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A B S T R A C T

Background: The cost of pharmaceuticals dosed by weight or body
surface area (BSA) can be estimated in several ways for economic
evaluations. A review of 20 recent National Institute for Health and
Care Excellence appraisals showed that 17 of them took the mean
weight or BSA of patients, 2 costed the individual patient data from
trials, and 2 fitted a distribution to patient-level data. Objectives:
To investigate the estimated drug costs using different methodologies
to account for patient characteristics for pharmaceuticals with a
weight- or BSA-based posology. The secondary objective was to
explore the suitability of general population data as a proxy for
patient-level data. Methods: Patient-level data were pooled from
three clinical trials and used to calculate a hypothetical cost per
administration of eight licensed pharmaceuticals, applying the three
methods used in recent National Institute for Health and Care
Excellence appraisals. The same analysis was performed using data
from the Health Survey for England (in place of patient-level data) to

investigate the validity of using general population data as a sub-
stitute for patient-level data. Results: Compared with using patient-
level data from clinical trials, the mean patient characteristics (weight
or BSA) led to an underestimation of drug cost by 6.1% (range þ1.5%
to �25.5%). Fitting a distribution to patient-level data led to a
mean difference of þ0.04%. All estimates were consistent using
general population data. Conclusions: Estimation of drug costs in
health economic evaluation should account for the distribution in
weight or BSA to produce accurate results. When patient data
are not available, general population data may be used as an
alternative.
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method of moments, micro-costing.
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Introduction

Cohort-based health economic models typically consider the
“average” patient to be a representative of the population of
interest. When the posology for the dosing of drugs is based on
weight or body surface area (BSA), it is common for the costs of
administering a single dose to be based on the weight or BSA of
the average patient. Using the characteristics of the average
patient, however, does not take into account the distribution
seen in the patient population.

We reviewed 60 recent single technology appraisals of the
National Institute for Health and Care Excellence, finding 20 with
drugs dosed on the basis of weight or BSA when the method of
costing is identified. Seventeen of them calculated costs on the
basis of the mean weight or mean BSA, two used patient data
costed individually, and one used a parametric distribution fitted
to patient-level data. In the review, only two academic groups

(Liverpool Evidence Review Group and the School of Health and
Related Research) raised the issue of inappropriate costing. This
review shows that not only are most analyses using an inaccu-
rate method to estimate drug costs, but this was also rarely
challenged by economic assessors. Given drug acquisition costs
are often one of the key determinants of cost-effectiveness,
accurately estimating these is fundamental to the integrity of
economic evaluation in health care.

Our objective was to examine the impact of different methods
of costing treatments on the quantification of drug costs per
administration of interventions with weight- or BSA-based dos-
ing. To achieve this, we used patient-level data from three
clinical trials to calculate the costs of eight drugs on the basis
of either weight or BSA. We used three approaches: the para-
meter mean (termed the parameter mean approach); costing
of patients individually and then taking the average cost (trial
patient costing); and fitting a parametric distribution to weight or
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BSA and then evaluating the average cost (fitted-distribution
costing).

As the trial patient costing and fitted-distribution costing
approaches required patient-level data, we replicated the analy-
sis using publicly available general population data to establish
whether general population data can be a substitute in the
absence of patient-level data.

Methods

Data Sources

Patient-level data from the following three clinical studies were
obtained to allow the analysis of different disease areas to
enhance the generalizability of our findings: CA184-024, which
enrolled 681 patients with advanced melanoma [1]; AI444-040, an
open-label trial of 211 patients with chronic hepatitis C [2]; and
CA180-034, a dose-ranging study of 670 patients with chronic
myeloid leukemia [3]. The data sets were analyzed separately,
before being pooled to provide a larger sample size.

The general population data set used in the analysis was
derived from the Health Survey for England (HSE), which collects
health and demographic data from randomly selected house-
holds in England [4]. Only adults aged 31 to 80 years with
nonmissing values were included because they represented the
pooled clinical trial data set.

Eight drugs that were granted a marketing authorization
within the last 5 years were chosen as examples in our analysis:
ipilimumab, cabazitaxel, ustekinumab, brentuximab vedotin,
cetuximab, clofarabine, panitumumab, and cladribine. These
are patented medicines that span a range of disease areas and
are dosed using various posologies on the basis of either weight
or BSA. The dosing for each of these drugs was taken from the
European Summary of Product Characteristics, and prices were
taken from the Monthly Index of Medical Specialities (January
2015) (Table 1) [5]. Three of the drugs (ipilimumab, cetuximab,
and panitumumab) are available in two linearly priced vial sizes;
in our analysis the smaller size was used for simplicity, because
the wastage would have been the same if the larger vial was
used. When dosing was based on BSA, it was derived from
patients’ height and weight using the Du Bois formula (the most
widely used estimation formula) [6].

Costing Methodologies

The parameter mean approach uses the arithmetic mean of the
weight or BSA of the pooled trial data set and calculates the

number of vials required to administer each dose for this hypo-
thetical mean patient (rounded up to the nearest whole vial).

The trial patient costing approach involves costing the num-
ber of whole vials (and thus the cost) required for each patient,
before taking the mean of the individual costs (thus incorporating
the distribution in patient characteristics observed in the trial).
This approach was used as the reference because it essentially
represents the “true” drug cost that would be incurred given the
individual characteristics of the trial participants.

Finally, the fitted-distribution approach involves fitting a
parametric distribution to the cumulative density of patient
weight or BSA. Distribution parameters were estimated using a
method of moments technique [7].

Results

The pooled trial data set contained the weight and height of 1326
patients, whereas the HSE data set contained those of 5427
individuals between the ages of 31 and 80 years (inclusive). The
results of our analysis were consistent when we analyzed each of
the three clinical trials separately and when we pooled the trial
data. Here, we focus on the pooled data.

The costs of one administration of each drug using trial
patient costing, parameter mean approach, and fitted-
distribution costing are presented in Table 2, using the pooled
trial data and the HSE data. For all but one of the drugs included
(cladribine), the parameter mean approach led to an under-
estimate of the true drug cost compared with trial patient costing.
The scale of error in drug-cost estimation ranged from a 1.5%
overestimation of costs with cladribine to a 9.6% underestimation
of costs with ustekinumab.

The differences between trial patient costing and fitted-
distribution costing were small, ranging from a 0.03% underestima-
tion with ipilimumab to a 0.4% overestimation with ustekinumab.

On comparing the results of trial patient costing with a
distribution fitted to HSE data, we found the results to be also
consistent, and errors were much smaller than those associated
with the parameter mean approach. We found that using the HSE
data led to slight overcostings for treatments dosed on the basis
of weight and undercostings for treatments dosed on the basis
of BSA.

Discussion

The results of the analysis show that using mean patient
characteristics (be it weight or BSA) is likely to produce inaccurate

Table 1 – Summary of the drugs included in the analysis.

Product Dosing parameter Dose Products available (mg) Cost per vial (£)

Brentixumab vedotin Weight 1.8 mg/kg 50 2,500
Cabazitaxel BSA 25 mg/m2 60 3,696
Cetuximab BSA 250 mg/m2 100 178

500 891
Cladribine Weight 1.2 mg/kg 10 160
Clofarabine BSA 52 mg/m2 20 1,316
Ipilimumab Weight 3 mg/kg 50 3,750

200 15,000
Panitumumab Weight 6 mg/kg 100 379

400 1,517
Ustekinumab Weight o100 kg: 45 mg 45 2,147

Z100 kg: 90 mg

BSA, body surface area.
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