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ABSTRACT

Introduction. This study aimed at exploring adverse events (AEs) reporting in cancer trials involving immune
checkpoint inhibitors (ICls).

Method. A systematic review on how ICls phase 3 trials follow TRIO and 2004 CONSORT harms extension
recommendations referring to toxicity was performed by two independent reviewers.

Results. Among 46 trials included, 74% did not present separately grade 3 and grade 4 AEs. Timing of onset and
duration were reported in 30% and 28%, respectively. AEs occurring in <10% of patients was only reported in 35% of
studies. Patient-related outcomes (PROs) were analyzed in only 17% of reports. Eight articles qualified the toxicity
profile as “manageable”, “tolerable”, “well tolerated” or “favorable” despite reporting a rate of grade 3-4 greater
than 33%.

Conclusion. Reporting toxicity results is crucial. However, toxicity reporting is highly incomplete in clinical trials.

Guidelines, new metrics and incorporation of PROs are needed for a comprehensive knowledge of toxicity profile.

KEY WORDS quality reporting, immune toxicity, adverse event, immune checkpoint inhibitors, systematic review

LIST OF ABBREVIATIONS

AEs, adverse events; AEL, adverse effect load; CTLA-4, Cytotoxic T-lymphocyte antigen-4 monoclonal; CONSORT,
Consolidated Standards of Reporting Trials; CTCAE, Common Terminology Criteria for Adverse Events; ICls, immune
checkpoint inhibitors; IQR, interquartile range; irAEs, immune-related adverse events; PD-1, programmed death-1
receptor ; PD-L1, programmed death-1 ligand; PROs, patient-reported outcomes; Qol, quality of life; RCTs,

randomized clinical trials; ToxT, toxicity over time; TRIO, Trial Reporting in Immuno-Oncology



1. INTRODUCTION

Over the past decade, immune checkpoint inhibitors (ICls) have greatly improved clinical outcomes of cancer
patients[1]. Cytotoxic T-lymphocyte antigen-4 monoclonal (CTLA-4), programmed death-1 receptor (PD-1), and
programmed death-1 ligand (PD-L1) antibodies used alone or in combination have been approved by the US Food
and Drug Administration and the European Medicines Agency in various tumor types[2-6]. Treatment-induced
immune-related adverse events (irAEs) have been observed in patients treated with ICls and their presentation is
heterogeneous and unpredictable[7-10].

The major changes in daily administration of cancer treatments have been based on the published results of
prospective randomized clinical trials (RCTs) and thus, on adverse events (AEs) reporting. The safety results are
critical for a risk-benefit assessment that is necessary for clinicians and regulators to evaluate the clinical relevance
of new treatments. Therefore, standards such as the Consolidated Standards of Reporting Trials (CONSORT)
statement and the Trial Reporting in Immuno-Oncology (TRIO) have been adopted in order to increase the quality of
harm-reporting in RCTs. In May 2003, the CONSORT members generated an extension of 10 new recommendations
upon general harms reporting[11]. TRIO standards were developed by a working group from American Society of
Clinical Oncology (ASCO) and the Society for Immunotherapy of Cancer (SITC) of practicing medical oncologists,
immunologists, clinical researchers, biostatisticians, and representatives of industry and government. In 2018,
they published 12 specific reporting recommendations to improve the interpretation and comparison of efficacy
and toxicity end points and the combination and sequencing of treatments in ICls clinical trials[12]. These
recommendations are based on expert consensus and will likely need regular revision, as a better understanding
of ICIs will be acquired with the on-going development of this field. However, harm reporting remains challenging
to ensure the safety of immunotherapy13].

The aim of this systematic review was to assess the quality of AEs reporting in phase 3 cancer RCTs of ICls

and how validated reporting guidelines might be improved.



2. METHODS
1.1.Studies selection
The databases of PubMed, EMBASE, and Cochrane Library were searched by using the following terms:

V{4

“immunotherapy”, “nivolumab”, “ipilimumab”, “pembrolizumab”, “atezolizumab”, “tremelimumab”, “avelumab”,

o

“durvalumab”, “PD-1”, “PD-L1”, “CTLA-4”, “immune therapy”, “immune checkpoint”, “immune checkpoint

n” u ”n n n u

inhibitor”, “immune checkpoint blockade”, “combination immunotherapy”, “carcinoma”, “sarcoma”, “neoplasm”,
“tumor”, “cancer”, “malignancy”, “randomized clinical trials”, which were combined using “or” or “and” for relevant
studies published on or before September 2019. Two reviewers independently screened articles for eligibility and
extracted data from the included studies. All published phase 3 RCTs including patients with various tumors with at
least one arm containing an ICl were included. Exclusion criteria were as follows: reviews, abstracts, ongoing clinical

trials, studies lacking necessary data, phase 2 trials, subgroup studies, studies not assessing ICls, and secondary

reports on previously published trials.

1.2.Data extraction and analysis
The TRIO and 2004 CONSORT harms extension items referring to the toxicity reporting were identified[11,
12]. Derived from these recommendations, we adapted objective criteria to assess variations in adherence to the
TRIO and CONSORT guidelines and the quality of toxicity reporting (Supplement 1). The TRIO Items 10 and 11 were
subdivided as proposed by the TRIO statement. Spin, defined as a « specific intentional or unintentional reporting
that fails to faithfully reflect the nature and range of findings and that could affect the impression of the results
produce in readers », was assessed in the harm qualification profile in discussion[13].

Descriptive statistics were used. Univariate or multivariate analyses were not performed.

3. RESULTS
1.1.Trial selection
The search provided a total of 171 publications (Figure 1). After excluding duplicates, 163 remained. Of
these, 74 were discarded because these presented abstracts, letters to the editor, posters, and ongoing studies and

thus 89 studies were assessed for eligibility. By full-text assessing, 42 reports were further excluded as these



presented phase |l trials, abstracts, reports of subgroup analyses or actualization of previously published trials, and
trials not assessing ICls. As a result, 47 reports of phase 3 trials (with one full-text article on toxicity update of the
original source) were included in the analysis. For two and three articles supplementary appendix and the protocol,
respectively were not available. A total of 30,615 patients were randomized in all included trials. The trials
characteristics were as follows: tumor site was lung and melanoma in 16 (35%) and 12 (26%) of the cases,
respectively; the median sample size was 666 (interquartile (IQR) range, 437-880), the median duration of follow-up
was 12.5 months (IQR, 8.9-17.8). All studies were funded by the industry. The detailed description of the included

studies is presented in Table 1.



Table 1. Characteristics of included studies

Study characteristics Total
(n =46)
n (%)
Tumor site Lung 16 (35)
Melanoma 12 (26)
Urinary tract 9 (19)
Digestive 4(9)

Other (head and neck squamous cell cancer, multiple myeloma, 5 (11)
breast cancer)

Source of trial funding Industry 46 (100)
Non-industry 0(0)
Number of arms per study 2 41 (89)
>2 5(11)
Experimental arms (n = 57) Monotherapy of immunotherapy: 34 (60)
Anti CTLA-4 10
Anti PD-1/PDL-1 24
Combination of immunotherapy with: 23 (40)
Other immunotherapy agent 4
Standard chemotherapy 10
Targeted therapy 5
other 4
Cancer stage Early stage 3 (6)
Advanced 43 (94)
Median sample size (IQR) 666 (437-880)
Median duration of follow-up (months) 12.5 (8.9-17.8)*
(1QR)

*Not assessed for 8 articles
Abbreviations: CTLA-4, cytotoxic T-lymphocyte associated protein 4; IQR, interquartile range; PD-1, programmed death-1; PDL-1, programmed death ligand-1



1.2. Adherence of toxicity reporting to the TRIO recommendations

Table 2 summarizes the TRIO standards items and how these were reported in the included studies. All
articles referred to the Common Terminology Criteria for Adverse Events (CTCAE) to report the nature and severity
of AEs. Actually, beyond the non-standardized definition, terms of AE were not homogeneous through the trials.
For example fatigue / asthenia, hepatitis / increased ASAT, ALAT or immune diarrhea / colitis could be used by
authors to define the same immune-related adverse event. The incidence and nature of grade 1 and grade 2 AEs
were not presented separately by any of the articles and of grade 3 and grade 4 were presented jointly by 74% of
them. Grade 3, 4 and 5 were presented grouped in 19 publications (41%), even though it pools a wide range of
severity. More particularly, grade 4 AEs are defined as life-threatening toxicities and require urgent intervention
whereas grade 3 gathers severe or medically significant but not immediately life threatening AEs. In regards to
grade 4 AEs, 13 trials (28%) presented them solely but no article had more detailed information for grade 4 events
nor management. Grade 5 AEs were reported by all studies included and their nature was specified in 100% of them.
Only two articles detailed patient characteristics and the events for all the treatment-related deaths in supplement.
However information about grade 5 AEs management was provided by only one publication. The timing of onset,
duration, and resolution were reported in 30%, 28%, and 26% of the studies, respectively. When mentioned, these
metrics could be reported solely for one or a few AEs and these data were not available for all harms. The use of high

dose steroids to manage AEs was reported in 24% of the analyzed articles.



Table 2. The quality of immune-related adverse events reporting according to the TRIO guideline

TRIO recommended items

Criteria used to collect the data

Articles reporting the criteria

(n =46) Specified solely in supplementary data
n=%
7*. “Differentiate between the clinical IrAEs and non-specific adverse events, are:
diagnoses of 10 toxicity and the specific
symptoms that led to the diagnoses” - presented separately 39 (85) 22 (48)
- presented together 1(2)
- irAEs are not presented 6(13)
8. “If the prespecified clinical diagnoses A definition of irAEs is provided 27 (59)
used in data collection belong to
categories such as ‘irAEs’ or ‘adverse
events of special interest’, report how
these terms are defined and why these
categories were selected for trial
reporting”
9. “Report all toxicity by specific grade” Grade 1 0(0)
Grade 2 0(0)
pooled Grade 1-2 12 (26)
Grade 3 12 (26)
Grade 4 13 (28)
pooled Grade 3-4 29 (63)
Grade >=3 (3, 4 and 5 pooled) 19 (41)
Grade 5 46 (100)
10. “Report clinical interventions used to “Dose Discontinuation” 44 (96)
manage 10 toxicity” “Use of High-Dose Steroids” 11 (24) 3(7)
“Duration of High-Dose Steroid Use” 0(0)
“Duration of Dose Tapering” 0(0)
“Administration of Additional Immune- Suppressing Agents” 6 (13)
“Emergency Center Visit/ Hospitalization” 0 (0)
11. “Report time of onset and duration of “Timing of Toxicity Onset” 14 (30) 3(7)
10 toxicity” “Time to Resolution of Toxicity” 13 (28) 5(11)
“Percent of patients with unresolved toxicity” 12 (26) 5(11)

*TRIO items detailed here are dedicated to toxicity reporting standards

Abbreviations: AE, adverse event; |0, immunotherapy; irAEs, immune-related adverse events; TRIO, trial reporting in immune-oncology



1.3.Adherence of the toxicity reporting to the CONSORT standards
Table 3 shows the CONSORT standards items related to the toxicity reporting and how these were reported
in the selected articles. The mode of data collection was reported in 22% of the trials. The description of the plan of
presenting information on harm was never reported in the method section. The time of follow-up of AEs was
specified in 25 articles (54%); the median time of follow-up for all and serious AEs after the last dose of treatment
was 60 (Interquartile range (IQR) 30-80) and 90 days (IQR 90-90), respectively. The duration, co-occurrence, and
recurrences of AEs were presented in 26%, 0% and 4% of included trials, respectively. This information was not

always exhaustive and was limited to one or a few AEs.



Table 3. The quality of immune-related adverse events reporting according to the CONSORT guideline

CONSORT recommended items

Criteria used to collect the data

Articles reporting the criteria

n (%)

Specified solely in
supplementary data

n (%)
TITLE AND ABSTRACT
1.* “If the study collected data on harms and benefits, Abstract mentions the safety profile of immunotherapy 46 (100)
the title or abstract should so state Conclusion of abstract mentions the safety profile of immunotherapy 28 (61)
INTRODUCTION
2. “If addresses both harms and benefits, the Introduction mentions the safety profile of immunotherapy 26 (57)
introduction should so state” Introduction provides argumentation of the safety profile 6 (13)
METHODS
6. “List addressed adverse events with definitions for A definition of irAEs is provided 27 (59)
each” The reference to the CTCAE for the evaluation of adverse events is specified 46 (100)
6. “Clarify how harms-related information was How often AEs are assessed is specified 15 (33)
collected” The mode of data collection is specified 10 (22)
Follow-up for AEs reporting is specified 25 (54) 1(2)
Rules for treatment discontinuation and/or interruption and/or dose 43 (93)
modification are specified
12. “Describe plans for presenting and analyzing Methods mention the cut-off above which the incidence of AEs will be 0(0)
information on harms*“ presented in results
Methods specifies how the recurrence of AEs will be recorded 0 (0)
Methods specifies that the timing of onset and duration of AEs will be 0(0)
recorded
Methods specifies the statistical tool used for the safety analysis 4(9)
RESULTS
13. “Describe for each arm the participant withdrawals  The number of discontinuation of study treatment because of AEs is 23 (50) 2 (4)
that are due to harms and their experiences with the specified for each study arm
allocated treatment” The number of discontinuation of study treatment because of treatment- 29 (63)
related AEs is specified for each study arm
16. “Provide the denominators for analyses on harms” The number of patients included in the safety analysis is specified 46 (100)

10



CONSORT recommended items

17-18-19. “Present the absolute risk per arm and per
adverse event type, grade, and seriousness, and
present appropriate metrics for recurrent events,
continuous variables, and scale variables, whenever
pertinent”

17-18-19. “Describe any subgroup analyses and
exploratory analyses for harms”

DISCUSSION

20-21-22. “Provide a balanced discussion of benefits
and harms with emphasis on study limitations,
generalizability, and other sources of information on
harms”

Criteria used to collect the data

The AEs incidence is reported by grade

The duration of AEs is specified

The co-occurrence of AEs within the same patient is specified
Recurrences of a same AEs after resolution is specified

The article analyses the safety profile in a specific subgroup of patients

The safety profile is mentioned in discussion

The safety profile is mentioned in conclusions
The discussion provides argumentation of the safety profile

Articles reporting the criteria

Specified solely in
supplementary data

n (%) n (%)

Detailed in Table 2
13 (26) 5(11)
0(0)

2(4)

4(9)

42 (91)
26 (55)**
21 (46)

*The CONSORT items detailed here are dedicated to harms reporting standards

**Not assessed for two articles

Abbreviations: AEs, adverse events; CONSORT, Consolidated Standards of Reporting Trials ; CTCAE, Common Terminology Criteria for Adverse Events; irAEs, immune-related adverse events;

NA, not assessed

11



1.4.0ther clinically-relevant ICIs toxicity reporting items

Table 4 shows other than the TRIO nor CONSORT recommendations criteria and how these were reported.
The collection of patient-reported outcomes (PROs) and/or quality of life (QoL) analyses were planned and reported
in the main publication in 93% and 17% of the trials, respectively. Trials assessed the quality of life with one to four
different questionnaires. The European Organization for Research and Treatment of Cancer Quality-of-Life
Questionnaire Core 30 (EORTC QLQ-C30) was used in 31 articles (74%) and the EQ-5D (3L) in 16 articles (38%). An
organ-specific questionnaire was used in 16 articles (38%). For 25 articles (54%), data on AEs occurring in less than
10% of the patients was not complete. The highest cut-off under which AEs were not presented was 15%. Three
articles (7%) presented AEs that occurred with a difference of 5% or more between the trial arms. Four articles (9%)
presented a subgroup analysis of toxicity. While age was never an exclusion criterion, none of the studies performed
subgroup analysis of older patients. Some of the trials included patients with a history of auto-immune disease,
however these were never examined in subgroup analysis.

Furthermore, 30 trials compared immunotherapy with chemotherapy. The use of supportive care could
have reduced the occurrence of harms in the standard arm. When available, protocols mentioned supportive care
prophylaxis at discretion of the investigator or according to guidelines in 18 publications (60%). Primary
prophylaxis with Granocyte Colony-Stimulating Factor was forbidden in 6 studies (20%).

The presence of spin in the qualification of the harm profile in the discussion section was assessed. In 19
studies (41%) safety was qualified as “manageable”, “tolerable”, “well tolerated,” or “favorable”, while the rate of
grade >3 AEs or grade 3-4 AEs was ranging from 7% to 51%. In 31 studies (67%), the toxicity profile was defined as
“consistent”, “expected”, or “no new safety signal”, while the grade >3 AEs or grade 3-4 AEs rate of varied from 8%
to 81%. One study (2%) used the term “substantial” and reported 54% of grade 3-4 AEs. Finally, seven studies (15%)
did not give any description of the safety profile.

One article presented a post-hoc analysis of safety data of the original trial included in the analysis. All irAEs

of grade 5 were detailed and additional information on definition, management, and duration of irAEs and

concomitant medications was provided.
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Table 4. Authors’ proposition for clinically-relevant additional toxicity criteria and evaluation of their reporting quality

Additional reporting items

Criteria used to collect the data

Articles reporting the criteria

n (%) Specified solely in
supplementary data
n (%)
PROs and/or QoL were planned and  Collection of PROs and/or QoL was planned 43* (93)
analyzed PROs and/or QoL were analyzed 8(17) 1(2)
When PROs and/or Qol were analyzed, number of 7
studies, which specify how many patients filed in
the related questionnaire
Report duration of experimental 42 (91) 1(2)
treatment
Report the number of dose delay 17 (37) 4 (9)
and/or modification of experimental
treatment
Cut-off for the incidence of AEs Lowest cut-off of the incidence above which AEs are
reported:
- <10% of patients 16 (35)
- 210% of patients 25 (54)
-  Difference > 5% between the arms 3(7)
- Not presented 2 (4)
The presence of spin*** in “manageable”, “tolerable”, “well tolerated”, “favorable” 18 (39)
qualification of the harm profile in The number of articles with grade >3 AEs or grade 8
discussion 3-4 AEs > 33%
“consistent”, “expected”, “no new safety signal” 20 (44)
The number of articles with grade >3 AEs or grade 12
3-4 AEs > 33%
“substantial” 1(2)
The number of articles with grade >3 AEs or grade 1
3-4 AEs > 33%
No interpretation provided about the safety profile 7 (15)

*Protocol not available for two articles

**Calculable for two articles, not available for one article

***Definition: Spin has been defined as a specific intentional or unintentional reporting that fails to faithfully reflect the nature and range of findings and that could affect the impression the results produce in

readers.

Abbreviations: AE, adverse events; PROs, patient-reported outcomes; Qol, quality of life



4. DISCUSSION

Our systematic review shows that the quality of checkpoint inhibitor toxicity reporting in phase 3 cancer
trials does not reach the expectation of the CONSORT and TRIO international recommendations and that harms are
highly underreported.

The quality of toxicity reporting in oncology trials has already been scored as suboptimal in three systematic
reviews[14-16]. Sivendran et al. showed that 96% of the publications reported only AEs occurring above a threshold
rate of severity, 37% did not specify the criteria used to select which AEs were reported, and 88% grouped together
AEs of varying severity[14]. Chen et al. found a complete reporting of specific characteristics of irAEs including onset,
management, and reversibility in 14%, 8%, and 6% of all analyzed studies, respectively[15].

Arnaud-Coffin et al. performed a systematic review of AEs assessment in phase 2 and 3 ICI RCTs, based on
the CONSORT recommendations and demonstrated a similar estimation of the quality of toxicity reporting as the
previous studies[17]. The results of our review extend those findings, with a wider range of the toxicity data
collection including the addition of the complete TRIO recommendations and a proposal for new criteria.

Our findings stand up to comparison to other studies. This could be explained, at least in part, by the fact
that the authors often face the constraint of space and word limitations for editorial issues. The TRIO
recommendations were developed to mature and homogenize the toxicity reporting specifically for ICls in RCTs,
however it is likely that RCT investigators are not yet aware of their content. Thirteen trials were published after
2018, October the 19th — date of TRIO criteria publication- and there was no improvement in quality reporting

according to the TRIO recommendations between trials published before and after this date.

In the 38 trials that had a QLQ or a PRO planned and did not present the results in the main publication, 14
had a later publication dedicated to the analysis of health-related quality-of-life, even if these data are probably
available at the time of the main publication. In the 24 articles that did not, some were planned to be published.
However, presenting these data separately denies both authors and readers the opportunity to formulate the
balance between benefits and harm; all the more so at metastatic stage, when quality of life is a critical point.

Boutron et al. raised awareness among the scientific community on how authors could “spin” their findings,

meaning intentionally or unintentionally misreporting and misinterpreting their results, which in turn can lead to a

14



distortion of the interpretation by the reader[13]. Sacks et al. underlined the necessity of choosing an accurate
language to describe the toxicity profile and the danger of the “spin” in our understanding of treatments true
impact on the lives of patients [18]. Examples are given of very different interpretations of “generally well
tolerated” or “manageable toxicity” that can be reasonably made from different point of views. The use of
subjective terms such as “manageable” or “well tolerated” to qualify the toxicity in analyzed studies highlights the
problem with a wide range of safety profile, underlying the subjectivity and heterogeneity of their meaning.
Moreover, authors of included studies could use such terms to qualify the safety profile of a drug whereas the
results showed 50% of grade 3-4 AEs. A threshold of 33% was selected to assess the overall tolerability of grade > 3
AEs rates as this value is commonly used as a maximum acceptable frequency for dose-limiting toxicity in early phase
clinical trials[19, 20].

The strengths of our study are the exhaustive analysis of phase 3 trials and the double-blinded review. A
comprehensive review of articles, including supplementary data and related articles, is warranted.

A limit of our study was the subjectivity let by the TRIO and CONSORT guidelines to interpret some of the
items. Therefore, we applied the greatest standardization possible; two medical oncologists reviewed data
independently and any disagreement was resolved by two other senior physicians and methodologists.

Based on our results, we suggest some improvements in reporting harms in ICl clinical trials. We recommend
that clinical trials report AEs of low incidence, especially severe AEs, irAEs, and long lasting AEs as in such a way irAEs
of low incidence and of potentially severe or fatal outcome can be captured. As an example, myocarditis occurs
rarely (1.14%) and have a mortality rate near to 40%[21, 22]. We also recommend reporting AEs later than a month
after the last dose of treatment, especially for severe AEs, irAEs, long-lasting AEs, and recurrences. Indeed, a delayed
occurrence of irAEs cannot be ruled out even after treatment discontinuation[23, 24]. Reporting of all grades of
severity separately is a major need. An effort remains to be done to perform and report patients’ subjective
evaluation of treatment toxicity as their role in making a more informed decision on a treatment choice have been
recognized by patients and clinicians[25-29]. Unfortunately, these are still poorly reported in oncology RCTs[30].
Studies should anticipate subgroup analyses of safety profile in groups of potentially more vulnerable patients. The

data on safety of ICls in older adults with cancer are limited and mainly extracted from phase 3 trials.
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Several of the CONSORT items were not or very rarely reported in the trials or were presented without any
additional detail. Although expected in methods, these were often detailed in the trial protocols. We consider that
incorporating in the article a significant amount of protocol data might prevent from the full article reading and flood
more essential information.

New tools to report toxicity data are needed. Thanarajasingam et al. underlined the need of longitudinal AEs
assessment to capture the evolution of toxicity over time[31]. The maximum severity of an AE is not adequate to
assess long-lasting low grade AEs that will impact patient’s quality of life. New metrics to present toxicity data are
being evaluated to give an overview of the different aspects of tolerance, summarized in an easily readable figure.
Thanarajasingam et al. proposed a toxicity over time (ToxT) assessment that analyses the Area Under the Curve for
each Aes[32]. More recently, adverse effect load (AEL) has been tested as new metric[33]. AEL is a longitudinal score
of worst grade possible excluding death over the entire treatment for an AE. Gresham et al. introduced a toxicity
index[34] This metric accounts for the frequency and severity of harms to provide a precise description of the overall
burden of multiple toxicities. Finally, a more accurate and longer toxicity reporting in phase 3 trials could provide
better understanding of irAEs specificity and improved medical decision-making. Editors also need to ensure a high

quality of the toxicity reporting before accepting a manuscript for publication.

Conclusions

Our study presents an exhaustive double-blinded review of phase 3 trials of ICl. We revealed the high rate of
toxicity under-reporting in phase 3 cancer trials of ICI. These results should encourage the oncology community,
industry, and editors to follow uniform guidelines in order to improve the exhaustivity of toxicity reporting, including
the patient perspective. A comprehensive review of articles, including supplementary data and related articles, is
warranted and the development of tools to present a clear overview of toxicity, including the dimension over time, is

needed.
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Figure 1. Flow chart of the study selection





