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Abstract

This cross-sectional and longitudinal descriptive analysis aimed to track the evolving

landscape of global immuno-oncology (IO) trials and provide insight into the resolu-

tion of IO-related controversies. Clinical trials (n = 4510) registered on ClinicalTrials.

gov in 2007 to 2019 studying immune checkpoint inhibitors (ICIs), adoptive cell

transfer (ACT), cancer vaccines and immune modulators were included. Most of IO

trials are Phase 2 and focus on ICIs and multiple IO therapies. The United States leads

global IO research, with stable growth and the best methodological quality. Mainland

China ranks first in the number of ACT trials but has the lowest article publication

rate (6.2%). A multiple-arm comparative design is often adopted in multiple IO thera-

pies trials (44.0%). Trials studying ICIs and multiple IO therapies are likely to use early

registration (80.0% and 86.6%) and stringent corticosteroid-/infection-related

criteria. Hospitals have provided the most extensive and strongest support for all IO

categories. Big pharma prefers to fund Phase 3-4 ICI trials (6.98%), while small

pharma has a wider sponsorship favoring Phase 1-2 trials. The “partial-use-of-corti-
costeroids” strategy is generally well accepted in ICI trials with a definitive trend

(32.5%; P < .001) but is associated with the poor dissemination of results (P ≤ .020),

while the complete disclosure and standardization of dose/timing limits are still lac-

king. Disparities in design features and dissemination of results are widespread in IO

trials and are modulated by IO category, cancer type and sponsor. We propose policy

reforms to redefine the timely publication of IO trials and standardize the resolution

of corticosteroid-/infection-related issues.
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1 | INTRODUCTION

Over the past quarter century, immuno-oncology (IO) has emerged as

an exciting breakthrough in the biologics industry.1 Due to its specific-

ity, adaptability and durability in restoring patients' own immune func-

tion against cancer, IO therapy has been deemed one of the pillars of

antitumor therapy.1,2 Policy makers and medical markets have shown

strong enthusiasm for this field by accelerating the time to approval

of IO agents, which will have an estimated market value more than

$35 billion by 2023.2 IO therapies, including immune checkpoint

inhibitors (ICIs), adoptive cell transfer (ACT), cancer vaccines and

immune modulators, have distinctly different mechanisms of action

and a broad range of targets. ICIs use monoclonal antibodies that acti-

vate T-cell immunity or address T-cell exhaustion by blocking proteins

on cells, such as cytotoxic T lymphocyte-associated antigen-4 (CTLA-

4), programmed cell death-1 (PD-1) and the ligand of PD-1 (PD-L1).3

ACT consists of the in vitro expansion and subsequent reinfusion of

autologous lymphocytes with antitumor properties,4 and a cancer vac-

cine stimulates immunity against tumor antigens.5 Past findings

reported that the number of IO targets increased a tremendous 50%

in 2017 to 2018.6 By providing cutting-edge preclinical scientific

information and highly recommended evidence guiding clinical strate-

gies, IO trials have broadened the horizon of antitumor therapies,

changing the standard-of-care in over a dozen cancer types.7

The fast-expansion of the research focus not only overcrowds

the pipeline of IO agents stalled in development but also overwhelms

clinicians attempting to track the rapidly evolving landscape of global

IO trials. Solutions to problems that arise during the real-world appli-

cation of IO are obviously lagging behind. For instance, caution was

advised regarding corticosteroid administration before IO therapy as

it negatively affected survival outcomes in patients with lung cancer

receiving PD-1 and PD-L1 blockades.8 This is mainly due to the sys-

temic immunosuppressive effects of corticosteroids,9 even though

low-dose corticosteroid administration has been shown to be suffi-

cient to suppress the immune response.10 However, a recent study

indicated that corticosteroids used for the management of immune-

related adverse events (irAEs) may not compromise the therapeutic

efficacy.11 These conflicting opinions stem in part from the fact that

ICI trials before 2015 varied in whether they explicitly allowed corti-

costeroids in their designs.12 Approximately 50% of the pivotal trials

of antitumor drugs approved by the European Medicines Agency have

intrinsic flaws in design, producing the biased estimates of treatment

effects and jeopardizing the dissemination of results.13 Although a

lack of timely reporting is a common problem in clinical trials from

academic institutions, little is known about it in the IO field.14 Factors

related to trial design can impact compliance with the requirement for

publication; however, this requires verification.15 Infection is another

controversial issue necessitating a thorough investigation. Past evi-

dence has shown that the use of antibiotics before ICIs may shorten

the overall survival of cancer patients by 92%.16

A clear grasp of the attitudes toward these unresolved IO-related

controversies in academia is critical to help clinicians and investigators

implement suitable interventions and consider stratification at the

time of trial launch. Meanwhile, a systematic understanding of various

IO trials can help the above stakeholders efficiently transfer emerging

research findings into clinical practice and optimize the conception

and conduction of future trials. Therefore, we conducted a compre-

hensive cross-sectional and longitudinal analysis based on the histori-

cal and current IO trials, with the aim to provide new insight into the

resolution of current IO controversies.

2 | METHODS

Our study was reported in line with the STrengthening the Reporting

of OBservational studies in Epidemiology (STROBE; Appendix).17

2.1 | Identification of eligible IO trials

We downloaded the raw data of 273 731 clinical trials potentially

related to IO and registered on ClinicalTrials.gov as of 31 October

2019 using the Aggregate Analysis. The registration time was defined

from 1 January 2007 to 31 October 2019. Clinical trials studying any

single one or combination of the following IO therapies were included:

ICI, ACT, cancer vaccine and immune modulator. ACT comprises

tumor infiltrating lymphocyte therapy, chimeric antigen receptor T-cell

therapy, T-cell receptor-engineered T-cell therapy, cytokine-induced

killer cell therapy, lymphokine-activated killer cell therapy and natural

killer cell therapy. Cancer vaccines include exogenous and endoge-

nous vaccinations, such as dendritic cell-based approaches and

oncolytic viruses.18 Although monoclonal antibodies are a type of IO

therapy, some of them work in a more targeted way.19 As the classifi-

cation of monoclonal antibodies is complicated and partly overlaps

with ICI agents and targeted therapy, we did not include monoclonal

antibodies in the study. Finally, a total of 4510 eligible IO trials were

identified (Figure S1).

What's new

In recent decades, immunotherapy has emerged and

advanced to become a key part of cancer-fighting strategies.

The rapid growth of immuno-oncology, however, has been

accompanied by controversy in suitable interventions and

trial design. In this cross-sectional and longitudinal analysis,

disparities in design were found to be common in immuno-

oncology trials, with differences influenced by factors such

as cancer type and trial sponsor. Trials with strict limitations

on corticosteroid use had significantly higher publications

rates than trials permitting partial corticosteroid administra-

tion. The data further suggest that timely publication of

immuno-oncology trials is the third year after trial

completion.
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2.2 | Information extraction, integration and data
processing

We adopted information extraction, integration and data processing

to prepare the raw data according to Jensen's approach.20 Board-

certified oncologists (Shu Zhang, Yuan Zhang, Si-Qi Tang, Xue-Liang

Fang, Jin-Qi Liu and Liang Peng) retrieved the detailed registration

information of all included IO trials from the ClinicalTrials.gov registry

using literature-mining methods such as entity recognition and

national clinical trial (NCT) identifiers.20 All data were processed to

achieve a standardized format and recorded in a web-based standard-

ized extraction form with definitive annotations and term definitions.

All investigators strictly complied with guidelines regarding the princi-

ples of data integration (Appendix; Methods). We pilot-tested this

process on several randomly selected IO trials, resolved any disagree-

ments by consensus and accordingly revised and implemented the

guidelines (Appendix; Version 3, 2 September 2018).

We used inferred missing data from alternative data sources

when necessary. For example, the address of the principal investigator

or sponsor headquarters could be used to determine the geographic

location of the research facility. Although the U.S. Food and Drug

Administration Amendments Act (FDAAA) and the International Com-

mittee of Medical Journal Editors require the early registration of clin-

ical trials before participant enrolment, not all trials complied with this

policy.21 For each IO trial that had delayed registration, we recorded

its actual start time and whether it completed registration before the

trial launch. Seventeen cancer types were determined by referring to

the codes of the International Statistical Classification of Diseases and

Related Health Problems, 10th revision. We categorized sponsors into

big pharma, small pharma, hospital, university, nonprofit organization

and private. “Big pharma” were defined as the companies listed in the

Pharmaceutical Executive Ranking of the Top 50 Global Pharma Compa-

nies in 2019.22 We limited the ICI subcategories to PD-1, PD-L1 and

CTLA-4 blockades that have been licensed for clinical use but did not

include emerging agents. Trial designs were modeled and simplified

for better classification. All included IO trials were classed as either a

“single-arm trial” or a “multiple-arm trial.” For a single-arm trial, IO

monotherapy and multiple IO therapies were categorized as “IO.”
Chemotherapy, radiotherapy, surgery, targeted therapy, supportive

therapy and their combinations were categorized as “conventional
therapy.” In multiple-arm trials, we simplified the design by combining

arms with the same type of therapy and generated a summary with a

comparison between arms with different types. IO monotherapy,

multiple IO therapies and IO agent(s) plus conventional therapy were

categorized as “IO-based therapy.”

2.3 | Assessment of eligibility criteria

Some IO trials prohibited systemic corticosteroids but allowed non-

systemic use, such as replacement, premedication, intranasal, inhaled

and topical use, with limitations on the dose and/or timing. There-

fore, we regarded “partly permitted” as a parallel branch to “not

permitted,” and both categories were considered to involve the

definitive exclusion of corticosteroid administration. We standard-

ized the timing data by selecting the most compatible unit, for

example, 28 to 31 days were recorded as 1 month. Indirectly

reported doses were calculated according to the standard body sur-

face area of 1.7 m2. The doses of different corticosteroid drugs

were standardized by conversion into the approximate equivalent

dose of prednisone. “Infection” is a general concept that differs

from specific diseases, such as bacillus tuberculosis (TB) and

acquired immune deficiency syndrome.

2.4 | Determination of the dissemination of results

The dissemination of the results of a particular IO trial was identified

as either the direct submission to ClinicalTrials.gov or the publication

in a journal article. Applicable clinical trials are required, per FDAAA

legislation, to report their results to ClinicalTrials.gov within 1 year of

study completion.15 To guarantee sufficient time for the generation of

results before publication, we excluded IO trials with an estimated

completion date later than 31 October 2018. For each included IO

trial, we determined whether any tabular or structured results had

been posted on the registry website. We then used a three-step sea-

rch strategy to ascertain the status of article publication, which has

been presented in a previous study.23 Conference abstracts were

excluded due to their incomplete and premature nature.24 We defined

the dissemination of results as “time-to-event data.” Given that IO tri-

als can be completed ahead of the estimated schedule, we determined

the time to website publication as the period from the “study start

date,” a more accurate and stable beginning point than the “comple-

tion date,” to the “results first posted date.” In addition, we recorded

the earliest available data, such as Epub and online preprint, to calcu-

late the time to journal publication. The follow-up time for trial results

that had not yet been disclosed was calculated as a censored value

from the “study start date” to the initiation of our study (31 October

2019).

2.5 | Statistical analysis

We used descriptive statistics to summarize the dose and/or timing

limitations on the administration of corticosteroids and live vaccines

before IO therapy. Categorical variables were reported as frequen-

cies and percentages. The registration period from 2007 to 2019

was divided into three observation periods (eg, 2007-2011,

2012-2015 and 2016-2019) for dynamic assessment. To investigate

the attitude of academia toward issues related to corticosteroids

and infection, we evaluated the eligibility criteria of IO trials and

compared the methodological quality of relevant items in the strati-

fication of IO category, geographic origin and sponsor. Multiple

results were visualized using radar plots, with each axis displaying

one eligibility criterion. We standardized the order and scale of the

axes to facilitate comparisons between rival comparators. The
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Cochran-Armitage test was used to explore whether there was a

potential trend in the specifications regarding corticosteroid admin-

istration.25 Cumulative rates of the dissemination of trial results

were estimated using the Kaplan-Meier method at monthly intervals

and compared using log-rank tests.26 Time-point publication rates

were calculated using life tables.27 We used Python 3.8.1 (Python

Software Foundation, Wilmington, DE) to download and process the

raw data and SPSS 24.0 (IBM Corp, Armonk, NY) to perform the

statistical analyses. All tests were two-sided, and P < .05 was con-

sidered statistically significant.

3 | RESULTS

3.1 | Evolving landscape of IO trials by geographic
origin

From 2006 to 2013, there was a gradual increase (43-203) in the

numbers of trials, followed by a sharp increase (263-980) in 2014 to

2019. Mainland China had the largest growth rates in the observation

periods of 2012 to 2015 (912%) and 2016 to 2019 (318%). IO trials

from the United States had stable growth, while the numbers of IO

(A)

(B)

(C)

F IGURE 1 Longitudinal
registration count (A) and
landscape (B) of immuno-
oncology (IO) trials from different
geographic origins and the
distribution in 17 cancer types (C).
No relevant data were reported in
2005, so this node is omitted on
the abscissa [Color figure can be
viewed at wileyonlinelibrary.com]
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trials from Asia and Europe were observed to have decreasing trends

of −32% and −8% in 2012 to 2015, although they increased thereaf-

ter (Figure 1A). The majority of IO trials focused on ICIs, with 238 557

participants enrolled in 1964 trials. The US had the greatest

proportion of trials for ICIs, cancer vaccines, immune modulators and

multiple IO therapies, while mainland China had the greatest propor-

tion of trials for ACT. Multinational IO trials had the second greatest

proportions of trials for ICIs and multiple IO therapies, while European

(A)

(B)

F IGURE 2 Overview of trial designs (A) and ICI targets (B). CT, conventional therapies; CTLA-4, cytotoxic T lymphocyte-associated antigen-4;
ICI, immune checkpoint inhibitor; IO, immuno-oncology; NR, not reported; PD-1, programmed cell death-1; PD-L1, the ligand of programmed cell
death-1 [Color figure can be viewed at wileyonlinelibrary.com]

F IGURE 3 Landscape of the composition and proportion of sponsorship according to immuno-oncology (IO) category and trial phase. The

dotted line represents the average sponsorship ratio of all sponsors to IO trials [Color figure can be viewed at wileyonlinelibrary.com]
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(A)

(C)

(B)

F IGURE 4 Intensity of restrictions on corticosteroid- and infection-related criteria (A,B) and the trend in attitudes toward corticosteroid
administration in IO trials (C). HIV, human immunodeficiency virus; IO, immuno-oncology [Color figure can be viewed at wileyonlinelibrary.com]

TABLE 1 Dose and timing limits of corticosteroids and vaccines before IO therapy

Classification Values

Dose limit of corticosteroid before IO therapy

Items (mg/d) <10 10 ≤20 ≤30 ≤50 ≤100 >100 Ambiguitya NR

Count 67 980 108 46 15 12 3 67 1698

Proportion (%) 2.24 32.71 3.60 1.54 0.50 0.40 0.10 2.24 56.68

Timing limit of corticosteroid before IO therapy

Items ≤1 wk ≤2 wk ≤3 wk ≤1 mo ≤2 mo ≤6 mo ≥1 yr NR

Count 873 708 24 338 34 28 9 982

Proportion (%) 29.14 26.63 0.80 11.28 1.13 0.93 0.30 32.78

Timing limit of corticosteroid for autoimmune disease before IO therapy

Items 4-6 wk 2 mo 3 mo 6 mo 1 yr 2 yr 3 yr 5 yr NR

Count 10 7 114 1 11 638 40 44 2272

Proportion (%) 0.32 0.22 3.63 0.03 0.35 20.31 1.27 1.40 72.33

Timing limit of live vaccine before IO therapy

Items <1 mo 1 mo ≤2 mo ≤3 mo ≤4 mo ≤6 mo ≤1 yr >1 yr NR

Count 143 1408 27 13 1 1 3 4 96

Proportion (%) 8.43 83.02 1.59 0.77 0.06 0.06 0.18 0.24 5.66

Abbreviations: IO, immune-oncology; mo, month; NR, not reported; wk, week; yr, year.
aAmbiguous description of the dose limit of corticosteroid before IO therapy includes low dose, physical dose and replacement dose.
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countries had the greatest proportions of trials for cancer vaccines

and immune modulators (Figure 1B).

3.2 | Evolving landscape of IO trials by cancer type

The ranking of and trend in the quantity of IO trials by cancer type

(Figure 1C) showed a noticeable predominance of hematological

malignancies, multiple cancer types, lung cancer and melanoma

(n = 495-836). ACT was only predominant in trails investigating

hematological malignancies, while ICIs were widely investigated in

many types of cancer, especially in lung cancer. Most of the trials

pertaining to cancer vaccines and immune modulators were per-

formed in patients with hematological malignancies, although the

number of trials was small (n = 78 and 75, respectively). IO trials

with rapid growth rates were generally those in the low baseline

stratum, that is, esophageal cancer, colorectal cancer, bladder can-

cer and gastrointestinal cancer, with three-quarters of them having

high average annual growth rates (82.83%-228.66%) (Figure 1C;

Figure S2).

3.3 | Design characteristics of IO trials

Most multiple IO therapies trials adopted the multiple-arm comparative

design (44.0%). Single-arm design studying IO with/without conventional

therapy was mostly observed in ACT trials (61.2%-77.1%). The top two

highest proportions of studies with early registration were reported in

(B)(A)

(D) (E) (F) (G)

(H) (I) (J) (K)

(C)

F IGURE 5 Publication outlines (A-C) and cumulative dissemination rates of trial results via journal article (D-G) and ClinicalTrials.gov registry
(H-K) according to immuno-oncology (IO) category, geographic origin, sponsor and the attitude to corticosteroid administration. Only the
comparisons and P-values indicating significant differences between publication curves were displayed. The wide dotted line (D-G) represents the
time point we proposed as the timely publication for IO trials. The narrow dotted line (H-K) indicates the legal requirement of 1 year to report
trial results on ClinicalTrials.gov [Color figure can be viewed at wileyonlinelibrary.com]
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trials investigating ICIs (86.6%) and multiple IO therapies (80.0%)

(Figure 2A). The dynamic assessment indicated the proportion of trials

adopting the multiple-arm comparative design declined over time in

all IO categories except immune modulators (Figure S3). PD-1 was

the most commonly studied single target, and CTLA-4 was mostly

studied as a dual target with PD-1 rather than as a single target

(Figure 2B).

Hospitals provided the most extensive and strongest support in all

IO categories, far exceeding the average level of 16.67%, followed by

universities, which had a similar sponsorship pattern. Big pharma pre-

dominantly funded Phase 3-4 trials of ICIs (6.98%), while small pharma

had a wider sponsorship across IO categories and funded more Phase

1-2 trials. Generally, most IO studies were Phase 2 clinical trials. Pre-

clinical Phase 1 trials most often investigated ACT and cancer vaccines

(Figure 3). The funding intensity of all sponsors had increased over time

for ICIs, multiple IO therapies and ACT (Figure S4). In addition, an

increasing number of Phase 1-2 trials were conducted in those three IO

categories, while the numbers of Phase 3-4 trials have only increased

for ICIs and multiple IO therapies (Figure S5).

3.4 | Academic attitudes toward the controversies
regarding corticosteroids and infections

In the assessment of corticosteroid-related criteria, the ranking of tri-

als in the five IO categories in order from most to least strict was as

follows: ICIs, multiple IO therapies, cancer vaccines, ACT and immune

modulators (Figure 4A). Investigators strictly excluded patients with

autoimmune disease (88.4% and 75.1%), those taking immunosup-

pressive drugs (71.7% and 58.7%) or corticosteroids (73.6% and

68.2%) and those who had received a live vaccine (57.6% and 35.6%)

in trials investigating ICIs and multiple IO therapies and tended to

place restrictions on transplantation (31.0% and 18.5%) in trials inves-

tigating ACT and immune modulators. The highest proportion of trials

that partly permitted corticosteroids was observed in trials investigat-

ing ICIs (32.5%). Most limitations on the dose of corticosteroids

before IO therapy were in the subgroup of ≤10 mg/day (34.95%),

while the limitations regarding the timing of corticosteroids adminis-

tration were clearly divided into the subgroups of ≤1 week (29.14%),

≤ 2 weeks (26.63%) and ≤1 month (11.28%). Individually, the limita-

tions on the timing of corticosteroids administration for autoimmune

disease and live vaccines were generally 2 years (20.31%) and 1 month

(83.02%), respectively (Table 1). The most stringent limitations regard-

ing infection were found in ICI trials, followed by those studying mul-

tiple IO therapies, especially in terms of TB (34.6% and 17.6%) and

pneumonitis/pneumonia (51.7% and 31.8%) (Figure 4B; Table S1).

The proportion of trials that “partly permitted” corticosteroid use

increased over time only in the trials on ICIs, ACT and multiple IO

therapies (all P < .001). The source of this increase was the subgroup

of “not specified” in trials investigating ICIs and ACT (P < .001 and

P = .004), while it was the subgroup of “not permitted” in trials inves-

tigating multiple IO therapies (P < .001) (Figure 4C). The United States

and mainland China had the strictest and loosest exclusion criteria

among all geographic origins, respectively; IO trials funded by pharma

and nonpharma entities had their own characteristics with regard to

the limitations on corticosteroid use and infection, which differed

between the two groups (Figure S6).

3.5 | Trial dissemination and the comparison of
publication rate

Trials on immune modulators had the highest overall rate of publica-

tion (40.08%), followed by trials studying ICIs and multiple IO thera-

pies, which had the second highest publication rate via journal articles

(13.46%) and ClinicalTrials.gov (15.30%), respectively (Figure 5A).

Although all IO trials had equivalent 96-month publication rates of

approximately 12% (Figure 5B,C). Significantly higher publication rates

were observed for multinational IO trials (vs any other geographic ori-

gin: P ≤ .027) and those sponsored by big pharma (vs any other spon-

sors: P < .001). IO trials from mainland China had the lowest

96-month article publication rate of 6.2%. Compared to IO trials that

partly permitted the administration of corticosteroids, trials adopting

strict limitations that were in the “not permitted” subgroup had a sig-

nificantly higher 96-month publication rate via journal article

(P = .015) or registry website (P = .020) (Figure 5D-K). The top two

geographic origins with the highest methodological quality were the

United States (n = 1040) and multinational collaborations (n = 305)

(Figure S7).

4 | DISCUSSION

Our study was an in-depth data mining of clinical trials registered

between 2007 and 2019 and involved a cross-sectional and longitudi-

nal analysis of IO agents, tumor types and sponsors. The United States

is a leader in the initiation of clinical trials in almost all IO categories,

including the PD-1 and PD-L1, which is the most popular research

hotspot, and multiple IO therapies, which requires the extensive coor-

dination of complex methodologies. Mainland China is an emerging

market for IO, with the largest growth rate and the greatest propor-

tion of trials investigating ACT. The highest average annual growth

rate in the number of IO trials was observed in cancers that were not

previously the focus of research. The selection of pharmaceutical

enterprises was driven by commercial positioning with regard to the

ICI field. Hospitals offered the most extensive and strongest support

in all IO categories, promoting basic science and preclinical explora-

tions. Trials of ICIs and multiple IO therapies had the most stringent

limitations on corticosteroid use and infections. Some investigators

have clarified that corticosteroid use can be partly permitted in IO tri-

als. However, the administration of corticosteroids in IO trials seems

to significantly reduce the public dissemination of the results.

Past studies showed that oncology trials were more likely to be

conducted for common cancer types that have high incidence or mor-

tality rates,28 and more than two-thirds of oncology trials registered

during 2007 to 2010 were conducted in North America.29 As a key

theme in oncology, IO has special characteristics, and the related

XU ET AL. 115

http://clinicaltrials.gov


studies differ from those focusing on conventional therapies.

Although the United States is the global leader in IO studies, the num-

ber of IO trials conducted in countries/regions outside of North Amer-

ica has grown rapidly, shaping the landscape of global IO trials and

benefitting more patients. An obvious highlight was that investigators

received a tremendous amount of investment and support when per-

forming ICI trials, as reflected in the use of multiple-arm comparative

designs, the inclusion of less common cancer types, the existence of

multinational cooperation and sponsorship by big pharma. In addition

to the fact that IO is a hot topic in academia and the biologics indus-

try, this tendency is affected by the unique immunologic mechanism.

For instance, ICIs have different toxicity spectra than chemotherapy,

mainly affecting the skin, endocrine, hepatic and pulmonary systems.

Different ICI agents and different doses of the same ICI agent have

unique safety profiles.30 Since PD-L1 and the tumor mutational bur-

den can reflect the organic immune and tumor levels, clinicians regard

them as important predictive biomarkers and use them to inform

treatment decisions. However, these biomarkers have different levels

in various cancer types, with the expression rate of PD-L1 ranging

from 0% to 58%.31 Therefore, investigators need to consider a

targeted cancer type when launching an IO trial to optimize the

design, which is different from the process in traditional oncology tri-

als. Another aspect that deserves our attention is the change in trial

features. As reported by the Chinese Phase 1 Oncology trial Consor-

tium, mainland China contributed 180 phase 1 oncology trials in

2017, becoming the country/region with the second highest yield

after Europe.32 The continuous substantial investment in R&D is one

of the reasons for the marked growth in IO trials in mainland China.

Although the quantities of Phase 3 and multiple-arm IO trials gradually

decreased, the numbers of Phase 1-2 and single-arm IO trials that

emphasize preclinical exploration and are less focused on business

interests have steadily grown in almost all IO categories. Big pharma

faces a crisis due to the marked depletion of drug discovery pipelines

and substantial pressure to meet the demands created by the ever-

changing spectrum of diseases, while biotech start-up companies have

the advantages of high efficiency, flexibility, innovative capacity, prod-

uct focus and small size.33 The differences in sponsorship between

commercial companies and academia indicates that current IO

research has reached a mature stage, and progress in the investigation

of novel molecular targets and new IO agents is urgently needed and

expected.

Repetitive study designs and target duplication are common in IO

research and pipelines, mostly for IO drugs that have been approved

for marketing, such as PD-1 and PD-L1 blockades.34 Our study

suggested that big pharma has clearly shifted resources to ICIs; how-

ever, the intensity of research on CTLA-4 was less than that of

research on PD-(L)1. Since the first CTLA-4 blockade agent

ipilimumab was approved by the FDA in 2011, more than 10 ICI

agents have entered the market for use in clinical practice. Ipilimumab

reactivates the B7-CD28 pathway between antigen-presenting cells

and T cells and induces a systemic immune response, which often

results in uncontrollable dose-dependent irAEs.30,35-37 Previous clini-

cal trials have reported that tremelimumab, a drug candidate for

CTLA-4 blockade, had nonsignificantly superior efficacy for the treat-

ment of mesothelioma and non-small cell lung cancer.38,39 This failure

may hinder the application of single anti-CTLA-4 agents. One way to

overcome the shortage of single-target ICI therapy is to combine two

ICI agents that have potentially synergistic mechanisms of tumoricidal

effects.40 The CheckMate 227 trial showed that nivolumab plus low-

dose ipilimumab not only take the advantages of different molecular

targets, but also avoid severe irAEs.41 Nivolumab plus ipilimumab has

been approved by the FDA as the first and only ICI combination ther-

apy for cancer.42 A recent Phase 2 clinical trial (NCT03529526)

showed that KN046—the world's first PD-L1/CTLA-4 bispecific

antibody—has a favorable safety profile and results in promising clini-

cal benefits in patients with solid tumors.43 Numerous multispecific

antibody candidates are now being tested, such as antibodies blocking

PD-L1 on chondroitin sulfate proteoglycan 4- or EGFR-expressing

cancers, indicating an important direction in the next generation of IO

research.44,45

Despite the fact that the surge in IO research has not subsided,

the strategies for coping with controversial issues have not yet been

standardized. The relationship between baseline corticosteroid admin-

istration and poor outcomes in cancer patients undergoing IO therapy

may only be superficial, and it is necessary to carry out in-depth inves-

tigation to clarify whether it is an internal causative relationship or a

correlation. Ricciuti et al found that patients with lung cancer who

used ≥10 mg prednisone had a significantly lower median overall sur-

vival rate after treatment with ICIs than their counterparts who used

0 to 10 mg prednisone (4.9 vs 11.2 months). However, further investi-

gation indicated that this survival disparity was caused by a subgroup

of patients with a poor prognosis who received corticosteroids for

cancer-related indications.46 It seems that corticosteroids used to

manage conditions unrelated to cancer (eg, appetite stimulants and

antiemetics) should not be prohibited before IO therapy. Our study

highlighted that current IO trials have differences in the limitations on

the allowed doses and timing of corticosteroids. Studies on different

IO categories have restrictions with differing levels of strictness with

regard to the corticosteroid- and infection-related criteria. Investiga-

tors who studied ICIs and multiple IO therapies have the strictest limi-

tations, but they are more inclined to allow corticosteroid

administration before IO therapy. Disappointingly, 32.78% to 72.33%

of the IO trials did not report the limitations on steroids and infection.

We recommend that IO investigators disclose detailed information on

the doses and timing of corticosteroids and strive to continuously

apply relevant evidence from the latest studies to generate standard-

ized requirements.

The publication rate of IO trials is negatively affected by

corticosteroid administration, which may be because trial investigators

adopting this strategy are not conservative and are willing to innovate,

with a correspondingly greater risk of publication failure. Clinical trials

conducted by academic institutions or funded by the US National

Institutes of Health have a final dissemination rate of 66% to 68%,

which is clearly higher than the overall publication rate of IO trials in

our study (12%).14,47 Timely publication is widely recognized as a pre-

requisite to the efficient presentation of trial findings and the
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achievement of maximal benefits in terms of public health and scien-

tific progress. However, most of the studies set 12 to 24 months after

the trial completion as the goal for timely publication.47 This time

point does not seem suitable for IO trials. First, Phase 2-3 IO trials

generally report 3-year outcomes as the primary study objective, and

a sufficient median follow-up time is therefore required. Second, our

study showed that the curves depicting the publication of IO trials in

different subgroups (Figure 5) were only significantly separated in the

third year. Therefore, we propose that the timely publication of IO tri-

als be defined as the third year after trial completion. In addition to

ensuring that most IO trials have enough time to report results, this

modification can be tailored to the unique properties of IO trials, such

as IO category, sponsorship and geographic origin.

The present study has several limitations that must be taken into

account. First, clinical trials registered at ClinicalTrials.gov are gener-

ally lacking to some extent in early registration, information integrity,

design rationality and result disclosure.29 Since there is no mandatory

requirement to disclose the information about trial progress and indi-

vidual patient data, we cannot evaluate the process of IO trials, nor

can we perform further study, such as survival analysis. Besides, not

all investigators choose ClinicalTrials.gov to register their projects, as

many alternative registries around the world can be used.48 Second,

although previous studies indicated that suspended, terminated and

withdrawn oncology trials only accounted for the low proportion of

0.9% to 2.9%, these incomplete trials have more flaws in their regis-

tration information because of the absence of continuous updates

and corrections.29 Incorrect data could be developed during informa-

tion extraction and integration. The degree of heterogeneity among

researchers with regard to data processing and subjective evaluation

is large, and the results will inevitably deviate from the raw data.

Third, although our study found associations between publication rate

and IO categories, sponsorship, geographic origin and the use of corti-

costeroids, it is difficult to determine and interpret the underlying rea-

sons. Finally, we referred to the methods of previous studies to

determine the publication status of IO trials, which relied on the inclu-

sion of an NCT number in the abstract of a journal article.23 Thus, the

general publication rate may have been underestimated.
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