrome, and macrophage activation syn-
drome. Furthermore, with the application of gene 
editing technologies such as CRISPR/Cas9 in the 
field of immune cell therapy, new products and 
technologies have also brought many potential 
safety risks to patients, such as off-target effects 
and tumorigenicity.20 The safety risk control plan 
is one of the most critical considerations in the 
design and conduct of a CAR T-cell therapy clini-
cal trial. It is necessary to correctly identify poten-
tial risks in CAR T-cell therapy clinical trials to 
create effective safety risk control plans. To our 
knowledge, this is the first study providing insight 
into expert opinion on the potential subject safety 
risks in clinical CAR T-cell therapy trials. Based 
on a three-round Delphi process, 54 risks in nine 
core clinical trial processes were identified based 
on the experts’ opinions. Quality management for 
CAR T-cell therapy clinical trials should include 
effective interventions for these identified risks to 
maximize the protection of subject safety.

Considering that CAR T-cell therapy is generally 
considered high risk, it is necessary to ensure the 
accessibility of emergency measures, the support 
of relevant departments such as the intensive care 
unit, and effective and standardized training for 
researchers (Risk Statements 1.3, 1.4, 8.2, 8.4). 
The training should be put in place to inform 
researchers and other staff about the risks, clinical 
manifestations, the management of CRS, and neu-
rotoxicity observed with CAR T-cell treatment. 
Especially in early clinical research, medical insti-
tutions and researchers should be selected with cell 
therapy experience and the ability to diagnose and 
manage adverse reactions (Risk Statements 1.2–
1.4). In addition, a safety assessment team com-
posed of multidisciplinary and experienced experts 
should be established to discuss the safety of sub-
jects in clinical trials and to provide suggestions for 
decision-making (Risk Statement 1.7).

While the desire to access potentially therapeutic 
interventions is completely understandable, scien-
tific research on cell-based therapy is at an early 
stage, and its potential value is far from fully 
understood.21 Therefore, it is imperative for the 
IEC to completely evaluate the risk-efficiency pro-
file of cell-based therapies before conducting a 
formal clinical trial (Risk Statements 3.2–3.4). 

Furthermore, the IEC should conduct a compre-
hensive assessment of the qualifications of the 
researchers and the laboratory conditions (Risk 
Statement 3.1). There is a risk that investigators 
may heed patients and their families’ wishes to 
access beneficial treatments and exaggerate the 
therapeutic benefits of cell-based therapy while 
avoiding mentioning side effects when obtaining 
informed consent.22 In addition, the IEC should 
focus on reviewing compliance with the informed 
consent procedure (Risk Statements 3.5, 3.6). In 
the process of obtaining informed consent, appli-
cants and researchers should ensure that subjects 
fully understand the risks of cell therapy clinical 
trials and should neither overstate the clinical ben-
efits of cell therapy nor give too brief a description 
of the risk of adverse reactions (Risk Statements 
4.5–4.7). The IEC also needs to conduct in-pro-
cess supervision of CAR T-cell therapy clinical tri-
als to determine a reasonable frequency of 
follow-up review based on the risk of the products 
(Risk Statement 4.7). Given that clinical trials of 
CAR T-cell therapies tend to be multicenter trials, 
the establishment of regional ethics committees 
was also suggested by the expert panel to integrate 
and share regional resources. This committee 
would instruct and supervise in areas of research 
protocol, informed consent and the compliance 
and timeliness of trial processes.

In the clinical trial protocol, the inclusion and 
exclusion criteria are not only the threshold for 
subjects to participate in clinical trials but also 
ideally a comprehensive evaluation of the sub-
ject’s risk tolerance. For clinical trials of CAR 
T-cell therapy products, normal treatment should 
be carried out in relapsed or refractory patients 
for whom there are no effective CAR T-cell treat-
ment methods. Therefore, the definition of 
“relapsed”, “refractory”, and “lack effective treat-
ment methods” should be clear and scientific, 
and subjects should be recruited in strict accord-
ance with the pre-established inclusion and exclu-
sion criteria (Risk Statements 2.2, 4.3). Normally, 
it takes time for potential ADRs to manifest 
themselves after immune cell product infusion. 
Therefore, sufficient observation intervals (at 
least 2 weeks) should be established according to 
the characteristics of cell products when conduct-
ing dose exploration studies to minimize the 
safety risk to subjects in clinical trials23 (Risk 
Statement 2.3). Moreover, the responsibilities of 
the sponsors and the investigators should be 
clearly defined, and the safeguards for the signifi-
cant risk to the subject should be specified (Risk 
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Statements 8.1–8.3). In addition, the formation 
of a safety risk control plan should ideally refer to 
the clinical consensus or the latest authoritative 
research results in China and abroad (Risk 
Statement 8.6). It is important to ensure that the 
patient and family are given wallet cards to remind 
them about the signs and symptoms of adverse 
reactions such as CRS and neurotoxicity, which 
require immediate medical attention. Clinical 
experts in China and abroad have a relatively 
clear understanding of grading and controlling 
serious ADRs, such as CRS, neurotoxicity, and 
macrophage activation syndrome.24–26 For exam-
ple, verifying tocilizumab (two doses) is ordered 
and available for administration before a dose of 
CAR T-cell product is administered according to 
the risk evaluation and mitigation strategy of 
Food and Drug Administration-approved 
Yescarta and Kymriah.27,28

In contrast to small-molecule drugs, cell therapy 
products are living cell preparations, and the pro-
cess of collection of biological samples and the man-
agement and infusion of investigatory drugs in CAR 
T-cell clinical trials introduce more risks. In order to 
avoid manufacturing failure of CAR T-cell therapy 
products as much as possible, the routine complete 
blood and lymphocyte ratio of subjects should be 
fully evaluated before apheresis (Risk Statement 
5.2). The main thing that makes cell therapy more 
complex from a supply chain perspective is the 
requirement to maintain the drug at the appropriate 
temperature throughout the chain of custody, from 
manufacturing to short-term storage, to long-term 
storage, and then finally out to the clinical sites for 
dosing. Therefore, fast cold chain transportation 
and cryogenic warehouse should be available for 
shipment and conservation of cell products (Risk 
Statement 6.2, 6.6). Additionally, the investigatory 
cell products should be infused as soon as possible 
after cell resuscitation, and the time taken to infuse 
investigatory drugs should be controlled properly to 
maintain cell activity as well as avoid infusion reac-
tions (Risk Statements 7.7–7.8).

ADR data should be fully collected, and the risk 
control plan should be updated continually during 
the clinical research phase. Vital signs of subjects 
should be monitored continuously, and changes 
should be noted for timely detection of the occur-
rence of adverse events (AEs)/serious AEs (SAEs), 
both after apheresis and during the cell therapy 
product infusion (Risk Statements 8.4–8.5). After 
the infusion of the CAR T-cell therapy product, 
research doctors should recommend that the 

subjects stay in the hospital for an appropriate 
period of time (usually 3–4 weeks) to receive 
timely treatment in the event of an occurrence of 
AEs/SAEs. (Risk Statement 4.8). The short-term 
safety follow-up time can be reasonably set up 
according to the previous pharmacokinetic data 
(Risk Statements 9.1–9.2). For example, treat-
ment can be followed up to the time when the 
product is not detected in vivo or 2 years after the 
infusion, whichever is longer.29 In addition, since 
CAR T-cell therapy products are genetically mod-
ified, which introduces the associated risk of tum-
origenicity, the subject should be observed for 
delayed AEs for as long as 15 years following 
exposure to the investigational CAR T-cell ther-
apy product30,31 (Risk Statement 9.3).

Strengths and limitations
This study highlights the identification process of 
major risks in CAR T-cell therapy clinical trials. 
An important strength of this study is the tailored 
and iterative study design. Extensive literature 
review and a face validity check on risks in CAR 
T-cell therapy clinical trails have contributed to 
the validity of the study, as well as pilot-testing of 
the surveys. Furthermore, our research is focused 
on identifying the most likely potential risks, which 
was strengthened by recruiting an expert team in 
the fields of in CAR-T clinical trials and patient 
care. Moreover, our study did include face-to-face 
consultations with experts between the three 
rounds of Delphi study so as to discuss ratings, 
investigate areas of disagreement, and gain more 
in-depth insights. Although the research design 
and execution were rigorous, some limitations still 
exist. First, the sample size in this study was small, 
and it would be of benefit in future studies to 
recruit a larger number of experts to ensure depth 
and any diversity in their responses. However, it 
has been suggested that sample size may not be 
the major concern in Delphi studies and that com-
parable reliability may be obtained with both 
fewer and greater numbers of participants.32 
Second, since the identification of risks is a rela-
tively subjective process, only major risks that are 
likely to occur in CAR T-cell therapy clinical trials 
were identified by the expert panel in this study, 
and some important risks in the clinical trials may 
have been missed. Finally, the severity of each risk 
to the safety of subjects was not weighted in this 
study. In the future, our research will weigh the 
severity of these risks and use these risk indicators 
to conduct risk assessments of CAR T-cell ther-
apy clinical trials.
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Conclusion
China has great demand for CAR T-cell therapy 
products and has made efforts to accelerate their 
development. In view of the high risk of CAR T-cell 
therapy products, the safety of subjects should be 
given priority, and reasonable scientific risk-based 
quality management in clinical trials should be 
developed. In this study, 54 risks were identified by 
an expert panel, and effective interventions for 
these risks would maximize the protection of sub-
ject safety. Our work could potentially benefit 
future risk-based quality management in CAR 
T-cell therapy clinical trials, which may promote 
the development of CAR T-cell therapy products.
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