
Citation: CPT Pharmacometrics Syst. Pharmacol (2021) 10, 40–47; doi:10.1002/psp4.12570

ARTICLE

A Personalized Medicine Approach Using Clinical Utility 
Index and Exposure-Response Modeling Informed by 
Patient Preferences Data

Insa Winzenborg1, Ahmed M. Soliman2 and Mohamad Shebley3,*

Selection of a personalized dose for an individual patient can be informed by the patient’s preferences, translated as weights 
on each of the clinically relevant safety and efficacy drug attributes, based on results from a brief patient preference elicita-
tion questionnaire. In this analysis, the weighted attributes were simulated to represent various endometriosis patient pro-
files. Exposure-response simulations were performed for elagolix, a drug approved for management of moderate to severe 
pain associated with endometriosis, across a range of plasma exposures corresponding to a range of doses. The results were 
combined to calculate a personalized clinical utility index. An interactive user-friendly online application was developed and 
envisioned as a physician’s desk tool to personalize the dose selection process based on individual patient preferences. This 
demonstration should serve as an example of how patient/physician conversation can be facilitated with quantitative tools 
for personalizing the dose.

Clinical utility index (CUI) calculations are a valuable tool for 
evaluating the benefit-risk balance of a drug over a range of 
doses or concentrations. By utilizing multiple efficacy and 
safety attributes of a drug, CUI calculations can be used 
to assess new drugs or characterize a patient’s response 
to therapy in a quantitative manner. Currently, the primary 
uses of CUI calculations are to inform dose selection during 
drug development from early trial results (i.e., phase I or II) 
or for supporting the selection of a fixed dosing regimen.1-4 
To our knowledge, CUI has not been applied for calculation 
of individual patient utility to personalize dosing. In the era 
of personalized medicine, however, the best clinical utility 

of a drug for a patient should ideally be informed by the pa-
tient’s preferences for treating their disease or condition. For 
practical use of the CUI calculations in clinical practice, the 
proposed optimal treatment option may be provided by an 
interactive online application that can easily be used in a 
physician-patient conversation.

For this concept, elagolix was used as an example of a 
drug with safety and efficacy attributes that can be inte-
grated with patient preferences and quantitative modeling 
and simulation. Elagolix (Orilissa) was approved in 2018 by 
the US Food and Drug Administration for the management 
of moderate-to-severe pain associated with endometriosis. 
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE 
TOPIC?
✔  Clinical utility index (CUI) calculations have been sug-
gested and used to evaluate the risk-benefit assessment 
of new drugs, in a quantitative manner, based on multiple 
safety and efficacy attributes.
WHAT QUESTION DID THIS STUDY ADDRESS?
✔  Could patient preferences influence the CUI of drugs 
and enable personalized medicine?
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
✔  Patient preferences from a discrete choice experi-
ment study were quantitatively integrated in an exposure-
response modeling and simulation framework of elagolix 

phase III endometriosis data, to predict a CUI dose. The 
predicted CUI dose was personalized by introducing 
various weights on each safety and efficacy end point, 
derived from patient preferences data. This study is a 
demonstration of interdisciplinary model-informed drug 
development in personalized medicine.
HOW MIGHT THIS CHANGE DRUG DISCOVERY, 
DEVELOPMENT, AND/OR THERAPEUTICS?
✔  This work integrates the patient perspective into 
the quantitative process of dose selection and of-
fers a novel approach to the assessment of benefit-
risk and personalized dosing at various stages of drug 
development.
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The approved dosages are 150 mg once-daily (q.d.) for a 
maximum treatment duration of 24  months and 200  mg 
twice-daily (b.i.d.) for a maximum treatment duration of 
6  months, to provide flexibility for treating patients with 
endometriosis based on the severity of symptoms.5 A 
clinical pharmacology overview of elagolix by Shebley et 
al. underscored the utility of plasma exposure-response 
modeling in supporting the approved dosages of el-
agolix.6 Population pharmacokinetics (PK) modeling by 
Winzenborg et al.7 described factors that influence elago-
lix PK and dosing. The exposure-efficacy modeling for 
the study primary pain end points dysmenorrhea (DYSM) 
responder rates and nonmenstrual pelvic pain (NMPP) re-
sponder rates by Winzenborg et al.8 was able to describe 
the phase III results with reasonable accuracy. Further, 
the exposure-safety modeling of bone mineral density 
(BMD) loss9 and incidence of hot flashes10 were able to 
describe the dose and time-dependent changes in BMD 
and the rates of hot flash occurrence observed in phase  
III trials.

To integrate the available information from the expo-
sure-response modeling and demonstrate how patients’ 
preferences can inform a personalized clinical utility index 
(pCUI), exposure-response simulations were developed 
for elagolix attributes of pain efficacy (DYSM, NMPP, and 
dyspareunia (DYSP)) and safety (BMD loss and incidence 
of hot flashes). To incorporate patients’ preferences in 
this study, the relative weighting of the safety and efficacy 
attributes of elagolix were derived from the results of a 
discrete choice experiment (DCE) study in endometriosis 
patients. The DCE quantified patient preferences for dif-
ferent attributes of treatments for endometriosis pain.11 
We then quantitatively integrated patient preferences from 
the DCE study into the exposure-response modeling and 
simulation framework of elagolix to predict a CUI dose. 
Results were presented in a user-friendly online applica-
tion, which also allows users to specify individual patient 
preferences’ weights.

METHODS
DYSP model development
An exposure-response model for clinical response of DYSP 
was developed using data from four phase III endometri-
osis clinical trials, as previously described.8 The same 
Markov-Chain discrete-time model structure, as previously 
described for the DYSM and NMPP model, was applied. 
Covariates were evaluated for significance on transition 
probabilities or half-maximal effective concentration/max-
imum effect (Emax) values. The model code and a dataset 
example are included in the Supplementary Material. 
Exposure-response models for BMD changes and proba-
bility of experiencing hot flashed were as described from 
previous literature.9,10

Utility simulation framework
A joint exposure-response simulation framework for the 
three efficacy and two safety end points was implemented 
in Matlab R2015b (version 8.6.0). Dose administration was 
varied from 0 to 400 mg daily dose (in 10 mg dose incre-
ments) and simulations were performed for each dosing 

scenario for b.i.d. and q.d. dosing for 100 trials with 100 
subjects each and for a treatment duration up to 24 months. 
The following assumptions and conventions were used to 
ensure relevant simulation results to the endometriosis pa-
tient population:

Patient demographics and baseline characteristics 
(baseline BMD, baseline BMD Z-scores, race, and age) 
were simulated to resemble those of all subjects screened 
for enrollment in the phase III studies as a representative 
sample of the general endometriosis patient population. 
On the other hand, baseline body mass index, OATP1B1 
genotype status, and baseline pain scores (DYSM, NMPP, 
and DYSP) were based on the observed distribution in the 
enrolled subjects, because these data were not available 
at screening.

Elagolix average concentrations as inputs to the safety 
and efficacy models were sampled based on the respec-
tive dosing scenario assuming full dosing compliance and 
the estimated elagolix clearance distribution as previously 
reported.7

Simulation results were first summarized by replicate, 
month, and end point. The percentage responders for 
DYSM, NMPP, DYSP, percentage subjects not experiencing 
moderate or severe hot flashes, and the number of subjects 
having < 1% loss in BMD relative to baseline was calculated 
per replicate. Afterward, the mean end point result across 
replicates was calculated per daily dose group and per treat-
ment duration.

The mean response rates per daily dose and per end 
point for a specific treatment duration were the entry point 
for the CUI calculation. The combined CUI U given specific 
weights w1, …, wN per end point EP1, …, EPN and per dose 
group d is calculated as:

R Shiny application for interactive utility predictions
The interactive application is based on the R Shiny tech-
nology from R Studio and programmed in R version 3.5.2. 
The above-mentioned mean response rates per daily dose, 
treatment duration, and end point were stored as a lookup 
table for the interactive application to access. This allows 
the application to calculate the CUI in real time given the 
user-specified weights. Information about the individ-
ual end point average response rates is given in addition 
to the CUI prediction. The R Shiny code is included in the 
Supplementary Material.

Discrete choice experiment survey
An online DCE survey was administered in 2017 to 250 
women with self-reported endometriosis diagnosis who 
experienced moderate-to-severe pain associated with en-
dometriosis. The analysis outcome was estimated weights 
for each level of the treatment attributes (severity of DYSM, 
NMPP, DYSP, risk of experiencing moderate to severe hot 
flashes, mode of administration, and risk of adverse preg-
nancy outcomes or bone fracture) corresponding to the 
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level of importance that patients put on each attribute level. 
Detailed methods are listed in ref. 11

The estimated weights from the survey were then used 
as input weights in Eq. 1 to inform the CUI from a patient’s 
perspective. As fracture risk was not directly modeled, the 
number of subjects experiencing > 1% BMD loss per year 
was used as surrogate for this end point.

RESULTS
Elagolix population PK and exposure-response 
modeling
Previously described population PK and exposure-response 
models for the primary elagolix-efficacy and elagolix-safety 
end points served as basis for the pCUI simulations.

An elagolix population PK model was developed based 
on data from four phase III clinical trials in patients with en-
dometriosis and five phase I studies in healthy volunteers. 
The elagolix PK was best described by a two-compartment 
model with OATP1B1 genotype status as covariate on ap-
parent clearance as the only significant covariate. Details of 
the population PK analysis were previously described in ref. 
7 and summarized in ref. 6

In brief, the exposure-response relationships of elagolix 
for efficacy and safety were developed based on data from 
four phase III studies with placebo treatment up to 6 months 
and active drug treatment up to 12 months. Clinical efficacy 
responses for DYSM and NMPP were adequately described 
over time by discrete-time first-order Markov-Chain models, 
which had states for nonresponse, response, and consid-
ered dropout for each state.8 Baseline DYSM and NMPP 
scores were identified as significant covariates on respec-
tive placebo transition probabilities, with higher placebo 
response in subjects with higher baseline disease scores. 
Additionally, age was significant on the half-maximal effec-
tive concentration parameter estimate in the NMPP model 
part leading to older age patients having better response 
rates for NMPP. Modeling results are summarized in ref. 6 
and described in detail in ref. 8, including the rationale of 
selecting the Markov-Chain model to describe the efficacy 
end points.

An additional exposure-response model for a secondary 
clinical response of DYSP was developed using data from 
four phase III and five phase I studies, as described previ-
ously8 for the primary efficacy end points DYSM and NMPP. 
Consistent with previous modeling results for DYSM and 
NMPP, baseline DYSP score was identified as significant 
covariate on placebo transition probability and age was iden-
tified as having a small but statistically significant influence 
on Emax parameters. The impact of age on DYSP maximum 
response in our model can be interpreted as patients with 
older age having a 5% better improvement of response 
(from the lowest age quartile from 18–27 years to the oldest 
age quartile from 36–49 years). The final model described 
the observed DYSP responder rates for the placebo group 
up to 6 months and the two active treatment groups (elagolix 
150 mg q.d. and 200 mg b.i.d.) up to 12 months (Figure 1).

For safety end points, the previously developed indirect 
response model described the effect of elagolix exposure 
on the hypoestrogenic adverse effect of loss in lumbar spine 
BMD over time using data from the endometriosis phase III 

clinical trials.9 In addition, a logistic regression model was 
developed to describe the effect of elagolix exposure on the 
probability of experiencing moderate-to-severe hot flashes 
during treatment.10 Both models were used without modifi-
cation and combined with the exposure-efficacy models to 
conduct simulations. Efficacy and safety simulations were 
combined for the development of the pCUI. A schematic il-
lustration of the modeling concept is shown in Figure S1 and 
described each component of the overall pCUI approach.

Clinical utility index simulation
The exposure-response models were used to simulate effi-
cacy and safety responses for a range of elagolix exposures 
that correspond to doses up to 400 mg total daily dose. The 
benefit-risk balance for a given dose of elagolix is inferred 
from the model-predicted responses represented as a CUI 
prediction, with patient preference data implemented as 
relative weights11 on each response end point to calculate 
a pCUI that corresponds to an individualized dose. Safety 
end point presentation is inverted for the pCUI calculation 
and the corresponding visualizations (i.e., probability of 
nonoccurrence rather than occurrence of the respective 
safety event is shown), in order to show increasing input for 
efficacy and decreasing input for safety end points on the 
utility for increasing dose amounts.

A user-friendly online application was developed to allow 
specifying patient preferences as weights on each end point, 
and to conduct simulations of various scenarios to predict a 
pCUI dose. To enable easy access of the pCUI and for inter-
active use, an open source link was developed and provided 
for public access at the following link: https://abbvi escie nce.
shiny apps.io/Endom etrio sis_Utili ty_App/.

Figure 2a shows a screenshot of the pCUI app with op-
tions to implement weights for each safety and efficacy 
attribute based on individual patient preferences, as well as 

Figure 1 Graphical representation of the goodness of fit for the 
dyspareunia (DYSP) exposure-response Markov-Chain model.

https://abbviescience.shinyapps.io/Endometriosis_Utility_App/.
https://abbviescience.shinyapps.io/Endometriosis_Utility_App/.
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flexibility to select the duration of treatment. In this scenario, 
elagolix duration of treatment was fixed to 6 months accord-
ing to the duration of the placebo-controlled period (efficacy 
primary end point) of the phase III clinical trials. DYSM, 
NMPP, BMD loss, and incidence of hot flash end points were 
equally weighted to represent a clinical trial setting without 
considering patient preferences. DYSP weighting was set 
to zero because efficacy for this end point in the phase III 
trials was only observed with the higher elagolix dosage 
of 200  mg b.i.d. Under this scenario, the predicted pCUI 
dose was 150  mg q.d., an approved dosage for elagolix, 
where DYSP efficacy did not reach statistical significance.5 
Although statistical significance of the 150 mg q.d. for DYSP 
was not achieved at month 6,12 the exposure-response 

time-course model for this end point suggests a possible 
benefit compared with placebo when the overall data are 
considered (Figure 1).

Under another scenario where DYSP efficacy is desired 
for patients with more severe symptoms, DYSP weighting 
was increased to two. The predicted pCUI dose under this 
scenario is a total daily dose of 400 mg (or 200 mg b.i.d.; 
Figure 2b), representing the approved elagolix 200 mg b.i.d. 
for treating patients with endometriosis associated DYSP.5

CUI weighted simulations based on patients’ 
preferences
Results of a DCE survey conducted on 250 women with 
self-reported endometriosis diagnosis who experienced 

Figure 2 pCUI app interface of a hypothetical scenario representing equal weighting of the primary efficacy end points (DYSM 
and NMPP) and safety end points (BMD loss and incidence of hot flash) (a) and CUI app interface of a scenario representing equal 
weighting of the primary efficacy end points (DYSM and NMPP), safety end points (BMD loss and incidence of hot flush), and higher 
weighting for a secondary efficacy end point DYSP, to account for patients with more severe symptoms (b). BMD, bone mineral 
density; CUI, clinical utility index; DYSM, dysmenorrhea; NMPP, nonmenstrual pelvic pain; pCUI, personalized clinical utility index.
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moderate-to-severe pain associated with endometriosis, 
have shown that patients’ primary preference was for a 
medical treatment that does not induce risk of experiencing 
moderate-to-severe hot flashes, followed by preference for 
improvement in DYSM, NMPP, and DYSP severity levels, 
with relatively less concern for risk of adverse pregnancy 
outcomes, mode of administration, and finally risk of bone 
fracture later in life.11

The reported ranges of preference weights from the DCE 
study were 3.66–3.58 for risk of moderate-to-severe hot 
flashes (depending on prior experience of moderate-to-severe  
hot flashes), 1.70 for improvement in DYSP, 1.49 for im-
provement in NMPP, 1.48 for improvement in DYSM, and 
0.49 for increased risk of bone fracture later in life.

These observed preference weights for each treatment 
attribute were directly entered into the pCUI app, as shown 
in Figure 3. Under this scenario of patient preferences for 
hypothetical medical treatment attributes, the predicted 
pCUI total daily dose of elagolix was 230  mg, represent-
ing a hypothetical dose that achieves balanced safety and 
efficacy influenced by the patient perspective. This hypo-
thetical dose predicted by pCUI simulations is still within 
the range of approved elagolix dosages (150 mg q.d. and 
200 mg), however, this is not an approved dose of elagolix 
for endometriosis-associated pain.

Personalized CUI simulations of hypothetical patient 
preferences
In addition to the clinical trial settings and the observed en-
dometriosis patient population preferences from the DCE 
study, various hypothetical patient preference scenarios 
were simulated. Figure  4 describes multiple scenarios 
of virtual patients with personalized weightings. A longer 

treatment duration of 12 months was selected to represent 
a duration in between the approved 24 months for 150 mg 
q.d. and 6 months for 200 mg b.i.d. according to the elago-
lix US package insert.5 For virtual patient 1, pain relief and 
nonoccurrence of moderate-to-severe hot flashes is more 
important than BMD loss, which results in predicted pCUI 
dose of 400 mg daily dose (e.g., 200 mg b.i.d.; Figure 4a). 
Virtual patient 2 has higher preference and therefore higher 
weights for bone health and pain relief relative to occur-
rence of moderate-to-severe hot flashes. This hypothetical 
setting leads to a relatively flat pCUI profile, as can be seen 
from the small range of pCUI values in Figure 3b, where 
the 150 mg q.d. regimen has a slightly better utility than the 
200 mg b.i.d. regimen. Given the flexibility and accessibility 
of the pCUI app, multiple other scenarios could be simu-
lated to personalize dosing.

DISCUSSION

Personalized medicine aims to individualize medical ther-
apies based on the patient’s characteristics, with the 
potential to tailor therapy with the best response and high-
est safety margin to ensure better patient care.13 Most 
personalized medicine approaches utilize genomics anal-
ysis to characterize patient’s response to therapy. In this 
work, a modeling and simulation approach for safety and 
efficacy attributes of elagolix, as an example, was com-
bined with patient preferences for endometriosis medical 
treatment in an online user-friendly app framework to per-
sonalize dosing. In the presented example with elagolix, 
the predicted CUI doses under the phase III clinical trials 
scenarios shown in Figure 2 support the approved dos-
ages of elagolix 150 mg q.d. and 200 mg b.i.d. (represented 

Figure 3 pCUI app interface for a hypothetical scenario representing weighted treatment attributes informed by results of the DCE 
study in patients with endometriosis. Equal weighting of primary efficacy DYSM and NMPP, relatively slightly higher weight for DYSP, 
relatively lower weight for not experiencing BMD loss, and highest weight for avoiding moderate-to-severe hot flashes. BMD, bone 
mineral density; CUI, clinical utility index; DCE, discrete choice experiment; DYSM, dysmenorrhea; DYSP, dyspareunia; NMPP, 
nonmenstrual pelvic pain; pCUI, personalized clinical utility index.
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as 400 mg total daily dose), and further support that the 
approved dosages are well-suited to address the patients’ 
needs. For serving as a physician’s app, the application 
should be restricted to only provide dosing recommenda-
tion from the approved dosages and up to the approved 
dosing duration. Although elagolix was used in this work, 
it was selected to demonstrate the concept of applying 
patient preferences for a medical treatment by integrat-
ing clinical trials data, exposure-response modeling and 
simulations, with patient preferences data, and not to spe-
cifically recommend the predicted pCUI doses for elagolix. 
This novel personalized medicine framework is envisioned 
as a quantitative tool to aid the physician’s selection of the 
dose for a given patient when a range of doses are avail-
able. The user-friendly online interface was envisioned to 

facilitate the pCUI to be used as a physician’s desk tool 
during the physician-patient conversation by selecting 
weights for each of the safety and efficacy attributes, to 
reflect the patient’s preference and physician’s art of prac-
ticing medicine simultaneously to personalize dosing. In 
addition, dose adjustments on later visits can be achieved 
based on the patient’s experience with the drug, which can 
be reflected with updated preferences to predict the new 
pCUI dose. This is consistent with the concept of “medica-
tion concordance” where a mutual agreement between the 
patient and healthcare provider is achieved on the basis of 
considering and respecting the preferences of the patient 
on whether, when, and how a medication is to be taken.14,15

This application, however, is informative if a given drug 
has a diversity of clinically relevant end points, where dose 

Figure 4 Pain relief and avoidance of hot flashes more important than BMD loss (a) and BMDloss and pain relief more important than 
avoidance hot flashes (b). BMD, bone mineral density; NMPP, nonmenstrual pelvic pain; pCUI, personalized clinical utility index.
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and exposure response relationships are established. In the 
case of elagolix, dose and exposure-dependent changes 
in hypoestrogenic effects (BMD loss and occurrence of hot 
flash) and endometriosis pain efficacy (DYSM and NMPP) 
have been reported and described using modeling ap-
proaches.6,12 Therefore, improved patient satisfaction with 
the treatment may be possible if there is an opportunity 
to allow the physician and patient to individualize dosing 
using a quantitative tool, such as the presented pCUI. For 
a completed assessment using pCUI, the physician’s pref-
erence can also be incorporated in the weights for each 
safety and efficacy attribute to offer a balanced person-
alized dosing. In the case of elagolix, another discrete 
choice experiment study focusing on the physician’s pref-
erences is currently ongoing and can be used in the future 
to include the physician’s perspective for a complete and 
balanced pCUI. This is not far from reality because existing 
approaches, such as the Clinical Decision Support System 
(CDSS), which has been in use since the early 1980s, and 
was envisioned as a way to improve healthcare delivery by 
enhancing medical decisions with targeted clinical knowl-
edge, patient information, and other health information.16 
The CDSS includes software and other computerized and 
artificial intelligence tools that enable healthcare provid-
ers make informed decisions based on individual patient 
characteristics and clinical knowledge base to tailor care. 
Similar to the established CDSS tools, our proposed pCUI 
app allows for shared decision making between patient 
and provider and serves as an interactive tool to make pa-
tients more involved in their own care.16

Another way to utilize this pCUI app is for internal deci-
sion making in early drug development (i.e., at the end of a 
phase II dose ranging study) to support the choice of dos-
ing regimens and/or sample size to achieve a certain end 
point for a phase III study design, assuming DCE assess-
ment of the patient preferences for the intended treatment 
is available.17,18

This work is not without limitations. The pCUI applica-
tion presented in this work is only a proof-of-concept and 
has not been used in a clinical setting, thus data are lack-
ing regarding its applicability and use in the real-world. In 
addition, the current pCUI application used BMD loss as 
one of the safety attributes, however, the DCE study ques-
tion related to bone health was presented to patients as 
an increased risk of bone fracture later in life.11 Although 
BMD loss is related to increased risk of bone fracture in 
postmenopausal women, the patient population for elago-
lix is premenopausal young women where changes in BMD 
are not expected to translate to a significantly increased 
risk of bone fractures.19,20 To address the DCE results on 
patient preference for treatment that increased risk of bone 
fractures later in life, the modeled BMD loss due to treat-
ment with elagolix was used as a conservative approach 
to increase the sensitivity of this safety end point on the 
predicted pCUI dose. A cutoff of BMD loss of at least 1% 
over 12  months was used to predict the percentage of 
patients and calculate the pCUI. This is considered an ac-
ceptable threshold based on the observed BMD changes 
with elagolix and the duration of therapy for each of the 
approved dosages. A potential extension to the current 

work would be to consider incorporating patient-specific 
characteristics, such as demographics or baseline dis-
ease scores, for more specific pCUI predictions. In cases 
where dropout was observed to be significantly varying by 
drug exposure or treatment group, an additional factor to 
account for dropout could be considered in utility predic-
tions. Additionally, dosing frequency was not considered 
in our pCUI analysis, because for most end points, dosing 
frequency did not have a significant effect. For the DYSM 
efficacy model, a drug-dependent effect was observed that 
could not be described by average concentration alone, 
but it remained unclear whether this was related to dosing 
frequency as the daily doses were very different between 
the q.d. (150 mg daily dose) and the b.i.d. (400 mg daily 
dose) dosing regimen. Thus, this drug-dependent effect for 
the DYSM model was averaged in the utility prediction.

Overall, the presented work provides a user-friendly 
quantitative framework online application that combines ex-
posure-response modeling with patients’ preference data to 
inform specific weighting of each modeled drug attribute, 
and to personalize dosing based on the predicted clinical 
utility index.

Supporting Information. Supplementary information accompa-
nies this paper on the CPT: Pharmacometrics & Systems Pharmacology 
website (www.psp-journal.com).
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