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Background: Single-arm trials (SATs) can sometimes be used to support marketing authorization of anticancer medicinal
products in the European Union. The level and durability of antitumor activity of the product as well as context are
important aspects to determine the relevance of trial results. The aim of this study is to provide details on the
contextualization of trial results and to evaluate the magnitude of benefit of medicinal products approved based on
SATs.
Materials and methods: We focused on anticancer medicinal products for solid tumors approved on the basis of SAT
results (2012-2021). Data were retrieved from European public assessment reports and/or published literature. The
benefit of these medicinal products was evaluated via the European Society for Medical Oncology (ESMO)-
Magnitude of Clinical Benefit Scale (MCBS).
Results: Eighteen medicinal products were approved based on 21 SATsdfew medicinal products were supported by >1
SAT. For the majority of clinical trials, a clinically relevant treatment effect was (pre)specified (71.4%) and most often an
accompanying sample size calculation was provided. For 10 studies, each testing a different medicinal product, a
justification for the threshold for a clinically relevant treatment effect could be identified. At least 12 out of 18
applications included information to facilitate the contextualization of trial results, including six supportive studies.
Of the pivotal SATs analyzed (n ¼ 21), three were assigned an ESMO-MCBS score of 4, which corresponds to
‘substantial’ benefit.
Conclusions: The clinical relevance of the treatment effects shown by medicinal products for solid tumors tested in SATs
is dependent on the effect size and context. To better facilitate regulatory decision making, prespecifying and
motivating a clinically relevant effect and aligning the sample size to that effect is important. External controls may
facilitate in the contextualization process, but the associated limitations must be addressed.
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INTRODUCTION

Randomized controlled trials (RCTs) are referred to as the
‘gold standard’ in testing medicinal products.1 These trials
have several advantages over clinical trials with other de-
signs due to their design features. For example, randomi-
zation facilitates subjects in the experimental and control
groups being comparable at baseline. Randomization and
blinding are useful techniques to determine whether
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there is a causeeeffect relation between treatment and
outcome.2,3 RCTs are the preferred trials to be included in
applications for marketing authorization, as laid down in
Directive 2001/83/EC. In this directive, it is stated that
clinical trials relevant to the indication “shall be done as
‘controlled clinical trials’ if possible, randomised; any other
design shall be justified”.4 Yet, it is not always possible to
conduct an RCT, and, consequently, clinical trials with other
designs need to be considered for registrational purposes.5

The latter includes the use of single-arm trials (SATs).
Tenhunen et al. identified that, between 2010 and 2019,

the European Commission (EC) approved 22 medicinal
products for the treatment of solid tumors or hematological
malignancies on the basis of SAT results.6 Many of the me-
dicinal products included in their study received ‘conditional
marketing authorization’ (CMA).6 This type of approval was
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introduced in the past to address an unmetmedical need, and
is based on less complete data than are usually required for
standard approval.7 It should be mentioned, however, that
SATs can also support standard approvalsdalbeit less com-
mon. Examples are the approvals of engineered autologous T-
cell immunotherapies.8,9 However, demonstrating that an
investigational medicinal product provides clinical benefit
can be challenging when it is tested solely in an SAT.Trials like
these are associated with different forms of bias, including
selection bias.10,11 Besides, surrogate endpoints such as
objective response rate (ORR) are commonly used in SATs, at
least when focusing on cancer research.12,13 ORR is not a
direct measure of clinical benefit. Yet, it is a measure of
(antitumor) activity, as spontaneous regression occurs infre-
quently in cancer.13

Some guidance exists on the use of SATs for regulatory
purposes. It is stated in the “Guideline on the clinical
evaluation of anticancer medicinal products” of the Euro-
pean Medicines Agency (EMA) that resorting to a non-
randomized design should be justified by, among others, a
large treatment effect on ORR and duration of response
(DoR), effects that will likely translate into clinical benefit.5

Moreover, in the same guideline, it is stated that contex-
tualization of results is an important topic for SATs, partic-
ularly for less evident cases.5 Indirect comparisons with
available therapies are often made for these purposes.14,15

While it is not the task of regulatory agencies to ensure
comparative efficacy,16 there is a general need to ensure
that new medicinal products are not worsedin terms of
efficacy and/or safetydthan standard of care. Importantly,
the aspects described above, such as the size and durability
of the treatment effect and context, will help to determine
the clinical relevance of trial results.

The aim of this study was to provide details on how
clinical benefit of anticancer medicinal products tested in
SATs was determined, including the methods used to
contextualize the trial results. In addition, we were inter-
ested in how many of the authorized medicinal products
based on SATs showed ‘substantial’ benefit. We started with
investigating whether a threshold for the relevant treat-
ment effect was (pre)specified in the pivotal trialsdfor
example, in a power calculation. Subsequently, we deter-
mined if applicants submitted additional evidence to
contextualize the SAT results. Finally, by limiting this study
to medicinal products for the treatment of solid tumors, we
evaluated the magnitude of benefit of the medicinal
products included in our study via a validated tool, the
European Society for Medical Oncology (ESMO)-Magnitude
of Clinical Benefit Scale (MCBS).
MATERIALS AND METHODS

Medicinal products

An overview of all human medicines that were granted
approval by the EC was retrieved from the EMA database
(https://www.ema.europa.eu/en/medicines). Products were
2 https://doi.org/10.1016/j.esmoop.2023.101209
identified on the basis of their Anatomic Therapeutic
Chemical (ATC) codes, that is, L01-04 for antineoplastic and
immunomodulating agents. We focused on medicinal prod-
ucts for the treatment of solid tumors authorized between
2012 and 2021da 10-year period. The inclusion criterion for
our analysis was initial approvals based on an SAT(s). Ap-
provals based on RCTs were excluded. Approvals of generic
and biosimilar products were also excluded.
Data sources

The main data source was the European public assessment
reports (EPARs). These reports were obtained from
the EMA database (https://www.ema.europa.eu/en/
medicines). EPARs contain information on the scientific
evaluation conducted by the Committee for Medicinal
Products for Human Use (CHMP)da committee of the EMA.
The scientific evaluation forms the basis for the EC decision
on approval. Another data source was published literature
on pivotal clinical trials. Relevant publications were identi-
fied via PubMed and/or ClinicalTrials.gov.
Data collection

Data were retrieved from EPARs and/or scientific publica-
tions. We focused on pivotal trials, meaning that clinical
pharmacology and dose-finding studies were not included.
We collected the following information on the pivotal trials:
the study design, dosing regimen, study population, plan-
ned sample size, statistical methods, primary/secondary
endpoints, clinical outcomes, and type of authorization. It
was also determined whether applicants made additional
efforts to contextualize the results of the SAT(s), i.e. the use
of external evidence to facilitate the interpretation of trial
results. This concerned analyses (e.g. within-patient anal-
ysis) and/or evidence such as publications and additional
studies that were included in the EPAR as supportive
evidence. In addition to EPARs, scientific publications,
including publicly available protocols that were supple-
mentary to these publications, were used to complement
information on the statistical methods.
Determining clinical benefit

The ESMO created the ESMO-MCBS, a validated tool to
evaluate the magnitude of clinical benefit.17 The ESMO-
MCBS scores already assigned to clinical trials (i.e. ESMO
publications or EMSO-MCBS scorecards) were identified.
The remaining SATs included in our analysis were assigned
an ESMO-MCBS score independently by two researchers
(VSB and JM). This was done according to EMSO in-
structions.18 Scientific publications were used for this pur-
pose. In case a CMA was converted to standard marketing
authorization (SMA) at the time of data analysis, an
ESMO-MCBS score was assigned to the confirmatory trial.
For non-curative therapies, ESMO-MCBS scores �4 repre-
sent substantial benefit.19
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Figure 1. Number of medicinal products for the treatment for solid tumors approved by the European Commission per year. Generic and biosimilar medicinal
products were excluded. In purple the number of approvals based solely on single-arm trials (SATs) and in green the number of approvals based on randomized
controlled trials (RCTs).
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RESULTS

Approval of medicinal products for the treatment of solid
tumors

A total of 731 medicinal products received EC approval
between 2012 and 2021. Of these, 66 (9.0%) were granted
approval for the treatment of solid tumorsdexcluding ge-
nerics or biosimilars (Supplementary Figure S1, available at
https://doi.org/10.1016/j.esmoop.2023.101209). Over the
recent years, the proportion of approvals for solid tumors
based on SATs increased compared to prior years (Figure 1).
In total, 18 (2.5%) medicinal products were approved based
on 21 SATs (Supplementary Table S1, available at https://
doi.org/10.1016/j.esmoop.2023.101209). Supplementary
Table S2, available at https://doi.org/10.1016/j.esmoop.
2023.101209, shows the intended patient populations for
which the medicinal products were approved. Half of the
medicinal products were approved (also) for the treatment
of advanced non-small-cell lung cancer (NSCLC). The ap-
provals of alectinib, avapritinib, and crizotinib were on the
basis of results from an SAT(s) with top-line results from an
RCTdalbeit not always in a similar treatment setting (e.g.
different line of therapy). However, as the SATs remained
the pivotal trial(s) supporting these applications, the three
products were retained in our analyses.

All 18 medicinal products approved based on an SAT(s)
were granted CMA. At the time of data analysis, eight CMAs
were converted to SMAs (Supplementary Table S3, available
at https://doi.org/10.1016/j.esmoop.2023.101209). For one
of the CMAs, i.e. rucaparib, the benefiterisk balance was no
longer considered favorable by the CHMP based on the
confirmatory trial. The marketing authorization holder
(MAH) requested to remove the indication.

Single-arm trials and thresholds for clinically relevant
treatment effect

Most approvals were supported by one pivotal trial. The
approvals of alectinib, osimertinib, and rucaparib were
Volume 8 - Issue 2 - 2023
supported by two SATs. For the approvals of entrectinib and
larotrectinib, integrated analyses by pooling data across
clinical trials were used for the evaluation of efficacy (three
trials each). For all trials or integrated analyses, the primary
endpoint was ORR (Supplementary Table S1, available at
https://doi.org/10.1016/j.esmoop.2023.101209).

For the majority of clinical trials or integrated analyses
[15 out of 21 (71.4%)], a clinically relevant treatment effect
was (pre)specified and most often an accompanying sample
size calculation was provided (Table 1). The test for a
relevant effect was often defined as the lower bound of the
95% confidence interval (CI) for ORR exceeding a (pre-
defined) value, which is equivalent to testing a null hy-
pothesis corresponding to that value. Protocols confirmed
the results, which were publicly available (i.e. supplemen-
tary to publication) for all SATs except for those studying
alectinib (both trials), avelumab, osimertinib (AURA 2), and
rucaparib (CO-338-010). For the trials investigating entrec-
tinib, larotrectinib, pemigatinib, and selpercatinib, a clini-
cally relevant lower boundary of the 95% CI for ORR was
defined, but the null and alternative hypotheses were not
explicitly mentioned in the EPARs/publications. For the
trials testing ceritinib, crizotinib, lorlatinib, and rucaparib,
no power calculations were carried out based on the in-
formation presented in the EPARs and/or publications.
Regarding trial CO-338-017, one of the SATs testing ruca-
parib, some sample size assumptions were made for sub-
group allocation (part 1 and 2) and comparison (part 1) of
the trial, but no calculations were made based on expected
treatment effects.

For 10 out of 21 trials (47.6%), each testing a different
medicinal product, justification for the threshold to the
statistical test could be extracted from EPARs/publications/
protocols (Table 1). Mostly, the treatment effect of available
therapies was used as a benchmark (n ¼ 5). Other justifi-
cations were ‘consistent with the response rates seen with
approved targeted therapies in genetically defined patient
populations who have progressed on prior therapies’
https://doi.org/10.1016/j.esmoop.2023.101209 3
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Table 1. Statistical aspects of SATs

Medicinal product Trial(s) Therapeutic area Biomarker-based
indication

Available therapies in
treatment setting

Sample size calculationsa Lower bound of the
95% CI for ORR
to be ruled out

Justification Ref.

Alectinib NP28761 Lung cancer Yes Chemotherapy Yes 35% Not provided 20

NP28673 Lung cancer Chemotherapy Yes 35% Not provided 21

Amivantamab EDI1001 Lung cancer Yes Chemotherapy or
immunotherapy

Yes 12% Single-agent chemotherapy as
the benchmark

22

Avapritinib BLU-285-1101 Sarcoma Yes Tyrosine kinase inhibitors Yes 10% Benchmarked against available
therapies

23

Avelumab EMR100070-003 Skin cancer No Chemotherapy Yes 20% Absence of literature
documenting treatment
outcomes for second-line
patients

24

Cemiplimab 2810-ONC-1540 Skin cancer No EGFR inhibitors and/or
chemotherapy

Yes laCSCC
25%

Based on previous studies 25

Yes mCSCC
15%

Based on previous studies 26

Ceritinib CLDK378X2101 Lung cancer Yes Chemotherapy No Not specified Not applicable 27

Crizotinib A8081001 Lung cancer Yes Chemotherapy No Not specified Not applicable 28

Dostarlimab 4010-01-001 Endometrial cancer Yes Chemotherapy or bevacizumab Yes 20% Expected ORR for conventional
therapy

29

Entrectinibb ALKA-372-001,
RXDX-101-01,
and RXDX-101-03

Lung cancer Yes Crizotinib Yes (on precision and
implicitly on power)

50% Observed with standard-of-care
ROS1 fusion-positive NSCLC
treatment

30

Cancer No appropriate available
therapies

Yes (on precision and
implicitly on power)

30% Not provided 31

Larotrectinibb LOXO-TRK-14001,
LOXO-TRK-15002,
and LOXO-TRK-15003

Cancer Yes No appropriate available
therapies

Yes 30% Consistent with the response
rates seen with approved
targeted therapies in
genetically defined patient
populations who have
progressed on prior therapies

32

Lorlatinib B7461001 Lung cancer Yes (Platinum-based)
chemotherapy/immunotherapy

No Not specified Not applicable 33

Osimertinibc AURA extension Lung cancer Yes (Platinum-based)
chemotherapy or tyrosine
kinase inhibitor rechallenge

Yes (based on
precision)

Not specified Not applicable 34

AURA 2 (Platinum-based)
chemotherapy or tyrosine
kinase inhibitor rechallenge

Yes (based
on precision)

Not specified Not applicable 35

Pemigatinib INCB 54828-202 Bile duct cancer Yes Chemotherapy Yes 15% Proportions of patients with an
objective response reported by
previous studies

36

Pralsetinib BLU-667-1101 Lung cancer Yes (Platinum-based) cytotoxic
chemotherapy and/or
immunotherapy

Yes 48% Not provided 37

Chemotherapy � ramucirumab
or immunotherapy

Yes 23% Not provided

Rucaparibb CO-338-010 Ovarian cancer Yes Chemotherapy No Not specified Not applicable 38

CO-338-017 Chemotherapy No Not specified Not applicable 39
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Table 1. Continued

Medicinal product Trial(s) Therapeutic area Biomarker-based
indication

Available therapies in
treatment setting

Sample size calculationsa Lower bound of the
95% CI for ORR
to be ruled out

Justification Ref.

Selpercatinib LOXO-RET-17001 Lung cancer Yes Chemotherapy � ramucirumab
or immunotherapy

Yes NSCLC
30%

Consistent with the response
rates seen with approved
targeted therapies in
molecularly defined
populations who failed prior
therapies

40

Thyroid cancer Treatment options in these
settings are limiteddtyrosine
kinase inhibitors
rechallengedor even lacking

Yes MTC
20%

The limited treatment options 41

No TC
Not specified

Not applicable 41

Trastuzumab deruxtecan DS8201-A-U201 Breast cancer Yes HER2-targeted therapy in
combination with
chemotherapy

Yes 20% Not provided 42

Vismodegib SHH4476g Skin cancer No Radiation therapy or
chemotherapy

Yes mBCC
10%

No therapeutic options exist for
these patients and
spontaneous responses have
not been reported in this
diseased

43

Yes aBCC
20%

No therapeutic options exist for
these patients and
spontaneous responses have
not been reported in this
diseased

43

Therapeutic areas are depicted in color: lung cancer in orange, skin cancer in yellow, cancer (general) in blue, and remaining areas in green. Information was retrieved from EPARs and complemented by scientific publications and protocols, if
available and necessary.
aBCC, advanced basal cell carcinoma; CI, confidence interval; HER2, human epidermal growth factor receptor 2; laCSCC, locally advanced cutaneous squamous cell carcinoma; mBCC, metastatic basal cell carcinoma; mCSCC, metastatic cutaneous
squamous cell carcinoma; MAH, marketing authorization holder; MTC, medullary thyroid cancer; NSCLC, non-small-cell lung cancer; ORR, objective response rate; ROS1, c-ros oncogene 1; TC, thyroid cancer.
aSample size calculations were based on power unless otherwise specified.
bIntegrated analysis was carried out based on two or three trials.
cSeparated and integrated analysis was carried out for trials AURA and AURA2.
dBased on protocol.
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Table 2. Information provided by applicants to contextualize SAT results

Medicinal
product

Information included in the European public
assessment report

Amivantamab Supportive study 61186372NSC100
Avapritinib A comparison of trial versus natural history data

Supportive study BLU-285-1002
Avelumab Best response on the last prior anticancer drug therapy

for metastatic disease
Supportive study 100070-Obs001

Cemiplimab Supportive study Dermatologic Cooperative Oncology
Group

Crizotinib Indirect comparison versus other treatmenta

Results to previous treatment
Dostarlimab Best overall response from last platinum-containing prior

anticancer therapy
Entrectinib Supportive study WO40977
Larotrectinib Comparison of larotrectinib with available systemic

treatment for cancer
Lorlatinib A comparison between time to tumor progression on

lorlatinib and the time to tumor
progression on last treatment before lorlatinib

Pemigatinib An analysis of second-line treatment
Rucaparib Results from prospective studies in platinum-sensitive

disease that included third-line treatment
Trastuzumab
deruxtecan

A literature-based analysis to understand the historical
context
Supportive study Unicancer

aData of the indirect comparison were not shown in the EPAR.

ESMO Open J. Mulder et al.
(n ¼ 2), ‘limited treatment options’ (n ¼ 1), and ‘absence of
literature documenting treatment outcomes for second-line
patients’ (n ¼ 1).

Pralsetinib and selpercatinib were tested in trials that
included patients with RET fusion-positive NSCLC who pre-
viously received platinum-based chemotherapy. The speci-
fied clinically relevant lower bound of the 95% CI for ORR
was different between the two trials, namely 23% and 30%,
respectively (Table 1). Larotrectinib and entrectinib were
tested in clinical trials that included patients with NTRK
gene fusion-positive tumors. For both applications, the
lower bound of the 95% CI for ORR was 30% for the inte-
grated analysis across clinical trials (Table 1).
Contextualization

The type and amount of information that was included for
contextualization purposes varied between the applications
for marketing authorization for the 18 medicinal products.
At least 12 out of 18 applications (71.4%) included some
additional information for contextualization purposes
(Table 2, Supplementary Table S4, available at https://doi.
org/10.1016/j.esmoop.2023.101209). Six out of 18 applica-
tions included supportive studies (Table 2, Supplementary
Table S4, available at https://doi.org/10.1016/j.esmoop.
2023.101209). One of these supportive studies concerned
a bibliographic reference, namely the Dermatologic Coop-
erative Oncology Group (DeCOG) study. Other supportive
studies were of a retrospective nature, and included real-
world data from various sources. From the supportive
studies included in the applications of trastuzumab der-
uxtecan and entrectinib, i.e. the Unicancer study and
6 https://doi.org/10.1016/j.esmoop.2023.101209
WO40977, respectively, matched populations were gener-
ated. In the latter study, a comparative analysis with a
matched crizotinib arm derived from real-world data was
conducted.
Evaluating benefit

Figure 2 and Supplementary Table S5, available at https://
doi.org/10.1016/j.esmoop.2023.101209, show the ESMO-
MCBS scores for the pivotal SATs (n ¼ 21), either
assigned by us or already published by ESMO. For all the
SATs included in our study, three SATs were assigned an
ESMO-MCBS score of ‘4’. Fifteen SATs were assigned an
EMSO-MCBS score of ‘3’, two SATs were assigned an ESMO-
MCBS score of ‘2’, and one SAT was assigned an ESMO-
MCBS score of ‘1’. ESMO-MCBS scores of ‘4’ were
assigned as a result of the score upgrades for quality of life
(QoL), meaning the investigators reported improvements in
QoL.

Five out of eight CMAs were converted to SMA based on
an RCT, i.e. reaching a comprehensive level of evidence. Of
these RCTs, four were assigned an ESMO-MCBS score of ‘4’
and one was assigned a score of ‘2’ (Supplementary
Table S6, available at https://doi.org/10.1016/j.esmoop.
2023.101209).

DISCUSSION

In specific situations, medicinal products may receive
(expedited) regulatory approval on the basis of results from
SATs. In this study, we analyzed pivotal SAT-based applica-
tions for anticancer medicinal products in the European
Union between 2012 and 2021. In this period, 18 medicinal
products for the treatment of solid tumors received an
approval based on 21 SATs. At least 12 out of 18 applica-
tions included additional information to contextualize the
results from the pivotal trials, which included supportive
studies, external evidence, information on response to prior
therapy, and/or a within-patient comparison. Of all the SATs
or integrated analyses supporting the 18 EC approvals,
three were assigned an ESMO-MCBS score of ‘4’, that is, a
score indicating substantial benefit.

SATs are generally initiated to determine whether an
investigational product has sufficient activity to continue
development.44,45 Often statistical testing is used to deter-
mine whether the treatment effect is above a prespecified
threshold, which is reflected in whether the null hypothesis
related to the threshold is rejected.46 Our results indicate
that a justification for this threshold was not always re-
ported in the EPAR (or scientific publication). Tenhunen
et al. reported that the threshold for ‘success’ in pivotal
SATs is relatively uniformd20% ORRdand often not
scientifically justified.6 Our study does not confirm their
results, as thresholds varieddranging from 10% to 50%.
This might, however, be explained by the partial differences
in datasets. The threshold for success is often based on
historical data or clinical judgment, which reflects ORRs by
available treatment or standard of care.47 However, deter-
mining this threshold can be challenging. For instance,
Volume 8 - Issue 2 - 2023
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Figure 2. European Society for Medical Oncology-Magnitude of Clinical Benefit Scale (ESMO-MCBS) scores assigned to pivotal single-arm trials. In dark green the
trials are depicted that were assigned a high ESMO-MCBS score. Scores were either made publicly available by the ESMO or were assigned by us. Supplementary
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historical data can be inconsistent with regard to the
observed ORRs. Studies with doxorubicin plus ifosfamide in
soft tissue sarcoma showed varied ORRs (i.e. 16%-35%).48

Also, historical data might be absent or derived from
studies that differ in, but not limited to, design or study
population in comparison to the SAT.48 The latter being
particularly relevant for biomarker-driven SATs, which con-
cerns the majority of SATs included in our study. Overall, it
is important to select an appropriate threshold before
conducting an SAT, but even more to provide argumenta-
tion why having a lower bound of the 95% CI above this
threshold constitutes a clinically relevant outcome.

Our results show that the ORR to be ruled out at a
particular significance level is not always ambitious. For
example, thresholds based on historical data were some-
times lower than thresholds in absence of treatment op-
tions. Also, similar historical data sometimes led to different
thresholds. Another point to mention is that the ORR used
for sample size/power calculations, i.e. the effect under the
alternative hypothesis, is rarely justified to be clinically
relevant or corresponding to an effect one would not want
to miss (data not shown), the latter, for instance, in the
context of a go/no-go decision for proceeding with drug
development program.49 Simply rejecting the null hypoth-
esis may not be sufficient for regulatory decision making. As
already highlighted a few decades ago, the meaningfulness
of ORR depends on whether this translates into ‘true’
benefit (e.g. improvement in survival).50 Oxnard et al.
showed that an ORR statistically exceeding 30% (or higher)
is associated with regulatory approval, at least for mono-
therapies tested in SATs.51 However, not only ORR but also
Volume 8 - Issue 2 - 2023
DoR will be important for regulatory decision making. For
example, the CHMP was of the opinion that the activity of
pralsetinib, indicated by a high percentage of durable re-
sponses in the pivotal trial, would translate into clinical
meaningful benefit.52 The observed ORR of entrectinib
shown in the integrated analysis was below the assumed
ORR used for the sample size calculation. However, the
observed ORR, in combination with DoR, was considered of
clinical relevance by the CHMP.53 In contrast, the ORR and
DoR shown by retifanlimab in the pivotal SAT were not
considered clinically relevant by the CHMP. In fact, the cri-
terion for ‘success’ was not met in this SATdi.e. ruling out
an ORR of 13%dand the applicant withdrew the applica-
tion for marketing authorization.54 If it is justified to use an
SAT for regulatory purposes, it will be key to motivate which
effect would constitute an (minimal) important effect from
a clinical point of view, not merely ruling out a, sometimes
unimpressive, historical ORR.

During the approval process, context may be sought via
indirect comparisons with (well-)documented outcomes for
clinical trials testing available therapies. This is also relevant
considering that new data may have become available after
initiation of the SAT. We demonstrate that applications
frequently include information for contextualization pur-
poses, including results from supportive studies. There are,
however, limitations associated with cross-trial compari-
sons,55 which necessitate caution when interpreting these
results. For example, differences between study populations
may lead to inappropriate comparisons.56 One approach to
(partly) overcome these limitations is to use patient-level
data to generate a matched external control.56
https://doi.org/10.1016/j.esmoop.2023.101209 7
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Interestingly, a recent study carried out by Schröder et al.
demonstrated that external controls generated from elec-
tronic health record-derived databases were successful in
replicating a control arm from an RCT in metastatic colo-
rectal cancer.57 However, matched comparisons with
external controls are raredat least in our dataset. Only two
comparative matched analyses with standard of care were
carried out. External controls, however, cannot be corrected
for confounders that are unknown or unmeasured.57 There
is some regulatory guidance available to reduce potential
bias with external controls.2,5 However, after addressing all
the limitations as much as possible, the issue remains that,
if there is a high chance for residual bias, the outcome in an
SAT has to be convincing to compensate for the potential
bias. Importantly, the quality of data will likely determine
the extent to which external controls can be used for reg-
ulatory decision making.58

Pignatti et al. highlighted that the definition of clinical
value is different between stakeholders, which may lead to
different conclusions.59 While the CHMP concluded that the
benefit of the medicinal products included in our analysis
was clinically relevant, stakeholders other than regulators
might appreciate benefit differently. For instance, the ESMO
considers benefit as ‘living longer and/or living better’,
which resonates in the ESMO-MCBS form for SATs.19,17 This
is evident by our results, as the benefit of the majority of
products was ‘modest’ on the basis of the ESMO-MCBS
scores. Tibau et al. stated that large treatment effects in
combination with an improvement in QoL (or data from
post-marketing studies) are needed for SATs to be assigned
a high ESMO-MCBS score.60 However, QoL is not always a
secondary endpoint in clinical trials, and one of the short-
comings of the ESMO-MCBS is that it does not take into
account delayed publications or publication bias for QoL.61

Besides, the CHMP repeatedly stated in assessment reports
that no firm conclusion can be drawn from QoL data
generated by SATs.62e65 Thus, QoL is of lesser importance in
regulatory decision making on SATs.

There are other tools to evaluate the benefit of approved
anticancer medicinal products. For instance, a committee of
the Dutch Society of Medical Oncology created the PASK-
WIL criteria for non-randomized trials, for which the ESMO-
MCBS was used as a basis.66 In comparison to the ESMO-
MCBS, QoL and safety are not incorporated in this
instrument, and benefit is based on predefined ORR and
DoR thresholds.66 Other criteria are that the medicinal
product is authorized by the EC, the disease is rare, the
patient population is adequately selected, and there is a
biological rationale for therapy.67 As tools are created on a
national level that do not completely align with the EMSO-
MCBS, there might be a need to fine-tune what can be
considered benefit on an European level. Consistency
among tools may warrant further discussion among stake-
holders so as to prevent potential inequality in care.

All medicinal products included in our study received a
CMA. When the MAH intends to fulfill the specific obliga-
tion(s) associated with the CMA, the benefiterisk balance
will be re-assessed on a more complete dataset, preferably
8 https://doi.org/10.1016/j.esmoop.2023.101209
results from an RCT. However, Tenhunen et al. showed that
post-authorization measures associated with CMAs are not
always to submit results from an RCT.6 Of course, the level
of evidence to be generated in the post-marketing setting
depends on, amongst others, feasibility to conduct large
trials. Recently, Fashoyin-Aje et al. informed that a
‘comprehensive strategy’ for confirmatory trials is needed,
which focusses on the so-called on-ramp (e.g. trial design,
patient population, etc.) and off-ramp considerations (i.e.
verify clinical benefit).67 The authors highlight that, for
accelerated approvals, efforts should be made to timely and
adequately address remaining uncertainties regarding the
benefiterisk balance. Similarly, Bloem et al. highlight that
RCTs should be ongoing when a CMA is granted, ensuring
rapid access to a more complete dataset.68 Important to
mention is that re-assessment of the ESMO-MCBS score is
possible when results from confirmatory trials are pub-
lished. This may lead to an improvement in ESMO-MCBS
scoredas also seen in our study. Furthermore, extended
follow-up for the SATs themselves may also improve the
EMSO-MCBS score. For example, we previously assigned an
ESMO-MCBS score of ‘2’ to the SAT investigating cemipli-
mab.69 However, our current research shows a score of ‘4’
(from an ESMO-MCBS scorecard), which is based on a more
recent publication.70

While this study provides insights into the contextuali-
zation process of SAT results, it is limited to SATs supporting
initial approvals. While extensions of therapeutic in-
dication(s) can in principle be based on SATs, this is rare and
such applications are not included in our analysis. For an
extension of indication, there is already existing knowledge
on the benefits and risks of the concerned medicinal
product due to the initial marketing authorization, which
might impact decision making. In addition, we did not
include withdrawals of SAT-based applications, as these
numbers (n ¼ 4) were too limited for a meaningful analysis.
It can also be considered a limitation that we restricted our
research to publicly available documents. However, we as-
sume that all information relevant to the benefiterisk
assessment is incorporated in the EPARs, as it is a reflec-
tion of the core documents included in an application, as
well as in literature and/or protocols, the latter being
available for most SATs. Another limitation is that confir-
matory trials were ongoing for some of the products
included in our study. The ESMO-MCBS score could, there-
fore, not yet be re-assessed for these products. Finally, we
focused only on SAT-based applications submitted to the
EMA. It would be interesting to compare regulatory deci-
sion making between agencies, such as the Food and Drug
Administration and EMA.

In conclusion, we found that 18 medicinal products were
approved for the treatment of solid tumors based on one or
more SAT(s). For the majority of clinical trials or integrated
analyses supporting these approvals, a threshold to be ruled
out was (pre)specified, and most often accompanied by a
sample size calculation based on an assumed ORR. How-
ever, a justification for the threshold and the assumed ORR
could not be identified for all cases. The majority of
Volume 8 - Issue 2 - 2023
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applications included additional information for contextu-
alization purposes. Determining the benefiterisk balance of
medicinal products tested in SATs is challenging and benefit
can be appreciated differently by various stakeholders. The
clinical relevance of the treatment effects shown by me-
dicinal products tested in SATs is dependent on the activity,
its durability and context, especially if other therapies are
available that provide benefit. As general recommenda-
tions, prespecifying and motivating a clinically relevant ef-
fect and aligning the sample size to that effect is of
importance for regulatory decision making. External con-
trols may facilitate in the contextualization process, but the
limitations associated with such comparisons must be
(adequately) addressed. Preferably, such comparisons
should be preplanned. It is of relevance that information on
these aspects is presented in the EPAR, as this provides
transparency on regulatory decision making toward stake-
holders. Finally, it is considered of value to further discuss
among stakeholders what can be considered clinical benefit
in the context of SATs and thus when approval on the basis
of lower levels of evidence is justified. This is considered of
importance, as SATs will likely continue to form the basis of
authorization of part of the new medicinal products.
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