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Abstract

them influence doctors' priority-setting decisions.

ment to patients with the same disease.

Background: In precision medicine biomarkers stratify patients into groups that are offered different treatments,
but this may conflict with the principle of equal treatment. While some patient characteristics are seen as relevant for
unequal treatment and others not, it is known that they all may influence treatment decisions. How biomarkers influ-
ence these decisions is not known, nor is their ethical relevance well discussed.

Methods: We distributed an email survey designed to elicit treatment preferences from Norwegian doctors work-
ing with cancer patients. In a forced-choice conjoint analysis pairs of hypothetical patients were presented, and we
calculated the average marginal component effect of seven individual patient characteristics, to estimate how each of

Results: A positive biomarker status increased the probability of being allocated the new drug, while older age,
severe comorbidity and reduced physical function reduced the probability. Importantly, sex, education level and
smoking status had no significant influence on the decision.

Conclusion: Biomarker status is perceived as relevant for priority setting decisions, alongside more well-known
patient characteristics like age, physical function and comorbidity. Based on our results, we discuss a framework that
can help clarify whether biomarker status should be seen as an ethically acceptable factor for providing unequal treat-
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Background

Stratification of patient groups into smaller subgroups or
single patients is a hallmark of precision medicine, but
may be perceived as discriminatory against other patients
in the same group. Such practice may challenge common
sense morality and the principle of formal equality, which
requires equal treatment to patients that are equal in all
ethically relevant aspects [1, 2]. Traditionally, potential to
benefit, risk and severity of disease are considered rele-
vant, while gender, ethnicity and religion are not. Among

*Correspondence: eirik.tranvag@uib.no

! Bergen Centre for Ethics and Priority Setting, Department of Global
Public Health and Primary Care, University of Bergen, Pb. 7804,

5020 Bergen, Norway

Full list of author information is available at the end of the article

B BMC

contested factors are patient age and personal responsi-
bility for health [2, 3]. Despite disagreement over some of
these factors’ relevance, it is known that all may influence
clinical decision making and treatment allocation [4—6].
Is and should biomarker status be considered a relevant
reason for unequal treatment concerning patients with
the same disease?

The development of precision medicine has brought
great promises [7] and by tailoring diagnostics and treat-
ment to individual patients, the overarching motto of
precision medicine can be achieved: “The right drug to
the right patient at the right time” [8]. This belief is espe-
cially developed in oncology, where an increasing number
of new targeted therapies are given only to a small selec-
tion of patients based on biomarkers [9]: examples are
mutations that lead to upregulation of epidermal growth
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factor receptor (EGER) in lung cancers [10], expression
of erb-b2 receptor tyrosine kinase 2 (ERBB2, also known
as HER?2) in breast cancer [11], B-Raf proto-oncogene
(BRAF) mutations in melanoma [12], and expression of
the CD274 molecule known as Programmed death-ligand
1 (PD-L1) expression in various cancer types [13, 14].

Biomarkers have the potential to promote better and
fairer decision making [15, 16] but also lead to a range
of ethical and social considerations [17]. Discrete Choice
Experiments (DCEs) for cancer treatment have mostly
been studied among patients [18], but studies among
doctors are also prevalent [19-21]. It is of special interest
to study how doctors perceive the relevance of biomarker
status, as they are responsible for treatment decisions. To
our knowledge, no prior study that examined treatment
preferences among doctors has included biomarkers and
a priority setting scenario. Accordingly, we set out to
investigate Norwegian cancer doctors’ preferences when
making hypothetical priority setting decisions based on
individual patient characteristics. We were particularly
interested in how biomarker status was perceived in rela-
tion to more traditional patient characteristics such as
comorbidity and age.

Methods

The context

The growing costs of cancer care is a global problem [22,
23], and this is further complicated by the fact that many
new cancer drugs offer only modest benefits [24]. This is
also true for Norway. In 2016 the Norwegian Parliament
unanimously endorsed a set of priority setting criteria for
use in the health sector: health benefit and resource use
(estimated as cost-effectiveness) and severity of disease
(estimated as loss of quality adjusted life years (QALYs)
without treatment) [25, 26]. Based on clinical trial data
submitted by the drug manufacturers, a national system,
the New Methods System, evaluates new drugs for reim-
bursement in the health care system using group level
estimates of the three criteria [27]. The Norwegian Direc-
torate of Health, together with the relevant professional
associations, implement the newly approved drugs into
national clinical guidelines. Clinicians must then, within
these guidelines, make use of group level data combined
with clinical discretion in their clinical decisions for indi-
vidual patients.

Our aim was to explore this tension between group-
level evidence and decisions based on individual patient
characteristics by means of an email survey among Nor-
wegian cancer doctors. In the experiment, pairs of hypo-
thetical patients were presented to our respondents, with
the information that a new cancer drug could be given
to only one of the two (see supplementary material for
survey questionnaire). The two patients were equal at a
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group level, with similar severity of disease and a cost-
effectiveness of the new treatment so high that it would
only just be approved for reimbursement. Their individ-
ual characteristics, like age and comorbidity, varied. We
then asked the respondents, based on the information
provided, to allocate one of the patients the new drug.

Experimental design

We designed a conjoint analysis (CA), a DCE constructed
to elicit stated preferences. Compared to revealed pref-
erences, which are derived from real world observations,
stated preferences are what respondents declare when
asked hypothetical questions. The strengths of using
stated preferences compared to revealed preferences are
well-known [28]: standardised data collection makes it
easier to estimate statistical relationships between patient
characteristics and treatment decisions. It is easier to
explore decisions involving biomarkers, as they are not
yet established in clinical practice. Also, hypothetical sce-
narios may elicit better answers from respondents, espe-
cially concerning potentially sensitive issues like clinical
priority setting. Still, we acknowledge that no hypotheti-
cal design can fully simulate real patients and clinical
decisions. What respondents say that they would do may
not be what they actually would do in real life decision
making.

First developed for marketing research and cosumer
preferences [29, 30], different types of CA have later been
used in health care research [31, 32]. In this particular
study, we use a modified CA developed by Hainmuller
et al. [33], which has recently also been used in empiri-
cal ethics [34]. This choice-based conjoint design iden-
tifies the average marginal component effect (AMCE),
the marginal effect of changing one characteristic in a
patient profile averaged over the joint distribution of all
the remaining patient characteristics. The AMCE can be
explained with an example: if we compare a randomly
drawn patient with a positive biomarker to a randomly
drawn patient with a negative biomarker, how much
more likely is the patient with the positive biomarker to
be given the new drug?

We decided to use this modified CA because it has sev-
eral strengths relevant for our survey: (1) It allows us to
include a broad range of patient characteristic, in stead
of pre-selecting two or three characterstics we believed
would be most relevant. (2) It is able to capture mul-
tidimensional preferences, which typically are present
in clinical decision making. (3) It can estimate causual
effects of various patient characteristics at the same time,
making more complex analysis of clinical decision mak-
ing possible. (4) It does not rely on modelling assump-
tions and complex statistical methods.



Tranvag et al. BMC Med Ethics (2021) 22:55

We developed our experiment based on published
recommendations [35, 36], with the modifications
required by our specific type of CA. Selection of the
attributes was based on both their ethical relevance
for priority setting [2] and observational data from
clinical practice [6] and resulted in seven patient
characteristics relevant for treatment decisions in a
metastatic cancer scenario. With input from clini-
cal experts we then gave each patient characteristics
a set of realistic values. Table 1 presents the included
patient characteristics and levels. In our design a total
of 3x2x3x3x2x3x2=648 different patient pro-
files were possible. We did not judge any of the possi-
ble combinations to be illogical, although a patient with
severe comorbidity and an Eastern Cooperative Oncol-
ogy Group (ECOG) performance status of 0 would
perhaps have been clinically unusual (but not impos-
sible). The experiment was tested in a pilot with eight
doctors. Based on this feedback we made some minor
adaptations.

The questionnaire had three sections. The first sec-
tion was for the conjoint analysis. The second section
asked a general question about background values
shaping the priority setting for individual patients, and
the third and final section asked questions about the

Table 1 Patient characteristics and accompanying levels
included in the conjoint analysis
Patient characteristic Value
Patient age (years) 63
75
87
Biomarker status Positive*
Negative
ECOG performance status** 0
1
2
Comorbidity** None
Moderate
Severe
Smoking status Smoker
Non-smoker
Sex Woman
Man
Education** Low
Medium
High

*Defined as a 50% probability of better effect than average

**These characteristics were given a more detailed description. This is available
in the supplementary material
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respondents’ background. The survey is available in
Additional file 1.

Distribution and analysis

The survey was programmed and distributed, and
responses were collected by Ideas2evidence, a company
specialising in survey development and administra-
tion. Confirmit, a web-based survey software was used.
Respondents could access the questionnaire at any time
during the data collection period, using a smartphone,
tablet or computer. Responses were stored in the soft-
ware and exported for analysis after data collection
ended.

A general invitation to participate in the survey,
with an accompanying link to the questionnaire, was
emailed to 1 029 potential participants in the beginning
of March 2019 using email lists from three specialized
medical associations and a network of gynaecologi-
cal oncologists in Norway. These were selected as they
represent a large majority of doctors treating cancer
patients in Norway and are familiar to biomarker-based
diagnostics. A reminder was emailed 2 weeks later.
Data collection ended after 5 weeks.

AMCE was estimated with a linear regression model,
where allocation to treatment is the dependent out-
come variable and all the patient characteristics are
explanatory variables. For each characteristic one level
is designated as a baseline value. The statistical analy-
sis was conducted in R/RStudio version 3.6.1 and the
R-package “cregg” [37]. Dataset and syntax are available
in the supplementary section (see Additional file 3 and
4).

A total of 115 participants completed our survey, giv-
ing a total of 690 observations in our sample. Charac-
teristics of the respondents are presented in Table 2.
The majority of respondents are working in the field
of oncology and at university hospitals. Only 21% have
less than 5 years of experience working with cancer
patients, and almost half of them treat more than 20
patients in a regular week.

Ethical approval

The study was reported to and evaluated by the Nor-
wegian Centre for Research Data (reference number
583480). We did not collect any patient information
whatsoever. Accordingly, the study was exempt of the
requirement of medical ethics approval as regulated by
the Norwegian Health Research Act [38]. Attached in the
email invitation sent to potential participants was a link
to an informed consent form and information about data
protection.
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Table 2 Demographics of survey participants

Age of participants

Range (years) 27-71
Mean (years) 45

Sex

Female 63 (55%)
Male 52 (45%)
Position

Junior 28 (24%)
Senior 84 (73%)
Other* 3 (3%)
Specialist training

Oncology 78 (68%)
Pulmonology 11 (10%)
Haematology 15 (13%)
Gynaecology 9 (8%)
Other** 4 (2%)
Working location

University hospital 81 (70%)
Regional hospital 17 (15%)
Local hospital 17 (15%)
Experience working with cancer patients

<5 years 24 (21%)
5-15 years 48 (42%)
>15 years 43 (37%)
Number of patients treated in a reqular week

<5 9 (8%)
5-20 50 (43%)
>20 56 (49%)

*1 retired, 1 Ph.D. fellow, 1 junior, but in senior position

**1 pediatric oncology and haematology, 1 surgery

Average marginal component effect,
allocating patient to new treatment
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Fig. 1 The average marginal component of changing one individual
patient characteristic, compared to its baseline characteristic. Lines
represent 95% confidence intervals. A positive AMCE indicates a
higher probability of being allocated the new drug, while a negative
AMCE indicates a lower probability
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Results

The AMCEs from our conjoint analysis are presented
in Fig. 1 and show that there is a 25 percentage point
(pp) increased probability that respondents would give
the new drug to a patient with a positive biomarker,
compared to a patient with a negative biomarker, when
averaged on all other possible combinations of patient
characteristics. We shall refer to these computed fre-
quencies as “probabilities” for allocation. Biomarker
status produced the third largest effect of the patient
characteristics in the experiment: a patient aged 87 years
has a 47 pp reduced probability of being allocated the
new treatment compared to a patient aged 63, and a
patient with severe comorbidity has a 26 pp reduced
probability of being allocated the new treatment com-
pared to a patient with no comorbidity. All these findings
were statistically significant.

Other patient characteristics with a significant effect on
the probability of being allocated the new treatment were
patient age 75 years (21 pp reduced probability compared
to age 63), ECOG performance status 1 and 2 (7 pp and
19 pp reduced probability compared to ECOG perfor-
mance status 0) and moderate comorbidity (6 pp reduced
probability compared to no comorbidity). Importantly,
sex, smoking status and education level had no signifi-
cant impact on the probability of being allocated the new
treatment. An additional analysis of marginal means is
available in Additional file 1.

In Fig. 2 we present answers to the question about
background values and show that biomarker status
was rated as “important” or “very important” for treat-
ment decisions by 83% of the respondents. None of the
respondents expressed that biomarker status was unim-
portant. The characteristic considered as overall most
important is performance status, where 88% of the
respondents rated it as “important” or “very important”
for their treatment decision. Comorbidity and patient age
were rated as “important” or “very important” by 74%
and 67%, respectively.

A large majority of the respondents considered
patients’ sex (89%) and education levels (78%) as not
important. The patients’ responsibility for their health
was the characteristic with the most variation in ratings.
26% rated it as “important” or “very important” for the
treatment decision, while 27% rated it as “a bit impor-
tant” and 20% as “not important”.

Discussion

Our main findings are that in our sample a positive bio-
marker status significantly increases the probability of
being allocated the new cancer treatment, while older
age, a higher degree of comorbidity and reduced physical
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Biomarker Status 1

Physical Function -
Comorbidity -
Patient Age -

Personal Responsibility -

Patient Characteristics

Sex

Education Level-

How important are the following factors
for your treatment decisions about patients?

0% 25%

Proportion of answers

B Not important [l A bit important
Fig. 2 The respondents’answers to the question “How important are the following factors for your treatment decision about patients?”

50% 75% 100%

Fairly important O Important . Very important

function significantly reduce this probability. Sex, educa-
tion and smoking status do not influence the probability.
Many of these findings are in line with what is commonly
seen as relevant ethical factors for treating patients une-
qually: A patient’s functional status and comorbidity are
considered relevant because they are proxies, that could
say something about the potential to benefit from treat-
ment. Sex and education are not considered relevant. The
fact that biomarker status and age are seen as relevant is
particularly interesting, as if and how they should be seen
as ethically relevant in decision making is disputed.

We find that a positive biomarker status increases the
probability of being allocated the new treatment, com-
pared to a negative status. Whether a biomarker can
be seen as relevant depends on what the biomarker is a
proxy for and how good a proxy it is. Importantly, a bio-
marker in itself is not inherently ethically relevant. In our
survey the biomarker is a predictive marker, a proxy for
health benefit. Health benefit, or the potential to benefit,
has strong support in the normative literature and is also
shown to be perceived as relevant by clinicians, policy-
makers and the public [39]. An example of a predictive
biomarker is PD-L1 in lung cancer [40]. Other biomark-
ers can be both predictive and prognostic, like HER2 [11].

We find that old chronological age reduces the prob-
ability of being allocated the new treatment, compared
to a younger age. This is an interesting finding, as the
relevance of patient age in priority setting is heavily con-
tested [41-44]. Many endorse the view that age can be
indirectly relevant if it correlates or informs some other
factor that is seen as ethically relevant (e.g. risk of disease,
or survival). This view is also endorsed in the official Nor-
wegian white paper on priority setting [45]. Accepted as

indirectly relevant, chronological age is often interpreted
as a proxy for biological age, which again may indicate
something about the potential to benefit from a treat-
ment [46]. However, we find that age is the single most
important factor in priority setting decisions, even when
comorbidity and performance status also are included.
This could be interpreted as age is given an independent
and direct relevance, based on normative claims like the
fair innings argument.

The fair innings argument argues that at some age, orig-
inally suggested at the age of 70, one can consider oneself
to have had her or his fair share of life, and that any addi-
tional time added after that age should be considered a
sort of bonus [41, 47, 48]. If one dies before the age of
70 however, some injustice is being suffered because that
person has not had the chance to live a reasonable length
of life. The fair innings argument then requires efforts
and priorities to be made to give as many as possible the
chance to live until that age, while those who has passed
that age, should be given less priority. Such reasoning
is much more controversial [49] that the indirect use of
age in priority setting and may be seen as ageism [50].
How our respondents reasoned about age in their prior-
ity setting decisions are difficult to assess. In our results
there seem to be discrepancy between the important role
given to age in our experiment and how important the
respondents have replied when directly asked about the
importance of age. One possible answer to this may that
the hypothetical scenarios elicit other and perhaps more
true answers from respondents on controversial issues
like age and priority setting [28].

A common view is that treating equal patients une-
qually based on their age can be ethically acceptable if
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patient age indirectly is a proxy for other ethically rele-
vant factors (such as treatment benefit), and if this corre-
lation is strong. We argue that a similar approach is also
true for biomarkers: treating equal patients unequally
based on a predictive biomarker is only acceptable if the
biomarker predicts treatment effect, and, importantly,
if this prediction is of good quality. A similar argument
would also be true for prognostic biomarkers. Such con-
cerns may explain why respondents in our survey attach
only moderate importance to biomarker status, as they
may have felt uncertain about the quality of the generic
biomarker presented in the survey. Further work could
investigate how doctors process and use information
about biomarker status and patient age in their clinical
reasoning.

Ian Majewski and René Bernards have proposed three
key aspects of biomarker tests when considering its regu-
latory trajectory [51], and these are also useful for judg-
ing a biomarker’s quality in clinical decision making [16].
A biomarker test should have analytical validity, meaning
that it must be reproducible, accurate and validated, so
that it measures what it is supposed to measure and the
measurements are consistent. If a biomarker test demon-
strates significant variations in its analytical validity, its
claim to be an ethically relevant factor for decision mak-
ing would weaken.

A good biomarker should also be clinically valid, mean-
ing that it must provide clinically useful information rel-
evant for the decision at hand. A prediction of treatment
response is clearly relevant. In our survey, we informed
the respondents that a positive biomarker status gave “a
50% probability of an effect better than the average” This
may be seen as too general a prediction, but this was
deliberate. The survey was distributed to doctors with
different specialties treating different types of cancer, so
we wanted a generic experiment. The breadth in available
biomarkers is large, and the average benefit from many
new cancer drugs is modest [52, 53]. The current discus-
sion about surrogate endpoints in precision oncology
[54] is also important for a biomarker’s clinical validity. If
a biomarker predicts tumour shrinkage or a pathological
complete response, it is not clear how this should inform
a treatment decision without evidence of these surrogate
markers also influencing survival [55] or quality of life
[56].

A biomarker should also have clinical utility, that is,
actually influence decision making. This depends both
on the biomarker itself and the context in which it is
used. A test that has good analytical and clinical valid-
ity, as discussed above, may inform clinical decisions
in a legitimate and ethical way, but this is also context
dependent. Are tests and drugs available to all patients?
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Does the health care system have guidelines or formal
processes that guide biomarker use in clinical deci-
sions? How does tradition and organizational culture
influence decisions? And do decision makers accept
and trust biomarkers as part of their input into clinical
decisions? This latter question is one that we explore in
this article.

We believe our findings have three important impli-
cations. First, the results from our hypothetical stated
choice experiment show that in our sample doctors
seem to accept biomarker status as relevant for treat-
ment decisions, but it is not seen as the most important
characteristic. This may illustrate valid concers about
uncertainty. Precision medicine may have led to more
precise diagnostics and targeted treatments, but para-
doxically, the evidence supporting it is, at present, often
less precise [57]. This uncertainty about evidence in
precision oncology also translates into clinical decision
making [58].

Second, doctors have to balance the competing con-
cerns for equality with the best available treatment for
individual patients, all with an increasing degree of
uncertainty. How they reason and make decisions needs
more research and attention as their ability to navigate
in this ethically and clinically challenging landscape is
of great importance: For patients with advanced can-
cer, access to potentially beneficial treatment can be
a matter of life and death. In health care systems, the
principle of equality is a matter of justice, solidarity and
legitimacy [59, 60].

Third, we wish to encourage a broader debate about
individual biomarkers’ validity and utility. It is well-
known that e.g. PD-L1 as a predictive biomarker has
significant shortcommings in its analytical and clini-
cal validity [61, 62], but it is still part of clinical prac-
tice and guidelines [63]. Seemingly technical decisions
on tissue fixation, assay properties and thresholds for
positive tests also raise important normative challenges
[17]. Biomarkers should therefore not be automatically
integrated and accepted in clinical decision making. A
highly sophisticated biomarker will not automatically
improve health, nor promote fair priority setting [64].

Using Majewski and Bernard’s framework to evalu-
ate individual biomarkers could be a step forward to
guide a fair implementation of biomarkers and preci-
sion oncology: if a biomarker is analytically and clini-
cally valid, and provides clinical utility; it can be seen
as an ethically relevant factor for providing treatment
to some patients while denying it to others, even if they
have the same disease. And importantly, to base treat-
ment decisions on a flawed and poor quality biomarker
should be seen as unethical and in conflict with the
principle of equal treatment.
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Strengths and limitations of the study

Given the momentum and strong attention to precision
medicine, we believe our findings are timely and impor-
tant. The relevance of biomarker status and age in pri-
ority setting are disputed but seem to be perceived as
relevant in our sample. To our knowledge, this is the first
survey to include biomarker status in a priority setting
scenario with expensive cancer drugs.

Conjoint analysis is a well-known method from other
fields and has several advantages. A potential limitation
for this method is its reliance on a random and uniform
distribution of patient profiles used in the conjoint anal-
ysis [65]. The median age of incidence for all cancers in
Norway is 69 years, making patients aged 87 less frequent
than patients aged 75 and 63. However, although not uni-
formly distributed in real clinical practice, all our char-
acteristics and levels were within recommendations in
clinical cancer guidelines in Norway, making all possible
combinations realistic.

As this experiment was conducted in Norway, our
results might not be transferable into other contexts
with other frameworks for priority settings. However,
limited clinical benefit and high costs of cancer medi-
cine is a global challenge [66, 67], which makes the cir-
cumstances in our experiment fairly applicable to many
other settings. We acknowledge the importance of shared
decision making and that an informed and autonomous
patient should be part of the final treatment decision. In
our hypothetical experiment we decided to exclude this
as a factor in order to isolate and explore the opinions of
the doctors.

Our estimated response rate of 11% may invite ques-
tions about the validity of our results, challenges well-
known for email surveys [68]. Low response rates in
surveys among doctors is a recognized problem [69], but
it is also argued that responding and non-responding
doctors share many similar characteristics [70]. Never-
theless, the results from our sample should not be gener-
alized. Our convenience sampling strategy, low response
rate and missing information about non-respondents
limit the external validity of our findings. Therefore this
should be seen as a first exploratory study to map the use
of biomarker status alongside other patient characteris-
tics in priority setting decisions. We believe our results
can serve as a useful base for discussion and generate
hypotheses for further research.

Conclusion

In our sample biomarker status is perceived as relevant
for priority setting decisions, alongside other more well-
known patient characteristics like age, physical function
and comorbidity. Whether biomarkers should be used
as a factor for stratifying patients and providing unequal
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treatment should depend on the proprerties of the bio-
marker: Biomarkers with sufficient analytical and clinical
validity and clinical utility may be seen as an ethically rel-
evant factor for giving unequal treatment to patients with
the same disease.

Abbreviations

AMCE: Average marginal component effect; BRAF: B-Raf proto oncogene; CA:
Conjoint analysis; CD274: Cluster of differentiation 274; DCE: Discrete choice
experiment; ECOG: Eastern Cooperative Oncology Group; EGFR: Epidermal
growth factor receptor; ERBB2: Erb-b2 receptor tyrosine kinase 2; HER2:
Human epidermal growth factor receptor 2; PD-L1: Programmed death-ligand
1; PP: Percentage points; QALY: Quality adjusted life years.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512910-021-00625-3.

Additional file 1. An English translation of the full survey.

Additional file 2. An analysis of marginal means as a supplementary to
the average marginal component effect presented in the results section.

Additional file 3. The syntax used for analysing the dataset, used in the
software R.

Additional file 4. The data collected in the suryvey, except personal data
about participants that cannot be shared. The file can be opened in R by
using the syntax in Additional file 3.

Acknowledgements

Thanks to @ivind Skjervheim, Troy Saghaug Broderstad and Erik Knudsen for
methodological guidance, and a special thanks to Jan-Magnus @kland for
statistical support.

Authors’ contributions

All authors planed and designed the study. EJT analyzed the data and wrote
the manuscript. RS, TO and OFN critically revised the manuscript. All authors
have read the final manuscript and have agreed to submit the article to BMC
Medical Ethics.

Funding

This work was supported by the University of Bergen (EJT, RS and OFN) and
the University of Oslo (TO). RS and OFN are partly funded by the Research
Council of Norway through its Centres of Excellence funding scheme, [Project
Number 223250] (CCBIO). None of the funding sources had any role in the
study design, data collection/analyses, interpretation of data, or writing of the
manuscript.

Availability of data and materials

The dataset supporting the conclusions of this article is included within the
article and its additional files. An except is demographic data collected from
respondents on age, workplace etc. This cannot be shared due to privacy law.
The R syntax used to analyze the data is also available in the supplementary
materials.

Ethics approval and consent to participate

The study was reported to and evaluated by the Norwegian Centre for
Research Data (reference number 583480). We did not collect any patient
information whatsoever. Accordingly, the study was exempt of the require-
ment of medical ethics approval as regulated by the Norwegian Health
Research Act [38]. Attached in the email invitation sent to potential partici-
pants was a link to an informed consent form and information about data pro-
tection. Participation was voluntary. We did not collect any written consent,
as opening the survey link and participating in the survey was seen as a valid
informed consent, a practice approved by The Norwegian Centre for Research
Data. The study was carried out following relevant guidelines and regulations.


https://doi.org/10.1186/s12910-021-00625-3
https://doi.org/10.1186/s12910-021-00625-3

Tranvag et al. BMC Med Ethics (2021) 22:55

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Bergen Centre for Ethics and Priority Setting, Department of Global Public
Health and Primary Care, University of Bergen, Pb. 7804, 5020 Bergen, Norway.
2Centre for Cancer Biomarkers, Department of Global Public Health and Pri-
mary Care, University of Bergen, 5020 Bergen, Norway. >Centre for the Study
of the Sciences and the Humanities, University of Bergen, 5020 Bergen,
Norway. *Oslo Group On Global Health Policy, Department of Community
Medicine and Global Health and Centre for Global Health, University of Oslo,
0450 Oslo, Norway. °Division for Health Services, Norwegian Institute of Public
Health, 0473 Oslo, Norway.

Received: 11 January 2021 Accepted: 30 April 2021
Published online: 10 May 2021

References
1. Singer P. Practical ethics. 2nd ed. Cambridge: Cambridge University Press;
1993.

2. Kieslich K, Bump JB, Norheim OF, Tantivess S, Littlejohns P. Accounting

for technical, ethical, and political factors in priority setting. Health Syst

Reform. 2016;2(1):51-60.

Norheim OF. Clinical priority setting. BMJ. 2008;337:a1846.

4. Pal SK, Hurria A. Impact of age, sex, and comorbidity on cancer therapy
and disease progression. J Clin Oncol. 2010;28(26):4086-93.

5. Lee L, Cheung WY, Atkinson E, Krzyzanowska MK. Impact of comorbidity

w

on chemotherapy use and outcomes in solid tumors: a systematic review.

J Clin Oncol. 2010;24:2304-10.

6. NilssenY, Strand T-E, Fjellbirkeland L, Bartnes K, Brustugun OT, O'Connell
DL, et al. Lung cancer treatment is influenced by income, education, age
and place of residence in a country with universal health coverage. Int J
Cancer. 2016;138(6):1350-60.

7. Collins FS, Varmus H. A new initiative on precision medicine. N Engl J
Med. 2015;372(9):793-5.

8. US Food and Drug Administration. US food and drug administration:
precision medicine. 2018 [cited 6 Sep 2020]. https://www.fda.gov/medic
al-devices/vitro-diagnostics/precision-medicine.

9. Hyman DM, Taylor BS, Baselga J. Implementing genome-driven oncology.
Cell. 2017;168(4):584-99.

10. Kerr KM, Bubendorf L, Edelman MJ, Marchetti A, Mok T, Novello S,
et al. Second ESMO consensus conference on lung cancer: pathology
and molecular biomarkers for non-small-cell lung cancer. Ann Oncol.
2014;25(9):1681-90.

11. Abreu FD, Schwartz GN, Wells WA, Tsongalis GJ. Personalized therapy for
breast cancer. Clin Genet. 2014;86(1):62-7.

12. Michielin O, van Akkooi ACJ, Ascierto PA, Dummer R, Keilholz U. Cutane-
ous melanoma: ESMO Clinical Practice Guidelines for diagnosis, treat-
ment and follow-up. Ann Oncol. 2019;30(12):1884-901.

13. Patel SP, Kurzrock R. PD-L1 expression as a predictive biomarker in cancer
immunotherapy. Mol Cancer Ther. 2015;14(4):847LP-856LP.

14. PrasadV, Kaestner V, Mailankody S. Cancer drugs approved based on
biomarkers and not tumor type—FDA approval of pembrolizumab for
mismatch repair-deficient solid cancers. JAMA Oncol. 2018;4(2):157-8.

15. Chatterjee SK, Zetter BR. Cancer biomarkers: knowing the present and
predicting the future. Futur Oncol. 2005;1(1):37-50.

16. Tranvag EJ, Norheim OF. How can boimarkers influence priority setting
for cancer drugs? In: Blanchard A, Strand R, editors. Cancer biomarkers:
ethics, economics and society. 2nd ed. Kokstand: Megaloceros; 2017. p.
55-72.

17. Blanchard A. Mapping ethical and social aspects of cancer biomarkers. N
Biotechnol. 2016;33(6):763-72.

18. Bien DR, Danner M, Vennedey V, Civello D, Evers SM, Hiligsmann M.
Patients’ preferences for outcome, process and cost attributes in cancer
treatment: a systematic review of discrete choice experiments. Patient
Patient Cent Outcomes Res. 2017;10(5):553-65.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44,

Page 8 of 9

Sun H,Wang H, Shi L, Wang M, Li J, Shi J, et al. Physician preferences for
chemotherapy in the treatment of non-small cell lung cancer in China:
evidence from multicentre discrete choice experiments. BMJ Open.
2020;10(2):e032336.

Morgan JL, Walters SJ, Collins K, Robinson TG, Cheung K-L, Audisio R,

et al. What influences healthcare professionals'treatment preferences for
older women with operable breast cancer? An application of the discrete
choice experiment. Eur J Surg Oncol. 2017;43(7):1282-7.

Hopmans W, Zwaan L, Senan S, van der Wulp I, Damman OC, Hartemink
KJ, et al. Differences between pulmonologists, thoracic surgeons and
radiation oncologists in deciding on the treatment of stage | non-

small cell lung cancer: a binary choice experiment. Radiother Oncol.
2015;115(3):361-6.

Jénsson B, Wilking N. The burden and cost of cancer. Ann Oncol.
2007;18(suppl 3)iiii8-22.

Sullivan R, Peppercorn J, Sikora K, Zalcberg J, Meropol NJ, Amir E, et al.
Delivering affordable cancer care in high-income countries. Lancet
Oncol. 2011;12(10):933-80.

Vokinger KN, Hwang TJ, Grischott T, Reichert S, Tibau A, Rosemann T, et al.
Prices and clinical benefit of cancer drugs in the USA and Europe: a cost—
benefit analysis. Lancet Oncol. 2020;21(5):664-70.

Meld.St.34. Verdier i pasientens helsetjeneste [Values in the patient’s
health care]. Oslo: regjeringen.no; 2016 Jun. 2015-2016.

Ottersen T, Farde R, Kakad M, Kjellevold A, Melberg HO, Moen A, et al. A
new proposal for priority setting in Norway: open and fair. Health Policy
(New York). 2016;120(3):246-51.

The Norwegian Directorate of Health. The New Methods System. 2020
[cited 6 Sep 2020]. www.nyemetoder.no/english.

Aviram H. What would you Do? Conducting web-based factorial vignette
surveys. In: 2012. p. 463-73.

Kulshreshtha K, Tripathi V, Bajpai N. 1971-2017: Evolution, exploration and
test of time of conjoint analysis. Qual Quant. 2018;52(6):2893-919.
Kulshreshtha K, Bajpai N, Tripathi V, Sharma G. Consumer preference for
eco-friendly appliances in trade-off: a conjoint analysis approach. Int J
Prod Dev. 2019;23(2-3):212-43.

Ryan M, Farrar S. Using conjoint analysis to elicit preferences for health
care. BMJ. 2000;320(7248):1530-3.

SoekhaiV, de Bekker-Grob EW, Ellis AR, Vass CM. Discrete choice experi-
ments in health economics: past, present and future. Pharmacoeconom-
ics. 2019;37(2):201-26.

Hainmueller J, Hopkins DJ, Yamamoto T. Causal inference in conjoint
analysis: Understanding multidimensional choices via stated preference
experiments. Polit Anal. 2014;22(1):1-30.

Awad E, Dsouza S, Kim R, Schulz J, Henrich J, Shariff A, et al. The Moral
Machine experiment. Nature. 2018;563(7729):59-64.

Bridges JFP, Hauber AB, Marshall D, Lloyd A, Prosser LA, Regier DA, et al.
Conjoint analysis applications in health—a checklist: a report of the
ISPOR good research practices for conjoint analysis task force. Value Heal.
2011;14(4):403-13.

Reed Johnson F, Lancsar E, Marshall D, Kilambi V, Mihlbacher A, Regier
DA, et al. Constructing experimental designs for discrete-choice experi-
ments: report of the ISPOR conjoint analysis experimental design good
research practices task force. Value Health. 2013;16(1):3-13.

Leaper TJ. cregg: simple conjoint analysis and visualization. R package
0.3.6. 2020. https://cran.r-project.org/web/packages/cregg/index.html.
Ministry of Health and Care Services. Act on medical and health research
(the Health Research Act) [Internet]. 2009. p. LOV-2008-06-20-44.
Ottersen T. Greater benefits and the worse off: specifying and balancing
priority-setting principles in health [dissertation]. Bergen: University of
Bergen; 2013.

Garon EB, Rizvi NA, Hui R, Leighl N, Balmanoukian AS, Eder JP, et al. Pem-
brolizumab for the treatment of non-small-cell lung cancer. N Engl J Med.
2015;372(21):2018-28.

Bognar G. Fair innings. Bioethics. 2015;29(4):251-61.

Tsuchiya A, Dolan P, Shaw R. Measuring people’s preferences regarding
ageism in health: some methodological issues and some fresh evidence.
Soc Sci Med. 2003;57(4):687-96.

Williams A. The rationing debate: rationing health care by age: the case
for. BMJ. 1997;314(7083):820.

Archard D, Caplan A. Is it wrong to prioritise younger patients with covid-
197 BMJ. 2020;369:m1509.


https://www.fda.gov/medical-devices/vitro-diagnostics/precision-medicine
https://www.fda.gov/medical-devices/vitro-diagnostics/precision-medicine
http://www.nyemetoder.no/english
https://cran.r-project.org/web/packages/cregg/index.html

Tranvag et al. BMC Med Ethics (2021) 22:55

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

NOU 2014:12. Apent og rettferdig - prioriteringer i helsetjenesten [Open
and fair - priority setting in the health servicel. Norges offentlige utred-
ninger. Oslo: Helse- og sosialdepartementet; 2014.

Tranvdg EJ, Norheim OF, Ottersen T. Clinical decision making in cancer
care: a review of current and future roles of patient age. BMC Cancer.
2018;18(1):546.

Harris J. The value of life—an introduction to medical ethics. London:
Routledge & Kegan Paul; 1985.

Tsuchiya A. QALYs and ageism: philosophical theories and age weighting.
Health Econ. 2000;9(1):57-68.

Rivlin M. Why the fair innings argument is not persuasive. BMC Med Eth-
ics. 2000;1(1):1.

Rivlin M. Protecting elderly people: flaws in ageist arguments. BMJ.
1995;310(6988):1179-82.

Majewski IJ, Bernards R. Taming the dragon: genomic biomarkers to
individualize the treatment of cancer. Nat Med. 2011;17(3):304.

Wieseler B, McGauran N, Kaiser T. New drugs: where did we go wrong
and what can we do better? BMJ. 2019;366:4340.

Davis C, Naci H, Gurpinar E, Poplavska E, Pinto A, Aggarwal A. Availability
of evidence of benefits on overall survival and quality of life of cancer
drugs approved by European Medicines Agency: retrospective cohort
study of drug approvals 2009-13. BMJ. 2017;359:4530.

Kemp R, Prasad V. Surrogate endpoints in oncology: when are they
acceptable for regulatory and clinical decisions, and are they currently
overused? BMC Med. 2017;15(1):134.

Prasad V, Kim C, Burotto M, Vandross A. The strength of asso-

ciation between surrogate end points and survival in oncology: a
systematic review of trial-level meta-analyses. JAMA Intern Med.
2015;175(8):1389-98.

Hwang TJ, Gyawali B. Association between progression-free sur-

vival and patients’' quality of life in cancer clinical trials. Int J Cancer.
2019;144(7):1746-51.

Moscow JA, Fojo T, Schilsky RL. The evidence framework for precision
cancer medicine. Nat Rev Clin Oncol. 2018;15(3):183.

Kimmelman J, Tannock |. The paradox of precision medicine. Nat Rev Clin
Oncol. 2018;15(6):341.

Page 9 of 9

59. Fleck LM. Pharmacogenomics and personalized medicine: wicked
problems, ragged edges and ethical precipices. N Biotechnol.
2012;29(6):757-68.

60. Holm S. Goodbye to the simple solutions: the second phase of priority
setting in health care. BMJ. 1998;317:1000-1.

61. Chung C.To do or not to do: a concise update of current clinical
controversies in immune checkpoint blockade. J Oncol Pharm Pract.
2018;25(3):663-73.

62. Kerr KM, Tsao M-S, Nicholson AG, Yatabe Y, Wistuba I, Hirsch FR. Pro-
grammed death-ligand 1 immunohistochemistry in lung cancer: in what
state is this art? J Thorac Oncol. 2015;10(7):985-9.

63. Planchard D, Popat S, Kerr KM, Novello S, Smit EF, Faivre-Finn C, et al.
Metastatic non-small cell lung cancer: ESMO Clinical Practice Guidelines
for diagnosis, treatment and follow-up. Ann Oncol. 2019;30(5):863-70.

64. Hofmann BM. Too much technology. BMJ. 2015;350:750.

65. De la Cuesta B, Egami N, Imai K. Improving the external validity of
conjoint analysis: the essential role of profile distribution. Working paper;
2019.

66. Workman P, Draetta GF, Schellens JHM, Bernards R. How much longer will
we put up with $100,000 cancer drugs? Cell. 2017;168(4):579-83.

67. Cohen D. Cancer drugs: high price, uncertain value. BMJ. 2017,359:4543.

68. Dykema J, Jones NR, Piché T, Stevenson J. Surveying clinicians by
web: current issues in design and administration. Eval Health Prof.
2013;36(3):352-81.

69. Cunningham CT, Quan H, Hemmelgarn B, Noseworthy T, Beck CA, Dixon
E, et al. Exploring physician specialist response rates to web-based sur-
veys. BMC Med Res Methodol. 2015;15(1):32.

70. Kellerman SE, Herold J. Physician response to surveys: a review of the
literature. Am J Prev Med. 2001,20(1):61-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Precision medicine and the principle of equal treatment: a conjoint analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	The context
	Experimental design
	Distribution and analysis
	Ethical approval

	Results
	Discussion
	Strengths and limitations of the study

	Conclusion
	Acknowledgements
	References


