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Objectives: In the absence of EuroQol 5D data, mapping algorithms can be used to predict
health-state utility values (HSUVs) for use in economic evaluation. In a placebo-controlled
Phase II study of olaparib maintenance therapy (NCT00753545), health-related quality of
life was measured using the Functional Assessment of Cancer Therapy – Ovarian (FACT-O)
questionnaire. Our objective was to generate HSUVs from the FACT-O data using published
mapping algorithms.
Materials and methods: Algorithms were identified from a review of the literature.
Goodness-of-fit and patient characteristics were compared to select the best-performing algorithm, and this was used to generate base-case HSUVs for the intention-to-treat population of
the olaparib study and for patients with breast cancer antigen mutations.
Results: Four FACT – General (the core component of FACT-O) mapping algorithms were
identified and compared. Under the preferred algorithm, treatment-related adverse events had
no statistically significant effect on HSU (P.0.05). Discontinuation of the study treatment and
breast cancer antigen mutation status were both associated with a reduction in HSUVs (–0.06,
P=0.0009; and –0.03, P=0.0511, respectively). The mean HSUV recorded at assessment visits
was 0.786.
Conclusion: FACT – General mapping generated credible HSUVs for an economic evaluation
of olaparib. As reported in other studies, different algorithms may produce significantly different estimates of HSUV. For this reason, it is important to test whether the choice of a specific
algorithm changes the conclusions of an economic evaluation.
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Estimates of health-state utility (HSU) are an integral part of an analysis of the costeffectiveness of a new therapy. Utility values are typically sourced either from a clinical study or from the published literature, using a validated generic preference-based
multiattribute utility instrument, such as EuroQol (EQ)-5D. Where utility estimates
relevant to the decision problem are not available directly from a clinical study or
from the literature, it may be possible to use a mapping algorithm to translate scores
recorded on a disease-specific instrument, such as Functional Assessment of Cancer
Therapy (FACT), into a utility value using a generic measure, such as EQ-5D. The
purpose of this research was to identify and apply possible mapping algorithms that
could be used to estimate HSU values (HSUVs) for use in an economic model from
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FACT data c ollected in a Phase II trial of olaparib as maintenance therapy in patients with platinum-sensitive ovarian
cancer.1,2
Olaparib is an oral poly(adenosine diphosphate-ribose)
polymerase inhibitor that has been investigated as a maintenance treatment for women with platinum-sensitive relapsed
serous ovarian cancer (PSROC) who have received two or
more courses of chemotherapy and shown objective response
to their last chemotherapy.1,2 In a Phase II randomized,
double-blind, placebo-controlled study (NCT00753545),
olaparib capsules (400 mg twice daily) significantly improved
progression-free survival (hazard ratio 0.35, 95% confidence
interval [CI] 0.25–0.49; P,0.0001), and had no observed
detrimental effects on health-related quality of life (HRQoL).3
The safety profile of olaparib was considered appropriate for
long-term maintenance therapy.2
In the olaparib study, HSU was not measured directly.
HRQoL was measured using the FACT – Ovarian (FACT-O)
questionnaire.1,2 FACT-O is a 39-item questionnaire that
includes a general measure of QoL, FACT – General
(FACT-G), and an ovarian cancer subscale.4 Both FACT-G
and FACT-O are validated patient-reported instruments that
have been used extensively in cancer trials.4 Literature evidence on the HSUV of patients with PSROC is limited.5 Only
two clinical trials have reported HSUV in ovarian cancer.6,7
Both trials reported HSUVs from patients actively receiving
chemotherapy. Only one trial reported HSUVs in patients
with PSROC.8 These data may not adequately represent the
HSUVs of patients eligible for maintenance therapy, given
that patients in these clinical trials have recurrent disease
requiring immediate chemotherapy, while patients eligible
for maintenance therapy have successfully completed chemotherapy and achieved a complete or partial response. In
addition, there may be differences in the tolerability profile
of treatments given at the time HSUV is measured. Previous
studies have demonstrated the use of mapping algorithms
to generate HSUVs from FACT-G.9,10 The objectives of this
retrospective analysis were to generate HSUVs from FACT
data collected in NCT00753545, and to explore the associations between HSUVs and clinical events occurring in the
study, with the purpose of generating HSUVs for an economic
evaluation of olaparib maintenance therapy.

Materials and methods
The analysis was conducted in three phases: 1) identification
of algorithms, 2) comparative appraisal of algorithms, and
3) modeling the association between HSUVs and clinical
events in NCT00753545.

616

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

Identification of mapping algorithms
Relevant mapping algorithms were identified from a previously reported systematic review of HRQoL studies in
ovarian cancer conducted in 2014,5 and hand-searching the
Health Economic Research Centre (HERC) online database
of HSUV-mapping studies.11 Further detail on the review
methodology is provided in Supplementary materials. The
hand-searching of the HERC database focused on algorithms
that mapped FACT-O or FACT-G to HSUVs.
A preferred mapping algorithm was chosen to generate
HSUVs for an economic evaluation. The criteria for selecting
the preferred algorithm included a comparative assessment of
goodness-of-fit statistics and a comparison of the characteristics of patients in NCT00753545 with the populations sampled
to develop each algorithm. The goodness-of-fit indicators
included prediction of mean, standard deviation, median,
and range of values from the original mapping survey, alongside adjusted R2 and mean absolute error statistics. For each
algorithm, a mean overall rank was calculated, with the bestperforming algorithm having the lowest overall rank score.

Statistical analysis
All algorithms identified in the search were applied to the
FACT-O or FACT-G data collected in NCT00753545. FACT
data were collected at screening and at regular 4-weekly
scheduled visits up to discontinuation of study drug.1 Data
included in the mapping data set included: randomization
group, breast cancer antigen mutation (BRCAm) status,
adverse events (AEs; graded using the Common Terminology Criteria for Adverse Events), progression-free survival,
time to first subsequent therapy following discontinuation of
study treatment, and time to discontinuation of study treatment.1,2 The relationship between events and HSUVs was
established by identifying FACT-O questionnaires collected
within 7 days of a clinical event, including data collected
at the time of an AE. A 7-day period was selected, because
FACT-O requires respondents to evaluate their well-being
over the previous 7 days.4
Analyses were conducted on the intention-to-treat (ITT),
germ-line BRCAm, and BRCAm (germ-line and somatic
mutation) populations. Summary statistics were generated for
each of the four sets of HSUVs derived using the algorithms,
and for each period of the study (screening, scheduled routine
assessments every 28 days, and unscheduled assessments).
All statistical analyses were conducted using the statistical
software R.12
Statistical differences in the four sets of HSUVs were
assessed using the concordance correlation coefficients
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(CCCs), Pearson CCs (PCCs), and a comparison of mean
values using a paired t-test. CCCs and PCCs greater than
0.72 represented good agreement among HSUVs.9 Statistical
significance was set at the 5% level. A 0.06-point change was
considered to be a minimally important difference (MID) in
EQ-5D, based on a study reporting a retrospective analysis of
EQ-5D data collected from a sample of 534 cancer patients,
including patients with ovarian cancer.13
Linear mixed-effect regression models were used to
estimate the relationship between HSUVs and time since
randomization, BRCAm status, randomization group, and
clinical events. An initial analysis was conducted using
single-variable regression models to identify individual factors associated with changes in HSUV, and a multivariable
regression model was then developed to predict HSUVs.
The factors included in the multivariable model were
selected from the results of the single-variable analyses,
and by application of a backward stepwise selection method
using the Akaike information criterion (AIC) to exclude
irrelevant factors.
Repeated measures of HSUVs were modeled using the
random-effect component of the regressions. A series of
correlation structures were assessed, with the lowest AIC
used to select the appropriate structure. The variance–
covariance matrix for the multivariate regression model is
reported in Supplementary materials. Analysis was carried
out using the NLME statistical package in the programming
software R.14

Results
Identification of mapping algorithms
Four studies reporting the mapping of FACT to EQ-5D
were identified from hand-searching the HERC database
of mapping studies.11 Two of the four studies15,16 reported
FACT – Prostate and FACT – Melanoma mapping. These
studies were excluded because they used components
specific to the diseases. The two remaining studies17,18
reported FACT-G to EQ-5D. One of the FACT-G studies
reported two mapping algorithms (ordinary least squares
[OLS] and Tobit).17
Two studies were retrieved from the systematic review.18,19
One of the studies18 was already reported in the HERC
database. The other19 reported FACT-G to time trade-off
mapping, and was not included in the database. None of the
studies retrieved from the review or mapping database reported
FACT-O to EQ-5D, and for this reason, the four FACT-G mapping algorithms (three studies) were applied in the analysis.
A summary of the algorithms is provided in Table 1.
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Comparison of algorithms
The four mapping algorithms were derived from data collected in three surveys that enrolled patients with a mixture of
cancer types, Eastern Cooperative Oncology Group (ECOG)
performance scores, and baseline demographics.17–20
The baseline age and ECOG performance status of the
surveyed population in Longworth et al17 were broadly similar
to the baseline values in NCT00753545 (59.5 vs 57.5 years,
71.8% vs 100% with ECOG status 0–1). By comparison,
the surveyed population in Cheung et al18 was younger
(49.3 years), and the surveyed population in Dobrez et al19
had higher ECOG scores at baseline (55.5% with ECOG
0–1) than the population in NCT00753545.
A varied mix of cancer types were reported in the
surveyed populations (Table 1). The population in Longworth et al included patients with advanced gynecological cancer who had undergone at least two prior cycles of
chemotherapy.17 The surveyed population in Cheung et al
also included patients with advanced gynecological cancer
(6%);18 however, exposure to past chemotherapy was not
reported. None of the patients surveyed by Dobrez et al had
gynecological cancer.9,19
The ranking of each algorithm by goodness of fit is
shown in Table 2. Overall, the OLS algorithm was the best
fit (mean 1.67), followed by Cheung et al (1.83), Tobit
(2.40), and Dobrez et al (4.0). The OLS was the bestperforming algorithm in predicting mean HSUV from its
original surveyed population. The Dobrez et al algorithm
was the lowest-ranked algorithm across all properties. The
preferred algorithm for this analysis was Longworth et al’s
OLS,17 chosen based on its goodness-of-fit profile and the
comparability between NCT00753545 and the population
used to derive the algorithm.

Application to FACT-O data
All four algorithms were applied to patient-level FACT-O
data from NCT00753545. HSUVs were generated for 247
of the 264 patients in NCT00753545 (Table 3). Applying the
preferred algorithm (OLS), mean utility values in the ITT
population were 0.786 (interquartile range: 0.699–0.885) and
0.720 (interquartile range: 0.632–0.820) for scheduled routine
and unscheduled assessments, respectively. In the BRCAm
subpopulation, mean utility values were 0.768 (0.681–0.871,
scheduled routine assessments) and 0.708 (0.594–0.811,
unscheduled assessments). Figure 1 shows the distribution
of predicted HSUV, total FACT-G, and total FACT-O scores.
The OLS and Cheung et al HSUVs were left-skewed, with
values clustered toward the upper limit of 1. The Tobit and
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17,20

PWB1: “I have lack of
energy”
PWB2: “I have trouble
meeting the need of family”
PWB3: “I have pain”
EWB1: “I feel sad”
EWB2: “I am losing hope”
FWB1: “I am able to work”

PWB total score
EWB total score
FWB total score

Cheung,
200918

Longworth,
2014 (OLS)

PWB1: “I have a lack of
energy”
PWB2: “I have nausea”
FWB1: “I am able to work
(include work at home)”
FWB2: “I am able to enjoy
life”

Questions or scores
included in algorithm

Dobrez,
2007 ( and
reported
in Hess,
2013)9,19

Author,
year

Female: 47.0%
Age (years): 57.0
ECOG performance
status (0/1/2/3/unknown):
29.1%/26.4%/32.5%/11%/1%
Prevalent cancer types: 17.5%
breast cancer, 13.2% prostate and
11.4% head and neck
Total FACT-G scores: n.r.

Utility (TTO) = 1
 -0.2222, if “very much” or “quite a bit ”

+PWB1  -0.1137, if “ somewhat”oor “a little bit ”
 0,
if “none at all ”


if “very much”
 0,
0.028, if “quite a bit ”

+PWB 2  0.049, if “Somewhat”
0.088, if “ A little bit ”

0.098, if “not at all ”

Utility (EQ – 5D) = 0.186
if “very much”
 0,
 0.045, if “quite a bit ”

+PWB1 0.036, if “Somewhat”
 0.071, if “ A little bit ”

0.118, if “not at all ”

Female: 51.0%
Age (years): 59.3
ECOG performance status
(0/1/2/3/unknown): 23.4%/48.4%/
23.5%/4.7%/n.r.
Prevalent cancer types: 11 types of
advanced cancer including ovarian
cancer.
Mean total FACT-G scores: 78

Female: 62.9%
= 0.238 + 0.014 × PWB total + 0.006 Age (years): 49.3
ECOG performance status
× EWB total + 0.008 × FWB total
(0/1/2/3/unknown): 32.8%/40.3%/
23.5%/3.4%/n.r.
Prevalent cancer types: 37.1%
breast cancer, 18.6% head and
neck, 10.9% colorectal Mean total
FACT-G scores: 81.1

Utility (EQ - 5D )

 -0.1254, if “not at all ” or “a little bit ”
 -0.0641,
if “ somewhat”

+FWB2 
0
.
0345
,
if “quite a bit ”

 0,
if “very much”

 -0.04311, if “not at all ” or “a little bit ”
+FWB1 
0,
otherwise


 -0.1537, if “very much” or “quite a bit ”
+PWB2 
otherwise
 0,

Characteristics of surveyed
population used to generate
mapping algorithm

Mapping Equation

Table 1 Utility algorithms identified from the systematic literature review and mapping database

Mean: 0.721
SD: 0.223
Median: 0.735
Range:
–0.135 to 1.00

Mean: 0.803
SD: 0.156
Median: 0.769
Range: 0.246 to 1.00

Mean: 0.805
SD: 0.284
Median: n.r.
Range: 0 to 1

Observed in
original survey
data

Mean: 0.721
SD: 0.163
Median: 0.755
Range: 0.115 to 0.962
R2: 0.535
MAE: 0.111

Mean: 0.811
SD: 0.130
Median: 0.822
Range: 0.393 to 0.999
R2: 0.417
MAE: 0.095

Mean: 0.832
SD: 0.121
Median: n.r
Range: 0.456 to 1.0
R2: nr
MAE: 0.19

Predicted using
original survey
data

Algorithm performance statistics
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0.238–0.998

0.456–1.00
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possible values
from algorithm
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Longworth,
2014
(Tobit)17,20

PWB1: “I have lack of
energy”
PWB2: “I have pain”
FWB1: “I am able to work”
FWB2: “I am able to enjoy
life”

 0.151, if “very much”
 0.149, if “quite a bit ”

+FWB1  0.110, if “Somewhat ”
0.097, if “ A little bit ”

if “not at all ”
 0,

if “very much”
 0,
0.164, if “quite a bit ”

+PWB 2  0.255, if “Somewhat”
 0.293, if “ A little bit ”

 0.431, if “not at all ”

if “very much”
 0,
 0.055, if “quite a bit ”

+PWB1  0.053, if “Somewhat”
 0.113, if “ A little bit ”

0.200, if “not at all ”

Utlity (EQ – 5D) = 0.231

0.152, if “very much”
 0.150, if “quite a bit ”

+FWB1  0.130, if “Somewhat ”
 0.113, if “ A little bit ”

if “not at all ”
 0,

if “very much”
 0,
 -0.081, if “quite a bit ”

+EWB2  -0.007, if “Somewhat”
 0.013,
if “ A little bit ”

0
.
060
,
if “not at all ”


if “very much”
 0,
 0.085, if “quite a bit ”

+EWB1  0.019, if “Somewhat”
 0.006, if “ A little bit ”

0.004, if “not at all ”

if “very much”
 0,
 0.125, if “quite a bit ”

+PWB3  0.219, if “Somewhat”
 0.240, if “ A little bit ”

0.342, if “not at all ”

Mean: 0.723
SD: 0.161
Median: 0.738
Range: 0.135 to
0.957
R2: n.r.
MAE: 0.181
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 -0.057, if “very much”
 -0.010, if “quite a bit ”

+FWB2  -0.012, if “Somewhat”
 -0.098, if “ A little bit ”

if “not at all ”
 0,

Abbreviations: n.r., not reported; ECOG, Eastern Cooperative Oncology Group; SD, Standard Deviation; MAE, Mean Absolute Error; PWB, Physical well-being; FWB, Functional well-being; EWB, Emotional well-being.

Predicted using
original survey
data
Observed in
original survey
data

Questions or scores
included in algorithm
Author,
year

Table 1 (Continued)

Mapping Equation

Characteristics of surveyed
population used to generate
mapping algorithm

Algorithm performance statistics
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Table 2 Rank for each algorithm by goodness-of-fit indicator
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Measures

Cheung18

OLS17

Tobit17,* Dobrez19,**

Mean
SD
Median
Range (CI)
R2
MAE
Mean overall rank

3
1
3
1
2
1
1.83

1
2
2
2
1
2
1.67

2
3
1
3
–
3
2.40

4
4
–
4
–
4
4.00

Notes: *Mean overall rank based on five metrics; **mean overall rank based on
four metrics.
Abbreviations: SD, standard deviation; CI, confidence interval; MAE, mean
absolute error; OLS, ordinary least squares.

Dobrez et al HSUVs had a multimodal distribution, with
values clustered in the ranges 0.80–0.85 and 0.95–1.00. The
total FACT-G and FACT-O scores were left-skewed.
There was strong statistical agreement between OLS
and Tobit (CCC 0.915, 95% CI 0.907–0.923), and OLS and
Cheung et al (CCC 0.851, 95% CI 0.838–0.863). In comparison to Dobrez et al, there was only moderate statistical
agreement with OLS (CCC 0.629, 95% CI 0.604–0.653)
and Tobit (CCC 0.619, 95% CI 0.593–0.643). The results
of the PCC analysis were consistent with the concordance
analysis (Supplementary materials). Between OLS, Cheung
et al, and Dobrez et al, there were significant differences in
mean HSUV (P,0.001). OLS and Tobit were not statistically
different (P=0.947).
Table 4 shows the estimated coefficients for the singlevariable and multivariable regression models. In the singlevariable models, randomization to placebo (versus olaparib)
and a positive BRCAm status were associated with lower
HSUVs. The incidence of grade 1 or 2 and/or grade 3 or above
AEs was associated with a decline in HSUVs (between –0.01
and -0.03). The coefficients for AEs and the randomization
group were not statistically significant (P.0.05). There was no
evidence of a time trend in the predicted HSUVs (P=0.290).
Of the three measures of disease progression, only
discontinuation of study drug was associated with a statistically significant (P=0.0001) and important (0.06) change in
HSUVs. Radiological disease progression was associated
with a numerical decline in HSUVs of 0.023 (P=0.065),
which was not considered statistically significant. There
was no change in HSUVs with the use of first subsequent
therapy (P=0.792). The first subsequent treatment analysis should be interpreted with caution, because only ten
FACT-G observations were recorded at the time of subsequent treatment.
In the multivariable modeling, treatment discontinuation
(important and statistically significant predictor of HSUVs),
ClinicoEconomics and Outcomes Research 2015:7
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AEs, randomized group (to reflect potential differences
in HSUVs between groups), and BRCAm status (statistically significant predictor of HSUVs) were included in the
stepwise algorithm. AEs were included as a categorical
variable (AE grade 1–2 only, AE grade 3 or above only,
both-grade AEs, and no AEs). Radiological progression
and first subsequent therapy were not considered in the
stepwise algorithm to avoid multicollinearity with treatment discontinuation.
In the stepwise routine, only BRCAm status and treatment discontinuation were included in the final model. AEs
and the randomized group were dropped from the regression, as their inclusion increased the AIC value. Treatment
discontinuation was associated with an important and statistically significant decline in HSUVs (–0.06, P=0.0009).
Positive BRCAm status was associated with lower HSUVs
(-0.03, P=0.0511), although the difference was not considered (clinically) important.

Discussion and conclusion
In this analysis, mapping algorithms were used to generate
HSUVs from FACT-O data collected in a Phase II study of

olaparib maintenance therapy for patients with PSROC.
The Longworth et al OLS17 was selected as the preferred
approach, because it was the highest-ranked on a series of
goodness-of-fit indicators. A different preferred algorithm
may have been selected if mean absolute error (Cheung
et al) or prediction of median HSUV (Tobit) were the only
selection criteria. Reimbursement decisions are typically
based on the mean results of economic evaluations, making
accurate prediction of mean HSUV a desirable property. On
this basis, OLS was the best-performing algorithm.
The selection of a preferred algorithm becomes important
when there are significant differences in mean HSUV, and this
was the case in this analysis. This finding is consistent with a
previous comparison of HSUVs generated by FACT-G mapping in patients with ovarian cancer.9 Mean HSUVs generated
using OLS were similar to those generated using the Tobit
regression and lower than those generated in Cheung et al18
and Dobrez et al.19 Between OLS and Dobrez et al, there was
a clinically important difference in mean HSUV that was
consistently observed across populations (ITT and BRCAm).
These differences highlight the importance of assessing the
HSUVs generated by different algorithms.

Table 3 Summary statistics for utilities by algorithm and patient population (pooled treatment groups)
Time period

Algorithm

Mean

Standard error

Intention-to-treat group
Screening

OLS17
0.802
0.009
Tobit17
0.799
0.009
Cheung18
0.828
0.007
Dobrez19
0.860
0.006
Scheduled visits*
OLS17
0.786
0.008
Tobit18
0.786
0.008
Cheung18
0.811
0.007
Dobrez19
0.845
0.006
Unscheduled visits
OLS17
0.720
0.015
Tobit17
0.751
0.013
Cheung18
0.769
0.012
Dobrez19
0.816
0.011
Breast cancer antigen mutation subgroup (including germ-line and tumor-positive)
Screening
OLS17
0.787
0.013
Tobit17
0.784
0.013
Cheung18
0.812
0.010
Dobrez19
0.853
0.009
Scheduled visits*
OLS17
0.768
0.013
Tobit17
0.774
0.011
Cheung18
0.799
0.010
Dobrez19
0.837
0.008
Unscheduled visits
OLS17
0.708
0.024
Tobit17
0.737
0.020
Cheung18
0.763
0.017
Dobrez19
0.831
0.015

Median

Interquartile range

0.821
0.815
0.842
0.852
0.799
0.787
0.820
0.849
0.729
0.736
0.775
0.852

0.719–0.912
0.704–0.914
0.762–0.912
0.822–0.922
0.699–0.885
0.696–0.885
0.733–0.907
0.788–0.909
0.632–0.820
0.676–0.858
0.697–0.868
0.743–0.878

0.820
0.813
0.815
0.852
0.784
0.774
0.810
0.842
0.707
0.72
0.765
0.852

0.694–0.888
0.677–0.875
0.731–0.895
0.815–0.886
0.681–0.871
0.694–0.874
0.706–0.893
0.789–0.894
0.594–0.811
0.676–0.806
0.706–0.856
0.809–0.852

Note: *Calculated as an average of the average utility score for each patient during the scheduled visits.
Abbreviation: OLS, ordinary least squares.
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Histogram of EQ-5D utility weights
derived using OLS
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Figure 1 Distribution of utilities, total FACT-G scores, and total FACT-O scores across all observations in the study.
Abbreviations: EQ, EuroQol; TTO, time trade-off; FACT-G, Functional Assessment of Cancer Therapy – General; FACT-O, FACT – Ovarian; OLS, ordinary least squares.

In the regression modeling, treatment discontinuation
was the only statistically significant (P,0.05) and clinically
important predictor of HSUVs. This association may be
explained by the latent development of symptomatic disease, which triggers both the cessation of the study drug
and decline in HSUVs. This is supported by data on the
reasons for drug discontinuation in NCT00753545, where
87 of 113 olaparib patients and 110 of 125 placebo patients
discontinued the drug because their condition worsened.2
The only other factor associated with a change in HSUVs
was positive BRCAm status at baseline. The difference in
HSUVs between BRCAm populations was not considered
clinically important.
There was no significant or meaningful association
between AEs, radiological progression, first subsequent
therapy use, and HSUVs. The absence of a statistical association between radiological progression and HSUVs was
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unexpected, as previous analyses have reported meaningful differences between the progression phases of clinical
trials.21,22 This finding has potential implications for any
future economic evaluations of maintenance treatments in
PSROC, as it indicates that changes in HSUVs should be
modeled based on treatment discontinuation and not radiological progression. Despite these findings, radiological
progression remains an important measure of the underlying
tumor-growth rate and activity of antitumor therapy. Further
research is required to replicate our findings.
One explanation for the lack of association between
radiological progression and HSUVs is that a high proportion of patients had initially experienced asymptomatic
progression, which masked the impact of progression on
HSUVs. The common occurrence of asymptomatic progression is plausible in the context of NCT00753545, as the
enrolled population was in disease remission at baseline, and
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Table 4 Coefficients of mixed-effect regression model (OLS
predicted utilities)
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Outcome

Estimated
coefficient

Standard
error

P-value

Single-variable analysis
Time since randomization
0.0001
0.2900
-0.00004
(continuous measure, days)
BRCA-mutation status
Positive
-0.0321
0.0162
0.0489
Wild-type or not tested
–
–
–
(reference)
Randomization group
Placebo
-0.0138
0.0163
0.3973
Olaparib (reference)
–
–
–
AEs
Any grade 1 or 2
-0.0188
0.0103
0.0685
No grade 1 or 2 (reference)
–
–
–
AEs
Any grade 3 or above
-0.0204
0.0161
0.2065
No grade 3 or above
–
–
–
(reference)
AEs (categorical)
AE 3 or above
-0.0234
0.0485
0.6290
Both-grade AEs*
-0.0178
0.0169
0.2920
No AE
0.0193
0.0104
0.0630
AE 1 or 2 (reference)
–
–
–
Treatment status
Ongoing
0.0559
0.0168
0.0001
Discontinued (reference)
–
–
–
Radiological progression (RECIST criteria)
Progression
0.0123
0.0645
-0.0228
No progression (reference)
–
–
–
First subsequent treatment post-discontinuation of study drug
Had a subsequent treatment
0.0039
0.7916
-0.0103
No subsequent treatment
–
–
(reference)
Optimized multivariable analysis
Intercept
0.745
0.0201
–
BRCA status
Positive
-0.0316
0.0161
0.0511
Wild-type (reference)
–
–
Treatment status
Ongoing
0.0557
0.01673
0.0009
Discontinued (reference)
–
–
Notes: *HSUVs recorded at the time a patient was experiencing both a grade 1–2
AE and a grade 3 plus AE were recorded as “Both-grade AEs”; all analysis based on
a sample of 1,428 observations.
Abbreviations: OLS, ordinary least squares; BRCA, breast cancer antigen; AE,
adverse event; RECIST, Response Evaluation Criteria in Solid Tumors; HSUVs,
health-state utility values.

progression of limited baseline disease (remission) may not
lead to an immediate change in symptoms. An additional
factor is the maturity of progression data in NCT00753545.
Routine radiographic scanning was not required beyond
the first interim analysis (June 2010).2 An analysis of the
time to discontinuation of the study drug was conducted to
assess radiological progression-free survival with additional
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maturity.2 In our analysis, treatment discontinuation was associated with a clinically important and statistically significant
decline in HSUVs of 0.06, which was consistent with the
difference in mean HSUV between progression phases of a
previous study in PSROC (0.069, 0.718–0.649).8 With longer
follow-up, a similar association between HSUVs and disease
progression may have been observed.
The absence of a meaningful association between AEs
and HSUVs may be explained by the effective management
of AEs through concomitant medication, dose reduction
(36% of olaparib patients), and treatment interruption (42%
of olaparib patients).2 Olaparib is generally well tolerated
and AEs considered to be manageable, and this is reflected in
the small number of patients who permanently discontinued
treatment due to AEs (nine of 264 patients) in the study.2
There was no significant or meaningful difference in HSUVs
between olaparib and placebo-treated groups throughout the
study follow-up, indicating that there was no detrimental
effect of olaparib on HRQoL. This finding is consistent with
the primary analysis of FACT-O in NCT00753545.3 As an
adjustment for the randomized group was not required, the
summary HSUVs reported in this study can be applied to
both patient groups in future cost–utility evaluations (eg,
the same HSUVs should be applied to patients receiving
olaparib and to patients undergoing routine disease surveillance [placebo]).
External validation of the results of this analysis is challenging, given that the objective was to fill an evidence gap
on the HSUVs of patients receiving maintenance treatment.
Only one clinical study had previously reported HSUVs in
PSROC:5 the OVA-301 trial.7,23 By comparison, the mean
HSUVs (0.786) in the ITT population of NCT00753545
were higher than those reported in OVA-301.8 Patients in
these studies were at different stages of treatment when data
were collected; OVA-301 patients were actively undergoing
chemotherapy, whereas patients enrolled in NCT00753545
had completed chemotherapy and were in clinical remission.
Reassuringly, the mean HSUV reported at the unscheduled
visit (0.720, Table 3) of NCT00753545, where the majority
of patients had discontinued the study drug and were candidates for subsequent chemotherapy, was comparable to the
HSUV reported during the chemotherapy-treated phase of
OVA-301 (0.718).21
The analysis presented in this paper is subject to a number of limitations. Our analysis considers the generation of
HSUVs using mapping algorithms and patient-level data
from NCT00753545. HSUVs generated through mapping
analyses tend to be associated with increased uncertainty and
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error when compared to HSUVs collected from patients.24 We
addressed this uncertainty by using four different mapping
algorithms to generate a range of plausible HSUVs for use
in economic evaluations. Our preferred algorithm generated
conservative estimates of the HSUVs of maintenance patients,
when compared to Cheung et al, Dobrez et al, and Tobit.
The interpretation of our results also depends on the definition of an MID in HSUVs. In our analysis, the threshold
for meaningful change was predefined at the level of 0.06,
based on a published study of MIDs in EQ-5D in patients
with cancer.13 Other studies have reported MIDs between
0.033 and 0.082 in noncancer-specific populations.25,26 Across
studies, there is variability in the threshold for an important
change, which results from differences in methodology and
the effects of variability in patient characteristics on threshold
values.27 Because of the effects of patient variability, our predefined MID was set using data from a cancer-specific study.
Reassuringly, the threshold used in our analysis is consistent
with values reported elsewhere.25,26
The lack of association between AEs and HSUVs may
also be partly explained by a limitation in data collection
in NCT00753545. This is because the association between
HSUVs and AEs was modeled by identifying FACT-O
data collected at the time of an event. FACT-O data were
collected at screening, scheduled visits, and on treatment
discontinuation. Between scheduled visits, patients may have
experienced an event that resolved prior to the next FACT-O
assessment. To comprehensively capture the effect of AEs
on HSUVs, data should be collected at the time of the event,
where feasible.
Because of a lack of published algorithms, we were unable
to map FACT-O to HSUVs directly. The impact of excluding
the ovarian subscale of FACT-O from the analysis is unclear,
and can only be assessed through the development of a
FACT-O mapping algorithm, and by comparing the HSUVs
generated with this algorithm to those estimated in this
analysis. Future studies should consider the use of FACT-O
mapping algorithms, if algorithms become available.
Importantly, the use of different algorithms may impact
on the conclusions of cost–utility analyses. For example,
the application of higher HSUVs can lead to higher qualityadjusted life-year gains for more effective treatments, as each
additional year free of health complications is assigned a
higher quality-adjusted weight. Because of this, it is important to justify the choice of algorithm used in the base-case
analysis. To do this requires an understanding of which of
the available algorithms is likely to provide the most robust
estimate of HSUVs. The approach adopted in this study was
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to select a preferred algorithm by ranking each algorithm on
predefined criteria. This assessment was conducted prior to
mapping. The preferred algorithm was then used to generate
the base-case HSUV. With this approach, decision makers can
have greater confidence that the most appropriate algorithm
was used, as opposed to the one that yields the most favorable cost–utility estimate. However, there is no guarantee
that the preferred algorithm will generate the most clinically
plausible HSUVs, and thus it remains important to assess
the impact of different algorithms on predicted HSUVs and
associated cost–utility estimates.
The justification for choice of preferred mapping algorithm is also particularly important when presented with a
large number of competing algorithms and thus potential
HSUVs. In our analysis, only four relevant algorithms were
identified, and thus it was feasible to compare all potential
HSUVs. Appropriate algorithm selection will become more
important, though, as the number of published mapping
studies increases and it becomes less feasible to compare
all potential HSUVs. The assessments we used to select our
preferred algorithm may also be used in excluding algorithms
considered to have poor performance or lacking relevance.
This approach may help in screening for algorithms that best
meet the requirements of the analysis, where it is not feasible
to consider all potential HSUVs.

Conclusion
In conclusion, the results of this analysis addressed an
important evidence gap in the economic evaluation of
ovarian cancer. The mean HSUVs generated in this analysis appear consistent with the existing literature, although
different algorithms generated different HSUVs. OLS
provides a plausible and conservative estimate of HSUVs
in this population that can be used in economic evaluations
of maintenance treatment in PSROC. Further research will
be necessary to validate the findings of this analysis using
HSUV data to be collected in future clinical studies of
olaparib in PSROC.
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A systematic review was carried out with the aim of identifying and synthesizing evidence from studies reporting
utility values in patients with advanced ovarian cancer
measured using direct (standard gamble [SG], time trade-off

(TTO), or visual analog scale [VAS]) or indirect (EuroQol
[EQ]-5D, Standard form 6 dimension (SF-6D), or health
utility index [HUI]-3) instruments. The electronic databases
Embase and Medline were searched in June 2013 using the
search terms presented in Table S1. Bibliographic screening

Table S1 Search terms used for identification of studies reporting health-state utility values
Search string

Number of
citations
identified

Description

1. “hui”
2. utilit* AND mapping
3. “short form 36”/exp OR “sf36”/exp OR “sf-36”/exp
OR “sf 36”/exp
4. “short form 12”/exp OR “sf12”/exp OR “sf-12”/exp
OR “sf12”/exp
5. “short form 6” OR “sf6” OR “sf-6” OR “sf 6”
6. “euroqol” OR euro*qol
7. “eq5d” OR “eq-5d” OR “eq 5d”
8. rosser
9. visual NEXT/1 analog* AND analog* NEXT/1 scale*
10. eortc:ab,ti
11. “european organisation for research and treatment
of cancer”:ab,ti OR “european organization for
research and treatment of cancer”:ab,ti
12. “fact o”:ab,ti
13. “functional assessment of cancer therapy” AND
(ovar* OR “ovary”/exp
14. “health utilities” OR “health utility”
15. “multiattribute utility”
16. “utility value” OR “utility values”
17. “quality adjusted life year”/exp OR “quality adjusted
life year”
18. “utility weights”
19. “utility weight”
20. “cost utilities”
21. “preference based hrqol”
22. “preference based health related quality of life”
23. “preference weights”
24. “quality adjusted life years”/exp OR “quality adjusted
life years”
25. “qaly”/exp OR “qaly”
26. “time trade-off”
27. “standard gamble”
28. “cost utility”/exp OR “cost utility”
29. “cost utility analysis”/exp OR “cost utility analysis”
30. 1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9
OR 10 OR 11 OR 12 OR 13 OR 14 OR 15 OR 16
OR 17 OR 18 OR 19 OR 20 OR 21 OR 22 OR 23
OR 24 OR 25 OR 26 OR 27 OR 28 OR 29
31. (ovar* NEAR/5 (cancer* OR neoplas* OR carcinom*
OR malignan* OR tumor* OR tumour*)):ab,ti

110,195
4,243
10,094

Study design facet to specify utility studies (and also expected to
return HRQoL data)
Adapted from National Institute for Health and Care Excellence
(NICE),1 with additional terms sourced from Patient-Related Outcome
and Quality-of-Life Instruments database (http://www.proqolid.org)
The NICE report1 stated that “The search terms used in the review
are extensive and appropriate”
A validation of the search string was carried out, using results from
the utility review reported as part of the manufacturers’ submission of
bevacizumab.2 This review identified five sources of utility data. Four
of these are captured by the search string used here. The study that
was not captured was an RCT (RCTs relevant to the current utility
review will be sourced from the clinical review in progress)

32. “ovary tumor”/exp
33. “ovary tumor”/exp OR (ovar* NEAR/5 (cancer* OR
neoplas* OR carcinom* OR malignan* OR tumor*
OR tumour*)):ab,ti
34. 31 OR 32 OR 33
35. 30 AND 34 AND [humans]/lim AND [2003-2013]/py

93,605
107,189

1,199
1,559
2,794
4,508
1,414
45,013
7,457
2.820

34
87
1,524
120
1,014
11,560
233
35
16
25
51
165
11,731
12,899
937
751
6,088
5,345
201,238

75,249

107,189
946

Disease facet to specify for ovarian cancer
Adapted from the ovarian cancer-disease facet used by the three latest
published Cochrane reviews in ovarian cancer3–5

Combined search string with limits to restrict to studies in humans,
for publications published in the last 10 years

Abbreviations: HRQoL, health-related quality of life; RCT, randomized controlled trial.
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of included publications was also carried out to identify
any additional studies. In addition, hand-searching was
also carried out in health-technology assessment websites,
including National Institute for Health and Care Excellence
(NICE), Haute Autorite’ de sante’ (HAS), The Norwegian
Medicines Agency (NOMA), Canadian Agency for Drugs
and Technologies in Health (CADTH), Pharmaceutical
Table S2 Variance–covariance matrix for the optimized
multivariable analysis

Intercept
BRCA status (+)
Treatment status
(ongoing)

Intercept

BRCA
status (+)

Treatment status
(ongoing)

0.0201
-0.0066
-0.0138

0
0.0147

0
0
0.0073

-0.006

Abbreviation: BRCA, breast cancer antigen.

Table S3 Pearson correlation coefficients between sets of utility
values generated by different algorithms
Visit

OLS vs Tobit

OLS vs Cheung

OLS vs Dobrez

All visits

0.915

0.878

0.736

Abbreviation: OLS, ordinary least squares.

Benefits Advisory Committee (PBAC), Institute for Quality
and Efficiency in Health Care (IQWiG), The Dental and
Pharmaceutical Benefits Agency (TLV), Scottish Medicines
consortium (SMC). Data were extracted from selected studies that included study design, country, elicitation methods,
health-state description, mean (standard deviation), or median
of utility values. The variance–covariance matrix for the
multivariable regression analysis is reported in Table S2. The
results of Pearson correlation-coefficient analysis assessing
the correlation between algorithms are reported in Table S3.
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