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Abstract
Background: Cost-effectiveness analyses embedded within randomized trials allow for evaluation of value alongside
conventional efficacy outcomes; however, collection of resource utilization data can require considerable trial resources.
Methods: We re-analyzed the results from four phase III Canadian Cancer Trials Group trials that embedded cost-
effectiveness analyses to determine the impact of minimizing potential cost categories on the incremental cost-
effectiveness ratios. For each trial, we disaggregated total costs into component incremental cost categories and recalcu-
lated incremental cost-effectiveness ratios using (1) only the top 3 cost categories, (2) the top 5 cost categories, and (3)
all cost components. Using individual trial-level data, confidence intervals for each incremental cost-effectiveness ratio
simulation were generated by bootstrapping and descriptively presented with the original confidence intervals (and
incremental cost-effectiveness ratios) from the publications.
Results: Drug acquisition costs represented the highest incremental cost category in three trials, while hospitalization
costs represented the other consistent cost driver and the top incremental cost category in the fourth trial.
Recalculated incremental cost-effectiveness ratios based on fewer cost components (top 3 and top 5) did not differ
meaningfully from the original published results. Based on conventional willingness-to-pay thresholds (US$50,000–
US$100,000 per quality-adjusted life-year), none of the re-analyses would have changed the original perception of
whether the experimental therapies were considered cost-effective.
Conclusions: These results suggest that the collection of resource utilization data within cancer trials could be nar-
rowed. Omission of certain cost categories that have minimal impact on incremental cost-effectiveness ratio, such as
routine laboratory investigations, could reduce the costs and undue burden associated with the collection of data
required for cancer trial cost-effectiveness analyses.
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Background

As the costs of cancer care continue to rise, clinical
trials will increasingly need to demonstrate that new
therapeutic options can offer both clinical benefit and
value for money. Cost-effectiveness analyses embedded
within randomized trials allow for formal evaluation of
value alongside conventional efficacy determinations.
Ideally, economic evaluations should capture all rele-
vant costs in a large sample of patients. Ultimately, the
perspective of the cost-effectiveness analysis (e.g. health
system or societal) contributes to the determination of
which resource utilization data should be collected
alongside the usual clinical outcome elements.

However, at the level of the clinical trial execution,
there is tension with respect to ideal study design to
ensure comprehensive data collection without excessive
use of trial resources (e.g. study coordinator time) or
undue patient burden. Resource utilization data col-
lected in the trials typically include parameters such as
drug utilization, hospitalizations, emergency depart-
ment and outpatient visits, diagnostics, laboratory, and
personnel; subsequent cost calculations require that
resource utilization parameters be multiplied by the unit
cost of that parameter. Resources are collected within
specifically designed case report forms and impart addi-
tional time and effort for participating patients and
study personnel. Such burden may impact compliance
with completion of required data elements and ulti-
mately data validity. Following trial completion, central
review processes (e.g. data validation, querying) are fur-
ther required for the data incorporation into the trial
database. The added costs and resources required for
the completion of a prospective economic evaluation
can themselves represent barriers to the conduct of such
analyses.

Since trials are limited by the costs associated with
patient accrual and with the practical collection of the
resource utilization data, it would be important to
determine the optimal data requirements to ensure judi-
cious trial performance. The Canadian Cancer Trial
Group is one of the only international cancer co-
operative groups to maintain a Committee on
Economic Analysis; its main aim is to build economic
evaluations into phase III cancer trials. Re-analysis of
previously completed cost-effectiveness analyses
embedded into Canadian Cancer Trials Group trials
could potentially clarify the optimal design elements
and data requirements for future economic analyses. In
particular, review of the costs and resources collected
within these trials can determine which high-cost items
have the largest impact on the economic sub-study
results, including determination of an incremental cost-
effectiveness ratio (ICER). Moreover, a resource’s
influence on the overall costs might help determine
which parameters should be collected within a trial
while at the same time identifying parameters that have

minimal impact and do not need to be collected. We
hypothesize that the total cost of an intervention in a
trial is often driven only by a few resource parameters,
often drug acquisition or hospitalization costs, and that
other resource parameters such as laboratory costs or
diagnostic costs play a small role in the overall cost and
therefore may be omitted from data collection. These
data would inform the extent of information (and data
collection) required to report a robust cost-effectiveness
analysis as part of a prospective randomized cancer trial.

Methods

We sought to re-analyze the results from phase III trials
that embedded economic evaluations to determine the
impact of minimizing potential cost categories collected
on the ICERs reported.

The Committee on Economic Analysis at the
Canadian Cancer Trials Group has embedded a series
of high-quality economic evaluations into a series of
Canadian-led randomized controlled trials for new can-
cer therapies (n = 4). The LY.12 study was a non-
inferiority trial that compared an outpatient salvage
therapy (gemcitabine, dexamethasone, and cisplatin
(GDP)) to an inpatient regimen (dexamethasone, cytar-
abine, and cisplatin (DHAP)) in patients with relapsed
aggressive histology lymphoma (n = 619 overall trial
population; n = 519 patients within the economic sub-
study).1,2 The CO.17 trial evaluated the cost-
effectiveness of cetuximab relative to best supportive
care in patients with metastatic colorectal cancer
(n = 572 overall trial population; n = 557 economic
evaluation).3,4 BR.21 studied the cost-effectiveness of
erlotinib versus best supportive care in patients with
advanced non-small cell lung cancer who had failed
cisplatin-based therapy (n = 731 patients in both the
overall study population and economic evaluation).5,6

BR.10 studied the role of chemotherapy versus obser-
vation in patients with early-stage non-small cell lung
cancer (n = 482 overall trial population; n = 172 eco-
nomic evaluation).7,8

For each of the four trials, we disaggregated the total
costs into component incremental cost categories (i.e.
drug acquisition and administration costs, hospitaliza-
tions, outpatient visits, etc.), presented in tabular form
(descriptive analysis). The total direct costs associated
with the treatment strategies within the economic eva-
luations were recalculated in three ways: using only the
top 3 cost categories, using only the top 5 cost cate-
gories, and then using all collected cost components.
Using individual trial-level data, ICERs were subse-
quently recalculated in a stepwise manner. Confidence
intervals for each of the ICER simulations were gener-
ated by bootstrapping and descriptively presented along
with the original confidence intervals (and ICERs) from
the publications. In the CO.17 trial, incremental cost-
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effectiveness (with life-years gained) and incremental
cost-utility (with quality-adjusted life-years gained)
analyses were completed in the overall trial population
and in individuals with wild-type KRAS tumors. All
ratios and confidence intervals were recalculated from
this trial. In the LY.12 study, the experimental GDP
arm was dominant, and no ICER was presented due to
the non-inferiority trial design; as such, only the total
direct cost recalculations were presented for this trial.

Results

Disaggregated drug cost components from the four
clinical trials are presented in Table 1. Drug acquisition
and administration costs represented the highest incre-
mental cost category in three trials (BR.10, BR.14, and
CO.17) and the second highest category in the LY.12
study. Hospitalization costs represented the other con-
sistent cost driver, representing the top incremental cost
category in one trial (LY.12) and the second highest
category in two studies (BR.10 and CO.17).

Several cost components consistently contributed
less than 5% of the total incremental cost used to calcu-
late study ICERs (Table 1). For example, laboratory
testing incremental costs for the CO.17 and BR.10 trials
contributed only 1.2% and 4.9%, respectively, to the
total incremental cost. Management of study drug toxi-
cities (without requiring hospitalization) in BR.21 and
CO.17 contributed only 0.5% and 4.8%, respectively,
to the total incremental costs. Imaging studies in the
CO.17 trial only contributed 0.9% to the total incre-
mental cost.

ICERs were recalculated using top 3, top 5, and all
cost components (original results) from the clinical

trials, when available (Table 2). Only the total cost dif-
ferences were presented for LY.12. The re-analyses
based on fewer cost components (top 3 and top 5 com-
ponents) did not appear to differ meaningfully from the
original published results in that the re-analyzed ICERs
would not have changed the original trial conclusions
of cost-effectiveness. Specifically, none of the re-
analyses would have changed the original perception of
whether the experimental treatment arms were consid-
ered cost-effective or not, based on conventional
willingness-to-pay thresholds in the range of US$50,000
to US$100,000 per quality-adjusted life-year gained.

Discussion

In individual-patient cost-effectiveness analyses con-
ducted prospectively alongside cancer clinical trials, we
ascertained that key cost drivers inform the calculation
of ICERs, while other cost categories have minimal
impact on the results. Within the sample of four
Canadian Cancer Trials Group trials evaluated, drug
costs and hospitalizations represented the top cost driv-
ers of relevance. When re-calculating ICERs from the
trials using only the top 3 and top 5 categories with the
highest incremental costs, the resultant values did not
meaningfully differ from the original published ICER
result. In all of the re-calculations, there were no
instances in our descriptive analyses in which the origi-
nal conclusions regarding cost-effectiveness would have
changed, based on currently accepted willingness-to-
pay thresholds.

These results suggest that the collection of resource
utilization data within cancer trials could be narrowed.
Fewer cost categories or more targeted collection of

Table 1. Disaggregated incremental costs (top 5) associated with Canadian Cancer Trials Group phase III trials with embedded
economic evaluations.

Trial BR.10 BR.21 CO.17 LY.12

1 Drug acquisition
(+US$1,276.13 or 17.1%)

Drug acquisition
(+US$11,756 or 95.7%)

Drug acquisition
(+US$29,190 or 86.8%)

Hospitalization costs
(2US$14,360 or 99.2%)

2 Hospitalization
2US$858.53 or 11.5%)

Diagnostic tests
(+US$219 or 1.8%)

Hospitalization
(+US$1850 or 5.5%)

Drug acquisition
(+US$1488 or 10.3%)

3 Palliative chemotherapy
(2US$830.65 or 11.1%)

Concomitant medications
(+US$148 or 1.2%)

Management of toxicity
(+US$1598 or 4.8%)

Transfusion
(2US$843 or 5.8%)

4 Outpatient visits
(+US$497.48 or 6.6%)

Outpatient visits
(+US$146 or 1.2%)

Laboratory tests
(+US$410 or 1.2%)

Concomitant medications
(2US$739 or 5.1%)

5 Laboratory tests
(+US$367.14 or 4.9%)

Management of toxicity
(+US$64 or 0.5%)

Imaging
(+US$307 or 0.9%)

Outpatient visits
(2US$9 or 0.06%)

Total
incremental
cost

US$7441 US$12,289 US$33,617a 2US$14,464

+ and 2 signs indicate the incremental mean costs associated with the experimental trial arm compared to the mean costs of the control arm (a

positive sign indicates that the experimental arm was associated with a higher incremental mean cost than the control).

The proportions (%) represent the incremental cost components as a percentage of the total incremental cost used to calculate the trial incremental

cost-effectiveness ratio.
aWild-type KRAS population.4
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data within cost categories might be considered in
future clinical trials. We appreciate that this implies an
a priori understanding of potential cost components or
importance, which may not always be realized at the
time of study design. Although our results suggest that
drug acquisition costs and hospitalizations are consis-
tently high-cost drivers, this may not invariably be the
case. Moreover, certain costs might always warrant col-
lection, if important to the trial outcomes or perspective
of the analysis; for example, indirect costs including lost
productivity and caregiver burden would likely be
essential costs to collect in an economic evaluation that
considers a societal perspective. Ultimately, cancer tri-
alists and their health economic collaborators may be
aware of cost categories that are likely to be of low
impact based on their understanding of the clinical con-
text to be studied. Collection of low-impact cost cate-
gories could be minimized on a trial-by-trial basis in
future studies with embedded economic evaluations,
ideally at the design phase of the cancer clinical trial.

The advantages associated with simplifying data col-
lection are potentially significant. A recent analysis of
two Canadian Cancer Trials Group studies (HN.6 with
320 patients and BR.26 with 385 patients) with
embedded economic evaluations revealed that a consid-
erable number of data queries were required for the

resource utilization data (Penny Bradbury, Canadian
Cancer Trials Group, personal communication); HN.6
required 1603 queries (690 of which were manual),
while BR.26 required 3865 trials (2809 of which were
manual). Efforts to minimize the burden of data collec-
tion with more pragmatic trial designs could have
demonstrable impact on both human and financial
resources, including site investigators and researches,
data managers, central co-operative group analysts,
and overall trial budgets. A formal analysis of the value
of attaining perfect information, to quantify the addi-
tional cost to collect items that may not appear to
impact outcomes, will be a future research endeavor.
The use of routinely collected administrative data may
also represent a novel, low-burden alternative to estab-
lishing resource utilization, with preliminary work
demonstrating an ability to collect complete and highly
concordant data.9

Our analysis does have limitations. Our results were
only applicable to studies that prospectively collected
direct medical resources and costs from the health sys-
tem perspective; our conclusions do not apply to the
collection of indirect costs or caregiver burden, which
may be substantial from a patient perspective. Our
analysis only applied to a limited sample of previously
completed trials that focused on drug interventions

Table 2. Recalculated ICERs using top cost categories and all cost categories (published results).

Trial ICER Lower 95% CI Upper 95% CI

CO.17
ICER (life-years gained)—all patients

Top 3 costs only 198,430 120,428 670,327
Top 5 costs only 203,069 123,335 685,702
All costs included (published result) 199,742 125,973 652,492

ICUR (QALYs)—all patients
Top 3 costs only 270,082 163,798 931,636
Top 5 costs only 276,393 167,663 952,020
All costs included (published result) 299,613 187,440 898,201

ICER (life-years gained)—wild-type KRAS
Top 3 costs only 118,533 87,312 195,737
Top 5 costs only 121,137 89,385 200,136
All costs included (published result) 120,061 88,679 207,075

ICUR (QALYs)—wild-type KRAS
Top 3 costs only 166,669 118,313 297,674
Top 5 costs only 170,331 120,965 303,834
All costs included (published result) 186,761 130,326 334,940

BR.21
Top 3 costs only 94,465 54,397 371,736
Top 5 costs only 96,105 55,500 377,014
All costs included (published result) 94,638 52,359 429,148

BR.10
Top 3 costs only 4986 23274 31,725
Top 5 costs only 5633 23587 36,137
All costs included (published result) 7175 23463 41,565

LY.12 Cost difference Lower CI Upper CI
Top 3 costs only 13,198 9317 17,923
Top 5 costs only 14,460 10,414 19,590
All costs included (published result) 14,464 9726 20,250

ICUR: incremental cost-utility ratio; QALY: quality-adjusted life-years; ICER: incremental cost-effectiveness ratio; CI: confidence interval.
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within Canada. This may represent a limitation in gen-
eralizing our results to all cancer clinical trials, and
notably trials that might focus on radiation or surgical-
based interventions; however, we feel that the concept
that certain cost categories contribute little to the final
results of a trial-based economic analysis can be
broadly applied to cancer clinical trials in general.

This study serves to clarify the resource parameters
required to calculate incremental costs borne when a
new cancer therapy is considered. Key cost drivers
including acquisition costs for novel cancer drugs and
hospitalizations are identifiable and should be consis-
tently collected. Other cost categories have a minimal
impact on the final incremental cost calculations, and
their omission does not change the value regarding
cost-effectiveness. Limiting the collection of cost para-
meters that have minimal impact would ensure more
efficient use of trial staff, improve allocation of trial
resources, and ultimately reduce the burden on partici-
pating patients.
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