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Background: The landscape of clinical trials testing risk-adapted modulations of cancer treatments is complex. Multiple
trial designs, endpoints, and thresholds for non-inferiority have been used; however, no consensus or convention has
ever been agreed to categorise biomarkers useful to inform the treatment intensity modulation of cancer treatments.
Methods: An expert subgroup under the European Society for Medical Oncology (ESMO) Precision Medicine Working Group
shaped an international collaborative project to develop a classification system for biomarkers used in the cancer treatment
de-intensification, based on a tiered approach. A group of disease-oriented clinical, translational, methodology and public
health experts, and patients’ representatives provided an analysis of the status quo, and scanned the horizon of ongoing
clinical trials. The classification was developed through multiple rounds of expert revisions and inputs.
Results: The working group agreed on a univocal definition of treatment de-intensification. Evidence of reduction in the
dose-density, intensity, or cumulative dose, including intermittent schedules or shorter treatment duration or deletion of
segment(s) of the standard regimens, compound(s), or treatment modality must be demonstrated, to define a treatment
de-intensification. De-intensified regimens must also portend a positive impact on toxicity, quality of life, health system
burden, or financial toxicity. ESMO classification categorises the biomarkers for treatment modulation in three tiers,
based on the level of evidence. Tier A includes biomarkers validated in prospective, randomised, non-inferiority clinical
trials. The working group agreed that in non-inferiority clinical trials, boundaries are highly dependent upon the disease
scenario and endpoint being studied and that the absolute differences in the outcomes are the most relevant
measures, rather than relative differences. Biomarkers tested in single-arm studies with a threshold of non-inferiority
are classified as Tier B. Tier C is when the validation occurs in prospective-retrospective quality cohort investigations.
Conclusions: ESMO classification for the risk-guided intensity modulation of cancer treatments provides a set of
evidence-based criteria to categorise biomarkers deemed to inform de-intensification of cancer treatments, in risk-
defined patients. The classification aims at harmonising definitions on this matter, therefore offering a common
language for all the relevant stakeholders, including clinicians, patients, decision-makers, and for clinical trials.
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INTRODUCTION

The steep increase in cure rates and prolonged overall
survival (OS) achieved in various disease settings in recent
years has brought attention to an important facet of per-
sonalised medicine: the opportunity to individualise and
tailor treatments without compromising efficacy.1,2 A better
knowledge of biology and prognostic determinants of single
cancers in single patients allows for a stratified modulation
of the treatment plan. Modulation can take the form of
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Table 1. Overview of selected studies evaluating risk-adapted intensity modulation of cancer treatments

Disease (setting) Risk definition Standard treatment Alternative treatment

Hodgkin’s lymphoma (stage I-III,
favourable)17-19

PET response CT and RT CT

Childhood acute lymphoblastic
leukaemiaa (standard risk)20-22

MRD Standard induction
and maintenance CT

De-intensified post-induction CT

Breast cancer (adjuvant)23,24 GEP test CT and ET ET
Breast cancer (adjuvant)25 Clinical and pathological factors Standard duration,

anthracycline and
taxane-containing
CT and trastuzumab

Shorter duration, taxane-only
containing CT and trastuzumab

Breast cancer (adjuvant)7 Clinical and pathological factors 12-Month trastuzumab 6-Month trastuzumab
Colorectal cancer (adjuvant)26 Clinical and pathological factors 6-Month CT 3-Month CTb

HPVþ oropharyngeal cancer (LA)27 p16 IHC Standard dose PORT Reduced dose PORT
Testicular germ cell tumour
(good risk)28

Clinical and pathological factors BEP EP

BEP, bleomycin, etoposide and platinum regimen; CT, chemotherapy; EP, etoposide and platinum regimen; ET, endocrine therapy; GEP, gene expression profile; HPVþ, human
papillomavirus-associated cancer; IHC, immunohistochemistry; LA, locally advanced; MRD, minimal residual disease; PET, positron emission tomography; PORT, post-operative
radiation therapy; RT, radiation therapy.
aPatients 1-18 years old.
bNon-inferiority not confirmed in the overall population, but in a subgroup of risk-defined patients.
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treatment intensification for patients at very high risk or
with adverse biological features, or de-escalation (or de-
intensification) for patients with lower risk or favourable
biology. This form of de-escalating modulation aims to
provide equivalent benefits in terms of survival benefits but
with reduced patient burden and adverse effects.

De-escalating treatment modulation generates important
patient benefits for suitable selected patients. It can reduce
treatment burden, rates of short-term and life-threatening
adverse events, chronic, long-term toxicities, and lessen
health-related financial distress.3 Since long-term or late
adverse events can adversely impact overall life expec-
tancy,4 there may be long-term survival benefits. Impor-
tantly, this approach could increase or preserve the quality
of life of patients, with equivalent oncology outcomes or
with an acceptable trade-off.5,6 At a health care system
level, de-escalated modulation of treatments can have
economic benefits of enhanced sustainability, and broader
access to cancer care.7,8

Historically, some of the original and groundbreaking
clinical trials testing de-intensified treatments in patients
with solid tumours were first carried out in patients with
breast cancer, with efforts to reduce the duration of adju-
vant chemotherapy9 and the extension of local therapies,10

whereas the concept of reducing treatment intensity is well
established in haematological and paediatric oncology.
Table 1 presents some examples of risk-adapted intensity
modulation of cancer treatments.

An enhanced knowledge on tumour subtypes and other
prognostic factors facilitates the identification of patients
who may benefit from less intense treatments.11 Rigorous
research methodology is critical to identify de-escalation
modulation strategies which minimise toxicity without
compromising survival. Hitherto, the evaluation of such
regimens has been inconsistent, using different definitions
and supported by diverse research methodologies.12-30

Although frameworks for biomarker-driven cancer treat-
ment choices have been developed,13-16 none has focused
2 https://doi.org/10.1016/j.annonc.2022.03.273
specifically on the topic of treatment modulation through
de-intensification.15-26

This classification aims to introduce a standard
nomenclature and taxonomy and to provide guidance for
clinical research design to provide adequate evidence of
the safety and efficacy of proposed de-escalated treat-
ment modulations.
METHODS

Responding to a perceived need, the European Society for
Medical Oncology (ESMO) Precision Medicine Working
Group, supported by the ESMO leadership, established a
dedicated and interdisciplinary multi-stakeholder expert
panel, with disease-oriented and public health experts,
biostatisticians, and patient advocacy representatives.

The aim of this ESMO expert subgroup for de-intensified
treatment modulation was to systematise and categorise
the research evidence to inform therapeutic decisions of
treatment de-intensification, based on a tiered approach.
Preliminary research of the literature was carried out, to
understand the landscape and scan the horizon of ongoing
clinical studies, and presented to the group. The expert
subgroup met periodically online to develop the concept of
a classification, ultimately consolidating the final draft.
RESULTS

Treatment de-intensification definition

The definitions retrieved in literature and in clinical guide-
lines for treatment modulation are heterogeneous, and
substantially variable. Different forms of treatment de-
intensifications are context-pertinent, based on the spe-
cific setting of care.

Deletions. One common way to de-intensify treatments is
to forgo one segment of the standard treatment. For
example, a regimen composed of sequential chemotherapy
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Table 2. Definition of treatment modulation

A: Treatment attributes Treatment (or a segment of) is omitted
Dose density/dose intensity or cumulative dose
is lower than SoC
Duration is shorter than SoC treatment

B: Treatment impact
and patient burdena

Toxicity is estimated to be lower:
- randomised trials: there are clinically and
statistically significantly less grade 3-4
toxicities or low-grade persisting AEs
impacting on daily well-being

- non-randomised trials/single-arm studies: the
comparison with the SoC toxicity profile
(historical arm/extrapolated) is favourable
QoL is expected to be improved:

- endpoint QoL showed a clinically meaningful
improvement

Treatment costs or health care system burden
is significantly reduced

Treatment modulation through de-escalation applies if �1 item(s) are
demonstrated in cluster A (treatment attributes) and cluster B (treatment
impact) items in the context of not worsening clinical outcome.

AEs, adverse events; QoL, quality of life; SoC, standard of care.
aThese analyses should not be post hoc or exploratory endpoints. The de-intensified
regimens must provide non-inferior survival outcomes, and overall demonstrate
reducing the treatment burden for patients.

D. Trapani et al. Annals of Oncology
segments or polychemotherapy can be de-escalated by
providing only a portion of the entire treatment.29,30

Shortened duration of treatment. De-intensified treatment
modulation may occur with reduced treatment duration,
leading to less treatment-related burden and risk of toxic-
ities.7,9,26 An example of this is the use of 3 months adju-
vant therapy rather than 6 months for patients with lower
risk stage III colon cancer.26

Combined (deleted and foreshortened). One example of
this approach occurs when a treatment modality is
entirely forgone or skipped. For instance, in a disease
setting in which a combination of chemo- and radio-
therapy is a standard approach, selected patients can
report non-inferior survival outcomes with a single treat-
ment modality. This can shorten treatment, reduce ther-
apeutic burden, lessen toxicities, improve tolerability, and
reduce risk of long-term sequelae. An example is in the
response-adapted treatment of patients with Hodgkin’s
lymphoma, based on ad interim imaging: patients with a
complete response can receive less intensive chemo-
therapy regimens, with non-inferior outcomes.17-19 In the
management of solid tumours, this is well illustrated in the
adjuvant treatment of breast cancer, where validated
genomic prognostic and/or predictive tools can identify
patients in whom it is safe and reasonable to forgo the
systemic cytotoxic treatments.23,24,31,32

The working group criteria for the designation of a
modulation of cancer treatment through de-intensification
require that two conditions are met: (i) clear evidence of
treatment de-escalation along with (ii) tangible evidence
of improved patient outcomes (Table 2). Clear evidence of
treatment de-escalation requires evidence of reduction in
the dose-density, intensity, or cumulative dose, including
intermittent schedules or shorter treatment duration or
omission of one or more segments of the standard
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regimens or one or more compounds or treatment mo-
dality. Tangible evidence of improved impact requires evi-
dence of non-inferior survival outcomes along with
statistically significant and clinically meaningful patient
benefits such as reduced burden and/or clinically relevant
toxicities, and/or improved quality of life, and/or reduced
costs (Table 2).

Research methodologies for de-intensification of cancer
treatments

General. This expert group advocates a stepwise clinical
research approach: (i) harm-minimisation regimens could
be initially assessed using stand-alone randomised phase II
studies that recruit and report before proceeding to phase
III studies; (ii) if no detriment in clinical outcome is identi-
fied, then a phase III trial could follow.

Non-inferiority clinical trials comparing the standard of
care treatments with the alternative, de-intensified
regimens

The gold standard study design to prove that a de-escalated
regimen is advantageous and safe is a randomised,
controlled, non-inferiority clinical trial comparing the stan-
dard of care treatments with the alternative, de-intensified
regimens. Non-inferiority trials must capture clinical
equivalence (Figure 1).

General comments. These studies present challenges,
starting with the definition of the non-inferiority margin
and of clinical equivalence. They usually require large
sample size, international collaboration, long recruitment
period, and heavy financial investments.12,33-36

Non-inferiority margin. By convention, the minimum
acceptable difference is expressed as a relative risk [e.g.
hazard ratio (HR)] or absolute risk (e.g. delta), that has been
largely addressed in the literature, and hardly reconciled.33

In general, the decision to set a specific threshold of non-
inferiority is based on a consultative process of multiple
stakeholders, and includes pragmatic considerations on
feasibility.12,35 Recently, in a review of factors contributing
to bias in clinical research, the ESMO-Magnitude of Clinical
Benefit Scale (ESMO-MCBS) Working Group has noted that
the defined non-inferiority margins might be too lenient,
especially in the context of non-inferiority trials, expressing
a concern that treatments with true inferiority may seem
non-inferior in inappropriate investigations.33

When enrolling lower risk populations, this working
group would suggest that the non-inferiority margin be
defined in absolute terms (i.e. delta), rather than the rela-
tive risk reduction, and that the absolute differences should
always be reported.

Evaluating harms and benefits. The reduction in toxicity
and/or improvement of quality of life should be based on a
rigorous methodology, utilising evidence-based and vali-
dated tools. For toxicity, the classification will consider
chronic, persistent, or disabling adverse events, the burden
https://doi.org/10.1016/j.annonc.2022.03.273 3
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Endpoints evaluated in de-escalation clinical trials: overall survival and quality of life (gold standards). Acceptable
intermediate endpoints: invasive disease-free survival, disease-free survival, event-free survival, distant recurrence-free survival
and distant metastasis-free survival provided their appropriateness and validation in the specific disease setting is established.

Considered the gold standard trial design for this purpose.

Suitable in selected patients expecting durable responses to highly effective treatments or for
diseases with better intrinsic prognosis. 

Specially aimed at biomarker discovery and validation.

Not powered to evaluate a de-escalation regimen due to high
risk of bias and possible non-reproducibility of the findings.

May inform on how to orient research efforts as hypothesis-
generating.

Ideally with confirmation of findings across multiple independent cohorts.

Strength of the results may depend on the design of the original trial
(randomised versus non-randomised).

May include an internal high-risk comparator versus standing alone investigation.

When non contextual high-risk arm is provided, the comparisons will be considered against a
historical control. 

Challenges regarding funding, long-time accrual and the risk of obsolete control arm.

Definition of non-inferiority margins should depend on the absolute risk of the studied population and on the type of
endpoint studied.

Non-inferiority
randomised

controlled trials

Retrospective
analysis from

prospective trials

Retrospective
studies

Prospective single-
arm trials 

How are
intensity-

modulated
regimens

evaluated?

Figure 1. Clinical trial designs selected for investigating intensity-modulated cancer treatments.

Annals of Oncology D. Trapani et al.
of low-grade toxicities affecting the daily well-being, and
the severe acute toxic events, including if transitory and
self-limiting (e.g. some haematological toxicities). Of note,
physicians may underestimate treatment-related toxic-
ities.37,38 Therefore, the working group believes that
patient-reported outcomes (PROs) are of preeminent
importance and should be part of the clinical trial end-
points: de-intensified regimens must ultimately prove an
improved treatment experience as assessed through PROs.

Challenges. Non-inferiority trials are generally not seen as
attractive to the pharmaceutical industry, and often need to
be conducted through academic efforts, often with public
funding.

Examples. The International Duration Evaluation of Adju-
vant Chemotherapy (IDEA) research protocol, which
conglomerated six distinct datasets from prospective trials
for the modulation of adjuvant chemotherapy in patients
with resected colorectal cancer, based on a non-inferiority
hypothesis.26 In this study, the investigators agreed on an
acceptable upper limit of the two-sided 95% confidence
interval of the HR (HR upper) not exceeding 1.12 for the
disease-free survival (DFS).

Another paradigmatic example is the design of the TAI-
LORx trial, for the cohort of patients with intermediate risk
of disease recurrence, as estimated with the genomic tool
Oncotype Dx® [i.e. recurrence score (RS) 11-25]. In this
study, the investigators posed a non-inferiority margin at
HR ¼ 1.322 for invasive DFS (iDFS) to state an acceptable
risk by omitting systemic cytotoxic chemotherapy in the
adjuvant setting for node-negative disease.23

In the setting of early human epidermal growth factor
receptor 2 (HER2)-positive breast cancer, the non-inferiority
4 https://doi.org/10.1016/j.annonc.2022.03.273
trial of 6 versus 12 months of adjuvant trastuzumab
(PERSEPHONE trial) was based on an acceptable risk of
absolute non-inferiority margin of 3% of DFS.7

Derived lessons. These examples show that the decision for
non-inferiority margins across disease types, subtypes, and
settings is highly variable, and dependent on the absolute
risk of the studied population. In addition, this working group
acknowledges that the absolute non-inferiority threshold
should also depend on the type of endpoint studied. The
consequences of taking a potentially 3% higher risk due to
treatment modulation are quite different if the primary
endpoint for comparison is (i) OS rate in a curable cancer
versus, (ii) surrogate for cure at a specific time point (i.e.
3-year DFS), (iii) median survival with metastatic cancer, or
(iv) a surrogate for survival in metastatic cancer such as PFS.
Single-arm prospective studies

General comments. This approach presents a lower level of
evidence. It may be suitable for the evaluation of a de-
intensified treatment of a selected patient population
expecting durable responses to highly effective treatments
or for diseases with intrinsic better prognosis.12,16

Single arm design. In single-arm designs, the aim of the
study would be based on a prognostic hypothesis of non-
inferiority, setting a threshold for non-inferiority of the
relevant outcome based on historic control. Single-arm tri-
als with no high-risk comparisons (i.e. compared only with a
historical control) lack external validation, and consequently
the clinical implementation is sometimes debated, or con-
ditional on the performance of a confirmatory randomised,
controlled trial (RCT).
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Contextual. Single-arm studies can be contextual to larger
clinical trials with multiple risk-defined cohorts of patients
such that the higher-risk population may serve as an in-
ternal control, to assure consistency of the findings and
reproducibility of the prognostic biomarker.

Examples. The TAILORx clinical trial enrolled patients with
low-risk breast cancer [i.e. recurrence score < 11] in a
prospective, non-randomised cohort, in the context of high-
risk arms of the same trial (i.e. recurrence score � 11). The
strategy of a chemotherapy-free adjuvant treatment of
patients with node-negative, hormone receptor-positive
breast cancer with low risk of recurrence was tested
based on the hypothesis of non-inferiority, with a margin of
distant relapse-free interval at 10 years of �95%, in a
single-arm investigation.23

In the MINDACT clinical trial, using the prognostic
signature MammaPrint�, for patients with high-risk clinical
features and low-risk gene expression profile, the hypoth-
esis of non-inferiority was tested against a minimum
acceptable risk, at a lower boundary of the 95% confidence
interval for the 5-year distant metastasis-free survival
(DMFS) of �92%.24

Also, for patients with HER2-positive early breast cancer,
the opportunity to de-intensify chemotherapy by sparing
anthracyclines and alkylators, reducing the total treatment
duration and toxicities was tested in the APT single-arm
study. The investigators provided a maximally acceptable
risk of iDFS at 3 years of 95%.25

Derived lessons. There is no consensus on the best
thresholds of non-inferiority in single-arm investigations,
resulting in large variabilities of endpoints and thresholds
across the studies. Most of these studies enrolled low-risk
populations, unlikely to derive great benefit by treatment
intensifications.

Retrospective analyses of prospective cohorts

Non-inferiority can also be retrieved from retrospective
analyses of prospective cohorts, aimed at biomarker dis-
covery and validation.15 In the most accepted design,
multiple confirmations of the findings are requested, across
independent cohorts. Therefore, a retrospective study for
the validation of a biomarker for treatment modulation
from a single prospective cohort is considered at high risk of
bias, and not recommended to be used to support imple-
mentation in clinical practice by this working group.

Example. The validation of the EndoPredict® multi-
parametric assay occurred in prospective-retrospective an-
alyses of women enrolled in two phase III clinical trials.39

The authors demonstrated an independent prognostic sig-
nificance of EndoPredict®-associated risk score (i.e. EPclin
score), capable of discriminating between low and high risk
of recurrence (i.e. EndoPredict® EPclin score <3.3287). This
tool was granted approval for clinical use in the USA, and
intended to inform on the prognosis of patients and aid in
treatment decision making.
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The ESMO classification for grading the evidence
supporting de-intensified treatment modulation: a tiered
approach

This working group acknowledges the past efforts of
ESMO in delivering clear and easy-to-use tools, aiming to
improve clinical practice, patient’s self-empowerment, and
orient clinical research. Based on the past experiences
with the ESMO-MCBS (which scores the clinical benefit of
a therapeutic strategy, based on two distinct scales on the
curative and non-curative settings) and the ESMO Scale
for Clinical Actionability of molecular Targets (ESCAT) (the
level of evidence supporting proposed therapies based on
identified tumour genomic alterations), and the current
clinical trial methodology, patient-centred dialogues, po-
tential social and health economy implications,40-63 a
tiered approach to evaluate the level of evidence in
support of de-escalation treatment modulation was
selected.

Three categories of tiers were created, from A to C, based
on the robustness of the evidence to prove the non-
inferiority Table 3.
� Tier A accommodates the biomarkers clinically validated
in prospective, randomised, non-inferiority clinical trials,
considered to be the gold standard trial designs for this
purpose. Intensity-modulated regimens are compared
head-to-head with standard of care treatments, to
demonstrate non-inferior OS or other intermediate
acceptable outcome metrics, along with improved safety
and tolerability, and/or better quality of life. Such a dif-
ference in safety/tolerability or quality of life must be
statistically significant, based on the original statistical
plan, as components of the endpoints of the study.
Oncotype Dx® for patients with node-negative recur-
rence score 11-25 and the clinical-pathological factors
guiding the reduction of the adjuvant treatment duration
for colorectal cancer would fit in this definition of bio-
markers for treatment modulation.23,26

� Tier B is intended for biomarkers tested in the single-arm
investigations, contextual or not to larger clinical trials
with external high-risk group comparisons. The control
is exploited against a historical control, as agreed by
the steering committees of the studies, and derived
from quality datasets. Tier B biomarkers carry the risk
to investigate hyper-selected populations, especially
when there is no trial-contextual high-risk cohort for
control, suggesting that caveats could be raised for the
universal clinical implementation, in specific settings.
The use of Oncotype Dx® in patients with recurrence
score < 11, of MammaPrint� for women with high-
risk clinical features and low genomic risk, of metabolic
imaging-guided omission of radiation therapy in non-
bulky, early-stage Hodgkin’s lymphoma setting, and of
the minimal residual-disease triggered treatment
de-intensification for children with acute lymphoblastic
leukaemia would fit in this tier.17,21,23,24

� Tier C biomarkers are validated in quality, prospectively
defined retrospective reanalyses of prospective cohorts
https://doi.org/10.1016/j.annonc.2022.03.273 5
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Table 3. ESMO classification for intensity modulation of cancer treatments

Tier Level of
evidence

Definition of level
of evidence

Outcomes Magnitude of difference in the primary endpoint

A Level IA Prospective, randomised,
non-inferiority clinical trials

De-escalated regimens provide non-inferior
outcomes versus SoC therapy

The benefits have been demonstrated with strong evidence
(statistically significant, clinically meaningful).

B Level IB Single-arm, prospective trial De-escalated regimens provide non-inferior
outcomes versus historical control or
contextual higher-risk arm

The comparator is deemed to be adequate, mirroring the
population receiving an SoC therapy. The outcome in the
single-arm population is excellent. The risk for hyper-
selection should be highlighted.

C Level IC Prospective-retrospective
validation from prospective
cohorts

The biomarker is validated in quality
retrospective analysis from adequate
samples from prospective cohorts

The risk of a sub-treatment in the evaluated population is
deemed low.
� C1: from prospective, randomised cohorts
� C2: from prospective, non-randomised cohorts

SoC, standard of care.
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(typically clinical trial cohorts). The principal condition
to qualify in this tier is that the analysis is robust,
and involves most of the original population, with a
sample adequately sized to prove the non-inferiority,
in more than a single cohort, for validation. Also, there
must be agreement that the risk of a substandard
treatment in the selected population for the de-
escalated regimens is reasonably low. Some Tier C bio-
markers have granted, in the past, enough evidence to
receive regulatory approval for human use. Regardless
of the position of the decision makers, however, chal-
lenges can still emerge from this group of biomarkers,
and multiple confirmations in independent cohorts are
recommended. The use of EPclin score to inform the di-
rection of treatments and Breast Cancer Index to guide
extended adjuvant endocrine therapy would fit in this
definition.32,39,64 Tier C can be subdivided in a sub-
tier C1, if the cohorts were initially randomised, and
C2, in case they were not. In principle, Tier C can
also accommodate non-inferiority exploratory second-
ary reanalysis of clinical trials. This can be the case of
studies that are negative for superiority, as in the orig-
inal statistical design, but proving to be non-inferior un-
der another hypothesis, provided the tested
treatment(s) fulfils the criteria for treatment
de-intensification in this classification.65

The classification can be applied for several biomarkers
informing on treatment modulation, including predictive
biomarkers, treatment resistance biomarkers, and phar-
macogenomic biomarkers supporting dose reductions.

Retrospective only or post hoc exploratory analyses do
not qualify for this classification but can inform on how to
orient the research efforts as hypothesis generating: the
toxicity reduction or impact on quality of life should be part
of the initial trial design, as primary or secondary endpoints
consistent with ESMO-MCBS rules.62

The opportunity to compare the population with a syn-
thetic control arm is still open, and not part of the discus-
sions of this classification. Currently, whether a biomarker is
validated on the base of a synthetic control arm, it cannot
qualify for the present classification. The same assumption
can be provided for systematic review and/or meta-analysis
or clinical trials originally designed to define a superiority of
6 https://doi.org/10.1016/j.annonc.2022.03.273
a regimen over another one, under a non-inferiority
hypothesisdif qualifying for Tier C.
DISCUSSION

Practical issues regarding the trial methodology

Trial endpoints. This working group agreed that relevant
endpoints for de-intensification studies are survival end-
points, safety, and quality of life. While OS is largely seen as
the gold standard, many clinical trials testing de-escalated
regimens use surrogates of OS to assess the hypothesis of
non-inferiority.38-40 Despite the acknowledged limitations of
their predicative reliability for improved survival and or
quality of life,33 their use as primary outcome is arguably
desirable to ensure that the study results are not published
with obsolete comparators.43-46 Ultimately, most of the
clinical trials of treatment modulation will report OS among
the secondary endpoints; the majority will also account
safety and quality of life, which are crucial endpoints, in this
setting.

In the curative setting, the working group considered
DFS, event-free survival, distant recurrence-free survival,
and DMFS and iDFS as acceptable surrogate endpoints for
the consideration in this classification, provided their
appropriateness and validation in the specific disease
setting is established. DMFS may be preferred due to its
clinical relevance, since most solid tumours are not curable
in the metastatic setting.2 DMFS does not, however,
consider local-regional recurrences, which can be impacted
by de-escalated treatment regimens and have considerable
impact in patients’ quality of life, usually requiring subse-
quent invasive procedures. Also, these surrogate endpoints
may be more appropriate in high-income settings, where
competitive causes of mortality are less pronounced, and
are minimised through efficient population health in-
terventions within functioning and well-resourced health
systems.
Biomarker validation

Molecular biomarker assessment deserves robust and vali-
dated methodology. While validating biomarkers in the
context of clinical trials based on robust endpoints is critical,
the process to identify valid biomarkers might be more
Volume xxx - Issue xxx - 2022
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complex. Analytical validity should be pursued to under-
stand the technical performance of a biomarker, across the
value chain, from discovery to clinical use. In fact, having
some correlations of possible biomarkers with the prognosis
or treatment response is not commonly sufficient, and good
trial designs must be pursued, to clinically implement new
biomarkers and support their clinical utility.15,66

Public health outcomes. Treatment modulation may impact
on public health outcomes by reducing treatment costs or
health care social and economic burden. While clinical trials
infrequently include economic metrics as endpoints, these
data could impact on the uptake of the clinical biomarkers
for treatment modulation.

One traditional economic method of measuring value in
health care is the quality-adjusted life year (QALY), which
combines morbidity (quality of life) with mortality (quantity
of life) to estimate the value of a specific health interven-
tion. More recently, the incremental cost-effectiveness ratio
(ICER), has been also emphasised by Health Technology
Assessment bodies, to estimate the economic value of new
health interventions. The analysis of quality-adjusted time
without symptoms of disease progression or toxicity of
treatment (Q-TWiST) has eventually been proposed to
better portray the toxicity-efficacy trade-off, although not
inclusive of economic considerations.48 While a universal
metric to deliberate around the opportunity to uptake,
implement, or disengage from clinical practices based on
QALYs or ICERs is unlikely to exist, the context/pertinence of
the underlying models for economic estimations may
inform on a national and regional health priority setting.49

Presently, there is no obvious consensus about a
threshold of cost-effectiveness to warrant additional
expenditure.50 Countries, however, may set their own rules
based on their Gross Domestic Product and budget impact,
most commonly, and in conjunction with broader consid-
erations under multi-stakeholder, multidisciplinary Health
Technology Assessment criteria.51,52 Economic consider-
ations are solicited more commonly when the treatment
modulation requires the evaluation of new biomarkers,
especially if based on high-cost technologies or requiring
structural investments, or for more expensive medicines,
with consequential impact on resource utilisations. In the
absence of common rules to accept or reject new health
technologies for treatment modulation, including a trade-
off between lives saved, financial costs, and economic
implications, the decisions across the countries are very
variable, and based on different criteria.52 Efforts to validate
clinical endpoints for the description of the benefits of de-
escalated regimens should occur in parallel to efforts to
define pathways and of more coherent decision making,
prompting harmonisation, to enhance high-value in-
vestments and ensure value for money.

Patient selection. This working group agreed that in clinical
trials investigating treatment modulation through de-
intensification of standard therapy, patients should be
carefully selected and eligibility criteria tightly defined. In
non-inferiority RCTs and contextual single-arm studies,
Volume xxx - Issue xxx - 2022
different patient groups can be studied in the same trial by
ensuring stratification and adequate power for analysis of
the subgroups.

Data monitoring and early stopping. Any trial assessing the
impact of treatment modulation should have stringent
stopping criteria and frequent monitoring by an indepen-
dent data and safety monitoring committee triggering
interim analysis, to avoid undue harm to patients.

Research perspectives and unresolved questions. Treat-
ment modulation deserves dedicated research, to elucidate
the caveats and benefits of certain trial designs and improve
efficiency in research while assuring rigorousness. This
process should include the input of patient and advocacy
group stakeholders.

There remain many unresolved issues in this field of in-
terest which include optimal study endpoints, criteria for
the selection of a non-inferiority margin, the threshold for
minimal significant difference in health-related quality of
life,67,68 the pace of ‘real world evidence’, and research on
innovative endpoints in the era of immunotherapy is also
critical.
Clinical and decisional issues

Acknowledging uncertainty.With a few notable exceptions,
current strategies investigating modulation of treatment
through de-intensification are based on identifying patients
who are at low risk for an outcome, rather than biomarkers
predictive of diminished sensitivity to a particular standard
of care therapy. Consequently, in clinical settings where low
risk is defined based on tumour size and nodal status,
treatment modulation inevitably carries a small risk of
missing out on potentially beneficial treatment. The
magnitude of this risk depends on the absolute risk of an
event with standard of care therapy and the inferiority
margin associated with the proposed de-intensification
strategy.

The personal implications of having a potentially slightly
higher risk for an adverse clinical outcome due to treatment
modulation are dependent on the clinical endpoint. For
these reasons, it is incumbent on physicians to communi-
cate uncertainties when treatment modulation is proposed,
particularly in the absence of larger randomised clinical trial
data and mature OS data. Risk-averse patients may some-
times reasonably forgo the option of de-intensification.

Shared decision making for treatment modulation. Pa-
tients may perceive the term ‘treatment de-escalation’,
differently from clinicians and researchers. Indeed, some
previous reports showed that the term ‘de-escalation’ may
not be the most preferred term by some patients, who may
feel that they will receive substandard treatments.53,54

Patients can hold high expectations on adjuvant therapy
and may prefer chemotherapy, albeit providing small ben-
efits, when the communication of the absolute benefit is
imperfect or the benefits of alternative approaches are not
comprehensively articulated.55-57 Fear surrounding
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recurrence has been reported as a major barrier to partic-
ipation in clinical trials of treatment modulation.53

At the same time, the reduction of physical and financial
toxicities and the description of a positive impact on daily
life were attractive aspects of treatment with reduced
intensity.53

Importantly, patients’ views on de-escalated treatment
regimens may vary according to individual values and pri-
orities. Some patients will focus on reducing toxicity and
burden; others may be more concerned about not
compromising disease control and future outcomes.
Consequently, shared decision making requires a thoughtful
discussion about benefits, risks, the limits of certainty, and
practical and financial burdens of de-intensified versus
standard treatments.58,59 Prior research has shown that
women with breast cancer with a low risk of recurrence are
more likely to decline chemotherapy if they are aware of
the small impact of this approach, underlining the need for
effective communication through education, rather than
persuasion.60

Semantics matters and choosing the appropriate lan-
guage to explain a treatment modulation approach may
have an impact. The use of patient-centred rather than
treatment-centred language has been preferred by patients,
with positive reactions to words such as ‘personalised’,
‘customised’, ‘tailored’, and ‘risk-modulated’ therapies.53 In
this regard, this working group favour the terms ‘modu-
lated’ or ‘tailored’ with the explanation that this approach
will provide the best balance between optimal disease
control with the least risk of harm and burden.

The use of unbiased decision aids using high-quality vi-
sual and numerical information could supplement physi-
cians counselling about the patient’s health condition, the
options for care, associated benefits, harms, probabilities,
and scientific uncertainties related to a treatment modu-
lation approach.61
Conclusion

The results of de-intensified treatment modulation studies
to date have brought into focus the need for heightened
caution when considering modulation paradigms, even in a
disease that may appear to have favourable outcomes.
These paradigms should be evaluated in phase II studies,
and results should be awaited before proceeding to phase
III studies. Implementation into clinical practice before high-
level evidence is available risks patient harms and is not
advised. Furthermore, trials of treatment modulation
should only be considered in well-defined, low-risk groups
and when there is a strong rationale for investigating a
particular treatment strategy. Recently, the COVID-19
pandemic brought us a practical ‘window of opportunity’
to study and communicate more about tailored and indi-
vidualised cancer treatment strategies.69 In the era of value-
based health care and a patient-centred goal-setting,
treatment intensity-modulation is a research priority in
oncology.
8 https://doi.org/10.1016/j.annonc.2022.03.273
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