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Background: A better understanding of the current features of lung cancer clinical research registration is
important for improving registration quality and standardizing the registration. This study aimed to assess
the registration quality of lung cancer studies on Clinical Trials.gov and analyze the influencing factors.
Methods: Lung cancer clinical researches registered in the ClinicalTrials.gov database were searched
on 7 July 2021. The characteristics of trials that registered up to 7 July 2021 were assessed. The quality of
completed and terminated lung cancer studies from 1 July 2007 to 7 July 2020 was assessed using a modified
version of the World Health Organization (WHO) Trial Registration Data Set (TRDS, V.1.3.1). Multivariate
logistic regression analysis was also used to analyze the factors influencing study registration quality. An
above-average registration quality score represented a high registration quality.

Results: A total of 6,448 clinical studies on lung cancer were used to summarise the registration
characteristics. Most interventional studies were randomized (41.88%), single group (48.07%), and open-
label (82.86%) studies, while most observational studies were cohort studies (59.08%). In total, 2,171
completed and terminated studies were assessed, with an average quality score (out of 54) of 36.76+5.69.
None of the assessed studies had a 100% modified TRDS reporting rate, and missing summary results were
the main factor affecting the quality scores. Multivariate logistic regression analyses showed that prospective
registrations [adjusted odds ratio (aOR), 2.18; 95% confidence interval (CI), 1.79-2.65], multi-center studies
(aOR, 1.73; 95% CI, 1.39-2.16), government-sponsored studies (aOR, 3.09; 95% CI, 1.48-6.42), and
published studies (aOR, 1.43; 95% CI, 1.15-1.78) were more likely to be high quality research.
Conclusions: To improve the quality of registration, awareness of prospective registration should be
further improved and government investment should be increased. At the same time, more efficient and

extensive data sharing after completion of the studies should be actively promoted.
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Introduction

Clinical research refers to scientific investigation involving
human subjects and is broadly divided into interventional
and observational studies (1). Details of clinical research
must be recorded and shared to improve transparency,
minimize biases, and avoid duplication of studies (2,3).
Clinical trial registration is a key part of this, and calls for
a clinical trial registry were first made in 1986 (4). The
United States formally proposed the concept of clinical trial
registration in 1970 (4), and ClinicalTrials.gov, a registry
website of clinical trials maintained by the National Library
of Medicine (NLM)-National Institutes of Health, was
developed in 1997 (5,6). Since then, ClinicalTrials.gov has
become the largest database for clinical research registration
authorized by World Health Organization’s (WHO)
International Clinical Trials Registry Platform, and provides
the most comprehensive information about ongoing and
completed clinical studies (7). Initially, Clinical Trials.gov
was generally used to report the details of study protocols.
In 2007, the U.S. Food and Drug Administration (FDA)
required timely reporting of basic summary results on this
database by the study sponsor(s) within 1 year of completion
of data collection (for the pre-specified primary outcome)
or within 1 year of early termination (8,9). An increasing
number of clinical studies have since been registered
on ClinicalTrials.gov and there is growing awareness of
registration as institutions increasingly require its use (10).
However, there are still many studies with untimely or
inaccurate registration and unavailable results (10,11).

"To standardize clinical trial registration, the WHO issued
a registration standard in May 2007, the Trial Registration
Data Set (TRDS), which specified a minimum of 20
registration items as the international standard (12). The
TRDS was updated to version 1.3.1 in November 2017,
which contains 24 items (13). In November 2018, three
optional items were also added (14). The TRDS regulates
the registration criteria for interventional studies and some
studies had modified TRDS to evaluate the registration
quality of clinical trials (10,15). To improve the efficiency
and accuracy of registration, ClinicalTrials.gov also
issued guidance documents, including the ‘Clinical Trials.
gov Protocol Registration Data Element Definitions for
Interventional and Observational Studies’ (16) and the
‘Clinical Trials.gov Results Data Element Definitions for
Interventional and Observational Studies’. The latest
versions of these were released in December 2020 (17).

According to the latest WHO data, oncology trials
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represent the largest proportion of all clinical research (18).
Moreover, lung cancer, which is the second most commonly
diagnosed cancer, was still the leading cause of cancer
death according to GLOBOCAN 2020 (19). Collecting
information on the quality of clinical studies in lung cancer
research is key to summarizing the existing treatment
technologies and informing future research. However,
to date, few studies have explored the characteristics
of lung cancer clinical research. One article, published
in 2013, assessed the features in lung cancer clinical
research registration since 2009 (20). Although a study has
commented on the relationship between the publication rate
and characteristics of lung cancer clinical trials (21), none
have investigated the registration quality and influencing
factors.

Complete records of clinical research details and sharing
of clinical research results are conducive to improving the
transparency, minimize biases, and avoid duplication of
research. In this study, we carried out a comprehensive
investigation of interventional and observational studies
to summarize the general features of lung cancer clinical
research registration (22). Additionally, we modified the
TRDS in combination with the registration requirements of
Clinical Trials.gov, then extracted completed or terminated
clinical studies that were first posted between 1 July 2007
and 7 July 2020 to appraise the registration quality. We also
explored the factors affecting the quality of registrations.
A better understanding of the quality and its influencing
factors of lung cancer clinical research registration is
important for further standardizing the registration.

Methods
Search and selection of relevant registered trials

A cross-sectional design was used in this study. On 7
July, 2021, we searched the ClinicalTrials.gov (https://
clinicaltrials.gov/) database for relevant trials using the
search term ‘Pulmonary Neoplasms OR Neoplasms, Lung
OR Lung Neoplasm OR Neoplasm, Lung OR Neoplasms,
Pulmonary OR Neoplasm, Pulmonary OR Pulmonary
Neoplasm OR Lung Cancer OR Cancer, Lung OR
Cancers, Lung OR Lung Cancers OR Pulmonary Cancer
OR Cancer, Pulmonary OR Cancers, Pulmonary OR
Pulmonary Cancers OR Cancer of the Lung OR Cancer
of Lung.” The inclusion criteria were as follows: (I) studies
that were registered on ClinicalTrials.gov before 7 July
2021; and (II) clinical research on lung cancer, including
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interventional and observational studies. The exclusion
criteria were as follows: (I) research involving solid tumors
rather than lung cancer; and (II) research targeting multiple
cancers (i.e., not limited to lung cancer).

Data extraction

Two investigators independently screened the clinical
studies against the predefined inclusion and exclusion
criteria. Any disagreements were resolved by discussion.
Two authors independently extracted the following data
from included clinical studies: (I) basic study information:
registry number, title, start date, date when first posted,
source of funding, and recruitment status; (II) participant
information: sex, age, and sample size; (I1I) study design:
allocation, masking, model, and primary purpose for
interventional studies; model and time perspective for
observational studies; and (IV) study type and results.

Quality evaluation

"Two investigators independently appraised the quality of
completed or terminated clinical studies on lung cancer,
which were originally registered between 1 July 2007 and
7 July 2020. The quality assessment standard (Appendix 1)
was developed according to the TRDS (V.1.3.1) (13),
where the explanatory text of each item referred to the
‘Clinical Trials.gov Protocol Registration Data Element
Definitions for Interventional and Observational
Studies’ (16) and ‘Clinical Trials.gov Results Data Element
Definitions for Interventional and Observational Studies’
documents (17). The modified TRDS included 22 points
and was applicable to both interventional and observational

3473

studies; the sub-items for observational studies, including
eligibility and study design, were also added. Additionally,
item 22 on the ‘data monitoring committee’ was used to
assess whether such a committee had been appointed for the
study, especially given the importance of data management
in clinical studies.

Information on the modified TRDS was provided on
ClinicalTrial.gov. Complex items (i.e., Arm, Groups, and
Interventions) were divided into different sub-items for
evaluation, and each item/sub-item was given a score of 1
score if it was fully reported, or 0 if incompletely reported
or missed. The total maximum score was 54, and the
detailed scoring methods of each item are presented in
Table 1. To increase the accuracy of scoring, the predefined
rules were first tested on 50 registered studies and then
subsequently applied to all records, and all investigators
were trained on the scoring rules. Two researchers (QY and
ZC) independently evaluated the trials, the results were
double-checked, and problems or ambiguities were resolved
by discussion with a third investigator (LC).

We performed a systematic search of the PubMed,
Google Scholar, and EMBASE databases to determine the
publication status of the assessed studies, The search was
conducted in the following order and terms: (I) national
clinical trial identifier; (II) name of applicant/investigator;
(III) trial title; and (IV) study methods/PICO (Population,
Intervention, Comparison, Outcome) components. We
retrieved the full texts of the articles to assess the eligibility
of each article.

Statistical analysis

Descriptive statistics were used to analyze the characteristics

Table 1 General information on the study types, funding sources, intervention type, trial recruitment, and study design

Category Specifics Number of records Percentage of records (%)
Study type* Interventional study 5,280 81.9
Observational study 1,168 18.1
Source of funding Industry only 1,751 27.2
Academic institutions only 2,958 459
Government only 184 2.9
Other 1,555 241
Study results Has results 1,019 15.8
No results available 5,429 84.2

Table 1 (continued)
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Table 1 (continued)
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Category Specifics Number of records Percentage of records (%)
Intervention type Drug 3,701 57.4
Device 196 3.0
Biological/vaccine 429 6.7
Procedure/surgery 382 5.9
Radiation 325 5.0
Behavioral 157 2.4
Genetic 52 0.8
Dietary supplement 41 0.6
Combination product 28 0.4
Diagnostic test 103 1.6
Other 465 7.2
Not reported 569 8.8
Information of trial recruitment
Target sample size 0-100 3,897 60.4
101-500 1,789 27.8
501-1,000 370 5.7
1001-5,000 200 3.1
5001-99,999 51 0.8
>100,000 3 0.1
Not reported 138 2.1
Age Children (0-17 y) 2 0.0
Adults (18-65 y) 17 0.3
Older adults (66+ y) 91 1.4
Children, adults 2 0.0
Adults, older adults 6,026 93.5
All ages 56 0.9
Not reported 254 3.9
Gender Male 10 0.2
Female 20 0.3
Both 6,411 99.4
Not reported 7 0.1
Study design of interventional study (N=5,280)
Allocation Randomized 2,211 41.9
Non-randomized 825 15.6
N/A** 2,085 39.5
Not reported 159 3.0

Table 1 (continued)
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Table 1 (continued)

Category Specifics Number of records Percentage of records (%)

Intervention model Single group 2,538 48.1
Parallel 2,289 43.4

Crossover 61 1.2

Factorial 32 0.6

Sequential 125 2.4

Not reported 235 4.5

Masking Single blind 151 2.9
Double blind 257 4.9

Triple blind 111 2.1

Quadruple blind?t 226 4.3
Open label 4,375 82.9

Not reported 160 3.0
Primary purpose Treatment 4,462 84.5
Prevention 132 2.5

Diagnostic 260 4.9

Supportive care 178 3.4

Screening 69 1.3

Health services research 24 0.5

Basic science 32 0.6

Device feasibility 4 0.1

Other 90 1.7

Not reported 29 0.6

Study design of observational study (N=1,168)

Observational model Cohort 690 59.1
Case-control 108 9.3
Case-only 221 18.9

Case-crossover 8 0.7

Ecologic or community studies 11 0.9

Family-based 4 0.3

Other 75 6.4

Not reported 51 4.4
Time perspective Retrospective 249 21.3
Prospective 805 68.9

Cross-sectional 45 3.9

Other 46 3.9

Not reported 23 2.0

*, prospective refers to when the date of the ‘date of registration’ field is prior to the date of the ‘date of first enrolment’ field (according to
the ICTRP standards) and was otherwise considered retrospective; **, N/A (not applicable): for a single-arm trial; 1, quadruple blind: the
participants, care providers, investigators, and outcomes assessors were prevented from having knowledge of the interventions assigned
to individual participants.
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access (33 researches)

Y

8,536 researches
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Y

8,165 researches

Y

Excluded researches targeted solid tumor
or multiple cancers (1,717 researches)

Y

Eligible: 6,448 researches for

characteristic descriptive analysis

Y

Excluded researches except completed
and terminated (3,299 researches)

Y

3,149 researches

Excluded researches registered before
2007/7/1 or after 2020/7/7 (978 researches)

Y

Eligible: 2,171 researches for quality
evaluation

Figure 1 Study selection flow chart.

of clinical research on lung cancer, including: (I) the
number of clinical studies conducted from 1999 to 2021;
(II) the increase in the number of registrations from 1999
to 2021; (III) recruitment status; (IV) time of registration,
prospectively or retrospectively; (V) source of funding; (VI)
methodology of study design; (VII) information on trial
recruitment, including the target sample size, age, and sex
of participants; (VIII) study type; (IX) intervention type;
and (X) study results.

All quality scores were recorded in Microsoft Office
Excel (V.2016, Redmond, USA), and the analyses
included the following: (I) categorical data and quality
scores, presented as absolute numbers and percentages;
and (II) multivariate logistic regression, adjusted for
time of registration, number of centers, study duration,
primary sponsor, and publication on registration quality.
Registration quality was a binary variable. An above-average
registration quality score represented a high registration
quality, while lower-than-average scores signified a low
registration quality. The statistical significance level was set
at P<0.05. Statistical analyses were performed using SPSS
software (SPSS Inc., Version 26.0, Chicago, USA).

© Journal of Thoracic Disease. All rights reserved.

Results

Our initial search identified 8,569 records. We then
excluded 33 studies regarding expanded access. Of the
remaining 8,536 clinical studies, 371 were excluded because
they did not focus on lung cancer. A further 665 studies
that targeted solid tumors and 1,052 studies that targeted
multiple cancers were also excluded. Finally, a total of 6,448
studies were included for descriptive analysis. Of 3,149
completed and terminated clinical studies, we excluded 978
that were registered before 1 July 2007 or after 7 July 2020.
Finally, a total of 2,171 studies were included for quality
evaluation (Figure I).

Registration of clinical studies over time

A total of 6,448 clinical studies on lung cancer were
registered from 1 Jan 1999 to 7 July 2021. The number of
registrations increased from 0 in 1999 to 541 in 2020; this
number increased rapidly in 2003 and grew steadily for
the next 19 years. Registrations between 2016 and 2021
accounted for 43.33% of all registered studies (Figure 2).
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Figure 2 Number of registration of lung cancer clinical studies from 1999 to 2021.
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Figure 3 Recruitment status of registered studies.

Recruitment status of registered studies

Most studies had completed recruitment 38.45%
(2,479/6,448), while 19.51% (1,258/6,448) were still
recruiting participants. A few studies had been suspended
(0.34%, 22/6,448) or were enrolling participants by
invitation (0.43%, 28/6,448). Furthermore, 5.97%
(385/6,448) of studies did not report on the recruitment
status (Figure 3).

“Withdrawn”: study halted prematurely, prior to
enrollment of the first participant; “Terminated”: study
halted prematurely and will not resume; participants
are no longer being examined or receiving intervention;
“Suspended”: study halted prematurely but will potentially
resume; “Completed”: the study has concluded normally,
participants are no longer receiving an intervention

© Journal of Thoracic Disease. All rights reserved.

Number of registration

or being examined (that is, the last participant’s final
visit has occurred); “Active, not recruiting”: study is
continuing, meaning that participants are receiving an
intervention or being examined, but new participants are
not currently being recruited or enrolled; “Enrolling by
invitation”: participants are being (or will be) selected from
a predetermined population; “Recruiting”: participants
are currently being recruited, regardless of whether any
participants have yet been enrolled; “Not yet recruiting”:
participants are not yet being recruited.

Prospective and retrospective study registration

Of the 6,448 studies that were eligible for analysis, 3,697
(57.34%) were retrospective registrations, and their
numbers were higher than those of prospective registrations

7 Thorac Dis 2022;14(9):3471-3487 | https://dx.doi.org/10.21037/jtd-22-975
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Figure 4 Number of prospective and retrospective study registration from 1999 to 2021.

between 2002 and 2013. In contrast, the number of
prospective registrations has gradually increased over the

years and exceeded the number of retrospective registrations
between 2017 and 2021 (Figure 4).

Study types and funding sources

Most studies were interventional by design (81.89%,
5,280/6,448), with drugs being the most common
interventions used (57.40%, 3,701/6,448). Funding sources
included industry (27.16%), government (2.85%), academic
institutions (45.87%), and others (24.12%). Among all
of the registered studies, only 1,019 (15.80%) registered
their results, of which 931 (91.36%) were completed or
terminated studies (Table 1).

Characteristics of recruitinent and study design

Most studies reported a target sample size between 0-100
participants (60.44%, 3,897/6,448), followed by 101-500
(27.75%, 1,798/6,448), while a few (9.68%, 624/6,448)
enrolled >500 participants. There were three studies with
a sample size of >100,000: one interventional and two
observational studies. The participant age groups varied
widely, but children and adults were the most frequently
represented groups, accounting for 93.46% (6,026/6,448).
The most commonly included ages were 1875 years, and
the majority (99.43%, 6,411/6,448) of studies included both
sexes (1uble 1).

According to the study design of interventional
studies, randomized trials were most common (41.88%,

© Journal of Thoracic Disease. All rights reserved.

2,211/5,280), followed by non-randomized trials
(15.63%, 825/5,280). Interventions typically involved
a single group (48.07%, 2,538/5,280), but a significant
proportion had parallel arms (43.35%, 2,289/5,280).
Open-label was the most frequently reported masking
type (82.86%, 4,375/5,280), followed by single, double,
triple, or quadruple-blinded designs (14.11%, 745/5,280).
Treatment was the primary purpose of most studies (84.51%,
4,462/5,280), followed by diagnostics (4.92%, 260/5,280).
Among the observational studies, cohort studies were
the most frequent (59.08%, 690/1,168), while 18.92%
(221/1,168) were case-only. Prospective studies were more
common (68.92%, 805/1,168) than retrospective designs
(21.32%, 249/1,168), while 1.97% (23/1,168) of studies did

not report information on this.

Registration quality of lung cancer clinical research

A total of 2,171 completed or terminated studies that
were first registered between 1 July 2007 and 7 July 2020
were included for quality evaluation, including 1,711
interventional studies and 460 observational studies.

The average quality score of these 2,171 studies was
36.76+5.69 out of a maximum score of 54. The score for
interventional studies was 38.20+5.14 and for observational
studies was 31.40+4.27. All (100%) studies reported
the primary registration details, including a unique
identification number, date of registration, study sponsor,
and recruitment status. Most (>90%) studies presented
the secondary identifying numbers, scientific title, and
health condition. Public titles and country of recruitment

7 Thorac Dis 2022;14(9):3471-3487 | https://dx.doi.org/10.21037/jtd-22-975
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were mentioned in >90% of interventional studies and
<90% of observational studies. Overall, less than half of
the studies provided information on collaborators and the
dates of first enrolment and completion. Overall, 43.95% of
interventional and 18.04% of observational studies reported
involving a data monitoring committee (Table 2).

Regarding additional study information, the contact
details of principal investigators (PI) were provided in 970
(56.69%) interventional and 234 (50.76%) observational
studies. Most (>80%) studies provided information
regarding the affiliation and title of the PI, while several

Table 2 Registration quality of lung cancer clinical studies
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(50-75%) studies mentioned the name and degree of the
PI. Telephone numbers were more frequently provided
for interventional (36.53%) than for observational studies
(8.70%). E-mail addresses were the least frequently
provided contact detail, only provided in 0.45% of
interventional and 0.22% of observational studies.

The reporting rate of interventional design and study
arms was as high as 95.08% in interventional studies. Most
(>90%) studies provided basic information on the arm title,
type, description, and further details of the interventions.
In contrast, only 53.19% of observational studies reported

Interventional studies Observational studies

No. ltems Specifics (N=1,711, %) (N=460, %)
1 Primary registry and trial identifying number - 1,711 (100.0) 460 (100.0)
2 Date of registration in primary registry - 1,711 (100.0) 460 (100.0)
3 Secondary identifying numbers - 1,658 (96.9) 434 (94.4)
4 Study sponsor - 1,711 (100.0) 460 (100.0)
5 Collaborators - 638 (37.3) 161 (35.0)
6 Contact for principal investigators Name 1,190 (69.6) 332 (72.2)
Email address 8 (0.5) 1(0.2)
Telephone number, postal 625 (36.5) 40 (8.7)
address
Affiliation 1,515 (88.5) 373 (81.1)
Degree 987 (57.7) 278 (60.4)
Title 1,497 (87.5) 377 (82.0)
Total average 970 (56.7) 234 (50.8)
7 Public title - 1,559 (91.1) 379 (82.4)
8 Scientific title - 1,660 (97.0) 421 (91.5)
9 Countries of recruitment - 1,639 (95.8) 412 (89.6)
10 Health condition or and problem studied - 1,704 (99.6) 453 (98.5)
11 Arm, groups, and Interventions Arm title 1,659 (97.0) -
Arm type 1,616 (94.5) -
Arm description 1,662 (97.1) -
Group/cohort label - 265 (57.6)
Group/cohort description - 264 (57.4)
Interventions 1,570 (91.8) 205 (44.6)
Total average 1,627 (95.1) 245 (53.2)

Table 2 (continued)
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Table 2 (continued)

No. ltems Specifics Interventional studies Observational studies
(N=1,711, %) (N=460, %)
12 Key inclusion and exclusion criteria Sex/gender 1,705 (99.7) 459 (99.8)
Age limits 1,710 (99.9) 445 (96.7)
Accepts healthy volunteers 1,710 (99.9) 452 (98.3)
Inclusion criteria 1,709 (99.9) 457 (99.4)
Exclusion criteria 1,619 (94.6) 378 (82.2)
Study population description - 432 (93.9)
Sampling method - 451 (98.0)
Total average 1,691 (98.8) 439 (95.5)
13 Study type Type of study 1,711 (100.0) 460 (100.0)
Interventional study model 1,696 (99.1) -
Primary purpose 1,694 (99.0) -
Study phase 1,711 (100.0) -
Masking 1,703 (99.5) -
Allocation 1,698 (99.2) -
Allocation concealment 7 (0.4) -
Observational study model - 443 (96.3)
Time perspective - 447 (97.2)
Biospecimen retention - 132 (28.7)
Biospecimen description - 132 (28.7)
Target follow-up duration - 31(6.7)
Total average 1,460 (85.3) 274 (59.6)
14 Date of first enrollment - 556 (32.5) 166 (36.1)
15 Sample size Number of participants that 1,710 (99.9) 460 (100.0)
the trial plans to enroll in total
Number of participants that 1,711 (100.0) 460 (100.0)
the trial has enrolled
Total average 1,711 (100.0) 460 (100.0)
16 Recruitment status - 1,711 (100.0) 460 (100.0)
17 Primary outcome (s) The name of the outcome (do 1,707 (99.8) 440 (95.7)
not use abbreviations)
The metric or method of 1,133 (66.2) 226 (49.1)
measurement used (be as
specific as possible)
The timepoint(s) of primary 1,399 (81.8) 326 (70.9)
interest
Total average 1,413 (82.6) 331 (71.9)

Table 2 (continued)

© Journal of Thoracic Disease. All rights reserved. 7 Thorac Dis 2022;14(9):3471-3487 | https://dx.doi.org/10.21037/jtd-22-975



Journal of Thoracic Disease, Vol 14, No 9 September 2022 3481

Table 2 (continued)

No ltems Specifics Interventional studies Observational studies
: P (N=1,711, %) (N=460, %)

18 Key secondary outcomes The name of the outcome (do 1,481 (86.6) 285 (62.0)

not use abbreviations)

The metric or method of 999 (58.4) 154 (33.5)

measurement used (be as

specific as possible)

The timepoint(s) of primary 1,202 (70.3) 219 (47.6)

interest

Total average 1,227 (71.7) 219 (47.7)
19 Completion date - 659 (38.5) 191 (41.5)
20 Summary results Date of posting of results 960 (56.1) 160 (34.8)

summaries

URL hyperlink(s) related to 537 (31.4) 101 (22.0)

results and publications

Baseline characteristics 666 (38.9) 35 (7.6)

Participant flow 666 (38.9) 35 (7.6)

Adverse events 658 (38.5) 32 (7.0)

Primary outcome measures 662 (38.7) 35 (7.6)

Primary outcome statistical 172 (10.1) 7(1.5)

analyses

Secondary outcome measures 575 (33.6) 29 (6.3)

Secondary outcome statistical 142 (8.3) 4 (0.9)

analyses

Brief summary* 5(0.3) 9 (2.0)

Total average 504 (29.5) 45 (9.7)
21 IPD sharing statement Plan to share IPD (yes, no, 109 (6.4) 15 (3.3

undecided)

Available IPD/information 210 (12.3) 18 (3.9)

type 1

Total average 160 (9.3) 17 (3.6)
22 Data monitoring committee - 752 (44.0) 83 (18.0)

*, brief summary: a short description of the clinical study, including a brief statement of the clinical study’s hypothesis, written in language
intended for the lay public; 1, available IPD (individual participant data)/information type: the type of data set or supporting information
being shared, including individual participant data set, study protocol, statistical analysis plan, informed consent form, clinical study
report, analytic code, and other types.

the group and interventions completely. The group/cohort regarding the inclusion criteria of age, sex, and medical
label, group/cohort description, and interventions reporting diagnosis of the participants, while 94.62% of interventional
rates of observational studies were 57.61%, 57.39%, and and 82.17% of observational studies reported the exclusion
44.57%, respectively. criteria. Moreover, observational studies mostly mentioned

Almost all (>96%) studies mentioned information the study population description (93.91%) and sampling
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method (98.04%).

Study type (interventional or observational) was reported
in all of the registered research. Information on the primary
purpose, study phase, study model, and allocation was
reported in the majority (>99%) of interventional studies.
Complete information on the masking method was reported
in 99.53% of studies, while a few (0.41%) studies provided
the allocation concealment mechanism. Regarding the
design of observational studies, most (>95%) reported the
model and time perspective information (retrospective or
prospective). However, information on whether biological
samples were collected was only reported in 28.70% of
studies. Furthermore, 6.74% of studies reported the target
follow-up duration. In general, the registration of study
design was more common in interventional (85.33%) than
observational studies (59.60%).

Most (>90%) studies provided the primary outcome(s).
For interventional studies, the measurement(s) and
timepoint(s) reporting rates were 66.22% and 81.77%,
respectively. The same information in observational studies
was less frequently reported, with 49.13% and 70.87%,
respectively. Fewer studies reported secondary outcome(s),
with a reporting rate of 71.73% in interventional and
47.68% in observational studies.

Almost all (>99%) studies reported the sample size,
both target and achieved. Only 6.37% of interventional
studies and 3.26% of observational studies chose to share
the individual participant data (IPD), and a few (<15%)
provided the available information, such as study protocol,
statistical analysis plan, or informed consent form.

The rate of reported summary results was higher in
interventional studies (56.11%) than in observational studies
(34.78%). Only 31.39% of interventional studies and 21.96%
of observational studies linked the resulting publications
to ClinicalTrials.gov. About 40% of interventional studies
reported the baseline characteristics, participant flow, and
adverse events, while the reporting rate of these aspects
in observational studies was <8.00%. In interventional
studies, the reporting rate of primary outcome measures
and statistical analyses accounted for 38.69% and 10.05%
of studies, while that of the secondary outcome measures
and statistical analyses accounted for 33.61% and 8.30%,
respectively. In observational studies, the registration rate of
all outcome measures was <8.00%, and <2% for statistical
analyses. Similarly, few (<2.00%) studies submitted a research
summary. In general, the reporting rate of summaries in
interventional studies (29.47%) was significantly higher than
that in observational studies (9.72%).
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Among the 2,171 studies, 987 (45.46%) were of high
quality, and the rest were of low quality in terms of
registration. Taking registration quality as the dependent
variable, prospective registration studies were more likely to
have high registration quality than retrospective registration
studies [adjusted odds ratio (aOR), 2.18, 95% confidence
interval (95% CI), 1.79-2.65] (Table 3). Multi-center
studies were more likely to have high registration quality
than single-center studies (aOR, 1.73; 95% CI, 1.39-2.16),
and government-sponsored studies were more likely to
have a high registration quality than industry-sponsored
studies (aOR, 3.09; 95% CI, 1.48-6.42). Published studies
were more likely to have a high registration quality than
unpublished studies (aOR, 1.43; 95% CI, 1.15-1.78).

Discussion

Current situation of lung cancer clinical research
registrations

In this study, we examined 6,448 studies on lung cancer
registered on ClinicalTrials.gov from 1999 to 2021.
The number of lung cancer research registrations has
increased since 2003. In this study, we showed that most
(57.34%) studies were registered retrospectively. The
timing of clinical trial registration is important, and studies
enrolling participants after 1 July 2005 must be registered
on ClinicalTrials.gov prior to or upon beginning patient
enrolment (23). However, even several years after these
urgent calls for prospective research registration, studies
still miss this target (24). The number of prospective
registrations over the past 5 years has exceeded the
number of retrospective registrations. It is suggested that
researchers have gradually realized the importance of timely
registration, which may be due to the member journals of the
International Committee of Medical Journal Editors ICMJE)
rejecting retrospectively registered trials (25). In conclusion,
prospective clinical research registration is an important
step to increase research transparency, the visibility of
unpublished studies, and the minimization of selective result
publications. Moreover, several research organizations have
called for prospective study registration (26-29).

Of the 6,448 studies eligible for analysis, 2,479 studies
(38.45%) had a completed status. This could be attributed
to the fact that most of the studies were retrospective
registrations, which had been completed or nearly
completed by the time of registration. Furthermore, only
15.80% of studies registered results data. Even among the
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Table 3 Results of the univariate and multivariate regression analysis for registration quality
Registration quality
Variables n (%)
Crude OR (95% ClI) P value Adjusted OR (95% ClI) P value

Time of registration

Retrospective registration 862 (39.70) 1 1

Prospective registration 1,309 (60.30) 2.59 (2.17, 3.09) <0.001* 2.18 (1.79, 2.65) <0.001*
Number of centers

Single-center 952 (43.85) 1 1

Multi-center 1,098 (50.58) 2.74 (2.29, 3.29) <0.001* 1.73 (1.39, 2.16) <0.001*

Not reported 121 (5.57) 0.48 (0.30, 0.77) 0.002* 0.42 (0.26, 0.70) 0.001*
Sponsor

Industry 747 (34.41) 1 1

Government 46 (2.12) 2.57 (1.29, 5.14) 0.007* 3.09 (1.48, 6.42) 0.003*

Academic institutions 881 (40.58) 0.31(0.25, 0.38) <0.001* 0.46 (0.36, 0.59) <0.001*

Other” 497 (22.89) 1.19 (0.95, 1.50) 0.136 1.49 (1.15, 1.94) 0.003*
Duration of the studies, years

<2 586 (26.99) 1 1

2-5 1,240 (57.12) 2.04 (1.66, 2.50) <0.001* 1.86 (1.48, 2.32) <0.001*

>5 301 (13.86) 2.28 (1.71, 3.02) <0.001* 2.51(1.82, 3.46) <0.001*

Not reported 44 (2.03) 0.38 (0.17, 0.87) 0.021* 0.34 (0.14, 0.81) 0.015*
Publication

Unpublished 579 (26.67) 1 1

Publish 1,592 (73.33) 1.57 (1.29, 1.91) <0.001* 1.43 (1.15,1.78) 0.001*

Registration quality was assigned as the dependent variable and binary variable; scores >36 signified a high registration quality, which was
assigned as 1. Adjustment included registration, location, sponsor, study duration, and publication. *, there were significant differences
between groups; *, industry + government, industry + academic institutions, government + academic institutions, industry + government +

academic institutions. OR, odds ratio; Cl, confidence interval.

completed or terminated studies, the result registration
rate was 29.56%. The FDA requires the reporting of
basic summary results to ClinicalTrials.gov by the sponsor
within 1 year after the completion of data collection
for the pre-specified primary outcome or within 1 year
after the date of early termination (8,9). It is considered
irresponsible not to make the results available to the
public after trial registration (30,31), as the lack of result
dissemination may affect clinical practice, research, and
ultimately, patients (32,33). Sponsors and researchers must
prioritize publishing the results, which may be positive,
negative, or inconclusive.

The majority (81.89%) of the 6,448 research registrations
were interventional studies. Among these, the most

© Journal of Thoracic Disease. All rights reserved.

common designs were randomized, single group, and open-
label. Most interventional studies were treatment-oriented,
rather than diagnostic investigations. Most observational
studies were prospective cohorts by design. The enrolled
patients included both sexes aged between 18 and 75 years,
with <100 participants. Almost half (45.87%) of the 6,448
studies were sponsored by academic institutions.

In the present study, the number of observational studies
was significantly lower than that of intervention studies,
which may be related to the fact that purely observational
studies were exempt from registration (34). Randomized
clinical trials (RCTs) are important scientific experiments
in global health research (5), as they assess the efficacy of
a treatment by minimizing the selection bias and creating
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groups with comparable prognostic factors (35,36). RCTs
only accounted for 41.88% of the interventional studies on
lung cancer. More efficient research designs are necessary
to generate high-level evidence to inform medical decision-
making. In contrast, our findings suggested that open-label
was the most prevalent type of trial masking, accounting for
82.86%. In this study, the proportion of interventions, such
as surgical, behavioral, and pharmaceutical, was 44.59%,
which may have limited the implementation of blinding. It
was reported that trials without blinding may exaggerate the
intervention benefits by 14% (37). Therefore, researchers
should pay more attention to the blinding design of drug-
related interventional clinical trials.

The majority (60.44%) of studies had small sample sizes
(<100 participants), which had limited power in establishing
the effectiveness of treatments (38,39). Furthermore,
rare adverse events were unlikely to be captured in these
studies (38). The details of sample size calculations and
rationale for the study size should be included in the study
registration (6). Furthermore, lung cancer is a disease with a
median age at diagnosis of 70 years (40); however, we found
that the most frequent age category was 18-75 years.

Quality evaluation of lung cancer clinical research
registrations

Our study is the first to evaluate the overall registration
quality specific to clinical studies in lung cancer using the
modified WHO TRDS (version 1.3.1). The modified
TRDS includes 13 simple items and nine complex items,
with a maximum score of 54. We reported deficiencies
in registrations, especially in observational research, as
requirements were less strict than for intervention studies.

Each clinical study was required to register a complete
protocol, summary results, and links to resulting
publications (41,42). We found that poor registration
quality was accounted for by the following three categories.
Firstly, there were several points of protocol that were
not adequately reported, especially the contact for PI,
collaborators, allocation concealment of randomized trials,
method, and outcome time points. This may be attributable
to the fact that the reporting of these data is optional (43).
Furthermore, allocation concealment in an RCT ensures
confidentiality to avoid selection bias (13), but only seven
studies reported on this.

Secondly, registered clinical trials should promptly
report a summary of results (<500 words or a table), ideally
within 1-2 years after completion (34,44,45). Yet, less
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than half (<45%) of the studies reported their results, and
<2.00% of studies submitted a brief results summary. This
indicated that investigators registered trials only to gain a
registration identification number, but not to disseminate
the results (46,47). Hartung et al. found that 55% of the
trials had neither linked publications nor summary results
reported (48). This common phenomenon is not conducive
to clinical practice and research (33), and reporting of
results must be improved (18).

Thirdly, there was a lack of IPD sharing, which refers to
the sharing of clinical (and other) data collected from each
clinical trial participant (49). This has only recently become
a requirement; for publication in ICMJE journals, studies
have been required to contain a data sharing statement from
1 July 2018, and clinical trials starting after 1 January 2019
must include a data sharing plan (29). Sharing IPD is the
new standard in clinical trial transparency (36,38), and we
encourage scientists to engage in this to support efficient
clinical research and benefit patients (50).

We found that registration quality was independently
associated with factors such as time of registration, number
of centers, sponsor, study duration, and publication of the
results. Prospective registrations were more likely to have
a high registration quality than retrospective registrations,
which could be due to several factors. Firstly, researchers
with retrospective registrations could be less familiar with
the process than those who plan their registrations ahead.
Secondly, researchers with retrospective registrations may
not register to avoid publishing negative results or to enable
them to change the primary outcomes, and hence, could
deliberately avoid registration until a journal requires it (51).
This study also found that government-sponsored studies
were more likely to have high registration quality than
industry-sponsored studies, which was consistent with
previous studies (52,53). Government-sponsored studies
were often required to be published in journals as part of
the funding conditions (54), and researchers would need
to follow registration requirements (52). Furthermore, due
to “trade secrets”, commercially-funded researchers were
more resistant to register (53). Lastly, our study found that
published research was more likely to be of high quality
than unpublished studies. In 2005, the ICMJE announced
that journals would decline any manuscripts describing
unregistered research (55); then, from 2015, the journal
would not publish any clinical research that was registered
retrospectively (54). These steps could improve the
registration awareness of researchers, resulting in a high
registration quality.
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Limitations

There were some limitations to this study that should
be noted. Firstly, this study ended on 7 July 2021, which
does not encompass all studies on lung cancer. Secondly,
the ClinicalTrials.gov registry is influenced by evolving
reporting incentives that influence which studies are
registered on it as well as the amount of information
submitted. Therefore, to mitigate the changes reported
over time, the quality evaluation of this study only analyzed
studies submitted after July 2007.

Conclusions

This study analyzed the characteristics of lung cancer studies
registered on ClinicalTrials.gov, evaluated the quality of
these based on the adjusted TRDS model, and assessed the
independent factors influencing registration quality. We
found that the proportion of prospectively registered studies
had increased over the past two decades, but several studies
provided incomplete or incorrect data during registration,
especially in the reporting of results. Univariate and
multivariate logistic regressions showed that prospective
registration, multi-center studies, government-funded, and
published studies were independent protective factors for
high registration quality. Awareness of prospective registration
should be further improved and government investment
should be increased. At the same time, the quality of clinical
registration and more efficient and extensive data sharing after
completion of the studies should be actively promoted.
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Supplementary

Appendix 1 The quality assessment standard of modified Trial Registration Data Set (V.1.3.1)

ltem Explanatory text Score

Primary Registry and  Name of Primary Registry, and the unique identity number assigned by the Primary Registry to this trial 1
Trial Identifying Number

Date of Registration in Date when trial was officially registered in the Primary Registry 1
Primary Registry

Secondary Identifying  An identifier(s) (ID), if any, other than the organization’s Unique Protocol Identification Number or the NCT number that is assigned to the clinical study. This includes 1
Numbers any unique clinical study identifiers assigned by other publicly available clinical trial registries.

Study Sponsor (Primary The entity (for example, corporation or agency) that initiates the study 1
Sponsor)

Collaborators Other organizations (if any) providing support. Support may include funding, design, implementation, data analysis or reporting. The responsible party is responsible 1

(Secondary Sponsor)  for confirming all collaborators before listing them.

Contact for Principal ~ The individual designated as responsible party by the sponsor, the contact for PI must therefore include: name and title, email address, telephone number, postal 6
Investigators address and affiliation. One point will be given for each information provided.
Public Title Title intended for the lay public in easily understood language. The title should include, where possible, information on the participants, condition being evaluated, and 1

intervention(s) studied.
Scientific Title The title of the clinical study, corresponding to the title of the protocol. 1

Countries of The countries from which participants will be, are intended to be, or have been recruited at the time of registration. 1
Recruitment

Health Condition or Primary Disease or Condition Being Studied in the Trial, or the Focus of the Study. 1
Problem Studied
Arm, Groups, and Arm for interventional studies (3 points) 4 for interventional
Interventions * Arm title: the short name used to identify the arm. studies;
* Arm Type: the role of each arm in the clinical trial. For example, experimental, active comparator, placebo comparator, sham comparator, no intervention, or other. 3 for observational
* Arm Description: Additional descriptive information (including which interventions are administered in each arm) to differentiate each arm from other arms in the studies
clinical trial.

Groups for observational studies (2 points)
e Group/Cohort Label: the short name used to identify the group.
e Group/Cohort Description: explanation of the nature of the study group (for example, those with a condition and those without a condition; those with an exposure
and those without an exposure).
Interventions (1 point)
* Specify the intervention(s) associated with each arm or group for interventional studies. Specify the exposure(s) of interest for observational studies. Including
intervention type, intervention name, intervention description (For example, interventions involving drugs may include dosage form, dosage, frequency, and

duration).
Key Inclusion and For interventional and observational studies (5 points) 5 for interventional
Exclusion Criteria * Sex/Gender: all; female; male. studies;
e Age Limits: minimum age and maximum age. 7 for observational
® Accepts Healthy Volunteers: select Yes/No. studies

e Inclusion Criteria: relate to clinical diagnosis and co-morbid conditions.
¢ Exclusion Criteria: to ensure patient safety.
For observational studies only (2 points)
e Study Population Description: description of the population from which the groups or cohorts will be selected.
e Sampling Method: select Probability Sample/Non-Probability Sample.

Study Type For interventional studies (7 points) 7 for interventional
¢ Type of study studies;

e Study design 6 for observational
¢ Primary Purpose: the main objective of the intervention(s) being evaluated by the clinical trial. (Select one: treatment; prevention; diagnostic; supportive care; studies

screening; health services research; basic science; device feasibility; or other).
e Study Phase: the numerical phase of drug product clinical trial (Select one: N/A; Early Phase 1; Phase 1; Phase 1/Phase 2; Phase 2; Phase 2/Phase 3;Phase 3;
Phase 4).
e Interventional Study Model: the strategy for assigning interventions to participants (Select one: single group; parallel; crossover; factorial; sequential).
e Masking: masking/no masking (if masking, select one: participant; care provider; investigator; outcomes assessor).
e Allocation: the method by which participants are assigned to arms in a clinical trial. N/A for a single-arm trial; randomized; nonrandomized.
¢ Allocation concealment: description of allocation concealment mechanism.
For observational studies(6 points)
¢ Type of study
e Study design
e Observational Study Model: primary strategy for participant identification and follow-up (Select one: cohort; case-control; case-only; case-crossover; ecologic or
community studies; family-based; or other).
¢ Time Perspective: temporal relationship of observation period to time of participant enrollment (Select one: retrospective; prospective; cross-sectional; or other).
¢ Biospecimen Retention: indicate whether samples of material from research participants are retained in a biorepository (Select one: no samples retained; samples
with DNA retained; samples without DNA retained.
® Biospecimen Description: specify all types of biospecimens to be retained (e.g., whole blood, serum, white cells, urine, tissue).
e Target Follow-Up Duration: the anticipated time period over which each participant is to be followed. Provide a number and select a Unit of Time (years, months,
weeks, days).

Date of First Enrollment The estimated date on which the clinical study will be open for recruitment of participants, or the actual date on which the first participant was enrolled. 1

Sample Size Sample Size consists of: 2
e Number of participants that the trial plans to enroll in total.
e Number of participants that the trial has enrolled.

Recruitment Status Recruitment status of this trial: not yet recruiting; recruiting; enrolling by invitation; active, not recruiting; completed; suspended; terminated; withdrawn. 1

Primary Outcome(s) A description of each primary outcome measure. For observational studies, specific key measurement or observation used to describe patterns of diseases or traits 3
or associations with exposures, risk factors or treatment, including:
* The name of the outcome (do not use abbreviations)
* The metric or method of measurement used (be as specific as possible)
® The timepoint(s) of primary interest

Key Secondary Secondary outcomes are outcomes which are of secondary interest or that are measured at timepoints of secondary interest. 3
Outcomes * The name of the outcome (do not use abbreviations)

® The metric or method of measurement used (be as specific as possible)

® The timepoint(s) of primary interest

Completion date The date on which the final data for a clinical study were collected (for example, last participant’s last visit). 1

Summary Results It consists of: 10

¢ Date of posting of results summaries.

* URL hyperlink(s) related to results and publications.

¢ Baseline Characteristics: Data collected at the beginning of a clinical study for all participants and for each arm or comparison group. These data include
demographics, such as age and sex, and study-specific measures.

e Participant flow: Information to document the progress and numbers of research participants through each stage of a study in a flow diagram or tabular format.

¢ Adverse events: An unfavorable change in the health of a participant, including abnormal laboratory findings, and all serious adverse events and deaths that
happen during a clinical study or within a certain time period after the study has ended.

¢ Primary outcome measures: A table of data for each primary outcome measure and their respective measurement of precision.

¢ Primary outcome statistical analyses: The result(s) of scientifically appropriate statistical analyses that were performed on the outcome measure data.

e Secondary outcome measures: A table of data for each secondary outcome measure and their respective measurement of precision.

e Secondary outcome statistical analyses: The result(s) of scientifically appropriate statistical analyses that were performed on the outcome measure data.

© Brief summary.

IPD sharing statement Indicate whether there is a plan to make individual participant data (IPD) collected in this study, including data dictionaries, available to other researchers (typically 2
after the end of the study).lt consists of:
¢ Plan to share IPD (Yes, No, Undecided)
¢ Available IPD/Information Type: Individual Participant Data Set; Study Protocol; Statistical Analysis Plan; Informed Consent Form; Clinical Study Report; Analytic
Code; Other (specify).

Data Monitoring Indicate whether a data monitoring committee has been appointed for this study. Select Yes/No. 1
Committee
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