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Abstract
Gastric cancer is one of the leading cancer-related death causes. Enormous efforts have been focused on
this �eld in these years. However, clinical trial failure is becoming a massive obstacle for researchers to
apply their research results for clinical use. This study aimed to analyse the reasons behind clinical
failures and identify potential risk factors of clinical trial failures. On December,1,2021, we queried
ClinicalTrials.gov for gastric cancer listed in phase II/III. A total of 567 trials are included. 10.2% of these
trials are failed. 19 (3.4%) were terminated for good reasons, and 39 (6.9%) were terminated for bad
reasons. For trials that terminated due to good reasons, 13 (68.4%) trials were terminated for e�cacy
reasons. 3 (15.8%) trials were terminated for safety reasons. For trials that terminated due to bad
reasons, 18 (46.2%) trials were terminated due to recruitment failure. Multicentre (P-value = 0.026) and
countries (P-value = 0.055) are potential risk factors for clinical failures in the simple logistic regression
model. In multiple logistic model, we �nd the odds ratio of the anticipated accrual number is 0.993 (P-
value = 0.029) and the anticipated accrual number combined multicentre is 0.999 (P-value = 0.045).The
major reasons for gastric cancer trial terminations are recruitment failure, e�cacy, and safety reasons.
We identi�ed potential risk factors associated with trial failure. By better understanding these reasons, we
can prevent potential clinical failures in the future.

1. Introduction
Gastric cancer is the third leading cause of cancer-related death globally(1).In 2020, there are 1,089,103
new gastric cancer cases and 768,793 new gastric cancerdeaths worldwide(2).In past decades, new
therapeutical approaches to improve overall clinical outcomes have been developed and then con�rmed
through a series of clinical trial phases to ensure both safety and e�cacy according to the United States
Food and Drug Administration (FDA) and International Committee of Medical Journal Editors (ICMJE)
trial registration requirements(3, 4). However, previous studies have highlighted about 12% of those
clinical trials that fail to complete and 28% of adult cancer trials terminated with less than 90% projected
subjects accrued which authorsdescribed this phenomenon as an epidemic(5, 6).Clinical trials that end
early and fail to follow previous study plans can hardly answer research questions.The New York Times
criticized these failures as a waste of time and money and a massive obstacle to clinical researchers(7).
Even in the big data age, clinical trials still need carefully planned and stable investments of time and
funding.

By better understanding the reasons for previous clinical failure, we can avoid these failures occurring
again in future research and decrease attrition in clinical development (8), Previous studies have studied
clinical trialterminationin diseases like cardiovascular diseases, urologic cancer, Genitourinary Cancer,
and Alzheimer’s diseases(9–12). However, no existing literature speci�es their interest in gastric cancer
clinical trial termination.

In this study, we collected gastric cancer trial data from ClinicalTrials.gov. Then, we analyzed the rate of
trial failure, the reason for failure and estimated potential risk factors related to trial failure.
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2. Methods
2.1 Data extraction and criteria.ClinicalTrials.gov is the largest clinical trial database worldwide and
contains 400,873 research studies in all 50 states and 220 countries as of December 2021. On
December,1,2021, we queried ClinicalTrials.gov for gastric cancer listed in phase II/III. The search term
included “Stomach Cancer”, “Stomach Neoplasms”, “Gastric Cancer”, “Gastric Neoplasms”, “Gastric
Carcinoma”, “Stomach Carcinoma”, “Gastroesophageal Junction Cancer”. We included trials evaluating
multiple cancer types.

According to the United States Food and Drug Administration (FDA) and International Committee of
Medical Journal Editors (ICMJE) trial registration requirements, we excluded trials that start prior to
01/01/2007. We also excluded trials starting after 12/01/2020 to allow trials to have at least 12 months
to enrol participants before our analysis. We dropped trials with “not yet recruiting”,
“suspended”,“withdrawn” or “unknown” status because we were not sure about their actual termination
status.Trials that failed to provide an anticipated accrual number or a start date were also dropped from
our dataset.Following these criteria, we included 567 trials in our dataset. All clinical trials information
and characteristic are downloaded and extracted from ClinicalTrials.gov XML �les.

2.2 Data cleaning and trial characteristic classi�cation.We categorized clinical trial status “recruiting”,
“enrolling by invitation”, “active, not recruiting” as “active”.We summarized the reasons behind the status
for clinical trials of terminated status. We categorized them into nine reasons: safety reason, e�cacy
reason, ethical reason, trial no longer needed, business/sponsor reason, recruitment failure, logistic
reason, PI left and no reason given.We de�ned trials terminated due to safety, e�cacy, and ethical
reasons, and trials no longer needed as terminated for good reasons.And, we de�ned trials terminated
due to business/sponsor reason, recruitment failure, logistic reason, PI left and no reason given as
terminated for bad reasons.We described trials terminated for good reasons as a substantive outcome in
descriptive trial characteristic analysis.

If a trial has more than one recruiting centre in its clinical site record, we categorized it as a multicentre
trial.Otherwise, we classi�ed it as a singlecentre trial. If a trial has multiple recruiting centres located in
more than one country, we labelled it as a multicountry clinical trial. Otherwise, we labelled it as a single
country clinical trial.We considered trials listed as phase I/II in the record are phase II trials, and trials
listed as phase II/III in the record are phase III trials.We found that the intervention type of some trials was
mislabeled in the dataset.Our clinical experts reviewed each trial and categorized them according to their
primary intervention type.In our study, each trial's anticipated accrual number roughly follows a normal
distribution.But we found some outliers in the trial anticipated accrual number as some phase II studies
would enrol less than 10 participants, and some phase III studies would enrol more than 5,000
participants. Thus, we decided to winsorize the top 1% and bottom 1% of the data.Trial duration was
calculated from the actual start date to the actual study completion date or the termination date. For
active studies, the trial duration was calculated from the actual start date to the date we downloaded �les
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(Dec 1, 2021). Again, as extreme large phase III trials would consume signi�cantly longer time than other
trials, we considered winsorizing the top 1% of data.

2.3 Statistical analysis.We used the Kruskal-Wallis tests to compare median trial anticipated accural and
trial duration across studies. Categorized variables like intervention type, phase, sponsor type were
compared using chi-square tests.

We used Stata version 15 SE (Texas, USA) to compare the risk factors and likelihood of clinical failures.
Each trial's trial duration was considered as the survival time in our model. Clinical characteristics in our
study include phase, start year, treatment, sponsor type, single centre vs multicentre, single country vs
multicountries, duration, anticipate accrual and status. Logistic regression models were used to estimate
how trial characteristics are correlated with clinical trial failure. We used cumulative Kaplan-Meier survival
curve to estimate the failure risk of trials in different times.

3. Result
A total of 1187 clinical trials were identi�ed. After extraction, 567 trials were included in our study. 263
(46.4%) were active, 246 (43.4%) were completed, 19 (3.4%) were terminated for good reasons, and 39
(6.9%) were terminated for bad reasons. For trials that terminated due to good reasons, 13 (68.4%) trials
were terminated for e�cacy reasons. 3 (15.8%) trials were terminated for safety reasons. 2 (10.5%) trials
were terminated for the outcome of other studies has already provided enough information for clinical
interests, and the trial is no longer needed as continuing this trial is no longer ethical. And, 1 (5.3%) trial
was terminated due to ethical reasons (Fig. 1).For trials that terminated due to bad reasons, 18 (46.2%)
trials were terminated due to recruitment failure, which is the major problem of trial failure. 10 (25.6%)
trials were terminated without giving a reason. 7 (18.0%) trials were terminated due to business or
sponsor reasons. 3 (7.7%) trials were terminated due to logistic reasons such as drugs are no more
available etc.And,1 (2.6%) trial was terminated due to PI leaving the institution (Fig. 2). Around every one
in ten gastric cancer trials (10.2%) were terminated.The cumulative Kaplan-Meier survival estimate is
illustrated in Fig. 3.

The descriptive characteristics analysis of our study is illustrated in Table 1. We found that 74.07% of
gastric cancer trials were phase II trials. And, there was no evidence supporting that the percentage of
phase II and III is differential among different statuses (P-value = 0.635). Most trials started before 2010
have been completed, while one large phase III trial in 2007 and one large phase III trial in 2008 are still
active. We found trials started in 2011 and 2012 were more likely to be terminated before completion. We
found active trials have the highest percentage of genetic treatment, re�ecting immunology is a hot
research spot in these years.
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Table 1
Descriptive characteristics of clinical trials

  Failed (N = 
39)

Completed (N = 
247)

Active (N = 
262)

good terminated (N 
= 19)

P-
value

Phase         0.643

Phase II 30 (76.92%) 184(74.49%) 192(73.38%) 14(73.28%)  

Phase III 9(23.08%) 63(25.51%) 70(26.72%) 5(26.32%)  

Start year         < 
0.001

2007 2 (5.13%) 25 (10.12%) 1 (0.38%) 1 (5.26%)  

2008 3 (7.69%) 31 (12.55%) 1 (0.38%) 1 (5.26%)  

2009 3 (7.69%) 28 (11.34%) 1 (0.38%) 1 (5.26%)  

2010 2 (5.13%) 23 (9.31%) 1 (0.38%) 0  

2011 5 (12.82%) 28 (11.34%) 2 (0.76%) 3 (15.79%)  

2012 6 (15.38%) 27 (10.93%) 2 (0.76%) 4 (21.05%)  

2013 4 (10.26%) 21 (8.50%) 11 (4.20%) 2 (10.53%)  

2014 3 (7.69%) 17 (6.88%) 7 (2.67%) 3 (15.79%)  

2015 4 (10.26%) 22 (8.91%) 12 (4.58%) 0  

2016 1 (2.56%) 3 (1.21%) 23 (8.78%) 0  

2017 4 (10.26%) 14 (5.67%) 38 (14.50%) 3 (15.79%)  

2018 2 (5.13%) 6 (2.43%) 43 (16.41%) 1 (5.26%)  

2019 0 2 (0.81%) 59 (22.52%) 0  

2020 0 0 61 (23.28%) 0  

Treatment         < 
0.001

Drug 28 (71.79%) 186 (75.30%) 153
(58.40%)

16 (84.21%)  

Device 4 (10.26%) 20 (8.10%) 19 (7.25%) 0  

Genetic 7 (17.95%) 32 (12.96%) 71 (27.10%) 2 (10.53%)  

Radiation 0 8 (3.24%) 8 (3.05%) 1 (5.26%)  

Other 0 1 (0.4%) 11 (4.20%) 0  

Sponsor         0.310
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  Failed (N = 
39)

Completed (N = 
247)

Active (N = 
262)

good terminated (N 
= 19)

P-
value

NIH 2 (5.13%) 21 (8.54%) 11 (4.20%) 0  

Industry 18 (46.15%) 106 (42.91%) 125
(47.71%)

7(36.84%)  

Other 19 (48.72%) 120 (48.58%) 126
(48.09%)

12 (63.16%)  

Multicenter         0.062

No 14 (35.90%) 132 (53.44%) 123
(46.95%)

6 (31.58%)  

Yes 25 (64.10%) 115 (46.56%) 139
(53.05%)

13 (68.42%)  

Multicountry         0.079

No 26(66.67%) 205 (83.00%) 202
(77.10%)

14 (73.68%)  

Yes 13 (33.33%) 42 (17.00%) 60 (23.90%) 5 (26.32%)  

Anticipated
accrual

127.25
(135.78)

159.67 (202.20) 237.57
(268.70)

187.95 (207.19) 0.006

Duration 36.97
(24.86)

46.48 (23.41) 43.40
(26.10)

27.41 (15.22) 0.207

In the simple logistic regression model, we found strong evidence supporting that trials conducted in
multicentre are 1.91 (p-value = 0.026) times more likely to be terminated than trials conducted in a single
centre.Similarly, the odds ratio of 1.80 (P-value = 0.055) for multicountries, that was, trials conducted in
more than one country that the odds is 80% higher of termination than trials conducted in only one
country. The odds ratio of trial anticipated accrual number was 0.999 (P-value = 0.111), which indicated
that accrual number is a weak protective risk factor for clinical trial termination.There was no strong or
overwhelming evidence supporting the trial phase, sponsor type, and treatment type are potential risk
factors of clinical trial failure(Table 2).
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Table 2
Univariate logistic regression model

Covariates Odds Ratio 95% CI P-value

Phase      

Phase II Reference    

Phase III 0.90 (0.48,1.69) 0.743

Treatment      

Drug Reference    

Device 0.79 (0.27,2.32) 0.668

Genetic 0.67 (0.32,1.43) 0.301

Radiation 0.64 (0.08,5.06) 0.674

Other Omit    

Sponsor      

Other Reference    

NIH 0.51 (0.12,2.25) 0.375

Industry 0.93 (0.53,1.61) 0.777

Multicenter      

No Reference    

Yes 1.91 (1.08,3.37) 0.026

Multicountry      

No Reference    

Yes 1.80 (0.99,3.26) 0.055

Anticipated accrual 0.999 (0.997,1.001) 0.111

We considered that small clinical trials are more likely to be designed as single centre trials. Thus, we
included an interaction between anticipated accrual and multicentre in our �nal multiple logistic
regression model.As illustrated in Table 3, the odds ratio of anticipating accrual was 0.993 (P-value = 
0.029), which means trials initially planned to enrol one more participant will decrease 0.7% risk of trial
termination. And, the failure risk of a trial with multiple recruiting centreswould drop 0.1% (P-value = 
0.045) for every one more anticipated accrual participants.
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Table 3
Multiple logistic regression model

Covariates Odds Ratio 95% CI P-value

Anticipated accrual 0.993 (0.987,0.999) 0.029

Anticipated accrual# Multicenter      

No Reference    

Yes 1.006 (1.0001,1.0117) 0.045

4. Discussion
The clinical trial is an essential part of clinical research. We estimate that 10.2% of gastric cancer trials
are terminated before reaching endpoints. Compared to the clinical trial failure rate in other diseases, the
clinical failure rate in gastric cancer is slightly lower than that of clinical failure in all cancer
types(5).According to the cumulative incidence graph, the failure rate is relatively stable after 50 months.
This phenomenon can be explained as trialfailureislikely to occurin their early periods.We �nd recruitment
failure, e�cacy reason and safety reason are the primary cause of clinical trial termination, consistent
with previous studies (8, 10).

Our study �nds that trial with a larger anticipated accrual design is more likely to be completed than
smaller studies.We believe that clinical trial sponsors need to invest more resources and funding in large
trials. And, possibly, trial sponsors have a higher expectation that these trials can answer their vital
clinical research questions.Another potential reason is that large trials may expand their inclusion criteria
and have more extended recruiting periods. We con�rm that multicentre has an interaction with the
anticipated accrual number.In early studies, they either reported multicentre or anticipated accrual number
is a risk factor, and this is the �rst time that we try to combine the effects of recruiting in multicentre and
anticipate accrual number (10, 13, 14).Recruiting participants in multiple centers make clinical trials
possible to enroll more participants has adding funding to single site proves not lead to a
contemporaneous increase in trial recruitment(15).However, choosing the right trial sites is a potential
challenge for multicenter studies, increasing the risk of trial failure. After adding this interaction in our
model, we still �nd that adding more anticipants can completely cancel the effect of multicenter.In other
words, during future gastric cancer trial planning, if a singlecentre study can not satisfy our accrual goal,
the advantages of choosing multiple centres to allow more participants is overwhelming.

It should be also noticed that trial phase, treatment type, sponsor type are not potential risk factors in our
study. In these years, massive efforts have focused on participant protection and trial design. And FDA
has updated several versions of data monitoring requirements and clinical study design guidelines in
past decades.Thus, participants are now more willing to enrol in different clinical trials, and sponsors are
less likely to stop funding the trial once the trial starts.Also, the fasting growing �eld of genetic inhibitors
may also relate to this �nding. According to a previous study, only around 8% of trials included genetic
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interventions, and the industry-sponsored only 34% in 2011–2015(16). In our study, genetic interventions
increased to approximately 20% and 45.1% of these trials are sponsored by industry. There is no doubt
that genetic treatments like PD-1 inhibitors etc. are hot spots in clinical research in these years and
industry companies are now investing huge time and money in this �eld.

This study relies on the assumption that failed or terminated trials for bad reasons can not provide
essential information for clinical trials. However, whether these trials can provide our researcher with
some information need further investigation. Many trials recruiting about 80 ~ 85% of their primary
accrual goals can still answer their clinical questions. Also, we �nd ten terminated trials were terminated
without providing a reason. If these reasons are clari�ed, our research evidence may become more solid.

Declarations
Acknowledgements

Not applicable.

Funding

This work is supported by the National Natural Science Foundation of China (No. 82073033).

Availability of data and materials

The datasets used and analyzed during the current study are available from the corresponding author on
reasonable request.

Authors' contributions

HJ designed the study and monitored the dataset quality. YJ and YS collected, ZZ analysed the data and
wrote the manuscript. All authors have read andapproved the �nal manuscript.

Ethics approval and consent to participate

Not applicable.

Patient consent for publication

Not applicable.

Con�ict of Interest

The authors declare that they have no competing interests.

References



Page 10/13

1. World Health. Organization (WHO) Fact sheet 2021.

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global cancer statistics
2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries.
Cancer J Clin. 2021;71(3):209–49. https://doi.org/10.3322/caac.21660.

3. Tse T, Fain KM, Zarin DAJB. How to avoid common problems when using ClinicalTrials. gov in
research: 10 issues to consider. 2018;361. https://doi.org/10.1136/bmj.k1452.

4. Dickersin K, Rennie DJJ. The evolution of trial registries and their use to assess the clinical trial
enterprise. 2012;307(17):1861–4. http://dx.doi.org/10.1001/jama.2012.4230.

5. Stensland KD, McBride RB, Latif A, Wisnivesky J, Hendricks R, Roper N, et al. Adult cancer clinical
trials that fail to complete: an epidemic? 2014;106(9). https://doi.org/10.1093/jnci/dju229.

�. Korn EL, Freidlin B, Mooney M, Abrams JSJJoco. Accrual experience of National Cancer Institute
Cooperative Group phase III trials activated from 2000 to 2007. 2010;28(35):5197.
https://doi.org/10.1200/JCO.2010.31.5382.

7. Faltering Cancer Trials. New York Times. 2010.

�. Harrison RKJNRDD. III failures. Phase II and phase. 2013–2015. 2016;15(12):817–8.

9. Bernardez-Pereira S, Lopes RD, Carrion MJM, Santucci EV, Soares RM, de Oliveira Abreu M, et al.
Prevalence, characteristics, and predictors of early termination of cardiovascular clinical trials due to
low recruitment: insights from the ClinicalTrials. gov registry. 2014;168(2):213–9.
http://dx.doi.org/10.1016/j.ahj.2014.04.013. e1.

10. Stensland KD, DePorto K, Ryan J, Kaffenberger S, Reinstatler LS, Galsky M et al, editors. Estimating
the rate and reasons of clinical trial failure in urologic oncology. Urologic Oncology: Seminars and
Original Investigations. Elsevier; 2021. https://doi.org/10.1016/j.urolonc.2020.10.070.

11. Romero K, Ito K, Rogers J, Polhamus D, Qiu R, Stephenson D, et al. The future is now: model-based
clinical trial design for Alzheimer's disease. 2015;97(3):210–4. http://dx.doi.org/10.1002/cpt.16.

12. Stensland K, Kaffenberger S, Canes D, Galsky M, Skolarus T, Moinzadeh AJJCCI. Assessing
genitourinary cancer clinical trial accrual su�ciency using archived trial data. 2020;4:614–22.
https://doi.org/10.1200/CCI.20.00031.

13. Carlisle B, Kimmelman J, Ramsay T, MacKinnon NJCT. Unsuccessful trial accrual and human
subjects protections: an empirical analysis of recently closed trials. 2015;12(1):77–83.
https://doi.org/10.1177/1740774514558307.

14. Tang C, Sherman SI, Price M, Weng J, Davis SE, Hong DS, et al. Clinical trial characteristics and
barriers to participant accrual: the MD Anderson Cancer Center experience over 30 years, a historical
foundation for trial improvement. 2017;23(6):1414–21. https://doi.org/10.1158/1078-0432.

15. Parker C, Snyder R, Jefford M, Dilts D, Wolfe R, Millar JJJotNCCN. A randomized controlled trial of an
additional funding intervention to improve clinical trial enrollment. 2017;15(9):1104–10.
https://doi.org/ 10.6004/jnccn.2017.0150.



Page 11/13

1�. Khunger M, Rakshit S, Hernandez AV, Pasupuleti V, Glass K, Galsky MD, et al. Premature clinical trial
discontinuation in the era of immune checkpoint inhibitors. 2018;23(12):1494.
http://dx.doi.org/10.1634/theoncologist.2018-0003.

Figures

Figure 1

Reasons for gastric cancer trial terminated for good reasons
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Figure 2

Reasons for gastric cancer trial terminated for bad reasons
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Figure 3

Cumulative incidence of trial failure


