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Abstract: A major challenge in the assessment of medicines, treatment options, etc., is to establish a framework for the compari-
son of risks and benefits of many different types and magnitudes, a framework that at the same time allows a clear distinction
between the roles played by the statistical analyses of data and by judgements based on personal experience and expertise. The
purpose of this study was to demonstrate how clinical data can be weighted, scored and presented by the use of an eight-step
data-driven benefit–risk assessment method, where two genetic profiles are compared. Our aim was to present a comprehensive
approach that is simple to apply, allows direct comparison of different types of risks and benefits, quantifies the clinical relevance
of data and is tailored for the comparison of different options. We analysed a cohort of 302 patients with colorectal cancer trea-
ted with 5-Fluorouracil (5-FU). Endpoints were cure rate, survival rate, time-to-death (TTD), time-to-relapse (TTR) and main
adverse drug reactions. Multifactor dimensionality reduction (MDR) was used to identify genetic interaction profiles associated
with outcome. We have been able to demonstrate that a specific MDR-derived combination (the MDR-1 group) of dihydropyrim-
idine dehydrogenase and thymidylate synthase polymorphisms is associated with increased and clinically significant difference
for cure and survival rates, TTD and probably also for TTR, which are seen as the most important endpoints. An inferior profile
was observed for severe myocardial ischaemia. A probably inferior profile was seen for severe arthralgia/myalgia and severe
infections. A clear superior profile was seen for severe mucositis/stomatitis. The proposed approach offers comprehensive, data-
driven assessment that can facilitate decision processes, for example, in a clinical setting. It employs descriptive statistical meth-
ods to highlight the clinically relevant differences between options.

Significant resources are invested by regulatory agencies,
pharmaceutical companies, hospitals and other health-related
organisations to analyse the benefit–risk relationships of differ-
ent drugs, treatments, procedures, etc. It appears, however, that
the current approach for such analyses is inadequate in several
respects and that the outcome often depends in a somewhat
opaque manner on the experience and expertise of the persons
performing the analysis. In recognition of these problems,
there is presently a strong and continuously growing activity
in the field of ‘biomedical benefit–risk analysis’ with the aim
of developing more structured, transparent and comprehensive
methods [1–10]. Many of these efforts are inspired by multi
criteria decision analysis (MCDA) [11], but aim to place the
analysis in a broader context.
It is important that information about the selection of evalu-

ation criteria, about the magnitude, relative frequency, mutual
dependences, etc., of the various benefits and risks, about
unexplained observations, etc. is retained to the final analysis.
However, benefits and risks are recorded differently in trials

performed by different methods and different statistical tools,
and the evidence in support of the different observations may
vary significantly. At crucial stages of the analysis, decisions
or interpretations may therefore depend on input from key
individuals. In this way, the final assessment becomes subjec-
tive and it may differ, for instance, between regulatory agen-
cies and patient organisations.
While statistical significance of the obtained data is a neces-

sary criterion for a biomedical decision, it is not sufficient.
The clinical relevance of the observed effects, that is, the mag-
nitude of the effect observed in individual patients and the
fraction of the patient population in which particular benefits
and risks occur must be characterised as well [12–14]. It
seems to us that the focus is currently on statistical signifi-
cance rather than on clinical relevance of the data. This is not
justified, and both aspects must be considered in a well-
structured benefit–risk analysis.
In response to these problems, we have developed a trans-

parent and flexible method tailored for the comparison of two
different options (i.e. treatments, drugs, genetic polymor-
phisms) [15]. The main ideas of this method are (i) to bring
the various forms of information onto a common scale that
allows direct comparison between, for instance, a commonly
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occurring but small benefit and a rare, but significant risk,
(ii) to retain all essential pieces of information to the final deci-
sion, (iii) to present this information in an intuitive diagram-
matic form that can represent different dimensions of the
available information, for example, type, occurrence and clini-
cal relevance, and (iv) to highlight differences between different
stakeholders with regard to their view on weighting and scoring
of the various criteria. Different assessments can be made for
different stakeholders and can later be compared on point-to-
point basis, so that differences in opinion are clearly seen.
This manuscript builds on two recent papers by the present

authors: (i) Afzal et al. [16] and (ii) Sarac et al. [15]. The pur-
pose of the study is to demonstrate the method described by Sa-
rac et al. [15] by analysing the results obtained by Afzal et al.
[16] in a study of colorectal cancer treatment. We illustrate how
these data can be weighted, scored and communicated in a struc-
tured and transparent manner with focus on the quantification of
the clinical relevance and on general tendencies in the data.
The work of Afzal et al. focuses on 5-Fluorouracil (5-FU),

which is widely used to treat solid tumours including colorec-
tal cancers. The cytotoxicity of 5-FU depends primarily on
two active metabolites: (i) Fluorodeoxyuridine monophosphate
(5-FdUMP) inhibits the thymidylate synthase (TYMS) enzyme
[17], (ii) Fluorouridine triphosphate (5-FUTP) impairs RNA
function and thereby induces cell toxicity [18,19]. The inhibi-
tion of the TYMS enzyme is dependent on and enhanced by
intracellular 5,10-methylenetetrahydrofolate [17,20].
Increased sensitivity of cancer cell lines to 5-FU is correlated

with decreased expression or activity of dihydropyrimidine
dehydrogenase (DPYD), methylenetetrahydrofolate reductase
(MTHFR) and TYMS, and increased activity or expression of
orotate phosphoribosyltransferase or uridine monophosphate
synthetase (OPRT or UMPS) [21–26]. Studies investigating the
association of TYMS, DPYD, OPRT and MTHFR polymor-
phisms or expression with survival in adjuvant 5-FU-based
treatment of colorectal cancer have yielded contradictory results,
especially regarding TYMS and MTHFR [27–40].
Most studies investigate the association of individual poly-

morphisms with disease-free survival (DFS) or overall survival
(OS) [37]. Theoretically, the 5-FU metabolic phenotype is bet-
ter explained by multi-gene and pathway-oriented analysis
rather than single-gene analysis [41]. A specific multifactor
dimensionality reduction (MDR)-derived combination of
DPYD and TYMS, variable number of tandem repeats
(VNTR) polymorphisms was observed to be associated with
increased DFS [16].

Materials and Methods

The data and methods (MDR) described are those of a recent study by
Afzal et al. [16]. The study by Afzal et al. analysed data from 302
patients, where 10 polymorphisms in genes involved in 5-FU pharma-
codynamics and pharmacokinetics had been studied. MDR, a nonpara-
metric method, was used to identify genetic interaction profiles
associated with the outcome [16]. A MDR analysis of all the polymor-
phisms and the functional classifications of MTHFR, TYMS and
DPYD, have previously shown that variant alleles in DPYD and the
TYMS VNTR polymorphism are associated with improved DFS [16].

The median follow-up was 5 years (up to 11 years). Last follow-up
date was 30 August 2007. All patients were Caucasian with Dukes’
stage B2 and C treated at Rigshospitalet (Copenhagen University Hos-
pital) with surgery and the Mayo regimen (Levofolinate 10 mg/m2, 5-
FU 425 mg/m2/day, days 1–5, every 28 days, six cycles). DNA was
isolated from formalin-fixed paraffin-embedded tumour tissue, with
maximum 50% normal tissue. Clinical data and tumour pathology
were reviewed retrospectively [16].
Table 1 shows that 302 patients who were eligible for our study

distributed according to their MDR classification. The MDR-1 group
consists of patients with the combination of variant alleles in the
DPYD gene and the TYMS VNTR polymorphism, selected by the
MDR algorithm as being associated with improved DFS [16]. For 33
patients, the quality of DNA obtained from the tissue was so poor that
the polymorphisms could not be detected.
The data were assessed by the data-driven benefit–risk assessment

method as described by Sarac et al. [15]. Figure 1 shows the eight
successive steps comprising the overall framework. The proposed
methodology is a structured approach to the assessment of clinical
data that can be briefly characterised by first defining the decision con-
text. Hereafter, the clinical relevance is defined and quantified, and cri-
teria are identified, weighted and scored. Finally, the results are
visualised and communicated in tornado-like diagrams and an overall
conclusion is drawn. The proposed methodology provides a bolstering
structure around the statistical data analysis.
Let us outline the different steps in a little more detail:

Step 1 – Decision context. Every aspect of the decision context must
be explicitly described. This involves several issues, for example, the

Table 1.
Clinical data on the examined cohort. Based on the results from [16].

N = 302

Age at diagnosis (median years, range) 61 (19–85)
Sex
Male 151 (50%)
Female 151 (50%)
Median follow-up (years) 5.3 (0.1–11.3)
DFS
Events 142 (47%)
Censored 160 (53%)
OS
Events 127 (42%)
Censored 175 (58%)
Stage
B 37 (12%)
C 265 (88%)
Tumour grade
1 91 (30%)
2 129 (43%)
3 82 (26%)
Missing 2 (1%)
Tumour site
Colon 246 (81%)
Rectum 56 (19%)
MDR-1 111
MDR-0 158
Missing 331

DFS, disease-free survival; MDR, multifactor dimensionality reduc-
tion; OS, overall survival.
1DNA material was of so poor quality that the polymorphism could
not be detected.
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stakeholders to be involved in the assessment are identified, aims and
goals are defined, and all relevant information to support the
assessment is identified [8,42]. We propose that clinical relevance is
based on the proportion of patients who experience a specified
treatment effect and that clinical relevance is defined and justified
from assessment to assessment based on the decision context. This
context, therefore, needs to be as clear as possible leaving little room
for speculations or questions.

Step 2 – Decision profile. The criteria to be used in the assessment
are defined. A criterion is a specific parameter that describes a
measurable variable. The selected criteria are common for all groups
in the assessment. Each criterion should be based on a measured
parameter in a clinical data set. Loss of information must be
minimized [3]. The specific selection of criteria to be included in the
assessment must be justified for documentation and communication
purposes.

Step 3 – Weighting. Criteria are weighted on a value scale to enable
comparison in step 3. The weights are based on the relative
importance of a difference between two options. Each criterion is
assigned a weight/importance of 1 (low, or less important), 2
(medium, or important) or 3 (high, or very important). The weights
are comparable across all criteria in the assessment, meaning that two
criteria with the same weight are equally important. Weighting is
independent of the data sets. All weights must also be justified for
documentation and communication purposes. The justification aspect
creates the basis for a transparent and credible assessment. Different

stakeholders (e.g. clinicians, patients, pharmaceutical companies,
health authorities, etc.) may have different opinions about the weights.

Step 4 – Scoring. In this step, the performance of the two groups for
each of the selected criteria is assessed. A numerical value is assigned
for each criterion, and MDR-1 is scored relative to the comparator,
MDR-0, on a simple and transparent scale: �1 (inferior), 0 (non-
inferior or equivalent) and +1 (superior). Different types of data
require different types of methods for scoring. For continuous
variables, such as time-to-relapse (TTR) and time-to-death (TTD), the
scoring method is based on difference distributions [43]. A clinically
relevant difference is defined as a specified proportion of the patients
in a trial experiencing the effects of a treatment relative to a
comparator. In this context, clinical relevance is defined as 12 of 20
(=60%) patients in one of the two groups showing a difference for
continuous data, for example, time-to-death or time-to-relapse, in
order for the difference to be considered clinically significant and
relevant. The choice of the ratio is based on the severity of the
disease, where even a small difference can have a clinical
significance.
In the assessment of event criteria (e.g. responder rate, rare adverse

events, etc.), the scoring method is based on confidence intervals (CI).
Some events occur only once per patient (e.g. withdrawal, death, etc.).
To simplify, we may assume that such events occur independently,
with the same probability for each patient. The probability is assumed
to depend only on the intervention and in this case, genetic polymor-
phisms. The number of events in a study is then assumed to be bino-
mially distributed. We use the confidence intervals, calculated by the
exact method of Clopper and Pearson [44], for scoring. The parameter
of the binomial distribution, that is, the probability of a single event
for one patient, is calculated based on data. This parameter is a contin-
uous variable for which the scoring is decided by performing two-one-
sided binomial tests at, for example, a 2/3 confidence level. This is
equivalent to combining two-one-sided 66.7% confidence intervals
into a scoring interval and checking for overlap of the intervals. If
such an overlap is found, the drug and comparator are deemed non-
inferior. This is not an estimation of the uncertainty on the score, but
rather on the binomial parameter, just like a mean and standard devia-
tion for a continuous variable.
However, for cure and survival rate, the confidence level is low-

ered to 60% in accordance with the argumentation used for TTD and
TTR. A low confidence level is chosen to capture tendencies in data
that otherwise would not have been captured with the conventional
level of confidence of 95%. We are aware that the lower the confi-
dence level is, the higher the risk of a type 1 error will be (i.e. the
risk that a null hypothesis is incorrectly rejected, when it is actually
true).

Step 5 – Evaluation of uncertainty. Scores must be reviewed critically
[3,45]. A systematic approach to uncertainty is pivotal and several
aspects, for example, methodological flaws, negative studies, etc., can
be evaluated subjectively, as part of a qualitative evaluation. The
evaluation of uncertainty is integrated in the data-driven scoring
method in a simple way. In case of any uncertainty, the score may be
given as an interval. The interval �1 to +1 should be chosen, when
the available information can only be regarded as defining trends, and
re-sampling cannot be justified because of sparse data. Any
assignment of interval scores must be justified.

Step 6 – Weighted scores. Weights and scores are multiplied to create
a single value for each criterion that captures both its importance and
performance. The weighted scores can be used to create overall
benefit–risk assessment in the case of multiple trials.

1: Decision context

2: Decision profile

4: Scoring

3: Weighting

7: Presentation of results

6: Weighted scores

5: Evaluation of uncertainty

8: Overall conclusion

Fig. 1. The eight successive steps in the described benefit–risk assess-
ment method.

© 2012 The Authors
Basic & Clinical Pharmacology & Toxicology © 2012 Nordic Pharmacological Society

ASSOCIATION OF POLYMORPHISMS IN 5-FLUOROURACIL METABOLISM GENES 3



Step 7 – Visualisation. The results are visualised in standardised
diagrams. The impact of correlations is limited by avoiding addition
and/or multiplication of criteria. Differences between two options are
preserved throughout the assessment, and uncertainty and evidence
of data are incorporated in both a qualitative and quantitative
manner.

Step 8 – Overall conclusion. An overall conclusion is performed as
the last step in the assessment. However, all the important discussions
related to the importance of criteria, uncertainty of the data, etc., are
conducted prior to the creation of tornado-like diagrams. The tornado-
like diagrams convey all these small decisions and discussions, and
hereby facilitate the overall decision-making process.

Results

Decision context.
The actual assessment is performed from a clinical point of
view. Based on the MDR classification, the aim is to investigate
the difference in the association of polymorphisms in 5-Fluoro-
uracil metabolism genes with outcome in adjuvant treatment of
colorectal cancer. We will perform comparison between the two
MDR groups on the basis of cure rate, survival rate, TTD, TTR
and main adverse drug reactions.

Decision profile.
Based on the decision context, the following criteria are chosen:
Cure rate, survival rate, TTD, TTR, infections, bleedings, muco-
sitis/stomatitis, nausea/vomiting, hand-foot-skin syndrome, diar-
rhoea, arthralgia/myalgia, myocardial ischaemia and fatigue, as
seen in table 2. The selected criteria are considered to represent
the most relevant aspects in the evaluation of differences
between options in the treatment of colorectal cancer.

Weighting.
As with the selection of criteria, all weights must be justified
for documentation and communication purposes. In this study,
as mentioned previously, weighting is performed from a clini-

cal point of view. Cure rate, survival rate, TTR and TTD are
primary endpoints, because both patients and clinicians are
interested in overall survival or cure. These criteria are there-
fore of high importance (weight 3), meaning that a difference
between the two MDR groups will have major clinical impli-
cations.
The criteria infections, such as myocardial ischaemia, bleed-

ings, mucositis/stomatitis, hand-foot skin syndrome and diar-
rhoea, are all considered medium important (weight 2),
meaning that a difference between two options will probably
have clinical implications, for example, if the performance for
the high-importance criteria is equal between the two options.
The medium importance criteria are often difficult to treat and
can have consequences for the patients, occasionally very seri-
ous to fatal.
The low importance criteria (weight 1), arthralgia/myalgia,

fatigue and nausea/vomiting, can often be treated, for example,
pharmacologically. Although, these events can be very severe,
they are rarely life-threatening.

Scoring.
Different types of data may require different methods for scor-
ing. For continuous data such as TTR and TTD, distributions
are created for the MDR-0 and MDR-1 groups, as seen in
fig. 2. There is no follow-up after 8 years, where a consider-
able number of patients still are alive. We need to know the
entire distribution to be able to calculate the difference distri-
bution between two distributions [43]. The Kaplan–Meier
curves are therefore fitted to Weibull distributions that are
often used to describe and analyse survival data. This distribu-
tion seems to also offer a reasonable description of our data.
There are other methods for the analysis of survival functions,
for example, Mantel–Haenszel methods and hazard ratios, and
the proposed methodology is to be seen as an example of
these.
Figure 2A shows the TTD as a function of MDR-1 (red)

and MDR-0 (blue), respectively. As seen in fig. 2A, a substan-
tial number of patients survive more than 8 years in each
group, and the dashed lines represent the ‘survival rate’ of
colorectal cancer for the two MDR classifications, where
67/111 (60%) patients in the MDR-1 group survive compared
with 52/158 (33%) patients in the MDR-0 group. The curves
are normalised (data not shown), to represent time-to-death for
all patients dying during the study. The difference distribution
in fig. 2B shows that the patients dying during the study per-
iod, 64% in the MDR-1 group have a longer time-to-death rel-
ative to the patients dying in the MDR-0 group. Figure 2C,D
shows the TTR and is to be interpreted in the same manner.
The dashed line represents the ‘cure rate’, where 66/111
(59%) patients in the MDR-1 group are cured compared to
62/158 (39%) patients in the MDR-0 group. Figure 2D shows
that 55% of the patients surviving in the MDR-1 group have
longer time-to-relapse relative to the patients surviving in the
MDR-0 group.
The dashed lines in fig. 2A,C represent and estimate the

levels of survival and cure rates. In table 3, the number of

Table 2.
The selected criteria and their weights. High importance = 3, medium
importance = 2 and low importance = 1.

Criterion Weight

Cure rate 3
Survival rate 3
TTD 3
TTR 3
Infection 2
Myocardial ischaemia 2
Bleeding 2
Mucositis/stomatitis 2
Hand-foot skin syndrome 2
Diarrhoea 2
Arthralgia/myalgia 1
Fatigue 1
Nausea/vomiting 1

TTD, time-to-death; TTR, time-to-relapse.
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patients that will either survive the disease or be cured from it
is shown.
Toxicity was recorded and graded according the Common

Toxicity Criteria (CTC) (National Cancer Institute, Common
Toxicity Criteria version 2.0) [16]. We proceed to dichoto-
mously classify toxicity into none-to-moderate (grade 0–2)
and severe (grade 3–4) toxicity for the MDR classification.
We have chosen to focus on differences in the severity of
adverse drug reactions between the two MDR classifications.
Data from table 3 are visualised in the scoring table shown

in figs 3 and 4. The green area represents the values at which
the confidence intervals based on the Clopper–Pearson method
do not overlap with 66.7% confidence limit (60% confidence
limit for cure and survival rate), and where the probability of

an event hence is lower for MDR-1. The red area represents
the values at which the confidence intervals also do not over-
lap, but where the probability of an event is higher for MDR-1.
The yellow area represents the values at which the confidence
intervals do overlap, and where one cannot conclude whether
or not there is a difference in the probability of an event
between the two MDR groups.
Figure 3 shows that patients in the MDR-1 group have a

superior profile with regard to mucositis/stomatitis and fatigue.

64 %

55 %

A B

C D

Fig. 2. Data-driven scoring based on difference distributions. (A) Time-to-death (TTD) curves for the MDR-0 and MDR-1 groups, (B) difference
distribution for TTD, (C) Time-to-relapse (TTR) curves, (D) difference distribution for TTR. The dashed lines represent the levels of survival and
cure rates. 67/111 (60%) patients in the MDR-1 group survive compared to 52/158 (33%) patients in the MDR-0 group, while 66/111 (59%)
patients in the MDR-1 group are cured compared to 62/158 (39%) patients in the MDR-0 group.

Table 3.
Number of grade 3–4 toxicity of adjuvant chemotherapy based on the
MDR classification, and number of cured and survivors.

Criterion MDR-1 (N = 111) MDR-0 (N = 158)

Cure rate 66 62
Survival rate 67 52
Infection 7 6
Myocardial ischaemia 3 0
Bleedings 0 0
Mucositis/stomatitis 10 25
Hand-foot skin syndrome 2 3
Diarrhoea 17 27
Arthralgia/myalgia 2 1
Fatigue 0 4
Nausea/vomiting 5 8

MDR, multifactor dimensionality reduction.

Diarrhoea

Mucositis/stomatitis

Nausea/vomiting

Infection

Hand-foot skin syndrome

Fatigue
Bleeding

Arthralgia/myalgia

Myocardial ischemia

Fig. 3. Data-driven scoring based on confidence interval scoring. Scor-
ing table for the grade 3–4 adverse drug reaction cases. The colour
red indicates that MDR-1 is inferior. Yellow represents non-inferiority
and green superiority. MDR-1 shows a superior profile with regard to
mucositis/stomatitis and fatigue, while inferior for myocardial ischae-
mia and infections. For all other criteria, MDR-1 is non-inferior.
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For myocardial ischaemia, the MDR-1 group has an inferior
profile with three cases of myocardial ischaemia versus 0
cases in MDR-0. The MDR-1 group is also inferior on the
infection criterion. For the remaining criteria, the MDR-1
group is non-inferior. Figure 4 shows that patients in the
MDR-1 group have a clear superior profile with regard to cure
and survival rate.
Additional results using common statistical methods were

also performed. TTR and TTD were assessed using univari-
able and multivariable Cox proportional hazards models.
Adjustment was made for known predictive factors (age, sex,
tumour grade and tumour stage) and cohort in the multivari-
able Cox proportional hazards models. The results showed that
the hazard ratio (CI 95%) for MDR-1 with respect to TTR is
0.66 [0.45–0.95]; p = 0.03, where MDR-0 is defined as
HR = 1. The MDR classifier showed a similar tendency but

was not significant for TTD where the hazard ratio was 0.70
[0.47–1.02]; p = 0.06.
The results for ‘survival rate’ and ‘cure rate’ were statisti-

cally significant at a 95% confidence level using a Fischer’s
exact test (two-tailed test), while the remaining criteria were
not significant. A Barnard’s exact test (two-tailed test) showed
that, additionally, the result for ‘myocardial ischaemia’ was
statistically significant at a 95% confidence level, while the
remaining again were not significant. At the usual level of
confidence (95%), only cure and survival rate were significant,
while the rest of the criteria were not significant using Clop-
per–Pearson’s exact method.

Evidence and uncertainty.
The scores that are calculated in step 4 – Scoring – and
shown in table 4 must be reviewed critically [3]. The scores
are based on a total of 269 patients, distributed on the two
groups. The basis for the scores is relatively weak, because of
the low number of patients, and this is accounted for in the
data-driven scoring method in a simple way: The scores of
borderline criteria are changed to intervals. By borderline cri-
teria, we mean that a change in the number of events by only
one would change the score. Arthralgia/myalgia, infections
and fatigue are all borderline, and the scores are consequently
changed to intervals, as seen in table 4. Time-to-death curves
show that 64% of patients dying in the MDR-1 group have a
longer time-to-death, while the difference distribution for time-
to-relapse shows that 55% of the patients surviving in the
MDR-1 group have longer time-to-relapse relative to the sur-
viving patients in the MDR-0 group. According to the defini-
tion of clinical relevance, the MDR-1 profile is not superior to
the MDR-0 profile with regard to time-to-relapse, but there is
a tendency in favour of MDR-1. However, this difference is
regarded as clinically not significant.
For the criteria infections, arthralgia/myalgia and fatigue,

only one more case in one of the groups will shift the score.
Based on these observations, the scores for these criteria are
represented by intervals.

Survival rate
Cure rate

Fig. 4. Data-driven scoring based on confidence interval scoring. Scor-
ing table for number of survivors and cured patients, based on the esti-
mates from fig. 2. The colour red indicates that MDR-1 is inferior,
yellow non-inferiority and green superiority. MDR-1 shows a superior
profile with regard to both the number of cured (59% versus 39%)
and survived (60% versus 33%) patients.

Table 4.
Criteria, weights, scores and weighted scores.

Criterion Weight Scores MDR-0 Scores MDR-1 Weighted scores MDR-0 Weighted scores MDR-1

Cure rate 3 �1 1 �3 3
Survival rate 3 �1 1 �3 3
TTD 3 �1 1 �3 3
TTR 3 0 0 0 0
Infection 2 1?0 �1?0 2?0 �2?0
Myocardial ischaemia 2 1 �1 2 �2
Bleeding 2 0 0 0 0
Mucositis/stomatitis 2 �1 1 �2 2
Hand-foot skin syndrome 2 0 0 0 0
Diarrhoea 2 0 0 0 0
Arthralgia/myalgia 1 1?0 �1?0 1?0 �1?0
Fatigue 1 �1?0 0?1 �1?0 0?1
Nausea/vomiting 1 0 0 0 0

TTD, time-to-death; TTR, time-to-relapse.
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Weighted scores.
The weights and scores are multiplied to produce weighted
scores that enable the direct comparison of different criteria
between the two options. The weighted scores capture both
the importance and performance. Table 4 shows criteria, their
weights, scores and weighted scores.

Visualisation.
The results of the assessment are visualised and communi-
cated in a tornado-like diagram, as seen in fig. 5, where the
weight of a criterion is depicted as the width of box and
the score is represented by the colour. The wider the box, the
more important the criterion is. If the MDR-1 is superior, the
colour green is used, yellow if there is no difference and red
if the MDR-1 is inferior. Figure 5 shows that patients in
MDR-1 have an equivalent or better outcome for the most
important criteria, cure rate, survival rate, TTD and TTR,
while only inferior to non-inferior for one medium important
and one low important criterion, infections and arthralgia/
myalgia, respectively. In the tornado diagram, both of these
are marked as inferior (red). Patients in the MDR-1 group
have clearly inferior profile for only one criterion of medium
importance, myocardial ischaemia.

Overall conclusion of the assessment.
A clinically significant and relevant difference for the high-
importance criteria, cure rate, survival rate and TTD was
found in favour of the MDR-1 group, while for TTR, the

results were non-inferior, but a tendency in favour of
the MDR-1 group is seen. A higher risk of severe cases of the
medium importance criterion myocardial ischaemia and a
slightly higher risk of the medium importance criterion infec-
tion were seen in MDR-1, which needs to be studied. Because
of the limited number of patients, the results for the criteria
TTR, infections, arthralgia/myalgia and fatigue are not conclu-
sive and are only seen as trends/tendencies.
The clinical implications of this study are that the genetic

profile of the MDR-1 group has a clinically substantially supe-
rior profile with regard to three of four most important criteria,
cure rate, survival rate and TTD and probably also with regard
to TTR, which is the last of the most important criteria. Fur-
thermore, patients in the MDR-1 group have a superior profile
for the medium important criterion mucositis/stomatitis and
probably superior to non-inferior on the low importance crite-
rion fatigue. Patients in MDR-0 have a superior profile for
myocardial ischaemia and also probably superior profile for
infections and arthralgia/myalgia.
The combination of genetic polymorphisms for patients in

the MDR-1 group in comparison with the MDR-0 group causes
clinically relevant differences for several clinical aspects, and
the overall benefit–risk profile is positive. Based on this study,
genetic profiling is therefore advisable in patients with colorec-
tal cancer, to enable individualised treatment and follow-up.

Discussion

Statistical significant results are essential, but not on expense of
the clinical relevance of data [12–14]. Statistical significance
cannot be used to conclude that an intervention is clinically
relevant. We propose that clinical relevance is defined and justi-
fied based on the proportion of patients experiencing a specified
treatment effect, and we have demonstrated how clinical rele-
vance can be quantified and discussed in a qualitative manner.
However, as mentioned previously, the proposed methodology
is not to be seen as a substitute of existing statistical analysis
but a way to place the results of a statistical analysis in a
broader perspective.
Common statistical tests were performed at 95% confidence

level. Hazard ratios were used for TTD and TTR, while Fish-
er’s exact test and Barnard’s exact test were used for the
remaining. The results show that TTR is statistically signifi-
cant using hazard ratio, while cure and survival rate are
statistically significant using Fisher’s, Barnard’s and Clopper–
Pearson’s exact tests. Additionally, myocardial ischaemia was
found to be statistically significant under Barnard’s exact test.
However, looking at fig. 3, it is seen that there is a clear trend
in favour of the MDR-1 group. The suggested 2/3 threshold
has proved to be reasonable, because the balance between type
I and II errors is acceptable.
While supported by statistical analysis, the proposed method

itself is of a qualitative nature to properly allow for uncertainties
and differences in opinion. This qualitative feature also serves
to focus the assessment on clinical and toxicological issues, and
it allows comparison of benefits and risks that have largely
different probability and/or significance in a justifiable detail.

MDR-1
inferior

MDR-1
non-inferior

MDR-1
superior

TTD

TTR

Infection

Myocardial ischemia

Bleeding

Mucositis/stomatitis

Hand-foot skin reaction

Diarrhoea

Arthralgia/myalgia

Fatigue

Nausea/vomiting

Survival rate

Cure rate

Diarrhoea

Fig. 5. Tornado-like diagram used in visualisation. The colour red
indicates that MDR-1 is inferior, yellow non-inferiority and green
superiority. The results of the assessment are shown, where patients in
the MDR-1 group have superior profile with regard to three of four
most important criteria, survival rate, cure rate and time-to-death,
while non-inferior for TTR.
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The difference distribution captures even the smallest
change or difference. One can discuss whether or not patients
surviving a day or a week more should be taken into account.
If wanted, a cut-off point could be defined enabling, for exam-
ple, only patients that survive more than 1 month to be
accounted for. However, it might be difficult to pre-define
such a value but this is precisely one of the main advantages
of the proposed methodology: decision makers are forced to
conduct such valuable and important discussions prior to and
after the data analysis. This aspect of method can be tailored
to the specific scenario, situation and decision context.
The method allows comparison of different criteria that

have largely different probability and/or significance in a justi-
fiable detail, for example, rare events of lower importance
with continuous data of higher importance such as time-to-
death. The results show that patients in the MDR-1 group
clearly have an inferior profile with regard to severe cases of
the medium importance criterion myocardial ischaemia, while
patients in the MDR-0 group clearly have an inferior profile
with regard to severe cases of mucositis/stomatitis.
The weights applied to the individual criteria can obviously

be questioned and discussed. Ideally, weights are to be
decided in consensus by clinicians, regulators and patient
organisations. The idea of the overall procedures is that differ-
ent stakeholders can locate and evaluate their possible points
of divergence. This may lead to an adjustment of the weights
through more detailed argumentation.
Different stakeholders are likely to have different views on

weighting and scoring of the various criteria, and they may
also disagree about the choice of criteria. It is therefore impor-
tant that all relevant information is maintained and clearly pre-
sented in the final decision process.
In our experience, the structured process enables valuable

discussions in a structured way. It is these valuable and struc-
tured discussions that create the foundation for creditable
assessments. The results can then easily be communicated in
standardised diagrams, where essential information about
importance and performance is visualised.
In conclusion, we have demonstrated a comprehensive

approach to data-driven assessments and how it can be used
in a clinical setting. The method can handle a variety of differ-
ent types of clinical data and can be used in single trials as
well as in multiple trials [15]. Preliminary tests of the method-
ology have given satisfactory results, particularly concerning
the ability of the method to retain the most relevant informa-
tion for the final assessment. The proposed methodology helps
different stakeholders to compare their views on a point-to-
point basis in a transparent and structured way with focus on
the clinical relevance of data. Based on this study, genetic pro-
filing is advisable in patients with colorectal cancer, to enable
individualised treatment and follow-up. Further studies are,
obviously, needed to consolidate these findings.
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