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Abstract

Background Numerous large-scale randomized controlled trials (RCTs) have propelled melanoma treatment strategies. Research waste
presents a significant challenge in translating the outcomes of RCTs into clinical practice. Currently, research waste has not been reported in
melanoma-related RCTs.

Objectives To determine research waste in RCTs for melanoma.

Methods In January 2024, we searched ClinicalTrials.gov for phase Ill and phase IV RCTs registered from January 2000 to December 2023,
using ‘melanoma’ as the keyword. We recorded the information listed on the website and searched PubMed and Scopus for the publication
and citation status of the RCTs. A completed RCT requires at least 47 months of preparation time for publication; hence, RCTs completed after
December 2019 but not yet published were excluded from the analysis of publication status.

Results In total, 165 RCTs were included in the analysis. Melanoma RCTs primarily studied pharmacological interventions, with the regis-
trations for immunotherapy increasing annually. In the analysis of research waste, 103 RCTs were included, of which 41 (41 of 103, 39.8%)
were unpublished. Of the 62 published RCTs, 19 (19 of 62, 31%) reported insufficiently, and 19 had avoidable design flaws (19 of 62, 31%).
Ultimately, 64 RCTs (64 of 103, 62.1%) were judged to have research waste. Registration after 2010, conducting studies in multiple countries,
using multiple drug interventions, and having survival as the primary outcome were independent protective factors against research waste.
Thirty-four RCTs (34 of 62, 55%) were cited by guidelines, and 21 RCTs (21 of 62, 34%) reused their prospective data.

Conclusions We describe the characteristics of phase Ill and phase IV RCTs related to melanoma conducted over the past 2 decades. We

identified a substantial degree of research waste. The protective factors against research waste revealed in this study can provide references
for the rational and efficient conduct of new RCTs in the future.

What is already known about this topic?

e Currently, a vast number of randomized controlled trials (RCTs) have been conducted on melanomas.
e There has been no study analysing the situation of research waste in melanoma-related RCTs.

What does this study add?

e This study is the first to describe the changes in the characteristics of melanoma-related RCTs globally over the past 20 years and
has identified a high burden of research waste in this field.

e Registration after 2010, conducting studies in multiple countries, using multiple drug interventions, and having survival rates as the
primary outcome were independent protective factors against research waste.

Melanoma is the most aggressive form of skin cancer. any other form of cancer.? A large number of randomized
Epidemiological research has indicated a significant and controlled trials (RCTs) have been conducted to explore and
ongoing increase in the incidence of melanoma over the past compare newly emerging, more effective therapeutic meth-
5 decades.! According to the World Health Organization, the ods for melanoma. Over the past 20 years, the outcomes of
rate of increase in cases of melanoma surpasses that of these RCTs have significantly improved the treatment and
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prognosis for melanoma. The extensive exploration of new
therapies through large cohorts has also greatly enhanced
the overall survival.®#

Although RCTs offer high-level evidence, research waste
is an issue that cannot be ignored. Wasted RCTs consume
medical resources and elevate the risk to enrolled patients.
Lu et al. discovered that 86.9% of gastric cancer RCTs
exhibited research waste.® Research waste can arise from
multiple causes. For example, if the results of RCTs are not
published, the resources invested in them become use-
less for improving clinical treatments. Secondly, avoidable
design flaws can lead to research waste, just as improper
implementation of randomization or blinding procedures
may decrease the credibility of the conclusions. Lastly,
inadequate reporting can affect the reproducibility of RCTs,
thereby leading to research waste. Research waste may
also result in the conclusions of RCTs not being adopted by
guidelines.®

Currently, the extent of research waste in melanoma RCTs
remains unclear. With the rising incidence of drug-resistant
melanoma, there is a crucial need to conduct more RCTs to
develop new therapeutic strategies.” Minimizing research
waste is indispensable for ensuring that conclusions can
guide clinical therapy appropriately, safely and efficiently.
This study aims to describe the characteristics and research
waste in melanoma RCTs over the past 20 years, exploring
associated risk factors and areas for improvement.

Materials and methods

Design and data

This study followed the STROCSS criteria (Table S1; see
Supporting Information).® The data used in this study were
extracted from ClinicalTrials.gov, a public online registry of
trials. We searched the ClinicalTrials.gov database using the
keyword ‘melanoma’ within a single day (1 January 2024).
Eligible RCTs were phase lll or phase |V trials conducted
from 1 January 2000 to 31 December 2023. Nonrandomized
trials, trials other than phase Il or phase |V, and trials unre-
lated to melanoma were excluded.

The recorded characteristics included registration date,
intervention, the country of the principal investigator and
other details. If an RCT was conducted across multiple
healthcare institutions, it was classified as multicentric.
If RCTs were carried out in multiple countries, they were
defined as multinational. Funding sources were categorized
into two groups: (i) none or departmental finding, and (ii)
funding from industry or external sources.

To better illustrate the evolution of intervention methods,
we divided them into five categories: (i) radiotherapy and
chemotherapy, (i) targeted therapy, (iii) immunotherapy,
(iv) surgery and (v) others. The primary outcome measures
were divided into two groups: (i) those with survival as the
outcome (including overall survival, progression-free sur-
vival, recurrence-free survival and metastasis-free survival),
and (ii) outcomes not related to survival.

We predetermined that RCTs with sample sizes falling
below the lower quartile (25%) would be classified as
small-sample RCTs.® This study was not prospectively reg-
istered because it is a retrospective analysis based on the
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data of previously registered clinical trials, rather than being
a clinical trial itself or generating original clinical data directly.

Publications

We conducted searches in PubMed and Scopus using the
National Clinical Trial (NCT) number, the names of the princi-
pal investigators, and keywords related to the interventions
to check and confirm the publication status. If no corre-
sponding manuscripts were found in PubMed and Scopus,
we contacted the principal investigators to further enquire
about the publication status. In the absence of a response,
the RCT was considered unpublished by default. A study
was recognized as published when a complete manuscript,
accessible either online or in print, was found in a peer-
reviewed journal.

The search was conducted on 1 January 2024. Chapman
et al. stated that a completed RCT should have > 47 months
of preparation time for publication.® Therefore, in our analy-
sis of publication status, we did not include RCTs completed
after December 2019 but not yet published. The completed
time is determined based on the study completion date dis-
played on the ClinicalTrials.gov website.

Evaluation of adequate reporting

The evaluation of adequate reporting for each manuscript
was conducted in accordance with the CONSORT report-
ing guideline. According to the CONSORT standards,
manuscripts involving pharmacological interventions
included 37 items, while those involving nonpharmaco-
logical interventions comprised 40 items.%'0 If the item
is met, the total score is increased by 1 point. Two inde-
pendent researchers scored the manuscripts based on the
CONSORT 2010 checklist. Discrepancies were resolved
through consensus discussions after every three manu-
scripts assessed.

Given the extensive number of items in the CONSORT
reporting guideline and that each item was attributed a
point, inter-rater agreement was not recorded. The com-
plete manuscript and supplementary materials were exam-
ined to assess the availability of a protocol. As described
before, manuscripts that fulfilled 75% of the criteria (i.e. 28
of 37 pharmacological items or 30 of 40 nonpharmacological
items) were deemed to have sufficient reporting.®

Design flaw evaluation

Utilizing the Cochrane tool, two independent reviewers eval-
uated anonymized manuscripts to appraise the risk of bias.
Each type of bias was classified as either low, unclear or
high risk.”" Any disagreements were resolved by consensus
after the evaluation of every three papers. In the statistical
analysis, unclear bias was treated as high risk due to the
potential impact of vague methodological descriptions on
the credibility of an RCT.

Furthermore, the existence of a pertinent systematic
review, or an explanation for its absence in novel settings,
was examined. This needed to be referenced in the com-
plete manuscript and be considered capable of informing
the necessity of conducting the RCT. Studies exhibiting
any of the aforementioned biases or not citing a relevant
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systematic review were regarded as having an avoidable
design flaw.

References to papers in guidelines and reuse of
prospective data

For each published RCT, we initially searched articles cit-
ing the RCT within the Google Scholar database. Following
this, two independent investigators meticulously examined
each article referencing the RCT to identify the presence
of practice guidelines. Additionally, we evaluated the reuse
of prospective data for subsequent post hoc analyses (i.e.
analysing data from the RCT for outcomes not originally
designated as primary or secondary endpoints). It was pre-
sumed that such post hoc analyses invariably referenced
the original RCT.

Statistics

Categorical variables are displayed as counts and propor-
tions, whereas continuous variables are represented as
medians and interquartile ranges. Comparisons of categor-
ical variables between groups were performed using the
x? test or Fisher's exact test. Both univariate and multivari-
ate logistic regression analyses were employed to identify
independent risk factors linked to research waste. Factors
demonstrating a P-value<0.05 in the univariate analysis
were then considered for inclusion in the multivariate anal-
ysis. Statistical evaluations were conducted using SPSS
version 26.0 (IBM, Armonk, NY, USA) and R version 4.0.6
(R Foundation, Vienna, Austria). A P-value <0.05 was con-
sidered to indicate statistical significance, and all analyses
were two sided.

Results

Based on the inclusion and exclusion criteria, in total, 165
RCTs were included in the analysis (Figure 1a). The first quar-
tile of the recruitment number is 151 participants; therefore,
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we used 150 as the cutoff value to assess the impact of
differences in the number of participants. The majority of
RCTs were pharmacological (87.3%), multicentre (81.2%)
and multinational (62.4%). Europe and North America were
the primary regions for carrying out melanoma RCTs (Figure
S1; see Supporting Information), with the majority of RCTs
being conducted in high-income countries within these
regions (92.7%). One hundred RCTs (60.6%) received fund-
ing from external sources or manufacturers (Table 1).

The number of RCTs registered for different interventions
over the past 2 decades reflects the trend in treatment
development. Traditional radiotherapy and surgical treat-
ments showed a gradual decline. Targeted therapy registra-
tions gradually increased until 2015, after which they began
to level off. In contrast, registrations for immunotherapy
have continuously increased (Figure 1b).

Publication status

In this section, we excluded RCTs that ended after December
2019 and had not yet been published (n=62) (Table S2; see
Supporting Information). Among the remaining 103 RCTs, 62
(60.2%) were published in peer-reviewed journals and were
available for full-text review. Of these, 56 (90%) involved
pharmacological interventions, while only 6 (10%) included
nonpharmacological interventions. Compared with unpub-
lished RCTs, those published were more likely to be multina-
tional (P=0.009), to investigate multiple drugs (P=0.005), to
have survival as the primary outcome (P<0.001), to receive
external funding (P=0.02) and to have a sample size > 150
(P=0.002) (Table S2). Additionally, in multivariate analysis,
having survival as the primary outcome (P=0.006) was
an independent protective factor against RCTs remaining
unpublished (Table S3; see Supporting Information).

Adequacy of reporting

Table S4 (see Supporting Information) shows the scores
obtained for the 62 published RCTs based on the CONSORT
checklist. In the RCTs with pharmacological interventions
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Figure 1 (a) Flowchart of study identification. (b) Number of conducted randomized controlled trials (RCTs) by category.
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Table 1 Characteristics of all included randomized controlled trials

N = 165

Enrolment time (months), median (IQR) 46 (26-82)
Registration time

2000-2004 22 (13.3)

2005-2009 27 (16.4)

2010-2014 34 (20.6)

2015-2019 40 (24.2)

2020-2023 42 (25.5)
Number of centres

Monocentric 31(18.8)

Multicentric 134 (81.2)
Number of countries

Single country 62 (37.6)

Multinational 103 (62.4)
Intervention

Pharmacological 144 (87.3)

Nonpharmacological 21 (12.7)
Intervention

Chemoradiotherapy 25 (15.1)

Targeted therapy 37 (22.4)

Immunotherapy 66 (40.0)

Surgery related 11 (6.7)

Other 26 (15.8)
Primary purpose

Treatment 166 (94.5)

Other 9 (5.5)
Study design

Parallel 166 (94.5)

Other 9 (5.5)
Number of arms

2 134 (81.2)

3 22 (13.3)

>4 9 (5.5)
Blinding

None/open label 98 (59.4)

Single 5 (3.0)

Double 27 (16.4)

Triple 11 (6.7)

Quadruple 24 (14.5)
Economic region of principal investigator

High-income country 153 (92.7)

Middle-income country 12 (7.3)
Recruitment region

Europe 60 (36.4)

Asia 9 (5.5)

North America 89 (563.9)

South America 1(0.6)

Oceania 6 (3.6)

Primary outcome measure

Overall survival 41 (24.9)

Progression-free survival 37 (22.4)

Recurrence-free survival 26 (15.8)

Metastasis-free survival 7 (4.2)

Other 54 (32.7)
Funding type

None/departmental 65 (39.4)

Industry/other 100 (60.6)
No. of participant

< 150 40 (24.2)

> 150 125 (75.8)

The data are presented as n (%) unless stated otherwise. IQR, inter-
quartile range.

(n=56), notable reporting deficiencies included access to
the complete trial protocol (79%), details of randomization
(77%) and implementation of random sequence allocation
(68%). For RCTs of nonpharmacological interventions (n=6),
prominent reporting deficiencies were in random sequence
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allocation (100%) and the presentation of the complete trial
protocol (100%). Overall, 43 (69%) were judged to have ade-
quate reporting.

Compared with RCTs with insufficient reporting, those
with adequate reporting were more likely to have been reg-
istered after 2010 (P=0.03), to be multicentric (P=0.001),
to be multinational (P<0.001), to involve multiple pharmaco-
logical interventions (P<0.001), to receive external funding
(P=0.02) and to have a recruitment number > 150 (P<0.001)
(Table Sb; see Supporting Information). Moreover, being
multinational (P=0.001) and studying more than two drugs
(P=0.005) were identified as independent risk factors
for adequate reporting in RCTs (Table S6; see Supporting
Information).

Design flaws

Among the 62 published RCTs, 12 (19%) lacked references
to relevant systematic literature reviews. Additionally, 14
RCTs (23%) exhibited at least 1 feature indicating a high or
unclear risk of bias. Figure 2 shows that the most common
biases were selective reporting (26%), blinding of outcome
assessors (21%) and concealed random sequence alloca-
tion (21%). When considering both factors simultaneously,
19 RCTs (31%) were identified as having avoidable design
flaws. These RCTs were more likely to be registered earlier
(P=0.001), to be monocentric (P=0.001), to be conducted in
a single country (P<0.001), to involve a single drug or non-
pharmacological interventions (P=0.002), to not have sur-
vival as the primary outcome (P=0.03) and to have a sample
size <150 (P<0.001) (Table S7; see Supporting Information).
Regression analysis revealed that registration after 2010
was an independent protective factor (P=0.008) against
the occurrence of design flaws (Table S8; see Supporting
Information).

Research waste

When combining the statuses of ‘publication status’, ‘ade-
quate reporting’ and ‘avoidable design flaws', 64 of the 103
RCTs (62.1%) exhibited at least 1 form of research waste.
These RCTs were more likely to have been registered before
2010 (P=0.001), to be designed as single-centre studies
(P=0.002), to be conducted in a single country (P<0.001),
to have no external funding (P=0.001), to utilize nonpharma-
cological or single drug interventions (P<0.001), to not have
survival as the primary outcomes (P<0.001) and to have a
sample size < 150 participants (P<0.001) (Table 2).

Multivariate analysis indicated that registration after
2010 (P=0.002), conducting studies in multiple countries
(P=0.003), using two or more drug interventions (P=0.004)
and having survival as the outcome measure (P=0.01) were
independent protective factors against research waste
(Table S9; see Supporting Information).

Referencing in guidelines and reuse of
prospective data

Of the 62 published RCTs, 34 (55%) have been cited by
guidelines. These RCTs were predominantly multicen-
tre (P=0.02) or multinational (P=0.005), had a recruit-
ment size > 150 participants (P=0.008) and had absence
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Figure 2 Risk-of-bias assessment. Results for individual components of the Cochrane tool for assessing risk of bias are shown. Items with an
unclear risk of bias were considered together with high-risk items in the analyses.

of research waste (P=0.001) (Tables S10 and S11; see
Supporting Information). Furthermore, 21 RCTs (34%)
reused their prospective data. Regression analysis indicated
that registration after 2010 (P=0.03) and conducting studies
in multiple countries (P=0.04) were independent risk fac-
tors for the reuse of prospective data (Tables S12 and S13;
see Supporting Information).

Discussion

To our knowledge, our study describes for the first time the
characteristics of 165 phase Il and phase IV RCTs related
to melanoma over the past 2 decades and has identified a
considerable extent of research waste (62.1%). Of the 103
RCTs completed before December 2019, 62 have been pub-
lished. Furthermore, 43 RCTs reported adequately, while 19
RCTs had avoidable design flaws. Further analysis suggests
that registration after 2010, conducting studies in multiple
countries, using two or more drug interventions, and having
survival as the outcome measure may be associated with
reducing research waste. However, these factors should not
be directly equated with research waste.

The early-phase, single-centre, single-intervention, small
RCTs serve as a basis for future larger-scale RCTs, allowing
researchers to quickly gain preliminary insights into exist-
ing evidence. Therefore, priority should be given to quality
improvement strategies that enhance the basic availability
of resources, such as statistical analysis and trial manage-
ment.'? Encouraging cooperation among multiple centres
or countries is meaningful, and it is preferable in order to
reduce redundant research and minimize unnecessary finan-
cial expenses.

In the field of cancer research, the phenomenon
of research waste is widespread, posing a significant

challenge to the efficient use of resources. A study by Lu
et al. showed that up to 86.9% of RCTs related to gastric
cancer exhibited research waste,® while Lin et al. found that
this proportion stands at 82.1% for RCTs related to ovarian
cancer.”® However, our understanding of research waste
in other cancers or dermatological conditions remains rel-
atively limited.

Previous studies have also identified that implementing
blinding and appropriate sample-size planning are crucial to
avoiding research waste.>'3 In our analysis of melanoma,
we found a somewhat different scenario: RCTs involving
multiple countries or various drug interventions, and with
survival as the primary outcome seemed more inclined to
reduce research waste. This might suggest that specific
strategies used in the design and implementation of studies,
such as choosing meaningful clinical outcomes and ensur-
ing the multicentric nature of research, could help enhance
research efficiency and thus reduce waste. This provides
important references for other cancer or dermatological
disease research. Comparing our findings with research in
other cancers highlights the unique challenges and oppor-
tunities present in cancer research and underscores the
importance of further exploring how greater efficiency and
effectiveness can be achieved in all cancer research.

When testing new therapeutic strategies, RCTs are com-
monly utilized as a means to reduce bias. The necessity
for conducting certain RCTs to advance treatment devel-
opments depends on the severity of the cancer’'s impact.
However, previous research has indicated a mismatch
between the disease burden and corresponding funding.'*'®
Scholars have suggested that a comprehensive review of
existing research foundations and conclusions should
precede the initiation of new studies.'® New trials should
only be embarked upon when current data inadequately
address the challenges.
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Table 2 Characteristics of randomized controlled trials according to the presence of research waste

Research waste, n (%)

Present (n=64) Absent (n=39) P-value

Registration time 0.001
2000-2009 38 (59) 9(23)
After 2010 26 (41 30 (77)

Number of centres 0.002
Monocentric 19 (30) 1(3)
Multicentric 45 (70) 38(97)

Number of countries <0.001
Single country 34 (53) 2 (5)
Multinational 30 (47 37 (95)

Intervention 0.12
Pharmacological 53 (83) 37 (95)
Not pharmacological 11 (17) 2 (5)

Intervention <0.001
Single medication or nonpharmacological 37 (68 5(13)
Multiple medications 27 (42 34 (87)

Intervention 0.48
Immunotherapy 19 (30) 15 (38)
Not immunotherapy 45 (70) 24 (62)

Intervention 0.15
Targeted therapy 12 (19) 13 (33)
Not targeted therapy 52 (81) 26 (67)

Primary purpose 0.08
Treatment 58 (91) 39 (100)
Other 6(9) 0(0)

Study design 0.71
Parallel 59 (92) 37 (95)
Other 5(8) 2 (5)

Number of arms 0.37
2 55 (86) 30 (77)
>3 9 (14) 9(23)

Blinding 0.14
None/open label 42 (66 19 (49)
>1 22 (34 20 (67)

Economic region of Pl > 0.99
High-income country 61 (95) 38(97)
Middle-income country 3(B) 1(3)

Region of PI 0.64
Europe 22 (34 16 (41)
Not Europe 42 (66 23 (59)

Region of PI > 0.99
North America 36 (56) 22 (56)
Not North America 28 (44) 17 (44)

Primary outcome <0.001
Survival 34 (53 35 (90)
Not survival 30 (47 4 (10)

Funding type 0.001
None/departmental 3 (62) 7 (18)
Industry/other 31 (48) 32 (82)

Number of participants <0.001
< 150 27 (42) 01(0)
> 150 37 (58) 39 (100)

P, principal investigator.

We have described the features of melanoma RCTs over
the past 2 decades, noting an annual increase in their regis-
tration numbers. Therefore, we should be vigilant about the
occurrence of research waste. With the advent of precision
medicine, we can predict that treatments targeting molecu-
lar mechanisms will continue to be a primary area of future
research. We have also observed that both the proportion
and the number of immunotherapy studies are increasing
year by year. Immunotherapy, by leveraging the body’s own
immune system to combat cancer, presents a paradigm
shift away from traditional treatments and towards more
personalized and targeted approaches.” While this may play

a pivotal role in advancing future treatments for melanoma,
it is crucial to ensure that RCTs are designed in harmony
with up-to-date discoveries and forward-moving trends to
reduce unnecessary research waste.

We compared the publication status of completed mel-
anoma RCTs in Europe, North America and other regions
(Tables S2 and S3). Our analysis did not reveal any statis-
tical differences in publications across these regions. This
finding suggests that stringent regulations and legislation,
while crucial for ensuring the ethical conduct of trials and the
reporting of results, may not directly influence the publica-
tion of RCTs in melanoma. However, it is important to note
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that the lack of statistical analysis for other regions due to
insufficient sample sizes might limit the generalizability of
this conclusion. This outcome underscores the complexity
of factors that influence the publication of clinical trials and
suggests that additional mechanisms beyond regulation and
legislation might be needed to enhance the transparency
and dissemination of research findings in the scientific com-
munity.

Several limitations to our study deserve deeper investi-
gation. Firstly, the conditions for assessing research waste
are not confined to the three items described in this paper,
with different studies having varying definitions. Although
our analysis did not directly encounter instances of ‘me
too trials’ or covert duplicate publications, these forms of
research waste present significant challenges to the scien-
tific community. Their potential presence in fields beyond
our current focus highlights the necessity for vigilant screen-
ing and assessment protocols in RCT research.

Secondly, some metrics were assessed manually, which
might lead to inaccuracies in measurements. WWe employed
two independent investigators to analyse the RCTs and
resolved disagreements through discussion, aiming to mini-
mize assessment errors as much as possible. Lastly, although
ClinicalTrials.gov is the most commonly used clinical trial reg-
istry, some studies are only registered on national websites
and they were not included in our analysis.'® Also, our search
did not extend to other sources of result sharing, such as trial
registration sites that mandate the posting of results within
a specific timeframe regardless of journal publication, or
results presented at meetings. Future studies could benefit
from incorporating these additional sources to provide a more
holistic view of the state of research in the field.

Conclusions

We have identified that the melanoma RCTs conducted
over the past 2 decades have exhibited a certain degree of
research waste. Registration after 2010, multinational con-
duction, comparing two or more pharmacological interven-
tions, and having survival as the outcome measure were
found to be independent protective factors against research
waste. There are areas for improvement in the design, imple-
mentation, outcome presentation and reuse of prospective
data in melanoma RCTs. The findings of this study offer
insights for the future development of melanoma RCTs to
reduce research waste.
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