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Abstract
Purpose: Determining the optimal starting dose of chemother-
apy (CHT) presents a considerable challenge when using body-
surface area (BSA)–based dosing, particularly in obese, elderly,
or thin patients. We sought to document the range of ap-
proaches employed when administering CHT to these patients.

Methods: A questionnaire was developed by a panel of on-
cologists and mailed to all members of the Medical Oncology
Group of Australia.

Results: From 315 oncologists, 188 responded (response
rate 59.7%). BSA-based dosing is standard practice for 176
(97.2%) of the responding oncologists. In the adjuvant disease

setting, 23 (12.7%) use ideal rather than actual body weight (BW)
to calculate BSA, or choose whichever is less. When treating
obese patients, only 6.1% of respondents routinely use actual
BW. Of the remainder, 69.5% either cap the dose at 2 m2 or use
ideal BW. In underweight patients, 95% (n � 171) routinely cal-
culate BSA using actual BW. Forty one respondents (22.7%)
routinely reduce dose in the fit elderly.

Conclusion: This analysis of BSA-based CHT dosing meth-
ods demonstrates significant variability in practice. Based on
evidence from adjuvant studies showing that actual BSA-based
dosing is desirable, a substantial number of Australian patients
are being underdosed. Further education, together with ongoing
research, is required to optimize individualized dosing for efficacy
and tolerability.

Introduction
The use of body-surface area (BSA) has been the mainstay of
chemotherapy (CHT) dosing in oncology practice for the last
half-century. Derived from animal models to estimate appro-
priate phase I drug doses,1 BSA equates to the two-dimensional
surface area of a person’s skin.2 However it is apparent that for
the most part, the pharmacokinetics and pharmacodynamics of
drug administration are related to more than a simple equation
derived from height and weight. BSA-based dosing does not
account for the marked variations in hepatic or renal function,
the proportion of body fat, or multiple other variables involved
with drug handling. Indeed, multiple studies using various che-
motherapeutic agents have found little correlation between
BSA and pharmacokinetic parameters such as clearance or tox-
icity.2-4 A retrospective review of 33 agents investigated in phase
I studies over a 10-year period (1991-2001), found that for only
five instances did BSA-based dosing significantly reduce inter-
patient variability in drug clearance.5 Despite these limitations,
BSA-based calculation has become widespread, largely in the
absence of a viable alternative.

Three specific patient populations in adult oncology—obese,
elderly, and thin—need particular consideration when selecting
CHT doses and are an expanding component of oncology prac-
tice. It is estimated that 65% of the adult population in the
United States is overweight, and 30% are obese.6 Obesity is a
global epidemic. In Australia, a 2004-2005 National Health
Survey showed that the proportion of adults classified as over-
weight or obese increased over the previous decade: for men
from 52% to 62%, and for women from 37% to 45% (Austra-
lian Bureau of Statistics 2005). As advanced cancer can cause

anorexia and weight loss, it is also not uncommon to administer
CHT to thin or underweight patients. The population in the
United States older than 65 years is projected to rise by 100%
by 2030 to 68 million—around 20% of the population.7 Aus-
tralia’s population is similarly ageing.8 For the overweight or
obese patient, clinicians may compromise effective therapy by
dosing according to ideal BW rather than actual BW, poten-
tially reducing the patient’s dose by up to 25%, despite little
evidence to support this practice.9 Even in the fit older patient,
typical age-related changes such as an increase in body fat, de-
cline in total body water, and decreased activity of liver cyto-
chrome P450 enzymes and renal function10 may significantly
impact on the pharmacokinetics of CHT administration, and
the possibility of increased toxicity again is not accounted for
with BSA-based dosing.

The aim of this survey was to quantify and explore some of the
methods and issues surrounding BSA-based dosing of CHT
and in particular the use and calculation of BSA among Austra-
lian medical oncologists.

Methods

Study Population
A nationwide survey was mailed in mid-2006 to all medical
oncologists and advanced trainee oncology registrars (fellows)
who were members of the Medical Oncology Group of Austra-
lia (MOGA), to which the vast majority of Australian medical
oncologists and all oncology trainees belong. Three hundred
fifty physicians were identified from the membership list of
MOGA. The survey was anonymous; identification numbers

Original Research

108 JOURNAL OF ONCOLOGY PRACTICE • VOL. 4, ISSUE 3 Copyright © 2008 by American Society of Clinical Oncology



were used to allow follow-up of nonresponders. To facilitate
return of the survey, a reminder email was sent close to the
cutoff date.

Design
The survey was an independent, clinician-driven project, de-
signed and developed by a panel of oncologists. An initial eval-
uation assessing understanding and ease of administration was
performed by 10 oncologists. Based on feedback, the question-
naire was modified to improve clarity.

Demographic information was obtained for subsequent analy-
sis, including amount of work in public or private practice,
fellow versus consultant oncologist, and years of experience.

Questions included whether actual or ideal BW was used to
calculate CHT doses in the adjuvant and metastatic disease
settings; what approach was used for the obese or thin patient;
and whether routine dose reduction was performed in fit elderly
patients. In defining ideal BW, clinicians were given the options
of body-mass index (BMI) 20 to 25 kg/m2 (normal as per the
World Health Organization11); BMI � 27 kg/m2 (overweight);
‘other’ for an alternative response; and an option of ‘never use’.
The option of 27 kg/m2 was included as some charts used to
calculate ideal BW are based on this BMI. Respondents were
also asked if they would routinely dose reduce for patients who
had experienced significant toxicity from prior CHT, and fi-
nally whether drug doses were adjusted according to the known
size of drug ampoules. Each question had four to five possible
responses, and some questions had an ‘other’ option to draft a
free text response if none of the answers were applicable for that
clinician.

‘Obese’ and ‘thin’ were not specifically defined, but it was as-
sumed that most respondents would be aware of standard clas-
sifications (BMI � 30 kg/m2 for obese and � 18.5 kg/m2 for
underweight, according to WHO guidelines).11,12 ‘Elderly’ was
defined as older than 75 years. ‘Fit’ was not defined but implied
a good performance status and adequate major organ function.

Analysis
Data analysis was conducted using Stata SE 9.0 (College Sta-
tion, TX). All P values are two sided, and were calculated using
the Mantel-Haenszel test, or with Fisher’s exact test on occa-
sions that the sample size was small.

Results

Demographics
From the full MOGA membership of 350, 35 members were
considered ineligible (pediatric trainees, hematologists, or no
longer in practice). Of the remaining 315 recipients, 188 re-
sponses were received, giving a response rate of 59.7%. Seven
questionnaires were unevaluable (not filled out) giving a total of
181 evaluable responses, from 141 consultants and 40 fellows
(Figure 1). Of the consultants, 56% worked mostly or always in

public practice, and 23.4% were mostly or always in private
practice. 48.2% of the consultants had more than 10 years of
experience in oncology. The demographic profile of respon-
dents is representative of practicing medical oncologists in
Australia.

BSA-based dosing. BSA-based dosing was reported as stan-
dard practice by 176 respondents (97.2%), who stated they use
this method in all (n � 95; 52.5%) or most (n � 81; 44.7%)
cases. An obvious exception was carboplatin dosing, where the
Calvert formula is widely used.13

Actual versus ideal body weight. Clinicians were asked their
interpretation of ideal BW. While 32% (n � 58) stated they
never use ideal BW, 48 physicians (34% of all physicians) and
23 fellows (57.5% of all fellows) related ideal BW to a BMI of
20 to 25 kg/m2. Of the remainder, 13.8% (n � 25) chose a
BMI of 27 as representative of ideal BW.

Overall, clinicians were more likely to use actual BW in the
adjuvant rather than metastatic disease setting (84.5% in adju-
vant v 71% in metastatic disease; P � .01). In the adjuvant
disease setting, 84.5% (n � 153) of respondents use actual BW
to calculate CHT, 9.4% (n � 17) use ideal BW and 3.3% (n �
6) would choose whichever BW resulted in the lowest dose
(Figure 2).

In metastatic disease, 71% use actual BW to calculate CHT,
with a higher rate among the consultants than the fellows
(75.9% v 55.0%, respectively; P � .031). Consistent with this,
fellows were more likely than consultants to use whichever gave
the lesser dose in the metastatic setting (30% v 9.9%; P �
.0018). Differences were not statistically significant when com-
paring private and public practitioners and level of experience
(data not shown).

Obese, thin, and elderly patients (Figures 3 and 4). Clini-
cians were asked their typical approach when dosing CHT for
the obese patient. The two most common approaches included
capping the dose at 2.0 m2 by 92 respondents (50.8%) or using
ideal BW by 40 respondents (22.1%). Only 11 respondents
(6.1%) routinely used actual BW when calculating CHT doses
for obese patients. Responses did not differ significantly with
level of experience or public versus private practice. In thin
patients, 92.9% (n � 131) of consultants and 100% (n � 40)
of fellows routinely use actual BSA, with no significant differ-
ences according to level of experience or practice setting (public
v private). Respondents were asked if they commonly dose re-
duce for fit elderly patients (older than 75 years); 32.5% (n �
13) of fellows and 19.8% (n � 28) of consultants would dose
reduce in all or most cases (P � .096, not significant).

Prior toxicities. Clinicians were asked whether CHT dose
was routinely reduced in patients who had experienced prior
significant toxicity from other agents. Treatment in the adju-
vant versus metastatic disease setting was not specified; 50.4%
(n � 61) of consultants and 40% (n � 16) of fellows would do
this in all or most cases (difference P � .22, not significant).
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Ampoule size. Overall, 18.2% (n � 33) of clinicians adjust
doses according to the size of the ampoules or vials of CHT in
all or most cases; 49.7% (n � 90) rarely or never adjust doses in
this manner. Consultants with more years of experience were
more likely to adjust according to ampoule size in all or most
cases (31.0% in � 20-years experience, v 7.4% in � 5-years

experience; P � .04). There were no signif-
icant differences in responses between pri-
vate and public practitioners.

Discussion
This Australian survey documents clear vari-
ation in the use of BSA-based CHT dosing,
and explores the individual clinician’s ap-
proach to two increasingly common scenar-
ios: the overweight patient and the elderly
patient. The results need to be considered in
the context of current evidence-based guide-
lines, which, while scant, do suggest that
there are areas where best practice is not be-
ing employed.

The most striking result is that 12.7% of
clinicians, when treating patients in the adjuvant disease set-
ting, used ideal BW, or whatever BW resulted in the lower dose.
In obese patients, only 11 clinicians (6.1%) use actual BW; the
majority prefer to approximate an ideal BW or to cap at an
arbitrary dose or BSA. Given that BSA does not adjust for body
fat, clinicians appeared to be concerned about overdosing obese
patients and were keen to use some method, regardless of its
validity, to compensate. However, even when attempting to do
this by using ideal BW, we found wide variation in interpreta-
tions of ideal BW, with 13.8% placing ideal BW at a BMI of 27
kg/m2. WHO define this as overweight.11,12 While oncologists
may not actually calculate BMI, they may well utilize charts to
calculate ideal BW. They should be aware of whether these
charts are based on a normal BMI or one reflecting overweight/
obesity. This is not the first time that differing preferences
surrounding weight selection have been documented. A survey
of 52 bone marrow transplant institutions found substantial
differences in weight formulas used for dosage calculations,
with no single method used in greater than 30% of institu-
tions.14

Where available, evidence strongly supports the use of actual
BW in the adjuvant setting for solid organ tumors. For patients

Figure 1. Response rate flow chart.
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Figure 2. Body weight used in calculating
chemotherapy: adjuvant versus metastatic disease.
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Figure 3. Approach to chemotherapy dosing in obese
patients.
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Figure 4. Dose reduction frequency in fit elderly
patients.
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with early-stage breast cancer there appears to be a threshold for
relative dose intensity below which little or no clinical benefit
may be obtained.15,16 One study examining data from a large
adjuvant breast cancer trial found that obese women who were
routinely dose reduced in cycle 1 experienced inferior failure-
free survival, and the use of actual BW did not result in in-
creased toxicities.17 Studies in small-cell lung cancer and bowel
cancer, similarly, have found that obesity was not associated
with any increase in CHT-related toxicity when using actual
BW.18,19

Our survey thus indicates that a substantial proportion of pa-
tients may be inappropriately underdosed. This finding has
been documented previously—an analysis of International
Breast Cancer Study Group trials from 1978 to 1993 showed
that in obese patients, 96% of clinicians used ideal BW to
calculate CHT, as opposed to 47% in the intermediate BW
group and 2% in those with normal BW.20 A retrospective
cohort study of nearly 10,000 women undergoing CHT for
early-stage breast cancer found that 11% of overweight, 20% of
obese, and 37% of severely obese women were routinely dose
reduced in the first cycle.21 A prospective registry of 764 pa-
tients with breast cancer undergoing adjuvant treatment found
that increased BMI was significantly associated with intention-
ally reduced doses, and multivariate analysis demonstrated that
obesity was independently associated with reduced doses.22 In
colon cancer, retrospective analysis of a large cohort of patients
undergoing adjuvant treatment in National Surgical Adjuvant
Breast and Bowel Project trials from 1989 to 1994 found 55%
of obese and 73% of morbidly obese had capped doses, com-
pared with 7% of normal weight individuals.23 Obesity in nu-
merous cancer studies has been linked with a poorer
prognosis24-26; if intentionally reduced CHT doses are contrib-
uting, this is a concerning finding.

Available data surrounding CHT dosing in underweight indi-
viduals is scant. The previously mentioned analysis of National
Surgical Adjuvant Breast and Bowel Project trials found that
fewer cycles were given in underweight compared with normal
weight individuals, and the underweight were more likely to
receive less than the planned dose.23 Another analysis from an
adjuvant rectal cancer study found that none of the 109 patients
considered underweight were dose reduced.19 Grade 3 to 4
diarrhea, leucopenia, and stomatitis were higher in the under-
weight cohort, but this difference was not significant once ad-
justed for other predictors of toxicity. Despite scant evidence, it
would seem that in the underweight patient using actual BW to
calculate CHT dose is appropriate. This is the practice of the
majority of our survey respondents.

Considerable heterogeneity was seen in methods of dosing in
the elderly. Due to lack of evidence, clinical judgment is para-
mount in this population, balancing efficacy and toxicity
against age-related changes in metabolism. As only around 22%
of patients in clinical trials are older than 65 years, and a mere
8% to 13% are older than 70 years, it is difficult to simply apply

data concerning regimens and doses from clinical trials to the
elderly population.27 Nevertheless, there is increasing awareness
that CHT can result in survival and quality-of-life advantages in
older patients. In colorectal cancer, a meta-analysis found the
benefit of adjuvant treatment was consistent across all age
groups including those older than 70 years.28

In metastatic colorectal cancer, another meta-analysis of 22
trials including 629 patients older than 70 years showed equal
survival in the older population compared with those younger
than 70 years.29

Routine dose reductions in elderly patients are not uncommon.
A survey of over 1,200 oncology practices and more than
20,000 patients in the United States, examining women treated
with early-stage breast cancer, found that around two thirds of
patients older than 65 years received less than 85% of reference
dose-intensity.30 The meta-analysis of adjuvant CHT for colon
cancer mentioned above found an increase in leucopenia in
elderly patients but no increase in febrile neutropenia and over-
all no justification for less than full doses.28 The obvious issue
with routine dose reduction, especially in the adjuvant setting,
is that less effective therapy may be given and thus the chance of
cure may be reduced. In the fit elderly, over 20% of respondents
in our survey would routinely dose-reduce in all or most cases,
which appears unjustified and inappropriate.

Nearly 20% of respondents reported that they adjust CHT
doses according to size of the ampoule. Presumably this results
from concern about the expense of many modern agents, and
the reluctance to discard most of an ampoule when a slightly
smaller dose may be adequate. Pharmacists, rather than clini-
cians, may be the predominant health professionals performing
this dose adjustment.31,32

While important and interesting results have been obtained,
there were a number of limitations of our study. The first of
these is the modest response rate of just under 60%. This was
despite two mailings and e-mail reminders. An element of bias
may thus have affected results as clinicians who chose to re-
spond may have been more interested in CHT dosing strategies.
The survey excluded hematologists; as myeloablative CHT is
generally not prescribed by medical oncologists in Australia,
our discussion focuses on evidence surrounding standard dose
CHT for solid organ tumors and should not be extrapolated to
the myeloablative setting. Specific questioning asked about the
‘fit’ elderly but did not define ‘fit’. As patients in their seventies
and older with cancer have an average of three different comor-
bidities,33 the interpretation surrounding ‘fitness’ may have dif-
fered between clinicians. Limited options were provided to
interpret ideal BW which may have influenced the interpret-
ability of these responses, although an ‘other’ section was pro-
vided if the options did not fit the clinician’s interpretation.

In our survey we asked practice regarding CHT dosing. We did
not survey actual practice. It is possible that respondents indi-
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cated a safer or more conservative method of dosing. However,
the survey was anonymous to encourage reporting of actual
practice.

What should change as a result of this survey? Clearly more
research, education, and guidelines are warranted, given the
discrepancies in dosing choices and the potential impact on
outcomes. Given the variation in responses, there appears un-
certainty among oncologists regarding what is best practice for
these expanding groups of patients. This uncertainty is reflected
in the available literature. Alternative CHT dosing methods
continue to be explored. These include a modification to BSA-
based dosing for obese patients proposed in 2005, using a cor-
rected BSA equation for obese patients with a BMI more than
30 kg/m2, in an attempt to avoid unnecessary drug exposure
while maintaining efficacy.34 Other dose adjustment methods
for the obese have been described.35 One postulated option for
elderly patients is to develop and use elderly-specific regimens
rather than routinely dose-reducing standard regimens.36 One
study of 92 patients being treated for early-stage breast cancer
and aged between 65 and 90 years, adjusted CHT doses accord-
ing to calculated creatinine clearance and found no age-related
differences in toxicities or response; in addition, less dose reduc-

tions occurred during treatment.37 Advocates of geriatric oncol-
ogy recommend the use of the Comprehensive Geriatric
Assessment as a tool to guide decisions surrounding CHT dos-
ing and administration in the elderly.38,39 Alternative methods
of CHT dosing which have been suggested include fixed dose
rates; use of area under the curve; toxicity-adjusted dosing; and
incorporating pharmacokinetic and pharmacogenomic profil-
ing.40-43 However, until alternative strategies become widely
available and financially feasible, BSA remains the principal,
albeit inadequate, method of calculating CHT for cancer
patients.
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