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Abstract
Background: Methodological limitations affect a significant number of oncology 
and haematology trials, raising concerns about the applicability of their results. 
For example, a suboptimal control arm or limited access to best care upon progres-
sion may skew the trial results toward a benefit in the experimental arm. Beyond 
the fact that such limitations do not prevent drugs reaching the market, other as-
sessment tools, such as those developed by professional societies—ESMO- MCBS 
and ASCO Value Framework—do not integrate these important shortcomings.
Methods: We propose creating a novel framework with the scope of assessing reg-
istration cancer clinical trials in haematology and oncology (randomized or single 
arm)—that is trials leading to a marketing authorization. The main steps of the 
methods are (1) assembling a scientific board; (2) defining the scope, goal and meth-
ods through pre- specified, pre- registered and protocolized methodology; (3) prereg-
istration of the protocol; (4) conducting a scoping review of limitations and biases 
affecting oncology trials and assessing existing scores or methods; (5) developing a 
list of features to be included and assessed within the framework; (6) assessing each 

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided 
the original work is properly cited.
© 2024 The Author(s). European Journal of Clinical Investigation published by John Wiley & Sons Ltd on behalf of Stichting European Society for Clinical Investigation 
Journal Foundation.

John P. A. Ioannidis and Vinay Prasad contributed equally to this work.  

https://doi.org/10.1111/eci.14267
www.wileyonlinelibrary.com/journal/eci
https://orcid.org/0000-0002-6936-5783
https://orcid.org/0000-0002-7876-3978
https://orcid.org/0000-0002-5263-6241
https://orcid.org/0000-0003-3760-3801
mailto:
https://orcid.org/0000-0003-3118-6859
https://orcid.org/0000-0002-6110-8221
mailto:jioannid@stanford.edu
http://creativecommons.org/licenses/by/4.0/


2 of 8 |   OLIVIER et al.

1  |  INTRODUCTION

Patients, healthcare providers, regulators and society 
face several challenges when approaching novel treat-
ments. Costs—and profits—associated with cancer 
care are immense, with estimated global costs increas-
ing from 56 billion US dollars in 2011 to 269 billion in 
2025.1 Trial design limitations may hamper the ability 
of a trial to deliver reliable results and confidence in 
shared decision- making. While the challenges apply 
to all medical specialties, haematology and oncology 
prominently stand out, because the number of regula-
tory approvals in these specialties is larger than in any 
other medical specialty and many of those approvals 
follow accelerated pathways.2,3 Furthermore, the num-
ber of high- profile trials is larger in haematology/on-
cology than in any other medical specialty. Among the 
600 most- cited trials published in 2019–2022, 260 were 
on oncology.4 Current regulators and health technol-
ogy assessment (HTA) bodies often grant marketing 
authorization to drugs with low or questionable value. 
Scores coming from professional societies like ESMO or 
ASCO aim to improve upon the existing regulation by 
focusing more on the potential clinical value. However, 
those scores do not capture several key features in clin-
ical trials that may influence the perception of clinical 
value. We will exemplify this based on two important 
components of randomized clinical trials which are cur-
rently not addressed in those scores: the control arms 
and biases introduced by post- progression therapy. Both 
features are also not specifically assessed by previously 
established risk- of- bias tools or the GRADE system, the 
most widely used system for appraising the strength of 
evidence toward making recommendations5,6 We aim 
to incorporate such features into a novel framework in 
the THEOREMM (Trials in HEmatology and Oncology 
REviewed by Metaresearch Methods) project.

2  |  LIMITATIONS AND BIASES IN 
ONCOLOGY AND HAEMATOLOGY 
TRIALS

Over the last three decades, the number of novel ap-
provals in haematology/oncology has grown mark-
edly.7 However, an increasing number of approved 
drugs and biologics does not automatically correlate 
with improved patients' outcomes. Despite the promise 
of precision oncology and long- term benefit in a subset 
of patients receiving immunotherapy, most available 
advanced cancer therapies offer limited benefits, with 
an estimated median improvement in overall survival 
(OS) of 2.5 months for novel cancer drugs approved 
over the last two decades in advanced or metastatic 
settings.7 More concerning, results from clinical trials 
may not always be replicated in real- world settings. The 
‘efficacy- effectiveness gap’8 is mainly driven by selective 
enrolment: A population- based analysis conducted in 
125,316 patients in Alberta, Canada, estimated that 38% 
of them would not have been eligible for enrolment.9 
Lastly, some ‘hard- wired’ biases or limitations cannot 
be corrected after the trial ends. For instance, in ran-
domized controlled trials (RCT), a substandard control 
arm or suboptimal access to post- progression therapy 
can hamper the reliability of the results. We will detail 
those two biases, which, among many others, should be 
integrated within the novel assessment scheme.

3  |  CONTROL ARM AND 
POST- PROTOCOL THERAPY

The THEOREMM framework proposal is justified by 
the evidence that key limitations afflicting RCTs are 
currently not considered in various assessments (See 
Table 1). We highlight two critical elements: the control 

feature through a questionnaire sent to highly cited haematologists and oncologists 
involved in clinical trials; and (7) finalizing the first version of framework.
Results: Not applicable.
Conclusions: Our proposal emerged in response to the lack of consideration for 
key limitations in current trial assessments. The goal is to create a framework 
specifically designed to assess single trials leading to marketing authorization in 
the field of oncology and haematogy.

K E Y W O R D S

appraisal, framework, haematology, metaresearch, oncology, trials
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arm and post- progression therapy. These features are 
emphasized because they demonstrate how a study, 
even if it appears to have a low risk of bias, can have de-
sign limitations that may inherently favour the experi-
mental therapy.

3.1 | Control arm

A suboptimal control arm introduces an inherent bias 
that remains uncorrectable thereafter. According to the 
Declaration of Helsinki (Ethical Principles for Medical 
Research Involving Human Subjects), a new interven-
tion must be ‘tested against those of the best proven 
intervention(s) (…)’.10 However, 17% of drugs approved 
between 2013 and 2018 by the US Food and Drug 
Administration (FDA) were based on a suboptimal con-
trol arm.11

For example, in the first- line setting of patients with 
metastatic ALK rearranged non- small cell lung cancer, 
crizotinib was approved by the EMA in 2012 and the FDA 
in 2013 following the results of a phase 3 trial showing its 
superiority over chemotherapy.12 As a result, crizotinib be-
came the standard of care. However, the ASCEND- 4 trial, 
testing ceritinib as the new therapy in the same setting, 
started to accrue patients after the crizotinib approval, but 
used chemotherapy—a suboptimal control arm—as the 
control therapy.13

Among randomized trials, an increasing number of tri-
als used control arm therapy defined as ‘physician's’ or ‘in-
vestigator's choice’. In oncology, 89% of those trials were 
industry sponsored, and 85% offered a restricted choice.14 
The wording ‘physician's choice’ gives a false sense of 
free choice, which therefore sounds optimal. However, 
a restriction may prevent potentially highly effective op-
tions that are part of standard- of- care. In the ASCENT 
trial, patients with metastatic triple negative breast cancer 
were randomized between sacituzumab govitecan and the 

treatment of physician's choice.15 Even though four op-
tions were offered, neither platinum- based chemotherapy 
nor anthracyclines were allowed. These are two important 
options that 31% and 17%, respectively, of patients in the 
control arm had not previously received.

The control arm may also be disadvantaged in other 
subtle ways, for example, dose modification or supportive 
care rules. Across registration trials leading to marketing 
authorization of FDA anti- cancer drugs approvals, over a 
13- year time period, drug modification rules (which are 
applied when a patient suffers from toxicity) and support-
ive care delivery (like medicine preventing febrile neu-
tropenia after chemotherapy) between arms favoured the 
new therapy in 55% of trials, while they favoured the con-
trol arm in only 10%.16

The REFLECT trial serves as an exemplary case. This 
phase 3 non- inferiority trial recruited patients with inop-
erable hepatocellular carcinoma for first- line therapy. Its 
objective was to establish that lenvatinib (the test drug) 
was no less effective than sorafenib (the comparator treat-
ment). In patients receiving 12 mg of lenvatinib as a start-
ing dose, three steps of dose reduction were allowed: 67%, 
33% and 17% of the initial dose. In contrast, patients re-
ceiving the comparator drug could only undergo two dose 
reductions before stopping the drug, and the dose reduc-
tions were more pronounced: 50% and 25% of the starting 
dose. These rules favoured a higher dose- intensity (i.e., 
more drug being given) in the experimental arm. Within 
the REFLECT trial, a similar proportion of patients had 
a dose reduction in both arms (37% and 38%). However, 
likely due to the imbalance in dose reduction, the cumula-
tive dose was higher in the lenvatinib group (88%) versus 
sorafenib (83%).

Overall, the control arm can be inappropriately pe-
nalized in different ways: the choice of the control, a 
restricted choice among several therapies, or drug dos-
ing and supportive care rules. Yet, neither the ESMO 
score nor the ASCO score include any evaluation of the 

T A B L E  1  Existing scores or tools to evaluate trials, with a summarized description and potential shortcomings.

Score/Tool Summary of main items in the score Potential shortcomings

ESMO- MCBS Evaluates clinical benefit, toxicity and quality of life in 
cancer trials

No assessment of diverse biases

ASCO Value Score Evaluates clinical benefit, toxicity, quality of life and 
potential for long- term benefit in cancer trials

No assessment of diverse biases

RoB2 Tool Designed to assess the risk of bias in randomized trials, 
focusing on randomization, deviations, missing data and 
other items

No direct assessment of benefits and 
harms estimates. Not designed to assess 
for control arm or post- progression 
therapy

Indirectness GRADE Assesses the generalizability and applicability of evidence, 
looking at population, intervention and outcomes

No built- in items to evaluate key aspects 
of trials such as the control arm or post- 
progression therapy
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control arm in their assessment.17 In an extreme scenario, 
a trial may show a spectacular improvement in survival 
against a poor comparator, yet the disparities in treatment 
would remain totally uncaptured. Appraising the control 
arm based on a systematic framework including the fea-
tures we described will be an important part of the novel 
THEOREMM framework.

Ultimately, the goal of the framework will be to de-
termine the relevance of the trial findings to contem-
porary practices or norms. It is often debated that the 
standard therapy or control arm might evolve over time, 
potentially making it challenging for trials to offer the 
best comparators. However, modifications to the control 
arm are still feasible and can be effectively executed.18 
Moreover, allowing an entirely flexible control arm, 
where physicians can select the treatment without any 
restrictions, could mitigate some of the previously men-
tioned limitations.

3.2 | Cross- over and 
post- progression therapy

Cancer therapy typically involves a series of treatments 
(first- , second-  or subsequent ‘lines’). Each subsequent 
line is generally implemented when the disease advances. 
As such, patients often take a series of drugs, and have a 
series of breaks in their cancer treatment. The goal of can-
cer medicine is to maximize survival, while maximizing 
QoL, and, all else being equal, using the fewest drugs pos-
sible for the least amount of time—to minimize toxicity, 
cost, and therapeutic burden.19

Crossover to the experimental therapy after progres-
sion may be desirable in certain situations, but some types 
of cross- over and post- progression therapy may introduce 
substantial bias.20

First, cross- over to the drug being tested may not hap-
pen in patients in the control group upon progression, 
but sometimes it should. For example, in patients with 
castration- resistant prostate cancer, abiraterone was stan-
dard of care before the LATITUDE trial started enrolling 
patients.21 The LATITUDE trial tested abiraterone earlier 
in patients with metastatic castration- sensitive prostate 
cancer. However, in LATITUDE, only 24% of control arm 
patients treated with a subsequent therapy received abi-
raterone. Because abiraterone was standard of care in 
later lines, patients should have received it upon progres-
sion. As a result, substandard post- protocol therapy in the 
control arm may have affected the overall trial results. 
The trial was not able to answer the relevant question: 
Is it better to give abiraterone early or limit it to later lines? 
Instead, it tested a question with little clinical relevance: 
Is some abiraterone better than nothing?

For pragmatic relevance, cross- over upon progression 
should use treatments that are known to be effective. If 
the experimental treatment is not yet documented to be 
effective when giving it upon progression at a later stage, 
post- progression cross- over of the control group patients 
to that treatment may be problematic. Such cross- over 
may delay the use of other treatments that are known to 
be effective. Therefore, an ineffective novel treatment may 
seem to be effective if its use as cross- over in the control 
group does not allow the control group patients to use 
other known and effective treatments promptly.

In a third undesirable scenario, the percentage of pa-
tients receiving any post- progression treatment within the 
trial is lower than in real- world conditions in both arms. 
This may happen when trials enrol globally, including 
in countries with suboptimal access to best care. The ef-
ficacy of ribociclib was evaluated in the MONALEESA- 7 
trial, primarily among patients receiving initial treatment 
for hormone- sensitive advanced or metastatic breast can-
cer.22 The trial compared ribociclib to a placebo, both 
used in combination with hormonal therapy. Subsequent 
treatments after disease progression were used in only 
73% in the control group and 69% in the ribociclib group. 
However, real- world data indicates a higher utilization 
rate of up to 92% after initial hormonal therapy.23 Would 
we have observed the same survival benefits if both 
groups had maximized the use of all available follow- up 
treatments?

With the three scenarios in mind, the significance of 
optimal care upon progression becomes more evident. 
Unfortunately, the post- progression experience of trial 
participants is often not described in sufficient detail. 
Across 77 trials that led to FDA approval between 2018 
and 2020, 12% (9/77) had available post- progression data 
assessed as appropriate.20

Regulatory authorities should grant marketing au-
thorization (approvals) based on trials ensuring optimal 
post- progression treatment in both the experimental and 
control groups. Rules can be set to assist clinicians in eval-
uating post- protocol treatment, reflecting the expected 
standard of care in countries where most approvals are 
sought.20

4  |  CURRENT ASSESSMENTS 
OF NOVEL DRUGS, NOVEL 
INDICATIONS AND TRIALS

Having exemplified two key features of oncology clini-
cal trials, it is vital to understand the different levels of 
current assessments for novel drugs, new indications, or 
trial results. First, a drug can be marketed after receiving 
authorization from regulatory bodies. We will detail how 
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drug regulations vary across countries. Beyond market 
authorization, clinicians rely on additional assessments to 
guide their decisions. The GRADE methodology, which 
evaluates a body of evidence, is one of the most recognized 
tools in evidence- based medicine. However, because 
GRADE typically focuses on a body of evidence, oncology 
professional societies, like ASCO or ESMO, have devel-
oped additional tools to assess the value of drugs tested in 
single trials.

4.1 | Drug regulation and health 
technology assessment

The two largest regulators, the FDA and the European 
Medical Agency (EMA), typically do not incorporate the 
magnitude of added therapeutic value as compared to 
existing agents.24 As a result, some countries provide 
such assessment through distinct HTA bodies, allowing 
for price negotiation and reimbursement decisions.24 
Approximately one- third of initial approvals by the FDA 
and the EMA seem to have high added therapeutic value, 
with definitions varying according to countries.25,26 In 
supplemental indications—that is, indications in dif-
ferent settings granted after initial approval—the pro-
portion of indications offering high therapeutic value is 
even lower.24

Therefore, many novel therapies reach the market 
when their purported benefits may have limited or no 
benefits in real- life settings, or they may even be harm-
ful.27 The bar for approving cancer drugs has been repeat-
edly criticized because it has allowed a growing number 
of low- value and costly drugs to enter the market.28 The 
accelerated approval pathway, initially designed to allow 
innovative and promising drugs to be prescribed while 
awaiting more robust data, has been derailed from its ini-
tial goals. Beyond efficacy assessments, similar limitations 
were described for quality of life (QoL) evaluation within 
the FDA and EMA assessments.29

4.2 | Risk of bias tools and 
indirectness issues

GRADE5,6 is the most rigorously developed tool for ap-
praising evidence in order to make recommendations 
and is currently officially utilized by more than 100 or-
ganizations worldwide. It is not primarily intended to 
assess individual trials, but rather to assess a body of 
evidence regarding a clinical question. The Cochrane 
Collaboration has developed a ‘risk of bias’ (RoB) tool 
to systematically assess the risk of specific biases in sin-
gle trials.30 The updated ‘RoB2’ is most commonly used 

currently.31 This tool is primarily designed to assess the 
risk of bias arising from the randomization process, like 
deviation from intended interventions, missing out-
come data, measurement of the outcome and selection 
of the reported results. This tool does not consider is-
sues related to the choice of the comparator—that is, the 
control arm.

While being very useful in appraising certain aspects 
of randomized clinical trials, such tools do not capture 
other limitations, which may be best assessed as ‘issues of 
indirectness’ into the GRADE framework.32 Indirectness 
issues allow one to evaluate the extent in which the in-
cluded trials are able to answer the clinical question under 
study. Even though such assessments could theoretically 
capture limitations such as suboptimal control arm, not 
all researchers are aware of all indirectness issues that 
could arise in oncology trials.

Another limitation in applying GRADE to novel 
drugs in the haematology and oncology fields, is that 
most novel drugs are currently marketed based on a 
single trial. The target PICO (which stands for Patients, 
Interventions, Comparators, Outcomes) is often rep-
resented by a single trial. Our proposal does not aim 
to create another specific risk of bias tool for cancer 
treatments.

4.3 | Scores emanating from 
medical societies

Oncology professional societies have developed scores to 
assess the clinical benefits of new therapies or novel in-
dications. The two main scores are the European Society 
of Medical Oncology- Magnitude of Clinical Benefit Scale 
(ESMO- MCBS) and the American Society of Clinical 
Oncology Value Framework Net Health Benefit Score 
(ASCO Value Framework).

Both scores greatly rely on the reported magnitude of 
benefit in trials (i.e., based on hazard ratio threshold) and 
the type of endpoints (a survival benefit being most valu-
able). While these efforts are commendable, the ESMO 
and ASCO scores sometimes have discrepant results.33 
Fewer than one- third of contemporary randomized trials 
with significant results met the ESMO or ASCO thresh-
olds for meaningful clinical benefit.29,34,35

Both scores do not take into account some critical lim-
itations in appraising the benefit of drugs, with shortcom-
ings identified by the ESMO- MCBS working group itself.17 
Because they were developed and are supported by orga-
nizations which are financially conflicted with the phar-
maceutical industry, this may challenge the unfettered 
independence needed when appraising new products or 
supplemental indications.36–38
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5  |  THE THEOREMM PROPOSAL

5.1 | Goals and objectives of the 
theoremm framework

The primary goal of the proposed framework is to increase 
the awareness of key limitations potentially afflicting 
clinical trials and to systematically integrate those limita-
tions into a framework to assess novel trials' results. Main 
goals and secondary objectives are described in Box 1.

The framework scope will aim at systematically assess 
registration trials (i.e., those supporting marketing autho-
rization). They can be RCTs or non- RCTs and they can be 
single- arm or multi- arm trials. The project will initially 
focus on trials leading to marketing authorization in the 
USA. Companies predominantly seek approvals there be-
fore other countries, and the highest number of approvals 
occur in USA.39

The methods, which are detailed in the protocol- V1—
Data S1 (supplemental appendix), will follow a multi- step 
approach. Those are (1) assembling a group of independent 
experts—the scientific board; (2) defining the scope, goal 
and methods of the project through pre- specified, pre- 
registered, and protocolized methodology (these two first 
steps constitute the present work); (3) preregistration of the 
protocol; (4) conducting a scoping review of limitations and 
biases affecting oncology trials and assessing existing scores 
or methods; (5) developing a list of features to be included 
and assessed within the framework; (6) assessing each fea-
ture through a questionnaire sent to highly cited haema-
tologists and oncologists involved in clinical trials; and (7) 
finalizing the first version of the framework.

6  |  GENERAL PRINCIPLES IN 
DEVELOPING THE FRAMEWORK

Our proposal also incorporates key principles: patient- 
centredness, independence, multidimensionality, trans-
parency and open- science.

The concept of patient- centredness has no unique 
definition.40 Patient- centredness holds on the belief that 
patients have unique perspectives.41 To ensure patient- 
centredness, patient and public involvement will be inte-
grated throughout different steps of the project.

The new framework should be unbiased and unaf-
fected by any form of undue influence, manipulation, or 
conflicts of interest that could potentially arise from phar-
maceutical or commercial enterprises. To mitigate these 
risks in our proposal, we aim to ensure that the experts 
who will directly develop the framework and provide the 
accompanying reviews are free from any conflict of inter-
est with the industry. Similarly, for patients and the public 
who wish to directly participate in the project, indepen-
dency regarding financial conflict of interest with the in-
dustry will be required.42

Relying on a single indicator would not do justice to 
what is a multi- factorial conglomerate of strengths, biases, 
and limitations. Quality scales have shown lack of repro-
ducibility and are discouraged when assessing a trial.30,43 
We propose a multi- dimensional framework which will 
incorporate various features or items.

The protocol is pre- registered. Additionally, as part of 
the project, reviews of trials being assessed will be made 
publicly available online. The THEOREMM project will 
be conducted following the principles of open- science.44

7  |  CONCLUSION

The THEOREMM project emerged naturally in response 
to the lack of consideration for key limitations in current 
trial assessments, such as the adequacy of control arms and 
post- progression therapy. Its goal is to create a framework 
specifically designed to assess individual trials leading to 
marketing authorization—registration trials—in the field 
of oncology and haematology. The framework will sys-
tematically incorporate elements and features that are not 
consistently assessed by other frameworks or scores. The 
project will be guided by the involvement of clinicians, pa-
tients and the public, independence from industrial conflict 
of interests, transparency and open- science principles.

AUTHOR CONTRIBUTIONS
All authors have contributed substantially to the design, 
performance, analysis, or reporting of the work. Specifically: 
TO contributed to the study's original concept and design. 
TO wrote the first draft of the manuscript and the protocol. 

BOX 1 Goals of the THEOREMM 
Framework

1. Primary objective: increase awareness of key 
limitations potentially affecting clinical trials 
and to systematically integrate such limitations 
into a novel framework evaluating trials' results.

2. Enable clinicians to make better- informed clin-
ical decisions. This could improve patients' out-
comes and satisfaction.

3. Provide an educational platform for medical 
professionals, fostering an improved under-
standing of research methods.

4. Be integrated in various aspects of current regu-
latory processes. Better- informed healthcare 
policies may justify resource allocation.

5. Build trust and ensure relevance by patient and 
public involvement, as well as high- profile cli-
nicians and trialists.
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Searches was done by TO, AH and VP. The protocol was 
discussed and conceived by JPAI, VP, FN, IB, AH, and TO. 
All authors contributed to the drafting and revising of the 
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lectual content, and gave their final approval of the version 
to be published. Furthermore, all authors agree to be ac-
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