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Abstract
Objective: To describe and analyze the variability in carboplatin dosing strategies in Spanish hospitals.
Methods: We designed a questionnaire consisting of 19 multiple-choice items structured in two sections (hospital
characteristics and carboplatin dosing data). The questionnaire was sent by e-mail to all the oncology pharmacists
included in the register of the Spanish Oncology Pharmacy Group (GEDEFO), and we analyzed the completed
questionnaires.
Results: Response rate was 33.5% from a total of 185 pharmacy services invited to take part in the survey. All hospitals
used the Calvert formula to calculate carboplatin dose with glomerular filtration rate estimated by a formula, most
commonly the Cockcroft-Gault equation (80.7%). Carboplatin doses were capped in most hospitals (91.9%): 54.8%
capped creatinine clearance at 125 mL/min, 11.3% capped serum creatinine, and 19.3% capped both creatinine clearance
and serum creatinine. Serum creatinine cut-off values ranged from 0.36 mg/dL to 1 mg/dL. The most commonly used
body weight was actual body weight for underweight, normal weight, and overweight patients. The use of adjusted ideal
body weight increased in obese and especially in morbidly obese patients.
Conclusion: The results from this survey show the variability that exists in carboplatin dose calculation methods among
Spanish hospitals and the need to continue investigating to find the optimum dose calculation method and unify criteria
to avoid differences between sites that can affect effectiveness and toxicity of carboplatin-containing treatments.

Keywords
Carboplatin, survey, dosing adjustments, obese, overweight
Date received: 23 March 2018; revised: 30 July 2018; accepted: 4 August 2018

Introduction
Intravenous carboplatin dose can be calculated by body
surface area (BSA) like other chemotherapy drugs.1
However, since carboplatin is predominantly subject
to renal clearance and given the relationship between
the area under the plasma carboplatin concentration–
time curve (AUC) of free platinum and the degree of
thrombocytopenia and neutropenia, it is advisable to
use dosing formulas based on both renal function and
AUC.1
The most widely used formula in clinical practice is
the Calvert equation which was validated based on the
isotopic measurement of glomerular ﬁltration rate
(GFR) using 51Cr-EDTA. However, this method is

costly and not easily available, and therefore not commonly used in clinical practice. GFR can be estimated
using creatinine clearance (CrCl) which can be
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2
determined from a 24-h urine collection, but the preferred methods used for CrCl estimation are formulas
such as the Cockcroft-Gault (CG), Jelliﬀe, Wright,
modiﬁcation of diet in renal disease (MDRD), and
Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equations.2–6 Nevertheless, CrCl values
obtained with these formulas vary and some use body
weight despite the controversy regarding which values
should be used (actual body weight (ABW), ideal body
weight (IBW) or adjusted ideal body weight (AIBW)),
especially for extreme values.
Furthermore, these formulas use the serum creatinine
(sCr) value which is not only dependent on renal function but also on muscle mass, diet, hydration status, and
non-renal excretion. Also, the sCr measurement method
currently used in clinical laboratories is calibrated
against a standard (IDMS) and thereby produces
values that diﬀer from the ones that were used when
certain of these GFR estimation formulas were developed. In general, the current method gives lower sCr
values, which can lead to overestimations of creatinine
clearance and therefore overdosing of carboplatin.
Several groups and institutions have put forward measures to minimize this risk – such as the FDA who proposes a maximum dose strategy7 – and diﬀerent
recommendations exist for a minimum sCr value
(around 0.6–0.8 mg/dL) when estimating GFR in
patients with abnormally low sCr.7–9
Thus, dose calculation based on sCr values is subject
to multiple variables (formula chosen, weight used, creatinine measurement technique, endogenous production, etc.) and the dose obtained for a single patient
in diﬀerent settings may vary and have clinical
repercussions.

Aim of the study
The objective of this study was to describe and analyze
the variability in carboplatin dosing strategies in
Spanish hospitals.

Ethical approval
According to the Spanish law, no ethical approval was
required for this study.

Methods
In October 2015, a survey designed by two oncology
pharmacists was approved by the executive committee
of the Spanish Oncology Pharmacy Group (GEDEFO),
a consolidated group of hospital pharmacists who work
to improve the quality of oncology–hematology care.
In November 2015, the questionnaire was sent by e-mail
together with a letter explaining the objective of the study
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and requesting participation from all the oncology
pharmacists included in GEDEFO’s register. A reminder
was sent four weeks later, with a deadline to return the
completed questionnaires by 15 December 2015.
Each pharmacy service could only send back one
survey form.

Description of the questionnaire
The questionnaire was structured in two main sections,
each divided into diﬀerent parts consisting of various
items:
. Section 1: Hospital data
 Part 1: Hospital characteristics: general, oncological, university or regional; public, private or
privately managed public hospital, and number of
beds.
 Part 2: Daily activity of the oncology–
hematology unit of the pharmacy service,
number of pharmacists working in the unit and
their speciﬁc training.
 Part 3: Training provided by the pharmacy
service.
. Section 2: Carboplatin dosing data. This section
included all the questions related to the carboplatin
dosage methods:
 Part 1: Items related to the prescription-validation process.
 Part 2: Items related to formulas used to calculate
the dose of carboplatin and variables included:
œ Formula for carboplatin dosage: Calvert,
Chatelut, Bénézet, or other options.
œ If the Calvert formula was selected: Method
for measuring or estimating CrCl (CG,
Jelliﬀe, Wright, MDRD, CKD-EPI, or
other) and carboplatin dose capping (maximum CrCl, minimum sCr, or other).
Overall, the questionnaire consisted of 19 multiplechoice items.
Some items had an ‘‘other (specify)’’ option to allow
for free text entry if none of the predeﬁned answers
provided were an option for certain pharmacy services.
In these cases, we reviewed all the free-text answers in
order to ensure they were not conceptually similar to
any of the options provided in the questionnaire. If we
considered they were similar, we included them in one
of the predeﬁned options.

Results
Sixty-two questionnaires were received from the 185
pharmacy services we had invited to take part in the
survey (response rate 33.5%).
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Table 1. Characteristics of respondent hospitals (n ¼ 62).

Table 2. Pharmacists in the oncology–hematology unit.

n (%)
Scope of hospital services
General
Oncological
University
Regional
Other
Type of management
Public
Private
Privately managed public hospital
Other
Number of beds
Less than 200
Between 200 and 499
Between 500 and 999
1000 or more
Not described

19
2
24
15
2

(30.7)
(3.2)
(38.7)
(24.2)
(3.2)

48
5
8
1

(77.4)
(8.1)
(12.9)
(1.6)

14
21
19
7
1

(22.6)
(33.9)
(30.6)
(11.3)
(1.6)

Hospital data
Hospital characteristics are shown in Table 1. The
mean number of chemotherapy doses prepared per
month was 1498 (SD: 1050). The number of pharmacists per oncology–hematology unit in the pharmacy
services is shown in Table 2. Of the participating hospitals, 66.1% had one pharmacist and the rest had two
or more, resulting in a total of 95 pharmacists in the
oncology–hematology units in the pharmacy services
overall.
Apart from the training received in a hospital to
qualify as a hospital pharmacist, 48 hospitals (77.4%)
reported having pharmacists with speciﬁc additional
training which consisted of:
. Board Certiﬁed Oncology Pharmacist program of
the Board of Pharmacy Specialties, American
Pharmacists Association (47 hospital pharmacists,
49.5% of all pharmacists in the oncology–hematology units)
. Master’s degree in Oncology Pharmacy. University
of Valencia (Spain) (24 hospital pharmacists, 25.3%)
. Other speciﬁc training (ﬁve hospital pharmacists,
5.3%)
Most hospitals (91.3%) reported having training
programs consisting of: Supervised practice for a
Pharmacy Degree (88.7% of all hospitals), a four-year
training program for pharmacists to become hospital
pharmacists (67.7%), and training programs for pharmacy technicians (30.6%).

N (%)
1
2
3 or more
Total

Total pharmacists
a

41 (66.1)
11 (17.8)b
10 (16.1)c
62

41
22
32
95

a

Twenty-two (53.7) hospitals with one full time pharmacist; 19 (46.3) with
one part time pharmacist.
b
Seven (63.6) with two full time pharmacists; one (9.1) with two part time
pharmacists; three hospitals (27.3) with one part time pharmacist and
one full time pharmacist.
c
Six (60.0) hospitals with full time pharmacists; four (40.0) hospitals with
part time and full time pharmacists.

Carboplatin dosing data
In 91.9% of cases, physicians calculated the carboplatin
doses and pharmacists validated them. Only four hospitals (6.5%) reported that carboplatin doses were calculated by pharmacists and one reported that
pharmacists did not validate carboplatin doses prescribed by physicians.
The most common way of prescribing was via electronic prescription software (53 hospitals, representing
85.5% of all cases). Speciﬁcally, 52 hospitals recorded
prescriptions in an electronic prescription database
(integrated with medical records in 12 hospitals) and
one recorded prescriptions directly in the medical records. Manual prescription was reported by nine hospitals (14.5%).
Overall, the hospitals used 11 diﬀerent software/
databases: Farmis-Oncofarm was the most commonly
used one (44.2%) followed by Oracle (15.4%), and
FarmaTools , SISinf , and the hospitals’ own software
were used in the same proportion (5.8%).
As for the recommendations made by the pharmacists when validating carboplatin doses, 57 hospitals
(91.9%) reported that physicians usually accepted the
recommendations. Three hospitals (4.8%) gave other
answers indicating, for example, that recommendations
were occasionally accepted or that the question was not
applicable because no carboplatin dose validation was
performed by pharmacists. Only two hospitals (3.2%)
reported that the pharmacists’ suggestions were not
accepted. With regard to the method used to calculate
carboplatin dose, 88.7% of hospitals reported a physician–pharmacist consensus method (Table 3) which, in
all cases, included the Calvert formula. No hospital
reported the use of other formulas such as Chatelut
or Bénézet.
GFR used in the Calvert equation was estimated
using a formula in 100% of hospitals. Ten hospitals
also determined CrCl from a 24-h urine collection in
some patients, such as geriatric patients or patients with
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Table 3. Carboplatin dosing data (n ¼ 62).
n (%)
Consensus method physician–pharmacist for carboplatin dosing
Yes
55 (88.7)
No
7 (11.3)
Formula for carboplatin dosage
Calvert
62 (100.0)
Estimation of GFR in Calvert formula
Estimation of CrCl by a formula
52 (83.9)
Generally CrCl by a formula and from
10 (16.1)
24-h urine for some patients
Equation for CrCl estimation in the Calvert formula
Cockcroft-Gault
50 (80.7)
MDRD
7 (11.3)
CKD-EPI
3 (4.8)
Cockcroft-Gault and another formula
2 (3.2)
Capping parameters in the equation for CrCl estimation in the
Calvert formula
Maximum CrCl only
34 (54.8)
Maximum CrCl and minimum sCr
12 (19.3)
Minimum sCr only
7 (11.3)
No capping values
5 (8.1)
Other
4 (6.5)
Dose adjustment in special population
Geriatric patients
12 (19.4)
Cachectic patients
17 (27.4)
Amputees
12 (19.4)
MDRD: modification of diet in renal disease; CrCl: creatinine clearance;
sCr: serum creatinine; CKD-EPI: Chronic Kidney Disease Epidemiology
Collaboration; GFR: glomerular filtration rate.

germ-cell tumors. No hospital reported the use of measured GFR by 51Cr-EDTA clearance.
Fifty hospitals (80.7%) used the CG formula as the
only option to estimate CrCl. Two hospitals also
selected the Jelliﬀe and MDRD equations, respectively.
The other hospitals only used MDRD or CKD-EPI.
Overall, carboplatin dose capping occurred in 91.9%
of hospitals: CrCl was capped at 125 mL/min in 54.8%
of hospitals; sCr was capped in 11.3%; and both CrCl
and sCr were capped in 19.3% (Table 3). Altogether, 19
hospitals applied carboplatin dose capping using sCr
cut-oﬀ values (either sCr only or both sCr and CrCl).
The cut-oﬀ values for sCr diﬀered: six hospitals used a
minimum sCr of 0.6 mg/dL; four hospitals used a minimum of 0.7 mg/dL; and the other hospitals each used
1 mg/dL, 0.67 mg/dL, 0.65 mg/dL, 0.5 mg/dL, 0.4 mg/
dL, 0.36 mg/dL, 0.6–0.7 mg/dL, or 0.5 mg/dL for
women and 0.7 mg/dL for men. No hospital reported
the use of formulas that included cystatin C value.
The results regarding the type of body weight
employed in the CG formula (the only formula for
estimating CrCl that includes body weight as a

variable) are shown in Figure 1. The most commonly
used type of body weight was ABW for underweight,
normal weight, and overweight patients. For obese and
morbidly obese patients, IBW and AIBW were more
important. In fact, 50% of hospitals employed AIBW
in morbidly obese patients.

Discussion
The methods and criteria used for carboplatin dosing
vary, as there is no universally accepted standard and
this leads to many controversies.7,8,10–17 This study’s
main contribution is that it shows the existing variability in carboplatin dosing in clinical practice in Spain.
We would like to highlight the fact that the hospitals
that participated in the survey were mainly public
hospitals, both general and university hospitals, and
represented a large sample of this type of institutions.
It is also of note that in most cases there was only one
pharmacist involved in chemotherapy drug dosing despite the complexity of the activity and that these
pharmacists were highly trained.
As for carboplatin dosing, the ﬁrst remarkable positive aspect revealed by the survey is the high degree of
physician–pharmacist consensus.
The Calvert formula, which was used by 100% of the
respondent hospitals to estimate the dose of carboplatin, was undoubtedly the most widely used formula
overall. Other formulas such as the Chatelut18 or
Bénézet19 equations have not been widely implemented
in clinical practice. According to a survey conducted in
2010 by the Hematology Oncology Pharmacy
Association20 (HOPA), the most extensively used formula in the United States (US) is the Calvert formula.
The British Oncology Pharmacy Association (BOPA)
also recommends using this dose calculation method
in its veriﬁcation guidelines.12
The Calvert equation was validated based on the isotopic measurement of GFR using 51Cr-EDTA, but this
method is costly and not easily available. GFR can be
estimated using CrCl which can be determined from a 24h urine collection. However, the survey shows that this
method is rarely used and that CrCl is usually calculated
from sCr data using estimation formulas even though the
24-h collection method may be preferable, especially in
populations with altered muscle mass, body mass index
(BMI) below 19 or above 35, elderly patients, etc.21,22
According to the survey, the most common estimation formula is the CG equation which is the one typically used for dosing of drugs with renal excretion in
general and for carboplatin in particular. It is also the
most commonly used formula in the US (89.3%), as
shown in the HOPA survey.20 The Gynecologic
Oncology Group (GOG), which previously utilized the
Jelliﬀe formula in its studies, currently also recommends
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Figure 1. Body weight employed in the Cockcroft–Gault formula (n ¼ 45).
ABW: actual body weight; IBW: ideal body weight; AIBW: adjusted ideal body weight.

the use of CG.15 However, BOPA recommends using the
Wright formula,6 developed from a population of oncology patients. This formula has been evaluated in diﬀerent studies with variable results9,23,24 and its use has not
been widely implemented. It also has the disadvantage
that there is less experience with it in special populations
such as obese or elderly patients.
Nephrology associations currently include the
MDRD and CKD-EPI equations (designed for the
diagnosis and classiﬁcation of kidney disease) in their
guidelines on drug dosing.13 Several studies report that
carboplatin dosage adjustments determined by these
two equations result in similar or better adjustments
compared to the use of CG.25–28 Nevertheless, other
studies describe worse adjustments23,29 with these formulas, mainly in special populations (e.g. elderly
patients). In general, no single formula has proven to
be clearly superior to CG in every context.
The survey results also highlight that 91.9% of the
sites use dose capping, mostly by using a maximum
CrCl value based, when estimated, on the Food and
Drug Administration7 and America Society of
Clinical Oncology11 recommendations. The use of a
minimum sCr value for these calculations is less
common and cut-oﬀ values greatly diﬀer. In the
HOPA survey, 55% of the sites performed adjustments
for values ranging from 0.7 to 1 mg/dL.
It is important to establish a minimum sCr value
provided the estimation formulas used have not been
re-expressed with current methods for measuring creatinine, as is the case with CG. At present, certiﬁed
laboratories use IDMS-standardized methods, producing values that are lower than former non-IDMS
values. Using such values in classical formulas overestimates CrCl, leading to a risk of carboplatin overdosing.
No unambiguous speciﬁc cut-oﬀ value has been established either. The NCI recommends minimum values of
0.6 mg/dL,14 while the GOG group has established a
minimum of 0.7 mg/dL.15

Given the predominant use of CG, it should be
emphasized that this formula was developed using
patients’ ABW, but in a population in which overweight or obese patients were not adequately represented. Thus, the use of ABW for this population is
debatable. Various weight descriptors have been studied based on patient BMI, but results have been
heterogeneous.
For low-weight patients (BMI<18.5), the survey
shows that ABW was the most widely used descriptor.
This is an option supported by the study by Winter
et al.17 which showed that adjustment was improved
when CrCl was estimated in this population using this
weight descriptor. However, other authors have obtained
better adjustments using AIBW16 or lean body mass.10
The main descriptor in normal-weight patients was
ABW, but IBW – as supported by the results of the
study by Winter et al.17 – and AIBW – as recommended
by Kaag et al.16 – were also used, albeit in a minority of
cases. The GOG group recommends using ABW for a
BMI<25.
In overweight and obese patients, the use of other
descriptors, mainly AIBW, progressively increases in
parallel with BMI. Various studies have shown a
better dose adjustment in obese patients when
CrCl17,18,24,25,30 or carboplatin clearance estimations
were based on AIBW.8,10,16
The advantage of using AIBW versus ABW for carboplatin dose calculation in cases of overweight is not
clear either,24,30 although it is the descriptor that
obtained the best adjustment in several studies,8,10,16
especially when BMI>27. Currently, the GOG group
recommends using this weight descriptor starting at a
BMI of 25 kg/m.25 However, in 2012, the ASCO recommended administering full doses of cytotoxic drugs
based on ABW in overweight and obese patients,
although at the same time, it also advised adopting
the FDA’s recommendation on carboplatin maximum
dose.7
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The HOPA survey20 shows that the use of AIBW is
more common in US hospitals than in Spanish ones
(46.5%). Nonetheless, the comparison of the results
of this survey with those of the survey performed by
Anglada et al., in which only 12% of participating hospitals used AIBW to estimate CrCl in obese patients,31
shows that its use is increasing in Spain.
Although the percentage of use of IBW in overweight or obese patients is low, it is still noteworthy.
In studies in which this weight descriptor has been evaluated, it clearly underestimates CrCl.17,24,32
Janowitz et al.28 recently published a new glomerular
ﬁltration rate estimation model based on a population
of 2470 cancer patients. The authors show that better
estimation results are obtained with their model compared to classical models. In addition, among the
standard former models, they identify the patient
BSA-adjusted CKD-EPI as the best estimation
method. However, despite its methodological robustness, this study fails to specify certain aspects: (1)
whether the sCr determination methods used were
IDMS-standardized, (2) what weight descriptors were
used in the CG formula, and (3) whether minimum sCr
or maximum estimated CrCl values were capped. As
mentioned above, these factors clearly aﬀect the results
and their accuracy can improve estimations in diﬀerent
clinical situations.
The diﬀerent estimation methods, diﬀerent CrCl and
minimum sCr capping values, and diﬀerent weights used
in the CG formula can lead to major diﬀerences in the
calculated carboplatin dose. Although these diﬀerences
may theoretically result in diﬀerences in the eﬀectiveness
or toxicity of carboplatin-containing chemotherapy regimens, a conclusive correlation cannot be established for
lack of data or studies that prove it.

Conclusion
The results from this survey show the variability that
exists in carboplatin dose calculation methods among
Spanish hospitals and the need to continue investigating to ﬁnd the optimum method and unify criteria to
avoid diﬀerences between sites that can theoretically
aﬀect eﬀectiveness and toxicity of carboplatin-containing treatments.
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