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Abstract

Objective: A better understanding of the current characteristics of clinical trials in oral squamous cell carcinoma (OSCC) is
important to improve trial design and identify neglected areas of research. The objective is to summarize the current
characteristics and publication status of OSCC trials registered on ClinicalTrials.gov.

Methods: The ClinicalTrials.gov database was searched on November 9, 2020, for trials containing the term “oral squamous
cell carcinoma”. We assessed the characteristics of the included trials and searched the publication status of the primary
completed trials by using PubMed and Google Scholar.

Results: Our search identified 325 studies for analysis, including 279 interventional (85.8%) and 46 observational (14.2%)
studies. Interventional studies were mostly single-group (50.9%), single-center (57.0%), non-randomized (59.1%), open-label
(81.4%), and early-phase (70.6%) trials. The vast majority of the studies (82.8%) focused on the treatment of OSCC. Che-
motherapy (36.8%) was the most common treatment, followed by targeted therapy (15.2%) and immunotherapy (15.2%).
Furthermore, 58.9% of the primary completed interventional studies were published by January 8, 2021, and the median time to
publication was 48.0 months. Studies registered before this study began (HR = 1.69, 95% Cl = 1.02-2.80, P = .040) and in phases
/2 or 2 (HR = 2.10, 95% Cl = 1.09—4.06, P = .026) were associated with an improved likelihood of publication.

Conclusions: OSCC clinical trials usually have small sample size and are open-label and non-randomized studies. Advanced
OSCC and immunotherapy-oriented therapy are becoming the focus of current trials. Researchers should perform stan-
dardized registration and publish their results in a timely manner.
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development of OSCC is related to lifestyle habits such as smoking,
excessive drinking, and chewing betel nuts. Although researchers
believe that there is a high correlation between head and neck
cancer and HPV infection, only approximately 25% of OSCC
patients are HPV positive.” The global incidence of OSCC is 3.90
per 100 000, while the global mortality of oral cancer is 1.94 per
100 000.%7 The 5-year overall survival rate for OSCC related to
carcinogens is no more than 60%." Except for some early-stage
OSCC, which is only treated with surgery, the treatment of most
OSCC cases requires a multi-modal approach. The improvement of
surgery, the application of radiotherapy and chemotherapy, and the
research on emerging immunotherapy are increasingly permeating
trial design and clinical trial endpoints. With the advancement of
immunotherapy and combination therapy strategies of radiotherapy
and chemotherapy, the prognosis of OSCC has greatly improved.*
However, immunotherapy represented by immune checkpoint
blockade is currently only effective for a small number of patients,
and there are still a large number of OSCC patients whose treatment
options are limited.’

Clinical trials have been the foundation of evidence-based
medicine and the driving force in the development of medicine.”
The U.S. Food and Drug Administration Modemization Act
(FDAMA) created ClinicalTrials.gov in 1997. FDAMA required the
U.S. Department of Health and Human Services (HHS), through the
National Institutes of Health (NIH), to establish a registry of clinical
trials to provide the public with easy access to clinical trial infor-
mation. NIH and the U.S. Food and Drug Administration (FDA)
worked together to develop the site, which was made available to the
public in February 2000.'" In 2004, the International Committee of
Medical Journal Editors (ICMJE) advocated that clinical trials should
be recorded in a public registry before recruiting patients to ensure the
transparency of clinical research.”'" The website is currently the
world’s largest clinical trial registration website, including almost all
interventional human trials conducted in the United States as well as
international studies from 185 countries. '’

Although there have been some studies summarizing the
characteristics of cancer clinical trials,”'? there is currently no
formal or latest OSCC clinical trial evaluation. At present,
doctors still lack a thorough understanding of OSCC clinical
research. Therefore, in view of the need for better and more
effective clinical trials, it is necessary to clarify the current
problems in OSCC clinical trials to guide future trial design. We
investigated OSCC clinical trials registered on Clinical-
Trials.gov to gain a deeper understanding. The purpose is to (1)
summarize the current status and trends of ongoing OSCC
trials; (2) propose the focus of future OSCC clinical trial design;
and (3) identify and prioritize the weak areas of OSCC research.

Methods

Searching the ClinicalTrials.gov Database

We performed a search on the ClinicalTrials.gov database on
November 9, 2020, using the search term “oral squamous cell
carcinoma”. All of the available results were downloaded in the

form of a csv file and then imported into a database to facilitate
further data filtering, classification, and management. After re-
viewing the trial summary, studies that were non-OSCC relevant
were excluded. The remaining studies were selected for further
manual classification analysis.

Study Variables of the Registered Studies

Based on the information provided by the ClinicalTrial.gov da-
tabase, the following variables of the registered studies were cat-
egorized by 2 investigators independently: recurrent or metastatic
OSCC (no/yes), disease clinical stages, register (before study start/
after study start), sample size/enrollment (<100/>100), age (without
child/with child), study design of observational studies (case-only/
cross-sectional/case—control/cohort), study design of interventional
studies (single arm/parallel/sequential/factorial/crossover), coun-
tries where the study was carried out (US or Canada/European/
Asian/Others), centers (single-center/multi-center), and funder
(industry/NIH/others). For interventional studies, there additional
variables were considered: purpose (treatment/others), treatment
types, phases (phase 1/phase 1/2 or 2/phase 2/3 or 3 or 4/NA), blind
(open label/blind), and randomized (no/yes). If the country, loca-
tion, or sponsor contained subjects equal to or greater than 2, the
study was assigned to the multi-center category. In the event of an
industry being listed as the main investor, the study was classified
as being funded by the industry. By the same principle, the other
studies can be divided into the corresponding categories. Primary
outcomes were classified into biological (including biomarker,
gene, pharmacokinetic (PK), pharmacodynamics (PD), and apo-
ptosis), safety (including dose limited toxicity (DLT), maximum
tolerance dose (MTD), and safety), short-term effect (including
tumor response rate (TRR), local response rate (LRR), and disease
control rate (DCR)), long-term effect (including survival time and
rate), and other outcomes (including mucositis, oral function, in-
fection, quality of life, and feasibility). The time to primary
completion was defined as the interval between the study initiation
point and the accomplishment of the primary endpoint. The study
duration was defined as the time interval between the study ini-
tiation point and the completion of the entire study.

OSCC is divided into disease types: Only OSCC, OSCC-
precancerous lesions-epithelial hyperplasia, Multi-HNSCC (head
and neck squamous cell carcinoma) (including patients with OSCC
and oropharyngeal squamous cell carcinoma), and Multi-Cancer
(including patients with other kinds of cancer, but not limited to
OSCC). Clinical stages of disease were determined according to the
eighth edition of the American Joint Committee on Cancer (AJCC)
TNM (tumor, nodes, and metastases) classification system."> We
categorized the type of treatment as follows: chemotherapy, ra-
diotherapy, surgery, combination therapy, immunotherapy (in-
cluding PD-1, PD-L1, CTLA-4 blockade, CAR-T therapy, and
vaccine therapy), and targeted therapy (defined as treatment that
attacks specific features of cancer cells, excluding those whose
main mechanism is through immune stimulation, such as PD-1,
PD-L1, and CTLA-4 blockade).'*'> An intervention that cannot fit
into these classifications was classified as others.
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Searching for the Publication Status

We used a standardized scheme to search for peer-reviewed
publications of studies under primary completion. First, two
investigators independently reviewed the “publications” field in
the ClinicalTrials.gov database to search for possible matching
publications. Then, PubMed and Google Scholar were searched
using NCT numbers or the main titles of the clinical trials. By
comparing the study characteristics, published articles that
matched the registered information on ClinicalTrials.gov were
screened out. Study protocols, commentaries, interim analysis,
and other non-relevant publication types were excluded. If
multiple publications were obtained from a study, the earliest
article reporting the primary outcome was selected. Another
investigator independently confirmed the publication search for
the studies that were found to be unpublished. Differences were
resolved by consensus. For each published article, the publication
date, sample size, primary results (negative/positive), impact
factor (IF, <5/5-9.99/>10), power calculation (yes/no), and
analysis method description (yes/no) were collected. We then
compared the results registered on ClinicalTrials.gov and the
published results to confirm whether discrepancies existed. The
retrieval of publication status was constantly updated until
January 8, 2021. The time to publication was defined as the time
from the date of study primary completion to the date of study
publication or the date of last search.

Statistical Methods

The study search, variable extraction, classification, and publication
search were independently conducted by two investigators. The
kappa scores of the variables between the reviewers ranged from .5
to 1.0. The differences were resolved by consensus with the third
investigator. The number (percentage) for categorical variables and
median (interquartile range [IQR]) for continuous variables were
calculated. Fisher’s exact tests were used to compare the categorical
variables between the different groups. Mann—Whitney U tests
were used to compare the continuous variables. Cox regression
analysis was performed to analyze the influential factors of time to
publication. The hazard ratios (HRs) and 95% confidence intervals
(CIs) for the factors were calculated. The variables with P < .05 in
the univariate analysis were included in the multi-variate model.
The time to publication was estimated using the Kaplan—Meier
method.

All statistical tests were performed using Stata/MP version
14.0 (Stata Corporation LP, College Station, TX, USA), and a
two-sided P < .05 was considered statistically significant.

Results

Distribution of Oral Squamous Cell Carcinoma
Relevant Trials on ClinicalTrials.gov
Our search identified a total of 330 studies. Five non-

OSCC-relevant studies were excluded, and the remaining
279 interventional (85.8%) and 46 observational (14.2%)

studies were included in the analysis. The distribution of
interventional and observational studies by registered
year is summarized in Figure 1. Overall, the number of
registered studies has fluctuated obviously since 2003.
More than 15 studies were registered in most years, and
the number increased more than 30 in 2017. The number
of registered interventional studies fluctuated in the same
way as the total number of studies. Observational studies
began in 2005 and fluctuated below 5 studies in most
years.

General Characteristics of Oral Squamous Cell
Carcinoma-Related Clinical Trials

The comparisons of study characteristics between interven-
tional and observational studies are shown in Table 1. Com-
pared to observational studies, interventional studies had longer
duration of primary completion and longer duration of study
completion (P < .05). More interventional studies were reg-
istered before study start, were concentrated more on Multi-
HNSCC and advanced patients, and were more often conducted
in the US/Canada at multiple centers and funded by the NIH/
industry (P < .05). These studies had more results available and
were characterized by smaller sample sizes that included fewer
children (P <.05). In recent years, more studies have focused on
Only OSCC patients (Supplementary Figure 1).

For the study design, interventional studies were mostly
single-group (142, 50.9%), single-center (159, 57.0%), non-
randomized (165, 59.1%), open-label (227, 81.4%), and early-
phase (197, 70.6%). Only 37 late-phase trials (phase 2/3 or 3)
were registered, accounting for 13.3% of all interventional
studies. The most common primary outcome for all trials was
survival outcome (92, 33.0%), followed by safety (58, 20.8%)
and short-term effect (57, 20.4%). The majority (65.2%) of
observational studies were prospective. A total of 50.0% of
observational studies were cohort studies. Fifty-two inter-
ventional studies and 4 observational studies were terminated
or withdrawn. Forty-seven studies gave detailed reasons for
termination or withdrawal (Supplementary Table 1). In the
midst of the multifarious reasons, recruitment and funding
were the top 2 reasons, constituting 26.8% and 10.7% of all
reasons, respectively. Compared to other statuses, terminated
or withdrawn studies included fewer children, more Multi-
HNSCC and advanced patients, and smaller sample size. They
were focused more on targeted therapy, were less randomized,
and were conducted more often in the US/Canada and funded
by the NIH/industry (P < .05, Supplementary Table 2).

Focusing on the purpose, trials based on treatments were
the most common, comprising 82.8% (231/279) of all inter-
ventional studies. Among the treatment-focusing interven-
tional studies, 36.8% (85/231) focused on chemotherapy. The
number of targeted therapy and immunotherapy studies was
equal, accounting for 15.2% (35/231) each. Combination
therapy, radiotherapy, surgery, and others accounted for
13.0%, 6.5%, 6.9%, and 6.5%, respectively, (Table 1). Study
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Figure 1. Study distributions of register and publication for observational and interventional studies according to the registered or published years.

characteristics between treatments among interventional
studies are shown in Supplementary Table 3. Therapy dis-
tribution by registration year showed that trials focusing on
immunotherapy had increased rapidly and targeted therapy
had decreased rapidly since 2015 (Figure 2). Overall, che-
motherapy has always been the main research direction of
OSCC treatment. Therapy distribution by disease showed
that chemotherapy was the most common treatment for Only
OSCC and Multi-HNSCC, especially Multi-Cancer which
accounted for 80% of the studies (Supplementary Figure 2).
More than half of OSCC patients with precancerous lesions
or epithelial hyperplasia studies have focused on targeted
therapy

Publication Status of Primary Completed Studies

Among primary completed studies, 58.9% (73/124) of in-
terventional studies and 61.1% (11/18) of observational
studies were published by January 8, 2021 (Table 1). Since
2008, approximately 5 studies have been published every year
(Figure 1).

Study characteristics of the primary completed interven-
tional studies are shown in Table 2. Among 73 published
studies, the median duration of primary completion was
37.9 months, 7 months less than the trials with no published
studies (P = .277). Compared to the no published studies,
published studies had more results available, and were more
likely to be phase 1/2 or phase 2 and multi-centered studies
(P < .05). In addition, of the published interventional
studies, 6.8% (5/73) of trials provided different outcomes in

their papers compared to information in the registry
(Supplementary Table 4).

The median publication time of interventional studies was
48.0 months (95% CI: 29.9-77.1 months), and the 1-, 2-, 3-,
and 5-year cumulative publication rates were 17.2%, 37.5%,
43.6%, and 54.6%, respectively, (Figure 3). The factors
influencing the time to publication from primary completion
of interventional studies are shown in Tables 3 and 4. Factors,
such as registration before study start, study phases, and multi-
center design, significantly influenced the time to publication
in the univariable Cox regression analysis. However, in multi-
variate Cox analysis, only the registered time and the study
phases were significant factors. Compared to those trials
registered after study start, the studies registered before study
start were more often published on time, and the median time
to publication was 23.4 months (HR = 1.69, 95% CI = 1.02—
2.80, P = .040). Compared to phase 1 studies, phase 1/2 or 2
studies had less time to publication (HR = 2.10, 95% CI =
1.09-4.06, P = .026) (Table 4). Thirty (41.1%) of the primary
completed interventional studies were published in IF > 10
journals, and 53 (72.6%) articles reported positive primary
results. Meanwhile, no significant factor was found between
studies published in high-impact (IF > 10) and low-impact
(IF < 10) journals (Supplementary Table 5).

Discussion

Our results show that OSCC clinical trials are usually small
sample size (<100), single-armed, open-label, and non-
randomized studies. Currently, interventional studies are
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Table 1. Comparisons of Study Characteristics Between Interventional and Observational Studies.
Observational
Interventional Studies (n=279) Studies (n=46) P-value
Study status 192
Ongoing 96 (34.4) 17 (37.0)
Completed 109 (39.1) 17 (37.0)
Terminated 34 (12.2) 2 (43)
Withdrawn 18 (6.5) 2 (4.3)
Unknown status 22 (7.9) 8 (17.4)
Duration of study completed (mo.) 65.1 (38.0, 89.9) 19.0 (8.0, 59.0) .001
Primary completed .526
No 155 (55.6) 28 (60.9)
Yes 124 (44.4) 18 (39.1)
Duration of primary completed (mo.) 39.5 (26.6, 64.0) 11.0 (5.1, 43.0) .001
Results of primary completed studies .045
No available results 90 (72.6) 17 (94.4)
Had results 34 (27.4) 1 (5.6)
Register before study start 016
No 153 (54.7) 34 (71.7)
Yes 126 (45.3) 12 (28.3)
Sample size .037
<100 222 (79.6) 30 (65.2)
>100 57 (20.4) 16 (34.8)
Age .004
Only adults 263 (94.3) 37 (80.4)
Adults and children 16 (5.7) 9 (19.6)
Disease type <.001
Only OSCC 59 (21.1) 21 (45.7)
OSCC and precancerous lesions and epithelial hyperplasia 12 (4.3) 12 (26.1)
Multi-HNSCC 191 (68.5) 12 (26.1)
Multi-cancers 17 (6.1) 1 (2.2)
Recurrent or metastatic cancer .001
No 194 (69.5) 42 (91.3)
Yes 85 (30.5) 4 (8.7)
Disease clinical stage <.001
1171 17 (6.1) 1 (2.2)
=A==V 95 (34.1) 28 (60.9)
nAn-vav 117 (41.9) 3 (6.5)
NA 50 (17.9) 14 (30.4)
Study design
Single arm 142 (50.9) —
Parallel 122 (43.7) —
Sequential 11 (3.9 —
Factorial/crossover 4 (1.4) —
Basic 3 (6.5)
Case-only 6 (13.0)
Case—control 12 (26.1)
Cohort 23 (50.0)
Diagnostic 2 (4.3)
Time series
Retrospective 8 (17.4)
Cross-sectional 8 (17.4)
Prospective 279 (100.0) 30 (65.2)

(continued)
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Table I. (continued)

Observational

Interventional Studies (n=279) Studies (n=46) P-value
Purpose
Treatment 231 (82.8) —
Others® 48 (17.2) —
Treatment
Radiotherapy 15 (6.5) —
Chemotherapy 85 (36.8) —
Surgery 16 (6.9) —
Targeted therapy 35 (15.2) —
Immunotherapy 35 (15.2) —
Combination therapy 30 (13.0) —
Others 15 (6.5) —
Multi-center <.001
No 159 (57.0) 39 (84.8)
Yes 120 (43.0) 7 (15.2)
Phase
Phase | 77 (27.6) —
Phase 1/2 or 2 120 (43.0) —
Phase 2/3 or 3 or 4 37 (13.3) —
NA 45 (l6.1) —
Blind
Open label 227 (81.4) —
Blind 52 (18.6) —
Randomized
No 165 (59.1) —
Yes 114 (40.9) —
Primary outcome
Biomarker/gene/PK/PD/apoptosis 27 (9.7) —
DLT/MTD/safety 58 (20.8) —
TRR/LRR/DCR 57 (20.4) —
Survival 92 (33.0) —
Others® 45 (l6.1) —
Country <.001
US/Canada 201 (72.0) 14 (30.4)
European 42 (15.1) 12 (26.1)
Asian 24 (8.6) 12 (26.1)
Others 12 (4.3) 8 (17.4)
Funder <.001
Industry 69 (24.7) 2 (4.3)
NIH 104 (37.3) 5(10.9)
Others 106 (38.0) 39 (84.8)
Publication of primary completed studies 1.000
No 51 (41.1) 7 (38.9)
Yes 73 (58.9) I (6l.1)
Primary results of published studies 277
Negative 20 (27.4) I (9.1)
Positive 53 (72.6) 10 (90.9)
Impact factors of the published journals 0lé
<5 25 (34.3) 7 (63.6)

(continued)



Zou et al.

Table I. (continued)

Observational

5-9.99
210
NA

Interventional Studies (n=279) Studies (n=46) P-value
16 (21.9) 0 (0)
30 (41.1) 2 (182)
2(27) 2 (182)

Except where indicated otherwise, values are the number (%). mo, months; PK, pharmacokinetic; PD, pharmacodynamics; DLT, dose limited toxicity, MTD,
maximum tolerance dose; TRR, tumor response rate; LRR, local response rate; DCR, disease control rate, NA, not available.

%included basic science, diagnostic, prevention, and supportive care.

Pincluded oral function, oral mucositis, infection, quality of life, and feasibility et al.

focusing on the treatment of OSCC, especially chemotherapy,
targeted therapy, and immunotherapy, and we identified a
growing number of immunotherapy-oriented trials. After
primary trial completion, only 58.9% of the primary com-
pleted interventional studies were published, and the median
time to publication was 48.0 months. In addition, 72.6% of the
published results were positive.

Current research results indicated that approximately 40% of
studies tested stage III/IV or IV OSCC, and 70 studies focused on
recurrent or metastatic OSCC (R/M OSCC). This may reflect the
poor prognosis and late diagnosis of OSCC.'*!” A report showed
that approximately 30% of patients usually wait more than
3 months before medical consultation after self-discovering the
signs and symptoms of OSCC.'® After primary treatment, more
than half of the patients (80% of cases within the first 2 years)
found recurrences and/or metastases,'®'® the risk of local recur-
rence was higher than 50%, and the risk of distant metastases was

approximately 20%.'® Therefore, more attention should be given
to these subgroups to optimize future clinical studies and improve
OSCC patient prognosis.

In the present study, the purpose of most interventional
trials was treatment-oriented. More than half of the studies
examined therapeutic drugs, including chemotherapy, im-
munotherapy, targeted therapy, and combination therapy.
Currently, decisions on therapeutic drugs are based on factors
such as toxicity and patient prognosis.'> We found that the
primary outcome was mostly survival outcome, safety, and
short-term effect, which showed strong motivation to find
better ways to guide OSCC clinical therapies. Imnmunotherapy
has promoted survival among patients with cancers over the
past decade.’*** Our study showed a similar trend in which
immunotherapy-oriented trials had increased over the past 5
years. Anti-PD-1 immune checkpoint inhibitors have signif-
icantly increased OSCC patients’ overall survival (OS) and
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Figure 2. Therapy distribution by registered years among interventional studies with the purpose of treatment.
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Table 2. Study Characteristics of Primary Completed Interventional Studies.

No Publication (n=51) Publication (n=73) P-value
Duration of primary completed (mo.) 45.0 (29.9, 73.0) 37.9 (25.0, 60.3) 277
Results of primary completed studies <.001
No available results 48 (94.1) 42 (57.5)
Had results 3 (5.9) 31 (42.5)
Register before study start 429
No 38 (74.5) 49 (67.1)
Yes 13 (25.5) 24 (32.9)
Age 1.000
Only adults 49 (96.1) 70 (95.9)
Adults and children 2 (3.9) 3 4.0
Disease type 631
Only OSCC 6 (11.8) 10 (13.7)
OSCC and precancerous lesions and epithelial hyperplasia 2 (3.9 1 (1.4)
Multi-HNSCC 38 (74.5) 58 (79.5)
Multi-cancers 5(9.8) 4 (5.5)
Recurrent or metastatic cancer 571
No 34 (66.7) 44 (60.3)
Yes 17 (33.3) 29 (39.7)
Disease clinical stage 142
i/ 2 (3.9 2 (2.7)
AV 17 (33.3) 16 (21.9)
man-vnv 26 (51.0) 35 (47.9)
NA 6 (11.8) 20 (27.4)
Sample size .105
<100 45 (88.2) 55 (75.3)
>100 6 (11.8) 18 (24.7)
Study design 977
Single arm 28 (54.9) 38 (52.1)
Parallel 20 (39.2) 31 (42.5)
Sequential 2 (3.9) 2 (2.7)
Factorial/Crossover I (2.0) 2 (2.7)
Purpose 1.000
Treatment 41 (80.4) 58 (79.5)
Others® 10 (19.6) 15 (20.5)
Treatment 735
Radiotherapy I (2.4) 4 (6.9)
Chemotherapy 18 (43.9) 23 (39.7)
Surgery 0 (.0) 2 (3.4)
Targeted therapy 6 (14.6) 13 (22.4)
Immunotherapy 3(7.3) 352
Combination therapy 8 (19.5) 8 (13.8)
Others 5(12.2) 5 (8.6)
Phase 012
Phase | 19 (37.3) 12 (16.4)
Phase 1/2 or 2 16 31.4) 40 (54.8)
Phase 2/3 or 3 or 4 7 (13.7) 14 (19.2)
NA 9 (17.6) 7 (9.6)
Randomized .268
No 33 (64.7) 39 (53.4)
Yes 18 (35.3) 34 (46.6)

(continued)
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Table 2. (continued)
No Publication (n=51) Publication (n=73) P-value
Blind 1.000
Open label 40 (78.4) 56 (76.7)
Blind Il (21.6) 17 (23.3)
Multi-center .041
No 36 (70.6) 37 (50.7)
Yes 15 (29.4) 36 (49.3)
Primary outcome .688
Biomarker/gene/PK/PD/apoptosis 3 (59 6 (8.2)
DLT/MTD/safety 15 (29.4) 14 (19.2)
TRR/LRR/DCR 9 (17.6) 17 (23.3)
Survival 13 (25.5) 22 (30.1)
Others® 11 (21.6) 14 (19.2)
Country .847
US/Canada 41 (80.4) 58 (79.5)
European 6 (11.8) 8 (11.0)
Asian 4 (7.8) 5 (6.8)
Others 0 (.0) 2 (2.7)
Funder 518
Industry 12 (23.5) 13 (17.8)
NIH 22 (43.1) 39 (53.4)
Others 17 (33.3) 21 (28.8)

Except where indicated otherwise, values are the number (%). mo., months; PK, pharmacokinetic; PD, pharmacodynamics; DLT, dose limited toxicity, MTD,
maximum tolerance dose; TRR, tumor response rate; LRR, local response rate; DCR, disease control rate, NA, not available.

Cincluded diagnostic, prevention, and supportive care.

dincluded oral function, oral mucositis, infection, quality of life, feasibility et al.

Cumulative publication rate
0.50 0.75 1.00
1 1 J

0.25
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T T 1

156 168 180

15 10 7

Figure 3. Cumulative publication rate curve of primary completed studies.
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Table 3. Univariable Cox Regressions for Time to Publication.

Variable Median TTP® (mo.) HR 95% Cl P-value
Duration of primary completed (mo.) 1.00 (.99, 1.00) .306
Register before study start

No 62.5 1.00

Yes 234 1.77 (1.08, 2.90) .023
Sample size

<100 49.8 1.00

>100 333 1.55 (.91, 2.64) .107
Age

Only adults 48.0 1.00

Adults and children 424 .82 (:26, 2.61) .738
Disease types

OscC 42.6 1.00

Multi-cancer 48.0 1.03 (.54, 1.95) 937
Recurrent or metastatic cancer

No 51.5 1.00

Yes 243 1.20 (.75, 1.92) 442
Disease clinical stage

1Mn-i 62.5 1.00

=A==V 71.5 1.21 (.28, 5.27) 799

mm-vnv 49.8 1.45 (.35, 6.02) 612

NA 34.0 221 (.52, 9.45) .286
Purpose

Others 424 1.00

Treatment 48.0 91 (.52, 1.61) .753
Study design

Single group 48.8 1.00

2 or more groups 42.6 I.15 (.73, 1.82) .548
Phase

Phase | - 1.00

Phase 1/2 or 2 40.6 2.18 (1.14, 4.17) 0l8

Phase 2/3 or 3 or 4 48.7 1.76 (.81, 3.82) .150

NA 71.5 1.04 (41, 2.64) 939
Randomized

No 51.5 1.00

Yes 40.6 1.41 (-89, 2.23) .147
Blind

Open label 48.0 1.00

Blind 454 1.07 (.62, 1.84) 814
Multi-center

No 71.5 1.00

Yes 423 1.64 (1.03, 2.60) .035
Primary outcome

Biomarker/gene/PK/PD/Apoptosis 41.4 1.00

DLT/MTD/Safety 63.9 .64 (.24, 1.68) .364

TRR/LRR/DCR 42.6 .98 (.39, 2.51) 971

Survival 488 .95 (.38, 2.35) .908

Others' 48.7 .80 (.31, 2.09) .646
Country

US/Canada 42.6 1.00

European 51.5 .85 (41, 1.79) .675

Asian or others 89.3 1.08 (.49, 2.36) .853

(continued)
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Table 3. (continued)

Variable Median TTP® (mo.) HR 95% ClI P-value
Funder
Industry 454 1.00
NIH 41.4 .11 (.59, 2.08) 743
Others 62.5 .89 (44, 1.77) 734

TTP, time to publication; mo., months; PK, pharmacokinetic; PD, pharmacodynamics; DLT, dose limited toxicity, MTD, maximum tolerance dose; TRR, tumor
response rate; LRR, local response rate; DCR, disease control rate, NA, not available.

®The median time to publication was estimated by Kaplan—Meier method.

fOthers included oral function, oral mucositis, infection, quality of life, feasibility et al.

Table 4. Multivariable Cox Regression for Time to Publication.

Variable HR 95% ClI P-value
Register before study start

No 1.00

Yes 1.69 (1.02, 2.80) .040
Phase

Phase | 1.00

Phase 1/2 or 2 2.10 (1.09, 4.06) .026

Phase 2/3 or 3 or 4 1.40 (.6l, 3.18) 424

NA 1.22 (47, 3.14) .679
Multi-center

No 1.00

Yes 1.41 (.84, 2.36) 197

NA, not available

progression-free survival (PFS).?>** In 2016, the FDA ap-
proved 2 anti-PD-1 immune checkpoint inhibitors, nivolumab
(CheckMate 141, NCT02105636) and pembrolizumab
(KEYNOTE-012, NCT01848834), for the treatment of OSCC
patients. Then, in 2019, pembrolizumab (KEYNOTE-048,
NCT02358031) was approved as the first-line treatment of
patients with unresectable R/M OSCC.**° Currently, there
are 35 registered studies focusing on immunotherapy and 26
of them are still ongoing.

The current study results revealed that most OSCC trials
were open-label and non-randomized. Previous studies have
shown that open-label trials may overstate the benefits of
interventions, whereas blind trials improve the objectivity of
data collection or reporting while reducing the risk of mea-
surement bias.”’ Randomization is also important to determine
whether there is a causal relationship between treatment and
outcome and to assess the cost-effectiveness of treatment,
whereas non-randomized trials cannot rule out the possibility
that this association is caused by a third factor.”® However, our
study showed that 59.1% of the trials were non-randomized.
Future researchers should consider the principles of blinding
and randomization to obtain more accurate clinical results. In
addition, our research found that 77.5% of OSCC trials had
small sample size (<100). In oncology, there is a growing
consensus that small clinical trials based on genetics or
biomarkers can yield definitive results.”” However, small trials

are unlikely to provide information about some treatment
aspects, such as determining the effectiveness of treatments
with modest effects.?*>* Thus, multiple small clinical trials
need to be aggregated and systematically evaluated to solve
the existing problem.

We also found that the majority of studies were conducted
in the US/Canada. We thought this may reflect the fact that all
studies in the US are required to be registered with the ICMJE
at ClinicalTrials.gov,'' and trials conducted outside of the US
have different guidelines.'”> We searched for OSCC-related
clinical trials on the WHO International Clinical Trials
Registry Platform (ICTRP) and found 45 registrations in
EudraCT (which is used in the European Union) and 42
registrations in Clinical Trials Registry-India (CTRI). As our
search scope was limited to ClinicalTrials.gov, our findings on
location may show some selection bias. However, as the
largest and most comprehensive clinical trial registry database,
ClinicalTrials.gov can still offer us representative OSCC
research.

Studies registered on ClinicalTrials.gov had a higher
probability of publication, and approximately 60% of primary
completed OSCC studies were published. Our study found
that the registration time and study phases were significant
factors that influenced publication status. Phase 1/2 or 2 clinical
trials were more likely to be published, probably because early-
stage clinical trials usually have small sample size and lower
costs, and are single-armed and conducted in one institution or a
few centers.”'~** Therefore, starting and completing these trials
are less time-consuming and much easier than late-phase
studies, which is consistent with our findings. However,
phase 3/4 clinical trials are the gold standard of clinical practice
in medicine, and investigators should actively publish these
late-phase results despite the high attrition rates.*”

Among the published interventional studies, only 37.5% of
the studies were published within 2 years of completing the
primary study. The time from primary completion to publi-
cation was 48.0 months, which was quite long. Study results
could not be reported and introduced into clinical practice in a
timely manner.” Moreover, we estimated that although the
registration of trials had increased, nearly 40% of the com-
pleted interventional studies remained unpublished, which
limited results. Compared to the non-publication rates of
completed studies in other fields of medicine (approximately
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35%),* much more effort needs to be made to supervise the
publication of OSCC articles. Timely publication results
provide the best scientific evidence and yield maximum
benefits for public health and scientific progress.®> However,
there are reasons for non-publication of completed interven-
tional trials. In principle, trials that produce negative results
that are not conductive or even contradictory to the re-
searcher’s hypothesis are likely to be inhibited.>*° In addi-
tion, editors are usually more interested in positive results,
while negative tests are less likely to be published.’” Com-
pared to a cross-sectional study that reported that 70% of the
published articles were positive,”® our study showed a similar
result, that 72.6% (53/73) of the published interventional
study results were positive. Although we did not know the
proportion of positive or negative results in the non-
publication trials, it seemed that negative results still influ-
enced the publication status of completed studies.

Another noteworthy phenomenon is that more than
half of the studies were registered after the trials began;
however, we found that the published studies were more likely
to be registered before the trials began. And we noticed that
some published studies lacked power calculations and found
discrepancies compared to registered outcomes. This is known
as selective outcome reporting, which may make the published
results misleading, thereby threatening the validity of the trial.>
To increase the transparency of OSCC research execution and
reporting, the rules for clinical trial registries need to be
standardized.”

Our research had several limitations. We lacked a sys-
tematic framework since we focused only on ClinicalTrials.
gov, which does not include all clinical trials. In addition, the
datasets of all trials in the database are not always complete
and up to date. There is a possibility that errors may be
caused because some studies were not captured for analysis
and may have been misclassified during the selection
process. Another limitation is that even though we used
OSCC as our search strategy, we found that Only OSCC
accounted for approximately a quarter of the disease type, and
the vast majority of clinical studies mainly focused on Multi-
HNSCC. As HNSCC develops from the mucosal epithelium in
the oral cavity, pharynx, and larynx which have anatomical
continuity in common, and according to National Compre-
hensive Cancer Network (NCCN) Guidelines,'* squamous cell
carcinoma in the oral cavity and oropharynx shares similar
principles of systemic therapy. Therefore, we believe that these
Multi-HNSCC trials can represent the research characteristics
and status of OSCC and provide a representative study result.
Finally, as the data for all clinical trials on ClinicalTrials.gov
were provided by investigator reports, we cannot ensure the
validity of all trial information.

Conclusion

Our study outlined the characteristics and publication status of
all OSCC clinical trials registered on ClinicalTrials.gov. It

appeared that most OSCC clinical trials were small sample
size, single-armed, open-label, and non-randomized studies.
Advanced OSCC is the focus of current research, and the
number of immunotherapy-oriented studies has increased over
the past 5 years. Most published studies reported positive
results and lacked timely publication. To ensure the trans-
parency of OSCC clinical trials, researchers should perform
standardized registration and timely publication for both
positive and negative clinical findings.

Appendix
Abbreviations
AJCC  American Joint Committee on Cancer
CAR-T  Chimeric Antigen Receptor T-Cell
CIs confidence intervals
CTLA-4 cytotoxic T-lymphocyte-associated protein 4
DCR disease control rate
DLT dose limited toxicity
FDA Food and Drug Administration
FDAMA Food and Drug Administration Modernization Act
HHS Health and Human Services
HNSCC  head and neck squamous cell carcinoma
HRs hazard ratios
ICMIJE International Committee of Medical Journal
Editors
ICTRP International Clinical Trials Registry Platform

IF  impact factor

IQR  interquartile range
LRR local response rate
MTD maximum tolerance dose
NA not available
NCCN  National Comprehensive Cancer Network
NIH National Institutes of Health
OS overall survival
OSCC oral squamous cell carcinoma
PD pharmacodynamics
PD-1 programmed cell death protein-1
PD-L1 programmed death-ligand 1
PFS progression-free survival
PK  pharmacokinetic
R/M OSCC recurrent or metastatic OSCC
TNM tumor, nodes, and metastases
TRR  tumor response rate
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