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Abstract

Purpose While doses of carboplatin are mostly individualized according to the Calvert equation based on estimated Glo-
merular Filtration Rate (eGFR), there is still uncertainty regarding the best formula to predict GFR. Since Janowitz et al.
recently proposed a new equation predicting GFR in cancer patients, we aimed to compare this equation to other carboplatin
clearance (carboCL) predicting formulae.

Methods The actual carboCL of 491 patients was compared to predicted carboCL according to the Calvert formula using
several equations to predict GFR (Janowitz, Cockcroft—-Gault, MDRD, CKD-EPI, CKD-EPI with cystatin C (CKD-EPI-
cysC)); and according to two others that directly predict carboCL (Chatelut and Thomas). The formulae were compared on
Mean Percentage Error (MPE), Mean Absolute Percentage Error (MAPE) and percentage of patients with a prediction error
above 20% (P20).

Results The MPE, MAPE and P20 were, respectively, within the ranges —5.2 to +5.9%; 14.0-21.2% and 23-46%. The
MAPE and P20 of Calvert-CKD-EPI-cysC were the lowest. The performance of Calvert-CKD-EPI was better than that of
other creatinine-based formulae although not significantly different from the Calvert-Janowitz formula. Among formulae
based on creatinine only, Calvert-CKD-EPI and Calvert—Janowitz are the least influenced by patient characteristics.
Conclusion Whereas CysC improves carboplatin CL prediction, the Calvert-CKD-EPI equation seems the most suitable
creatinine-based formula to predict carboCL homogeneously in all subgroups of patients.
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Introduction

Carboplatin is a widely used cytotoxic in combination
therapies to treat many malignancies. Since Carboplatin is
mainly eliminated by the kidneys, doses need to be adapted
to the renal function. Several formulae have been proposed
for individual dosing of carboplatin but the most frequently
used is that published by Calvert et al. [1] with the following
equation: Carboplatin Clearance (CL) [mL/min] = measured
Glomerular Filtration Rate (GFR) [mL/min] + 25 [mL/min].

< Florent Puisset
puisset.florent@iuct-oncopole.fr

Centre de Recherches en Cancérologie de Toulouse (CRCT),
INSERM UMR1037, 2 Avenue Hubert Curien, CS53717,
31037 Toulouse CEDEX 1, France

Université Paul Sabatier Toulouse III, Université
de Toulouse, 118 Route de Narbonne,
31062 Toulouse CEDEX 9, France

Pharmacy Department, Institut Universitaire du Cancer
Toulousain (IUCT) Oncopole, Institut Claudius Regaud, 1
avenue Iréne Joliot-Curie, Toulouse CEDEX 9 31059, France

Oncology Department, Institut Universitaire du Cancer
Toulousain (IUCT) Oncopole, Institut Claudius Regaud, 1
avenue Iréne Joliot-Curie, Toulouse CEDEX 9 31059, France

Since glomerular filtration rate is not measured in clinical
practice, an estimation of GFR (eGFR) is used as a sub-
stitute. Most commonly, GFR is estimated by creatinine
clearance using the Cockcroft—-Gault formula [2]. Several
other methods are available for estimating GFR: the MDRD
eGFR equation was introduced in 1999 [3] then in 2009
the CDK-EPI formula [4] was shown to be more accurate
(especially in patients who have a high GFR level) and is
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now recommended by the Kidney Disease Improval Global
Outcome (KDIGO) guideline to estimate GFR [5].

Recently Janowitz et al. [6] proposed a new equation to
estimate Glomerular Filtration Rate in cancer patients. They
obtained their equation using >'Cr-EDTA GFR clearance
measurements performed in 1977 patients, then validated it
using two different data sets of 494 and 111 patients, using
a method which is both original and accurate. They found
a correlation between the square root of 3'Cr-EDTA GFR
and age, weight, Body Surface Area (BSA), sex and natural
logarithmic-transformed creatinine.

They observed that their new model was the most accu-
rate and among the least biased of seven published models
for estimating GFR. Moreover they showed that the vari-
ance of their formula was constant in different subpopula-
tions since the residual error was not dependent on serum
creatinine level, age, or morphological characteristics of
patients. Thus, they compared the accuracy of a carboplatin
dose calculated from the Calvert equation using measured
SICr-EDTA GFR, to that calculated from the same equation
using various eGFR predicting formula. In this way, their
new formula produced the least number of patients with an
absolute dosing error above 20% in comparison to all other
formulae for estimating GFR. However, in their study, no
pharmacokinetic carboplatin data were available, thus the
performance of the Calvert equation using this new eGFR
to predict Carboplatin CL remains to be assessed. For this
reason, our study aimed to assess the performance of Cal-
vert’s equation using the Janowitz formula as a substitute
for GFR by comparing predicted carboplatin CL to actual
carboplatin CL. The performance of the corresponding new
equation was compared to those of other carboplatin CL
predicting formulae.

Patients and methods
Data collection

The data of 491 patients were collected from a subset of
three different previously published clinical studies [7-9].
These protocols were approved by the ethical committee of
Toulouse I and informed consent was obtained from each
patient.

Carboplatin administration, blood sampling,
and platinum analysis

Carboplatin was used as monotherapy or in combination
with various drugs for different tumors at standard doses
[7, 8] or as high dose (HD) in combination with etoposide
[9]. It was administered as a daily 30-min or 1-h infusion
in 5% dextrose, then four blood samples were taken: before
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administration, 5 min before the end of infusion, 1 and
4 h after the end of infusion. These samples were selected
according to a limited sampling strategy developed previ-
ously [10]. After immediate centrifugation at 1500 g for
10 min at 4 °C, the plasma was separated and ultrafiltered
using the Amicon MPS1 micropartition system with YM-T
membrane a 4 °C for 15 min at 1500 g. Carboplatin levels in
the plasma ultrafiltrate were measured by means of flameless
atomic absorption spectrophotometric analysis according to
a previously described method [11].

Pharmacokinetic analysis, determination
of individual carboplatin clearance

Individual carboplatin CL were obtained using the NON-
MEM software [12] (version VI, level 2.0) according to a
two-compartment pharmacokinetic model and first-order
conditional estimation with interaction (FOCE-i) method.
The carboplatin concentration versus time data of each
patient were combined with those of a database composed
of 143 patients with rich sampling [10]. Individual POST-
HOC values of clearance were obtained for each patient (no
covariate was considered for the typical value of CL). This
approach to estimate individual carboplatin CL has been
previously validated prospectively [10]. The low residual
variability corresponding to every run (i.e., always lower
than 20%) also confirms the robustness of the approach.

Assessment of different formulae for predicting
carboplatin CL

Predicted carboplatin clearance (pCL) was calculated for
each patient using seven different formulae. Five were based
on Calvert’s formula using Janowitz [1] (Calvert-Janowitz),
Cockcroft—Gault [2] (Calvert-CG), BSA adjusted CKD-EPI
[4] (Calvert-CKD-EPI), BSA adjusted CKD-EPI creatinine-
cystatin equation [13] (Calvert-CKD-EPI_cys) or BSA
adjusted MDRD [3] (Calvert-MDRD) equation to predict
Glomerular Filtration Rate (¢eGFR). Two others directly pre-
dict carboplatin CL: Chatelut formula [14] (with adjusted
ideal body weight instead of actual body weight in over-
weight patients as previously published [15]), and modified
Thomas formula [7], the latter including serum cystatin C
level. The equations used in the different models are given
in Table 1.

The relative difference between each predicted clearance
and individual clearance (iCL) was calculated to assess the
individual percentage error (IPE) in the following manner:
IPE = [(pCL-iCL)/iCL] x 100. The absolute value of rela-
tive difference (IpCL-iCLI/iCL) X 100 was also calculated.

The bias of the predicting formulae was assessed as the
mean of percentage error (MPE).
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Table 1 Equation used to predict carboplatin clearance according to different models

Models Equations
Chatelut pCL (mL/min)=0.134 X AIBW +[218 X AIBW X (1-0.00457 age) x(1-0.314 sex)]/Scr
Thomas pCL (mL/min) = 117.8 X [(Scr/75) %430 x [(CysC/1.0)~%385] x [(ABW/65) %] x [ (age/56)0366] x [0.847°%X]

Calvert Janowitz pCL (mL/min) =eGFR 425

eGFR (mL/min)=[1.813953+0.01914 X age +4.732776 x BSA — 3.71619 x In(cre) — 0.9142 x In(cre)? + 1.062836 x In(
cre)® +(0.02197 +0.012465 x age) x (1 — Sex) —0.0297 x age x BSAJ?

Calvert CG pCL (mL/min)=eGFR +25

eGRF (mL/min)=(1-0.15xsex) X [(140 —age) x ABW x 1.23]/Scr

Calvert CKD-EPI pCL (mL/min)=eGFR +25

eGFR = 141 x min(cre/k1, 1)al x max(cre/x1, 1)712%%0.9934¢° [x 1.018 if female] x (BSA/1.73)
k1 is 0.7 for females and 0.9 for males, a1 is —0.329 for females and —0.411 for males, min is the minimum of cre/k1

or 1, and max is the maximum of cer/x1 or 1

Calvert CKD-EPI-cysC pCL (mL/min)=eGFR +25

eGFR = 135 x min(cre/k2, 1)a2 x max(cre/k2, 1)~ x min(CysC/0.8, 1)~%37 x max(CysC/0.8, 1)07'! x 0.9954¢

[%0.969 if female] x (BSA/1.73)

k2 is 0.7 for females and 0.9 for males, a2 is —0.248 for females and — 0.207 for males, min indicates the minimum of
cre/k2 or 1, and max indicates the maximum of cre/«2 or 1

Calvert MDRD pCL (mL/min)=eGFR + 25

eGFR (mL/min)=[186 % (0.0113 x Scr)~""1%*x age 0203 x (1-0.258 x Sex)] x (BSA/1.73)

Sex =1 for women 0 for men

Scr serum creatinin (UM), cre serum creatinin (mg/dL), AIBW adjusted ideal body weight (kg) for overweight patients, otherwise actual body
weight, ABW actual body weight (kg), CysC serum cystatin C (mg/L), BSA body surface area (m?)

The precision was assessed as the mean absolute per-
centage error (MAPE) and as the percentage of patients
with a MAPE over 20% (P20) [16].

As age, glomerular filtration rate (eGFR), body mass
index (BMI), and sex are known to be significantly associ-
ated with carboplatin clearance, we decided to report their
influence on precision and bias (Tables 4 and 6) accord-
ing to the quartiles of age in our data and following the
clinically accepted categories of BMI [17] and eGFR [18].
Hence the population was split into subgroups as follows:
subgroups according to age: below the st quartile (<44
y), within the interquartile range (44 year < age <67 year)
and greater than the 3rd quartile (> 67 year); sub-
groups according to eGFR (estimated using BSA
adjusted CKD-EPI formula): eGFR <60 ml/min; 60 ml/
min < eGFR <90 ml/min, and eGFR > 90 ml/min; sub-
groups according to BMI: underweight (BMI < 18 kg/m?),
normal weight (18 kg/m? <BMI < 25 kg/m?) overweight
(25 kg/m? < BMI < 30 kg/m?) and obese (BMI > 30 kg/
m?), and subgroups according to sex (men vs women).
The Kruskal-Wallis test was performed to test for signifi-
cant differences in the MPE and MAPE of each formula
between the different subgroups. To account for multiple
testing, a p value less than 0.01 was considered significant.

A repeated-measures ANOVA was used to compare
MPE and MAPE obtained between all formulae and pair-
wise comparisons were adjusted for multiple testing using
Tukey’s method [19].

The Cochran’s Q test for paired nominal data was used
to compare P20 obtained between all formula and post-hoc
pairwise comparisons were then performed using the McNe-
mar test adjusted for multiple testing (Benjamini—Hochberg
method [20]).

Statistical analyses were performed with R version 3.6.0
[21] and Stata 15 [22].

Results
Patients

The main patient characteristics are shown in Table 2. The
491 patients (295/196 females/males, respectively) were
between 20 and 87 years old, with a Scr level between 25
and 433 uM. The median body weight was 65 kg, 55 (11%)
patients were obese (BMI> 30 kg/mz) and 38 (8%) under-
weight (BMI < 18.5 kg/m?). Carboplatin clearance ranged
between 38 and 230 mL/min, and was over 200 mL/min for
only 9 (2%) patients.

Precision
MAPE for each formula is shown in Table 3 as well as
2-by-2 comparisons of all the formulae. A one-way repeated

measures ANOVA showed that overall there are statistically
significant differences between the seven formulae in terms
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Table 2 Patients’ characteristics

Patients characteristics Median [min-max] Interquartile
range (IQR)
Age (year) 57 [20-87] 44-67
Body weight (kg) 65 [40-150] 56-76
Body surface area (m?) 1.73 [1.30-2.84] 1.60-1.89
Body mass index (kg/mz) 23 [14-55] 21-26
Glomerular filtration rate (ml/ 89 [12-154] 71-103
min/1.73 m?)*
Serum creatinine (UM) 72 [25-433] 62-85
Serum cystatin-C** (mg/1) 0.82 [0.44-3.49] 0.70-0.99
Carboplatin CL (mL/min) 117 [38-230] 94-143

N=491 male/female: 196/295

*Estimated according to the CKD-EPI formula

**Two patients had missing serum cystatin-C

of precision (MAPE) with p <0.0001. The Calvert-CKD-
EPI-CysC formula has the lowest MAPE compared to all
other formulae and this value is significantly lower than all
other formulae except for Calvert-CKD-EPI and Thomas.
Among the creatinine- based formulae, the Calvert CKD-
EPI has the lowest MAPE, significantly lower than that
of Calvert-MDRD and Chatelut formulae. The Chatelut
formula has significantly higher MAPE than all the other
formulae.

MAPE according to different subgroups are displayed in
Table 4. Calvert-CKD-EPI-CysC, Calvert—Janowitz and Cal-
vert-MDRD do not seem influenced by any patient charac-
teristics. Age and sex influence the precision of both Thomas
and Chatelut formula, while eGFR influences the precision
of both Calvert-CKD-EPI and Calvert-CG formulae with
better precision for higher eGFR in both cases. BMI was not
found to influence the precision of any formula.

P20 for each formula as well as pairwise comparisons of
all formulae are shown in Table 5. The P20 of the Calvert-
CKD-EPI-CYsC formula was significantly lower than that
of all other formulae. Among the creatinine-based formulae,
the P20 of Calvert-CKD-EPI is significantly lower than all
the others.

Bias

MPE are shown in Table 6. The MPE derived from all
formulae except for Calvert CKD-EPI_cysC and Calvert-
MDRD were significantly different from 0 (95% CI does not
contain 0) demonstrating the existence of bias. A one-way
repeated measures ANOVA showed that there are statisti-
cally significant differences between the seven formulae in
terms of MPE with p <0.0001.

Calvert-Janowitz and Calvert-CKD-EPI are the only
two formulae for which bias is not influenced by age, eGFR
level, BMI or sex.

The Calvert—Janowitz formula tends to underestimate car-
boplatin CL whatever the subgroup, Calvert-MDRD formula
tends to overestimate carboplatin CL, while other formulae
show different biases depending on the subgroups.

Discussion

The Calvert formula is widely used for individual dosing
of carboplatin with creatinine clearance estimated by CG
formula instead of GFR [23]. Since CG formula has some
well-known limits such as an overestimation in overweight
patients [24] and a poor accuracy in patients with a normal
renal function [25], the question of the best GFR estimator
remains.

Table 3 Comparison of Mean Absolute Percentage Error (MAPE) and 95% confidence interval [95% CI] between predicting formulae [p values

adjusted for multiple comparisons (Tukey’s method)] (n=491)

Calvert CKD-EPI Thomas Calvert-Janowitz Calvert-CG Calvert-MDRD Chatelut

vs Calvert-MDRD
vs Chatelut

17.2 [17.8-18.6]
21.2[19.7-22.8]

Formula MAPE [95% CI] Adjusted p value
Calvert
CKD-EPI-
CysC
vs Calvert-CKD-EPI- 14.0 [12.9-15.2] 1 0.225
CysC
vs Calvert-CKD-EPI  15.3 [14.1-16.5] 1
vs Thomas 15.5[14.3-16.8
vs Calvert-Janowitz 15.8 [14.6-16.9
vs Calvert-CG 16.3 [15.1-17.5]
[
[

0.096  0.029* 0.001* <0.001* <0.001*
1.000  0.986 0.586 0.014* <0.001*
1 1.000 0.817 0.046" <0.001*
1 0.963 0.138 <0.001*

1 0.677 <0.001*

1 <0.001*

1

Statistically significant at the 5% level

@ Springer



Cancer Chemotherapy and Pharmacology (2020) 85:585-592

589

Table 4 Comparison of MAPE

Formula Calvert CKD-  Calvert CKD-  Thomas Calvert-Janow- Calvert-CG Calvert-MDRD Chatelut
EPI-CysC EPI itz
Subgoups MAPE [95% MAPE [95% MAPE [95% MAPE [95% MAPE [95% MAPE [95% MAPE [95% CI]
CI] CI] CI] CI] CI] CI]
Age <40 (n=126) 11.8[10.1/13.6] 12.4 19.3 [16.6— 12.9 14.1 14.4 27.1[23.7/30.4]
40<age<75 14.6 [13.1/16.1] [10.4/14.4] 22.0] [10.9/14.9] [11.9/16.3] [12.2/16.7] 19.9 [18.0/21.7]
(n=244) 15.3[11.7/19.0] 16.2 14.6 [13.1- 16.7 17.0 17.7 17.7 [14.4/22.0]
Age>75 (n=121) [14.6/17.7] 16.2] [15.3/18.1] [15.5/18.5] [15.9/19.4]
15.7 13.6 [10.4— 154 159 20.1
[11.6/19.9] 16.8] [11.4/19.4] [12.3/19.5] [14.0/16.1]
Influence of age, p  0.233 0.031 0.002¢ 0.010 0.124 0.137 <0.001%
eGFR <60 ml/min 15.1[11.7/18.7] 18.4 14.4[11.0- 18.2 18.2 18.0 20.6 [16.5/24.7]
(n=60) 15.1[13.3/16.9] [15.1/21.8] 17.9] [14.7/21.7] [15.0/21.3] [14.4/21.6] 19.3[17.5/21.2]
60<eGFR<90ml/ 129[11.2/14.7] 16.7 15.0 [13.3— 16.5 17.3 17.3 22.9[20.3/25.5]
min (n=193) [15.0/18.4] 16.7] [14.8/18.1] [15.6/18.9] [15.6/19.1]
eGFR > 90 ml/min 13.4 16.3 [14.3— 14.6 15.0 16.9
(n=238) [11.6/15.3] 18.3] [12.9/16.3] [13.1/17.0] [14.5/19.2]
Influence of eGFR, 0.081 <0.0012 0.623 0.024 0.004* 0.055 0.637
P
BMI<18.5 kg/m? 13.0[8.9/17.1] 16.5 17.9[12.9- 16.2 19.6 24.0 23.8 [18.9/28.6]
(n=38) 13.6[12.2/15.0] [11.8/21.2] 23.0] [12.0/20.4] [15.2/24.1] [16.0/32.0] 20.7 [19.0/22.5]
18.5<BMI<25kg/ 15.9[12.7/19.1] 14.8 15.0 [13.6— 15.5 14.5 16.2 23.9[19.6/28.3]
m? (n=282) 13.3[10.3/16.3] [13.4/16.1] 16.4] [14.1/16.8] [14.2/16.7] [14.7/17.7] 16.3 [12.3/20.3]
25 <BMI <30 kg/ 17.0 17.7 [14.2— 16.9 18.0 18.8
m? (n=116) [16.7/20.3] 21.2] [14.0/19.8] [14.5/21.4] [15.1/22.4]
BMI > 30 kg/m? 13.8 12.1 [9.1-15.1] 14.7 14.6 14.1
(n=55) [10.4/17.1] [11.7/17.7] [11.4/17.8] [10.9/17.3]
Influence of BMI, 0.567 0.636 0.088 0.888 0.269 0.241 0.035
P
Women (n=196) 14.5[12.8/16.2] 16.7 14.6 [12.9- 17.1 17.3 18.4 17.6 [15.8/19.4]
Men (n=295) 13.4[12.0/14.8] [14.9/18.4] 16.3] [15.5/18.7] [15.6/19.0] [16.4/20.4] 26.7 [24.0/29.3]
13.3 17.1 [15.2— 13.7 14.7 15.3
[11.9/14.7] 18.9] [12.3/15.1] [13.2/16.3] [13.5/17.0]
Influence of sex, p  0.820 0.033 0.006* 0.012 0.087 0.062 <0.001*

#Statistically significant at the 1% level
p-value [bold italic] calculated according to Kruskal-Wallis test for difference in MAPE between subgroups

Table 5 Comparison of percentage of patients with MAPE over 20% and 95% confidence interval [95% CI] between predicting formulae (p val-
ues according to McNemar’s test, n=491)

Formulae P20 [95% CI] Adjusted p value
Vs vs Calvert vs Thomas vs Calvert-Janow- vs Calvert CG vs Calvert- vs Chatelut
Calvert(CKD- CKD-EPI itz MDRD
EPI-CysC
vs Calvert-CKD- 23 [19-26] 1 0.009% 0.007% <0.001* <0.001? <0.001* <0.001*
EPI-CysC
vs Calvert-CKD- 28 [24-32] 1 0.780 0.026% 0.004% 0.005% <0.001%
EPI
vs Thomas 27 [23-31] 1 0.085 0.013% 0.034* <0.001*
vs Calvert—Janow- 32 [28-36] 1 0.397 0.714 <0.001*
itz
vs Calvert-CG 34 [30-38] 1 0.663 <0.001%
vs Calvert-MDRD 34 [30-38] 1 <0.001%
vs Chatelut 46 [41-50] 1

Statistically significant at the 5% level
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Table 6 Mean percentage error (MPE) and 95% confidence interval (95% CI) of percentage error of different formulae by subgroups and com-
parison of MPE across subgroups

Formula Calvert CKD- Calvert-CKD- Thomas Calvert-Janow- Calvert-CG Calvert- Chatelut
EPI_cysC EPI itz MDRD
Subgroups MPE [95% CI] MPE [95% CI] MPE [95% CI] MPE [95% CI] MPE [95% CI] MPE [95% CI] MPE [95% CI]
Overall (n=491) 0.4[-1.3/2.11 =20 4.3 12.5/6.1] -52 -2.6 0.7 [-1.4/2.8] 5.9[3.5/8.3]
[—3.8/-0.2] [—6.9/-3.5] [—4.5/-0.7]
Age<40 (n=126) —-0.4[-292.1] —12[-4.1/1.7] 134 -75 4.7[1.7/7.7] 0.2 [-3.1/3.5] 18.4[13.9/22.9]
40<age<75 02[-2529] -39 [10.3/16.5] [-10.1/-49] -54 2.6 [-0.3/5.5] 0.6 [-2.6/3.8]
(n=244) 1.8 [ 1.5/5.1] [—6.5/—1.3] 1.0[-1.7/3.7] -6.2 [-8.0/—2.8] 2.6[-1.5/6.7] 3.6[—1.1/8.3]
Age>T75 (n=121) 1.0 [-3.0/5.0] 1.6[—-1.6/48] [-8.8/-3.6] —-44
—-0.6[-4.4/32] [-8.4/-04]
Influence of age,p  0.452 0.019 <0.001* 0.018 <0.001* <0.001% <0.001%
eGFR <60 ml/min  —2.2[-9.4/5.0] —-4.7 -0.9 0.6[-7.6/88] —-50[-12.7/ 2.6 —-22
(n=60) 0.7 [-2.6/4.0] [—12.6/3.2] [—7.9/6.1] —-4.8 2.7] [—5.5/10.7] [—11.5/7.1]
60<eGFR<90ml/ 0.9[-1.5/33] =35 0.7 [-2.5/3.9] [-8.0/—1.6] —-73[-10.5/ 3.8[0.3/7.3] —0.7 [-4.6/3.2]
min (n=193) [-6.9/-0.11 8.6[6.0/11.2] -6.9 —-4.1] 5.3[2.2/8.4] 13.3[9.8/16.8]
eGFR > 90 ml/min —0.1[-2.6/2.4] [-9.2/-4.6 1.9 [-0.8/4.6]
(n=238)
Influence of eGFR,  0.302 0.047 <0.001* 0.073 <0.0012 <0.001? <0.001?
p
BMI<18.5 kg/m? 3.7[-19/9.3] 29[-4.09.8] 4.2 —24[-8.9/4.11 —6.5 11.2[0.9/21.5] -8.8
(n=38) 1.4[-0.7/3.5] -14[-3.6/0.8] [-3.2/11.6] -5.3 [—13.8/0.8] 1.4[-1.0/3.8] [—17.3/-0.3]
18.5<BMI<25kg/ 1.3[-3.0/5.6] —2.2[-6.7/2.3] 4.3[2.1/6.5] [-7.4/-32] —-47[-6.8/ 0.6 [-4.4/5.6] 5.7 [2.8/8.6]
m? (n=282) -8.3 -8.1 6.7[2.1/11.3] —-44 —2.6] 7.1[2.6/11.6] 12.9[7.2/18.6]
25 <BMI <30 kg/ [—12.3/-4.3] [-12.5/-3.7] -0.6 [-8.5/-0.3] 1.0[-3.7/5.7] 2.3[-3.5/8.1]
m? (n=116) [—4.9/3.7] -79 3.8 [-1.1/8.7]
BMI > 30 kg/m? [-12.3/-3.5]
(n=55)
Influence of BML, p  0.002% 0.048 0.498 0.650 0.006* 0.005* 0.001%
Men (n=196) -0.6[-29/1.7] —19[-4.2/0.4] 8.5[5.7/11.3] -54 0.1[-2.5/27] 1.9[-0.9/4.7] 22.8[19.6/26.0]
Women (n=295) 1.1[1.3/3.5] —2.1[—4/0.5] 1.6[—0.8/4.0] [-7.6/-32] —-43[-6.9/ -0.1 —-5.6[-8.2/
-5 -1.7] [—3.0/2.8] -3.0]
[—7.5/-2.5]
Influence of sex,p  0.649 0.222 <0.001% 0.367 0.001* 0.046 <0.001%

p value calculated according to Kruskal-Wallis test exploring difference in percentage error

Statistically significant at the 1% level

Janowitz et al. recently proposed a new formula for GFR
prediction developed in a population of cancer patients. We
compared the performance of the Calvert formula based on
the eGFR according to Janowitz et al. and different GFR
predicting methods as well as two methods developed to
directly predict carboplatin CL. Among the formulae tested
all were based on serum creatinine level and two were also
based on plasma cystatin C level. This analysis is based on
the largest data set of carboplatin pharmacokinetic data ever
used for such an evaluation.

Precision

The Calvert-CKD-EPI-CysC is clearly the best formula
which is the least biased, with the lowest MAPE and the
lowest P20. Moreover its precision is not influenced by any
patient characteristics. This emphasizes the improvement
of carboplatin CL predicting equations when taking into

@ Springer

account both creatinine and cystatin C. Cystatin C is freely
filtrated at renal level, not secreted, and is reabsorbed by
tubular epithelial cells but subsequently catabolized so that
it does not return to the blood flow (reviewed by Newman
2002 [26]). Despite this, the determination of cystatin C is
not routinely recommended to assess kidney function [5].
Few hospitals currently assay cystatin C, thus we did not
focus only on cystatin C-based formulae but broadened our
study to other formulae.

Our results show that amongst all the creatinine-based
formulae, the lowest MAPE was observed with Calvert-
CKD-EPI formula, even though its MAPE value was not
significantly different from that of Calvert—Janowitz-and
Calvert-CG, it was significantly lower than the Calvert-
MDRD and Chatelut formulae.

The precision of Calvert-Janowitz was comparable to
Calvert-CKD-EPI, Calvert-CG and Calvert-MDRD, but
better than the Chatelut formula. Janowitz et al. found their



Cancer Chemotherapy and Pharmacology (2020) 85:585-592

591

eGFR formula to be better than CG within the Calvert for-
mula. Here with fewer patients the difference we observed
was not statistically significant.

Considering the most accurate formulae, Calvert-CKD-
EPI-CysC and Calvert-Janowitz were the only formulae
for which the precision was not influenced by any patient
characteristics.

We found an influence of eGFR level on the accuracy of
Calvert-CG and Calvert-CKD-EPI. The GFR-predicting for-
mulae CG, MDRD CKD-EPI and CKD-EPI-cysC are known
to be less accurate for patients with normal renal function
than for patients with renal failure [27-29] but unexpect-
edly, in our study, the better the renal function, the better the
accuracy of carboplatin prediction. Although GFR predic-
tion is better for renal failure, carboplatin CL prediction is
worse, which means non-renal carboplatin CL is not well
predicted. The performance of Calvert—Janowitz formula
was not statistically associated to eGFR but we also found
a worse accuracy for patients with low eGFR compared to
those with a good renal function.

Considering the percentage of patients with a MAPE over
20% confirms that Calvert-CKD-EPI-CysC shows the best
precision of all formulae and Calvert-CKD-EPI the best pre-
cision of creatinine-based formulae.

Bias

All formulae except for Calvert-CKD-EPI-CysC and Cal-
vert-MDRD showed a MPE statistically different from 0, the
bias was different between all formulae. Calvert-Janowitz
tends to underestimate carboplatin CL, but unlike the others,
its bias is not influenced by age, sex, BMI, or renal function.

The overestimation of both the Chatelut and Thomas for-
mulae in young male patients with a good renal function has
already been described, and an alternative formula has been
proposed for this population [9]. Since we used the initial
formula, the high proportion of young male patients (n=89)
may explain the poor performance of the Chatelut formula
in the overall population and the worse performance of the
Thomas formula compared to Calvert-CKD-cysC equa-
tion. Moreover raw predicted carboplatin CL was taken into
account in our study, while in clinical practice it is capped
to 200 mL/min, so the overestimation we observed is not in
the same range in clinical practice.

As expected, we found a trend towards overestimation
of carboplatin CL in overweight patients with the Calvert-
CG formula since we used actual weight in the CG formula
[30]. While a GFR underestimation by MDRD formula has
been described in obese patients when eGFR is normalized
to 1.73 m? [31], we found an overestimation of carboplatin
CL using Calvert-MDRD formula based on individual BSA-
adjusted MDRD equation.

Conversely, we found an underestimation of carboplatin
CL in obese patients with both the Calvert-CKD-EPI and
Calvert-CKD-EPI-cysC formulae despite the consideration
of BSA for individual eGFR. This is consistent with the
GFR underestimation observed in obese patients using both
CKD-EPI-cysC [32] and CKD-EPI formulae even if under-
estimation is reduced by BSA [33].

Conclusion

The present analysis confirms the benefit of considering
the plasma cystatin C level to predict carboplatin CL. If we
consider only the methods based on serum creatinine but
not cystatin C, the eGFR from CKD-EPI seems the best
estimator of GFR within the Calvert formula. This formula
shows the best precision and its performance is not influ-
enced by patients’ characteristics. The performance of the
Calvert-Janowitz formula though not significantly better
than that of other creatinine-base formulae seems compara-
ble to Calvert-CKD-EPI.
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