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Purpose: To describe the attitudes of healthcare professionals and drug regulators about progression-free survival
(PES) as efficacy endpoint in clinical trials with patients with advanced cancer and to explore to what extent
these attitudes influence the willingness to trade between PFS and toxicity.

Methods: Cross-sectional survey with regulators from the European Medicines Agency (EMA), and healthcare
professionals (HCP) from the “Stichting Hemato-Oncologie voor Volwassenen Nederland” (HOVON) collabora-
tive group and the European Organisation for Research and Treatment of Cancer (EORTC). Attitudes towards PFS
were elicited using 5-point Likert items. The respondents’ willingness to trade between PFS and grade 3 or 4
(G34) toxicity was assessed using the threshold technique and quantified in terms of their maximum acceptable
risk (MAR).

Results: Responses were collected from 287 HCPs and 64 regulators with mainly clinical expertise. Attitudes
towards PFS were often spread out in both groups and related to beliefs about PFS being a likely surrogate for
clinical benefit, being an intrinsic benefit to be distinguished from OS, or on the importance given to OS. Being a
regulator or holding stronger beliefs about PFS being a likely surrogate or an intrinsic benefit were associated
with a higher MAR. Presence of a supportive trend in OS was stated as important but was not associated with
MAR. There was agreement on the need to address bias in the adjudication of PFS and the need for improving
communication to patients about meaning, strengths, and limitations of improvements in PFS.

Conclusion: Attitudes towards PFS were spread out and were associated with individual differences in the will-
ingness to trade between toxicity and PFS. There was agreement on the need to address bias in the adjudication
of PFS and improving communication to patients.

1. Introduction

The clinical importance of different endpoints in assessing cancer
drugs has often been a matter of debate among drug developers, regu-
lators, clinicians, and patients. While most agree that effects in terms of
overall survival (OS) dominate all others, there are varied opinions as to
the value of progression-free survival (PFS) [1,2]. Some, highlight its
timeliness; the fact that unlike OS it is unaffected by subsequent treat-
ments; and that it is likely related to the onset or worsening of symptoms
and the need for subsequent less effective or more toxic treatments [3].
Others, stress the radiographic rather than clinical nature of the

endpoint; the associated costs, error, and potential bias in adjudication;
the lack of surrogacy for important effects like OS and health-related
quality of life (HRQoL); and that it fosters false hopes and diverts
important resources to the search for “true” benefits [4].

When PFS is the main efficacy endpoint in the pivotal clinical trial of
a new cancer drug, differences in individual attitudes about the use of
this endpoint may translate into different opinions about the benefit-
harm balance. The impact of different attitudes may be described in
terms of the willingness to trade between toxicity and PFS. Substitution
rates between PFS and toxicity may also vary depending on the size of
the PFS effect and amount of supportive evidence, especially from
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analysis of OS. For example, willingness to trade toxicity for PFS may be
higher if the effects on PFS are larger and if there is a positive trend on
OS. Currently, the impact of attitudes about PFS and presence of sup-
portive OS trends on trade-offs between toxicity and PFS is not known.

The aims of this study were to describe the distribution of attitudes of
healthcare professionals (HCPs) and drug regulators towards the use of
PFS as a primary efficacy endpoint for the assessment of treatments for
advanced cancer, and to describe trade-offs between toxicity and PFS,
with or without supportive OS trends.

2. Methods
2.1. Study design and participants

An online, cross-sectional survey was designed to be conducted
among drug regulators and HCPs. The regulators’ group included as-
sessors who had either participated in the scientific evaluation of the
clinical part of oncology drug applications evaluated by EMA in
2019-2021 or were part of EMA’s Oncology European Specialised
Expert Community, including assessors and experts that contribute to
EMA’s scientific work as members of scientific committees, working
parties, or drafting groups. The HCPgroup consisted of investigators and
researchers in either the “Stichting Hemato-Oncologie voor Volwasse-
nen Nederland” (HOVON) collaborative group or the European Orga-
nisation for Research and Treatment of Cancer (EORTC) network. Email
invitations with a public link to the survey were sent to prospective
study participants. The survey was open from 18 May 2022 to 5 July
2022 and responses were collected anonymously.

2.2. Questionnaire

The questionnaire was in English, and it was created in the web
application Research Electronic Data Capture 10.0.23 (REDCap. URL
www.projectredcap.org). It consisted of four parts: questions about
professional role and time in role; questions about potential biases
associated with the use of PFS as a main efficacy endpoint; questions
about the relationship between PFS and other efficacy endpoints in a
general advanced cancer setting; and questions about the willingness to
trade between PFS and severe or life-threatening (G34) toxicity risk. All
parts were presented in the context of well-conducted randomised
controlled trials with PFS as primary endpoint. The questions in the
parts about potential biases and the relationship between PFS and other
efficacy endpoints consisted of 5-point Likert scale items constructed
based on expert input from the study team. The participants’ willingness
to trade between PFS and the risk of G34 toxicity was assessed using the
threshold technique [5]. Participants were randomised to one of two
threshold exercises with identical treatment effects on PFS and G34
toxicity but with different results of the supportive OS analysis: a sce-
nario where median OS was not reached in both study arms accompa-
nied by the statement that there was no apparent detrimental effect
based on visual exploration (subsequently referred to as the “no detri-
mental effect” scenario), and a scenario where there was a difference in
median OS of 3 months accompanied by the statement that the effect is
almost but not quite statistically significant ( “positive trend scenario™).

The question tree used for the two threshold exercises is schemati-
cally depicted in Supplementary Fig 1. In short, both exercises started
with an initial choice between two hypothetical treatments that was the
same to all participants. Depending on a participant’s response to this
first question, either the median PFS or the proportion of patients
experiencing a G34 event associated with the experimental treatment
was decreased. In the subsequent questions, further changes to the
treatment outcome in that cell of the table were made until a participant
was indifferent between the two treatment options or a maximum
number of choice questions was reached (up to 4 questions depending
on the path taken).
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2.3. Statistical analysis

The responses to the potential biases associated with the use of PFS
questions and the relationship between PFS and other efficacy endpoints
questions were summarised graphically. The Mann-Whitney U test was
used to test for differences between groups.

The correlation between individual responses to questions about the
relationship between PFS and other efficacy endpoints were explored
with factor analysis. The number of latent factors, each unveiling a
different aspect of this relationship, was determined using the Bayesian
Information Criterion. Participants’ latent factor scores were estimated
using Thurstone’s least squares regression. Associations between esti-
mated factor scores and participants’ current role were examined using
linear regression analysis.

Based on the possible paths through the question tree for the
thresholding exercise, the participants’ willingness to trade between PFS
and the risk of G34 toxicity was classified into seven maximum
acceptable risk (MAR) categories. Mann-Whitney U tests were used to
test for differences in the distribution of these MAR categories between
HCPs and regulators, as well as between the two OS outcome scenarios.
Additionally, Kruskal-Wallis tests were employed to examine differences
in the MAR distributions among subgroups defined by tertiles of esti-
mated factor scores on each factor.

P-values <0.05 were considered as statistically significant. All ana-
lyses were conducted in R version 4.2.3 (R Foundation for Statistical
Computing, Vienna, Austria. URL https://www.R-project.org/).

3. Results
3.1. Participants’ characteristics

The survey was sent to 443, 2639, and 336 separate email addresses
for the regulators, EORTC, and HOVON, respectively. The survey was
opened 395 times. After deletion of the blank records, 351 responses (92
partially completed and 259 fully completed) remained. Out of these
remaining responses, 287 (81.8%) were provided by HCPs and 64
(18.2%) by regulators. Within the HCP group, 130 (45.3%) were on-
cologists, 95 (33.1%) were haematologists, 53 (18.5%) were physicians
from other specialties, and 9 (3.1%) were other HCPs, health scientists,
or patient advocates. Within the regulators’ group, 56 (87.5%) were
clinical regulators. Time in role was longer in the HCP group than in the
regulators’ group, with 70.0% of the HCPs having spent longer than 10
years in their current role vs 34.4% in the regulator group. Both groups
expressed a good familiarity with the design, conduct, and analysis of
randomised controlled trials in the clinical development of treatment of
advanced cancer as well as with balancing the benefits and harms of
cancer treatments (Table 1).

3.2. Biases associated with the use of PFS

Participants’ views about potential biases associated with PFS as
efficacy endpoint are summarised graphically in Fig. 1 and numerically
in Supplementary Table 1. A large proportion of respondents (31.4% to
49.0% within each group) believed that treatment effect estimates are
very or extremely likely biased in open-label trials due to unbalanced
assessment or reader evaluation bias, or that insufficient attention is
being paid to informative censoring. The majority agreed on the
importance of sensitivity analyses, of strict control within the study
protocol to prevent informative censoring, and especially on the
importance of detailed description of reasons for all cases of early
censoring.

3.3. Views on PFS in relation to other endpoints

Respondents’ views on the relation between PFS and other endpoints
in a general advanced cancer setting are summarised graphically in
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Table 1
Characteristics of the study population.
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Fig. 2 and numerically in Supplementary Table 2. The majority view was
that the surrogacy of PFS for either OS or HRQoL is infrequent and that

Regulators (n =
64)

Healthcare professionals (n =
287)
Current role

improvements in PFS should come with at least a favourable trend in OS.
A small subgroup (16.5% and 6.0%, for HCP and regulators, respec-
tively), agreed or strongly agreed that improvements in PFS could still

130 (45.3%)
95 (33.1%)
53 (18.5%)

Doctor - oncologist
Doctor - haematologist
Doctor - other

Other healthcare 4 (1.4%)
professional

Other scientist 3 (1%)

Patient advocate 2 (0.7%)

56 (87.5%)
8 (12.5%)

Regulator - clinical
Regulator - other

Time in role

0 - 5 years 30 (10.5%) 18 (28.1%)
5-10 years 56 (19.5%) 24 (37.5%)
>10 years 201 (70%) 22 (34.4%)

Familiarity with the design, analysis, and conduct of randomised clinical trials
in the clinical development of treatments of advanced cancer

Extremely 55 (19.2%) 13 (20.3%)
Very 148 (51.6%) 28 (43.8%)
Moderately 68 (23.7%) 20 (31.2%)
Slightly 10 (3.5%) 2(3.1%)
Not at all 6 (2.1%) 1 (1.6%)

Familiarity with balancing the benefits and harms of cancer treatments

be convincing even if there was a negative trend in OS. Insistence on
proven OS benefits was believed to delay access to innovative treatments
by the majority of HCPs (59.7% and 37.3% for HCPs and regulators,
respectively) but also to encourage the development of truly promising
compounds (61.5% and 75.0%, respectively). Respondents most
frequently agreed that PFS is the preferred endpoint in first-line trials
(65.5% and 68.0% for HCPs and regulators, respectively).

The majority in both groups disagreed, often strongly for HCPs, that
meaning, strengths, and limitations of improvements in PFS are well-
understood by patients (76.9% and 61.3% for HCPs and regulators,
respectively).

According to the results of the exploratory factor analysis, the cor-
relation among the individual responses to these eight Likert items could
be explained in terms of three underlying factors (Fig. 3). The three
factors could be interpreted as: capturing the respondents’ views to-
wards PFS as a likely surrogate for OS and HRQoL (factor 1); PFS as a
benefit different from OS (factor 2); and the importance of OS (factor 3).
No statistical differences were found in the mean factor scores between
HCPs and regulators on the first two factors. For the third factor, the
mean score was 0.41 standard deviations (SDs) higher for the regulators
group compared to the HCP group (p-value = 0.013).

Within the HCP group, the mean score on the first factor was 0.40
SDs higher for oncologists compared to haematologists (p = 0.02). No
statistical differences were found between oncologists, haematologists,

and other HCPs with respect to the mean scores on the other two factors.
Within the regulators’ group, there were no statistical differences be-
tween clinical and other regulators with respect to the mean scores on
any of the three factors.

Extremely 84 (29.3%) 15 (23.4%)
Very 160 (55.7%) 29 (45.3%)
Moderately 33 (11.5%) 17 (26.6%)
Slightly 6 (2.1%) 2 (3.1%)
Not at all 4 (1.4%) 1 (1.6%)
Bias due to unbalanced assessments H
p-value = 0.172

L

Bias due to reader evaluation bias

|
p-value = 0.016 “
100% 50% 0% 50% 100%
. HCPs ﬁ} Regulators . Mot at all Slightly Moderately . Very . Extremely
Enough attention is paid to informative censoring |:| | I
p-value = 0.633 }
Special attention should be paid to I
sensitivity analysis
p-value = 0.001
Special attention should be paid to strict control I
within protocol to prevent such cases
p-value = 0.848 ‘ ‘
Special attention should be paid to H | I
documentation of all early cases
p-value = 0.411 }F
100% 50% 0% 50% 100%
. HCPs i‘ Regulators . Strongly disagree Disagree Undecided . Agree . Strongly agree

Fig. 1. Responses to potential biases associated with PFS questions.
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How often is improving PFS associated I I
with better HRQoL

p-value = 0.471

How often is improving PFS associated I I
with a positive effect on OS

p-value = 0.774

100% 50%

. HCPs . Regulators

Improvements in PFS should come with
at least favorable trends in OS

p-value = 0.093

0% 50% 100%

Seldom

. Never

Sometimes . Often . Almost always

Improvements in PFS could be convincing | I
even if there is a negative trend in OS

p-value = 0.024

PFS is the preferred endpoint
in first-line trials

p-value = 0.916

Insistence on OS delays access to
innovative treatments for patients

p-value = 0.003

Insistence on OS encourages development
of truly promising compounds

p-value = 0.270

PFS is well-understood by patients I

p-value = 0.011

100% 50%

. HCPs . Regulators

. Strongly disagree

0% 50% 100%

Disagree Undecided . Agree . Strongly agree

Fig. 2. Responses to the relationship between PFS and other endpoints questions.

Mean scores for the first two factors (PFS as surrogate or intrinsic
benefit) were generally higher for participants (and especially for HCPs
for factor 2) who declared being less familiar (not at all, slightly, or
moderately familiar) with assessing the balance of benefits and harms of
cancer drugs, compared to those very or extremely familiar (see Sup-
plementary fig. 2-4).

3.4. Trade-offs between PFS and toxicity

The proportion of HCPs and regulators falling in the different MAR
categories for a 6 month improvement in PFS are summarised in Fig. 4.
The MAR distributions were spread out in both groups, with a shift to-
wards higher MAR values for the regulators-group (Mann-Whitney U
test p-value < 0.001). The MAR distributions did not differ significantly
between scenarios with or without supportive OS trend (Mann-Whitney
U test p-value = 0.423; Supplementary fig. 5).

The MAR distributions across subgroups defined in terms of tertiles
of the estimated scores on the three factors from the exploratory factor
analysis are summarised in Supplementary fig. 6-8. Higher estimated
scores on factors 1 and 2 were associated with higher median MAR
values, with Kruskal-Wallis test p-values of 0.021 and 0.007, respec-
tively. No association was found between the median MAR and the
estimated scores on factor 3 (Kruskal-Wallis test p-value = 0.911).
Lower familiarity with benefit-risk assessment of cancer drugs was also
associated with higher MAR of toxicity for a PFS gain (Kruskal-Wallis
test p-value = 0.040; see Supplementary fig. 9).

4. Discussion

This online, cross-sectional survey elicited attitudes about PFS and
statements about willingness to trade between PFS and severe toxicity
from experienced HCPs and drug regulators. Results need to be taken
with caution due to the low number of participants.

Willingness to trade toxicity for gains in PFS was confirmed to be
spread within each group of HCPs and regulators. Views were varied
also about the relation between PFS and OS or HRQoL, with a majority
leaning towards infrequent surrogacy. Regulators showed a slightly
greater toxicity risk acceptance compared to HCPs, which is consistent
with a previous stated preference study [6]. This may be explained by
regulators’ allowing a wider range of choices and relying on doctors and
patients for benefit-risk assessment in the local context [7]. The large
majority of participants’ considering that PFS is not well-understood by
patients points to the importance of effective communication in clinical
decisions.

Responses to the attitudes about PFS questions could be explained in
terms of three underlying factors, possibly interpretable as: (i) beliefs
about surrogacy for OS and HRQoL, (ii) beliefs about PFS as intrinsic
benefit to be distinguished from OS benefit, and (iii) beliefs about the
importance of OS. Positive views about the first two factors were asso-
ciated with a greater willingness to trade toxicity for gains in PFS,
attesting to the likely practical implication of such views.

Beliefs about PFS being a surrogate for OS and HRQoL should be
further investigated, given the limited situations in which a predictive
effect has been established. The importance given to PFS as intrinsic
benefit to be distinguished from OS should also be further investigated.
Higher scores with respect to this factor were associated with beliefs
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How often is improving PFS associated
with better HRQoL

How often is improving PFS associated
with a positive effect on OS

Improvements in PFS should come with
at least favorable trends in OS5

Improvements in PFS could be convincing
even if there is a negative trend in OS5

PES is the preferred endpoint
in first-line trials

Insistence on OS5 delays access to
innovative treatments for patients

Insistence on OS encourages development
of truly promising compounds

PFS is well-understood by patients

Factor 1
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Fig. 3. Estimated factor loadings from the exploratory factor analysis performed on the individual responses to the relationship between PFS and other efficacy
endpoints questions. Factor loadings are described as coefficients representing the strength and direction of the relationship between responses (listed on the left of
the heatmap) and the three identified factors. The colours in the heatmap visualise how much each observed variable contributes to each factor.

about a positive association between PFS and HRQoL, insistence on OS
delaying access to promising treatments, as well as more infrequent
responses like believing that PFS is well-understood by patients and that
PFS benefits can be important enough to accept a small risk (negative
trend) in OS. For both factors, expertise may play a role since partici-
pants that declared being less familiar with benefit-risk assessment
tended to score higher compared to those that declared being very or
extremely familiar.

There was a clear majority in favour of requiring corroborating
trends in OS, when PFS is the primary endpoint. Surprisingly, no asso-
ciations were found between the willingness to trade and the presence
for a corroborating trend in OS or the estimated scores on factor 3
(importance of OS). Thus, in practice, the importance of an OS trend
may be less than expected.

Despite some illustrative examples [8], bias in the assessment of PFS
may have little impact on conclusions in practice, especially when
observed effects are large [9]. Still, between one third and one half of
respondents in each group were concerned about bias or insufficient

attention given to informative censoring, with strong agreement on the
importance of preventing bias with strict rules in the protocol coupled
with detailed description of cases of early withdrawal from the study.
The likely relative inexperience with statistical methodology among
mainly clinical respondents may have played a role. Concerns about bias
were not associated with the participants’ willingness to trade.

In summary, this survey confirmed varied attitudes of HCPs and
regulators about PFS as efficacy endpoint in the advanced cancer setting.
The differences related to beliefs about: PFS being a likely surrogate for
OS and HRQoL; PFS being an intrinsic benefit to be distinguished from
OS; and the importance of OS. Lack of familiarity with benefit-risk
assessment was associated with stronger beliefs of PFS being a likely
surrogate or an intrinsic benefit. Being a regulator or holding stronger
beliefs about PFS being a likely surrogate or an intrinsic benefit were
associated with a higher acceptance of risk of toxicity for a PFS gain.
Presence of a supportive trend in OS was not associated with a higher
acceptable risk. There was agreement on the need to address bias in the
adjudication of PFS and the need for improving communication to
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0.2
0.1
i J

40-50% 50-60% =60%

Maximum acceptable risk

. HCPs . Regulators

Fig. 4. Comparison of the MAR distributions between HCPs and regulators for a 6 month improvement in median PFS The histogram displays the proportion of HCPs
and regulators falling into each maximum acceptable risk category. Each category represents the increase in percent of G34 toxicity risk that is considered maximally

acceptable for a 6 month improvement in median PFS.

patients about meaning, strengths, and limitations of improvements in
PFS.
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