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Abstract
Introduction. Investigator initiated trials (IITs) are laid on the optimization and improvement of already
existing therapies or treatment approaches and attempts to answer problems faced by clinicians in their
daily practice. However, the quality assessment for conducting these sometimes complex studies is
scarce of evidence. Our study aims at developing a handy quality assessment tool for IITs and providing
investigators with resources to conduct their studies effectively. Furthermore, patient safety and data
quality will also be kept as top priorities.
Data and methods. The framework of the quality assessment tool was based on the literature studies and
accepted guidelines and the Delphi method. Confirmatory factor analysis (CFA) is used to further
evaluate the validity and feasibility of the conceptual quality assessment tool.
Results. The panorama quality assessment tool for IITs contains four critical quality attributes, including
progress, quality, regulation, scientificity, and 13 observed quality indexes. 272 IITs were collected, finally,
252 IITs were included in the validity and feasibility assessment. The majority of the studies (60.29%)
were in Randomized Controlled Trial (RCT), and 41.18% of the studies were multi-center. In order to test
for validity and feasibility of IITs quality assessment tool, CFA method was showed a fit for the model
(CMIN/DF=1.868, GFI=0.916; CFI=0.936; TLI=0.919; RMSEA=0.063). Multiple types of studies of clinical
studies, including RCT, prospective cohort study, retrospective, and real-world research fitted well in the
tool by assessing their subject management, reasonable clinical research methods, and quality control
methods. However, RCT ended with lower scores than prospective cohort study, retrospective and realworld research in enrollment progress (7.02 vs. 7.43, 9.63, 7.85, respectively).
Conclusions. The panorama tool for overall quality assessment of IITs from this study combines the
advantages of both qualitative and quantitative recognized evaluation indexes, which are further
validated by CFA. The panorama evaluation tool can timely and dynamically find errors, take actions to
prevent major bias. It is hoped that this framework can provide project management departments with
resources for effective and dynamic management of their research and avoid waste of resources, as well
as a manner to improve the quality of IIT in the future.

Introduction
Investigator initiated trials (IITs) are clinical studies initiated and managed by researchers who seek to
advance medical and scientific knowledge, regardless of commercial interests[1]. IITs complement the
industry-sponsored trial (ISTs) and address questions, which are based on the optimization and
improvement of already existing therapies or treatment approaches and attempts to answer problems
faced by clinicians in their daily practice[2]. In 2012, National Medical Products Administration (NMPA) in
China issued "technical guidelines for increasing indications of marketed anti-tumor drugs", which
proposed that high-quality IITs data can also be used as an important role to support the approval of new
indications[3]. In addition, conducting IITs are not only important for a better understanding of disease
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domain/drug effect but also helps to translate academic research into product development. Recently, it
has been reported in the literature that IITs have changed the practice of medicine[4, 5].
From the nature of the project, IITs have their own characteristics, which are different from ISTs and basic
scientific research. Compared with basic scientific research, IITs have a longer implementation cycle and
standardization, which requires the participation of multiple professionals and research centers.
Compared with ISTs, there were differences between research purpose, regulatory purpose, and research
type. Therefore, ISTs have rigorous monitoring and auditing to ensure the authenticity and reliability of
data. In comparison, the IITs often lack resources and may not have similar quality checks[6, 7]. IITs are,
however, equally important for the reason that they explore the use of marketed drugs for new indications
and clinical diagnosis or treatment effect comparison, exploratory research. Thus the outcome of an IIT
can have a considerable effect on the care of patients[8]. A comprehensive and feasible quality
assessment tool is urgent as IITs faced significant conduct and concluded challenges.
Over the past decade, several studies have reported that the importance of adhering to the quality of
methodology and research report is emphasized, both in IITs and ISTs[9, 10]. Several publications have
highlighted risk-adapted monitoring as an important tool in quality control and appear sufficient to
identify critical questions in the conduct of clinical trials[11, 12]. However, a systematic study about
quality assessment tools designed for IITs was rarely reported. The main goal of this study is to develop
an operational quality assessment tool for IITs to enhance the quality of conduct and final, and ensure
the safety of subjects and the authenticity and reliability of data, and further improve citation per article,
lead to more patent filings.

Data And Methods
2.1 Development of Preliminary Investigator-initiated trials Quality Indexes. The purpose of IITs quality
indicators can be directly or indirectly applied to the evaluation of clinical research quality. Therefore, the
principle of Investigator-initiated trials quality indicators extraction in the paper includes the following
three aspects. Firstly, the selected quality indicators are the ability to evaluate the quality of clinical
research. Secondly, the selected quality indicators should be relatively simple and easy to understand.
Thirdly, the operability of quality indicators is relatively strong. The preliminary quality indicators of
investigator-initiated trials were firstly developed by literature studies and accepted guidelines, including
International Conference on Harmonization Good Clinical Practice E6(R1) (ICH E6(R1))[13], World Health
Organization Good Clinical Practice (WHO GCP)[14], SPIRIT 2013 Statement[15], and CONSORT 2010
statement [16]. The basic framework of preliminary quality indicators was defined by literature studies
and accepted guidelines. The preliminary quality indicators were further confirmed by the Delphi method
based on expert consultation, during which three rounds of questions of scoring feasibility and
importance of indicators were provided to the experts from fields of clinical research methodology,
scientific research management, and clinical science engaged in clinical research. Furthermore, this
research used confirmatory factor analysis (CFA) and structural equation modeling as tools to evaluate
the structural validity of the index system (Figure 1).
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2.2 Inclusion Criteria of Included IITs for Validation. This study obtained 272 investigator-initiated trials
sponsored by non-profit organizations and applied the quality assessment tool to evaluate the project
conclusion. 272 clinical research projects, mainly including the standardized application of clinical
diagnosis and treatment technology for frequently occurring diseases, chronic diseases and difficult
diseases and the promotion of research achievements. We included IITs that are (1) on human subjects,
(2) with the reasonable research hypothesis, (3) with protocol attachment or published protocol, and (4)
with ongoing research. Animal or vitro experiments, projects without data collection, and studies without
protocols were excluded. Finally, 257 investigator-initiated trials were included in our research owing to
four projects were excluded due to projects promoted by researchers, and actively apply for termination of
11 clinical research projects.
2.3 Data Collection of Measurement of Quality Indexes. Our previous study refers to the risk-based
monitoring method advocated by the international community and globally explores a set of standard
processes in the framework of clinical research and regulation, which mainly includes preparation before
quality assessment, self-assessment of the project team, centralized inspection, on-site inspection, report
writing, and comprehensive assessment. Referring to the clinical research quality assessment process,
our team provided mid-term verification and quality control technical support for the quality assessment
of the implementation process of IIT projects[17]. 257 clinical research projects' quality assessment was
also evaluated by the standard processes. Data were collected based on the review of research protocols,
ethical approval, case report forms (CRFs), and informed consent submitted by researchers. All text
reviewers were trained in standard procedures reviewing research files.
For quantitative analysis, the following quality indexes were assessed: overall progress, enrollment
progress, budget implementation rate. Each quality index was scored from 1 to 10. Overall progress
including not-enrolled, enrolled, treatment completed, follow-up completed, these statuses were given
different scores. For quantifying data, each quality index was scored based on the components in
research files proportionally. If any "No" and "Can't answer" were answered in each subindex, one point
would be deducted.
2.4. Statistical Methods. Use REDCap (Research electronic data capture ( http://projectredcap.org )) to
input data to control the quality of data. All statistical analysis was performed by R statistical software.
Descriptive of basic characteristics of included IITs was presented by mean standard deviation or
percentage, as appropriate. The structure validity of the index system of the quality evaluation of clinical
research was tested by confirmatory factor analysis. Model fit was evaluated using the Tucker-Lewis
Index (TLI), CMIN/DF (the ratio chi-square (χ)/degrees of freedom (DF), Goodness-of-Fit Index (GFI),
Comparative Fit Index (CFI), Root Mean Squares Residual (RMR), and the Root Mean Square Error of
Approximation (RMSEA). This index has a range from 0 to 1, the better the fit is, and it is generally
believed that CFI and TLI should be greater than 0.9, and GFI is at least greater than 0.80[18, 19]. RMSEA
is the index of evaluation model fitting. RMR index measures the fitting degree of the model by measuring
the average residual of the predicted correlation and the actual observation correlation. The closer it is to
0, RMSEA and RMR should be less than 0.05. It is considered that the model fits well[20, 21]. The
Page 5/19

hypothesis test was performed to calculate the level of significance of the estimated coefficients, being P
values greater than 0.05 considered as favorable. All statistical analyses were performed by using the R
statistical software, "lavaan" package, and "semPlot" package (R version 3.5.3). Two-sided P values of
less than 0.05 were considered to indicate statistical significance. In Excel, the radar plot is generated by
using the insert function.

Results
3.1 The Framework of Quality Indexes for IITs Through literature studies and accepted guidelines, with
the above dimensions which construct the initial quality evaluation index system and through the Delphi
method, quality evaluation index system was further improved. Furthermore, the CFA method was used to
analyze the reliability and validity of the indicators. The ultimately determines the conceptual quality
indicators for IITs contain four themes: progress, quality, regulation, and scientificity. As shown in Table 1,
there were 4 quality properties, 13 quality indexes developed through conducting and finishing a clinical
trial.
3.2. Characteristics of Included IITs. In 2015 and 2016, non-profit government-funded 272 investigatorinitiated trials, covering 30 tertiary first-class hospitals in shanghai. The project was concluded in 2019,
four projects were excluded and actively apply for the termination of 11 clinical research projects. Finally,
257 studies were included for validation of quality indicators for investigator-initiated trials: 257 (94.49%)
studies were assessed, 11 (4.04%) and 4 (1.47%) studies terminated early (Table 2). The majority of the
studies (60.29%) were in RCT, and 58.82% of the studies were Single center. 57.35% of the studies had a
sample size of 100-500 and only 34 (26.84%) of the studies had a sample size of less than 100. In
45.59% of the projects, the research protocol changed during the implementation of the study. When
considering Figure 2, it can be noticed that 8.82% of trials changed inclusion criteria during the
implementation of the study. Interventions and sample size also changed (5.88%, 4.78%).
3.3. Validation of Quality Assessment Tool of IITs. The preliminary quality indicators of IITs quality
assessment tools were further evaluated the construct validity by using CFA (Figure 3). The critical quality
properties and quality indexes between expertise and CFA are consistent. In this study, CMIN/DF, GFI, CFI,
TLI, RMSEA, and RMR indexes were selected as the indexes of the statistical model. When considering
Table 3, it can be noticed that CMIN/DF is 1.868 less than 3, GFI, CFI, and TLI are all greater than 0.9, and
RMSEA and RMR are all less than 0.05, and it can be considered that the above quality assessment index
extraction results are feasible. As shown in Table 4, factor loadings were most of all P<0.05 and ranged
from a minimum of 0.306 to a maximum of 1.000. Meanwhile, the factor loadings between overall
investigator-initiated trials quality and one-class index were range from 0.425 to 0.967 with P<0.05.
3.4 Results of Quality Assessment of Investigator-initiated Trials. Radar graphing, a form of radial
graphing, is used as a method to display data and is much simpler than when it is lined with statistical
analyses. Radar plots have a series of spokes or rays arising from a central point, with each ray showing
a different index, such as data management. Figure 4 illustrates that polygons are created with each
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spoke showing one of the secondary indexes and each point on the spoke reflecting the magnitude of the
mean results, and different colors region represent the different one-class index. Among 257 IITs, Data
management was well presented and the average score was 9.40, followed by quality control scored
9.36. Enrollment progress and budget implementation rate scored low, which were, 7.30 and 5.91,
respectively. RCT, prospective cohort study, retrospective, and real-world research performed similarly in
subject management, reasonable clinical research methods, and quality control. However, RCT had lower
scores than prospective cohort study, retrospective, and real-world research in enrollment progress (7.02
vs. 7.43, 9.63, 7.85, respectively).

Discussion
Through the literature studies and accepted guidelines, Delphi method, confirmatory factor analysis, radar
plots analysis of the collected data, the final conclusions are as follows. Firstly, our study proposed a
proactive quality assessment consideration for IITs of four aspects: progress(including overall progress,
enrollment progress, budget implementation rate), quality(including study protocol compliance, data
management, subject management, quality control total 4 indexes), regulation(including ethical approval,
subject safety, informed consent total 3 indexes), scientificity(including evidence-based medicine level,
reasonable clinical research methods, study protocol dissemination total 3 indexes). Secondly, 272 IITs
covering 30 tertiary first-class hospitals in shanghai were identified. Finally, 257 IITs were included for the
validation of quality indicators. The majority of the studies (60.29%) were RCT, and 58.82% of the studies
were single center. Thirdly, we further confirmed the structural validity of the one-class index and
secondary indexes as latent variables. In the results of confirmatory factor analysis, CMIN/DF, GFI, CFI,
TLI, RMSEA, RMR and other indicators used in the model test are all meet the requirements. The CFA
model revealed strong positive links from four quality indexes to the overall quality of ITTs. Our study
intends to develop a handy quality assessment tool for IITs. This panorama tool provides project
management departments with a way to effectively and dynamically manage their studiesand a manner
to improve the quality of IITs in the future.
The panorama quality assessment tool our study built can effectively evaluate the quality of research
data, and can timely and dynamically find errors, take actions to prevent major bias. For the management
side like NIH, the assessment tool can effectively improve the efficiency and effectiveness of funding. Our
team used panoramic tools to evaluate projects. About 5% of the projects were terminated early and 20%
got second round support. Adopting international advanced assessment methods is very important to
conduct and improve the quality of clinical trials. Traditionally, the International Conference on
Harmonization–Good Clinical Practices (ICH‑GCP) described two verification activities: quality control
and quality assurance. The aims are to protect the rights and well-being of subjects and ensure protocol
compliance and data integrity. Recently, FDA[22] and EMA[23] guidelines both issued in 2013, ICH GCP
guidelines issued in 2016[24] and NMPA GCP[25] issued in 2020 suggested focusing on critical data and
critical processes, and encouraged to adopt risk-based approaches to monitor clinical trials. A serial of
researches reported that risk-based monitoring has the potential to make trials more efficient and reduce
costs[26, 27]. We, therefore, adopted risk-based approaches to identify critical data of IITs to improve the
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capacity of self-regulate overall quality. Due to distinct characters of IITs, monitoring practices are highly
variable among IITs, and there is a need for standardization of practices in monitoring activities. It is a
suitable method for the quality management of problems in IITs.

We further confirmed the structural validity of the IITs quality assessment tools by CFA. The model also
presented the importance of progress and scientificity. Progress, measured jointly by overall progress,
enrollment progress, budget implementation rate, has direct and indirect effects on the overall quality of
IITs in our theory and confirmed by the model. Poor recruitment of participants is the most common
reason for the RCT discontinuation, which reflects a large waste of scarce research resources[28].In this
study, enrollment progress and budget implementation rate scored low, which were, 7.30 and 5.91,
respectively. The reason for the low recruitment progress of subjects may be linked with funding, design,
recruiter, or participant [29]. In addition, there are differences in the progress of subject recruitment among
different research types, and the recruitment progress of RCT is the lowest. Scientificity, measured jointly
by evidence-based medicine level, reasonable clinical research methods, study protocol dissemination
have direct and indirect impacts on the overall quality of IITs in our theory and confirmed by the model.
Large and well-conducted clinical trials are widely regarded as the best source of evidence on the efficacy
and safety of medical interventions. Therefore, RCT has a relatively higher evidence-based medicine level.
Our study found that almost half of the research protocol would be adjusted in the implementation
process, which may be associated with better implementation. Recently, it is important that all research
findings, including negative and inconclusive results, are reported transparently and made publicly
available in order to avoid unnecessary duplication of research or biases in the clinical knowledge
base[30]. It has reported that among registered clinical trials, slow dissemination of research results was
common [31], with almost half of the studies remaining unpublished years after completion that may be
aroused by 'a lack-of-time or low priority', followed by 'results not important enough' and 'journal
rejection'[32] , which was consistent with our study.
Our study has several advantages and limitations as well. First, the sample used to confirm the CFA was
collected from in-planning studies, no previous research was identified discussing the in-planning studies.
Our study includes a variety of research types, regardless of "high quality" and "low-quality" studies, which
can objectively reflect the current research status. However, we only included the clinical research projects
in Shanghai and did not cover the whole world. Second, the sample size was up to standard, we reach
200 samples for CFA[33] and while CFI is a noncentrality parameter-based index, which designed to
overcome the limitation of sample size effects[34]. Third, our study adopts a risk-based monitoring
method to identify critical data and processes, which in line with international trends and save resources.
However, in addition to the indicators concluded in this study, IITs have more evaluation angles and
quality indicators. IITs have a scientific exploration component, and the research purpose may change, so
the research scheme and data collection are often more complex and changeable. The quality
assessment tool for IITs showed here has enabled us to evaluate the overall quality of IITs and therefore
helps us refine quality practices in IITs. However, due to limited resources, we failed to take all these
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details points into account. Future studies are needed with an improvement of quality assessment tools
before strong recommendations can be made on its use.

Conclusion
The results of critical quality properties and quality indexes between expertise and confirmatory factor
analysis are basically consistent, indicating the feasibility and validity of applying this panoramic quality
assessment tool for overall quality evaluation of IITs. This panorama tool provides project management
departments with a way to effectively and dynamically manage the quality of their studies, and can
timely and dynamically find errors, take actions to prevent major bias. Furthermore, the project
management department will terminate the "low-quality" project in advance, and provide rolling support
for the "high quality" project according to the situation of the project. It is hoped that this framework can
provide project management departments with resources for effective and dynamic management of their
research and avoid waste of resources, as well as a manner to improve the quality of IIT in the future.
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Tables
Table 1. Framework of quality properties and indexes of quality assessment tool for IITs. AE: adverse
event; SAE: severe adverse event; SOP: standard operation procedure.

Page 12/19

Quality
properties

Quality indexes

Description

Measurement

Progress

Overall
progress

The research is in different recruitment stages: not
enrolled, enrolled subjects, enrolled completed,
follow-up completed.

Quantitative
data

Enrollment
progress

Enrolled subjects/Planned enrolled subjects

Quantitative
data

Budget
implementation
rate

Budget implementation/Planned budget

Quantitative
data

Study protocol
compliance

The actual implementation of the
inclusion/exclusion criteria, grouping /
interventions, randomization (if have), blinding (if
have), primary and secondary endpoints shall be
in accordance with the study protocol

□ Yes
□ No
□ Can't
answer
□ Not
applicable

Data
management

Electronic data management system, critical data
traceability, integrity and accuracy.

□ Yes
□ No
□ Can't
answer
□ Not
applicable

Subject
management

Subjects were followed up as planned, dropout
rate is less than 20%.

□ Yes
□ No
□ Can't
answer
□ Not
applicable

Quality control

Standards and SOPs of drug, device and sample
management, quality control plan, quality
assurance plan, independent data monitoring
committee (if have), independent endpoint review
committee (if have)

□ Yes
□ No
□ Can't
answer
□ Not
applicable

Ethical
approval

Ethical approval documents, protocol
amendments must be submitted to the IRB and
must be approved by the IRB before they can be
implemented, submit progress reports or a final
report to the IRB.

□ Yes
□ No
□ Can't
answer
□ Not
applicable

Subject safety

Standard AE/SAE recording, SAE reporting and
emergency rescue procedure.

□ Yes
□ No
□ Can't
answer
□ Not
applicable

Informed
consent

Fully informed, Informed consent process
compliance

□ Yes
□ No
□ Can't

Quality

Regulation
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answer
□ Not
applicable
Scientificity

Evidence-based
medicine level

RCT, proper research design,, revision of the latest
version of the research protocol, transparency of
clinical research

□ Yes
□ No
□ Can't
answer
□ Not
applicable

Reasonable
clinical
research
methods

Proper inclusion/exclusion criteria, study type,
definition of primary/secondary endpoints
matching research purpose, properly sample size
estimation, safety endpoints.

□ Yes
□ No
□ Can't
answer
□ Not
applicable

Study protocol
dissemination

Study protocol published, study protocol provided
through internet.

□ Yes
□ No
□ Can't
answer
□ Not
applicable

AE=Adverse event; SAE= Severe adverse event; SOP=Standard operation procedure;
Table 2. Basic characteristics of included for investigator-initiated trials validation of quality assessment
tool.

Table 3. Results of the overall model fitness test for confirmatory factor analysis.
The dimension

CMIN/DF

GFI

CFI

TLI

RMSEA

RMR

Cognitive ability

1.868

0.916

0.936

0.919

0.063

0.079

Demonstrating
compliance

Up to
standard

Up to
standard

Up to
standard

Up to
standard

Up to
standard

Up to
standard

Table 4. Validation of quality assessment tool of investigator-initiated trials by CFA.
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Items of characteristics

Number of projects

Proportion(%)

Total

272

100.00

Coincidence study

257

94.49

Terminated

11

4.04

Not applicable

4

1.47

150-200

38

13.97

80-100

33

12.13

60-80

48

17.65

50-30

119

43.75

15

34

12.50

Internal medicine

113

41.54

Surgery

109

40.07

Others

50

18.38

RCT

164

60.29

Prospective cohort study

71

26.10

Retrospective

11

4.04

Real world research

6

2.21

Others

20

7.35

Single center

160

58.82

Multicenter

112

41.18

<100

73

26.84

100-500

156

57.35

>500

43

15.81

Research status

Project funding amount

research field

Research type

Number of centers

sample size
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Enrollment rate
Completed

135

49.63

More than half of the participants

70

25.74

Less than 50% of participants

67

24.63

Quality
properties

Quality indexes

Estimate

Factor
load

Progress

Overall progress

1.000

0.747

Enrollment progress

0.452

Budget implementation rate
Quality

Regulation

Scientificity

SE

z
value

P
value

0.375

0.209

2.159

0.031

0.583

0.496

0.254

2.266

0.023

Study protocol compliance

1.000

0.321

Data management

0.633

0.645

0.209

3.030

0.002

Subject management

0.590

0.500

0.192

3.077

0.002

Quality control

0.350

0.308

0.129

1.160

0.046

Ethical approval

1.000

0.459

Subject safety

0.342

0.367

0.073

1.936

0.043

Informed consent

2.619

0.786

0.886

2.995

0.003

Evidence-based medicine level

1.000

0.306

Reasonable clinical research
methods

0.352

0.318

0.216

1.629

0.047

Study protocol dissemination

1.365

0.387

0.843

1.638

0.038

Progress

1.000

0.967

Quality

1.136

0.425

0.919

1.236

0.033

Regulation

1.049

0.581

0.844

1.243

0.023

Scientificity

0.517

0.779

0.460

1.124

0.013

Overall quality

Figures
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Figure 1
Flowchart of development and validation of quality assessment tool for IITs.
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Figure 2
Research type and protocol changed distribution for IITs. Left: research type distribution for all IITs. Right:
research protocol changed distribution for all IITs.

Figure 3
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Confirmatory factor analysis (CFA) of key indicators to the quality of IITs.

Figure 4
Radar chart comparing different research type with respect to 13 quality characteristics (individual radial
axes). Each axis shows fraction of IITs with given property, such as overall progress, enrollment progress,
budget implementation rate. A. quality characteristics by all IITs. B. quality characteristics by RCT. C.
quality characteristics by prospective cohort study. D. quality characteristics by retrospective. E. quality
characteristics by real world research.
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