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Carboplatin dosing: the importance of creatinine

Abstract

Objective: Compare the dose received with the estimated theoretical dose, considering the
body mass index and serum creatinine concentration of each patient.

Method: Observational, retrospective, descriptive study on carboplatin dosing based on
the estimation of renal function and the area under the target curve in 74 patients treated
with cycles of chemotherapy that included carboplatin in the oncohematology day hospital.

Results: The analysis revealed that in 72% of the patients, the creatinine values used to
calculate the dose were higher than the actual values, resulting in under-dosing in most
patients.

When comparing the estimated theoretical dose and the administered dose, an intraclass
correlation coefficient (ICC) of 0.929 (95% CI: 0.774 - 0.970) was obtained in normal
weight patients and 0.819 (95% CI: 0.353 - 0.930) in overweight or obese patients. It was
observed that the discrepancy between theoretical and prescribed doses increased with in-
creasing theoretical dose of carboplatin.

Conclusions: The findings of this study underscore the importance of using actual serum
creatinine values in the calculation of carboplatin dose as a key measure to minimize under-
-dosing in carboplatin administration.
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Introduction

Carboplatin is an antineoplastic agent that is excreted mainly by

Table | Description of glomerular filtration rate formulas

the renal route, so the dose should be adjusted according to renal
function (glomerular filtration rate (GFR)) and the area under the
target concentration-time curve (AUC) using Calvert formula'*:

Dose (mg) = AUC (mg x min/mL) x [GFR (ml/min) + 25 (ml/
min)]

GFR is estimated using different formulas:* Cockcroft-Gault (CG)
(using current weight, ideal weight or adjusted weight), Jellife and
Jellife corrected with body surface area (Table 1)*

GFR Equation name GFR formule

Jelliffe

Jelliffe (adjusted for body
surface area)

CG (using current weight)

CG (using ideal weight)

CG (using adjusted weight)

Male: CrCl (ml/min) = (98 - (0.8 * (age - 20)) / (Crs in mg/dL))
Female: multiply the above result by 0.9

Male: CrCl (ml/min) = (98 - (0.8 * (age - 20)) / (Crs in mg/dL)) x patient's ASC/1.73 M2
Female: multiply the previous result by 0.9

Male: CrCl (ml/min) = (140 - age) x current weight (kg) / (Crs x 72)
Female: multiply the above result by 0.85

Male: CrCl (ml/min) = (140 - age) x ideal weight (kg) / (Crs x 72)
Female: multiply the above result by 0.85

Male: CrCl (ml/min) = (140 - age) x adjusted weight (kg) / (Crs x 72)
Female: multiply the above result by 0.85

GFR: glomerular filtration rate; CG: Cockeroft-Gault; CrCl: creatinine clearance; Crs: serum creatinine.

One of the most used formulas is the CG formula’. In it, two
variables appear (weight and serum creatinine (Crs)) that depend on
the patient’s body composition; therefore, overweight or cachectic
patients with low Crs values are those most at risk of suffering
inappropriate dosing if we use this formula. In contrast, the Jellife
formula only takes into consideration Crs.>® Clinical guidelines
recommend using CG with current weight for normal-weight patients
and CG with adjusted weight in overweight/obese (Body Mass Index

(BMI) > 25 kg/m?)*!° to calculate the carboplatin dose.

Regarding the Crs value, the Food and Drug Administration
(FDA), in 2010, published an alert on carboplatin dosing based on
Crs. It points out that low Crs values could lead to the calculation
of higher than desired carboplatin doses and lead to the appearance
of toxicity.! It therefore establishes a maximum dose of carboplatin
using the Calvert formula where the GFR should not exceed 125 ml/
min (Table 2)*2.
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Table 2 Maximum dose according to AUC

AUC Maximum dose
6 900 mg
5 750 mg
4 600 mg

AUC:Area under the Curve

In line with the alert issued by the FDA, the latest National
Comprehensive Cancer Network (NCCN) guidelines, updated in
2023, point out that low Crs values (< 0.7 mg/dl) may not actually
reflect the true creatinine clearance (CICr), so patients are at risk of
receiving carboplatin overdoses if such Crs are used. To avoid this, the
NCCN guidelines recommend using a minimum Crs of 0.7 mg/dl in
case the patient’s actual Crs is < 0.7 mg/dl.'°

In carboplatin dosing, it is essential to consider both the patient’s
weight, supported by an extensive literature describing the most
appropriate formulas for its calculation based on BMI, as well as
the Crs. Following the FDA alert, Crs has gained relevance in dose
calculation, however, studies evaluating its impact on optimal dosing
remain limited.

Although a minimum Crs value or maximum glomerular filtration
rate value used to avoid overdoses of carboplatin and its associated
toxicity is well established, there is not as much evidence on the
potential underdosing that can occur with the use of creatinine values
higher than the real values in the calculation of carboplatin doses.

The aim of the study is to compare the dose of carboplatin that
is prescribed and received by oncology patients in our center with
respect to the estimated theoretical dose, considering the variables of
BMI and real Crs of each patient.

Material and methods

An observational, retrospective, descriptive study was conducted
to analyze carboplatin dosing based on renal function and desired AUC
in patients over 18 years of age who received a dose of carboplatin.
Patients with dose reduction due to toxicity or participating in
clinical trials were excluded. The enrollment and data collection
period spanned four weeks. The study was approved by the hospital’s
Research and Drug Evaluation Committee.

Data were obtained from the prescribing program and electronic
medical records. Variables collected included sex, age, Crs, weight,
height, body surface area, target AUC and carboplatin dose. For
the calculation of the GFR with the different formulas: CK and
Jeliffe (Table 1), we used the web calculator: https://globalrph.com/
medcalcs/carboplatin-auc-calculator/'?

For dose calculation, two methods were used:

I. The electronic prescribing software, parameterized to calculate
carboplatin dose using the Calvert formula and the CG formula
for GFR with ideal weight. The prescriber manually entered the
desired carboplatin AUC, weight, height and Crs of the patient
into the software. The parameterized program, with all the
data, automatically calculated the individualized dose for each
patient, called the actual dose.

II. External dose calculations using the Calvert formula and
different GFR equations (Jellife, Jellife adjusted for body
surface area, and CG using ideal, current, and adjusted weight).
These calculations were performed with an online calculator
https://globalrph.com/medcalcs/carboplatin-auc-calculator/!.
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The investigators entered the desired carboplatin AUC and
patient data extracted directly from their medical records. The
AUC used was the one indicated by the physician for that patient
according to his pathology. If Crs was < 0.7 mg/dL, a minimum
value of 0.7 mg/dL was used according to FDA guidelines',
resulting in the estimated theoretical dose.

Patients were divided into two subgroups according to their BMI:
normal-weight (BMI <25) and overweight/obese (BMI >25).

All extracted data were analyzed using Stata statistical software
version 18 (StataCorp. 2023. Stata Statistical Software: Release 18.
College Station, TX: StataCorp LLC.).

We assessed whether the estimated theoretical dose matched the
actual dose prescribed and administered to patients receiving a course
of carboplatin. The statistical analysis was based on the estimation by
two-way mixed-effects model of the intraclass correlation coefficient
(ICC), where 0 indicates no concordance and 1 indicates concordance
or absolute reliability of the results obtained. The corresponding 95%
confidence intervals were also estimated.

In addition, the nonparametric Wilcoxon paired-ranks test was
performed to determine whether there were statistically significant
differences between the patients’ actual Crs levels extracted from their
medical records and those entered by the physician in the electronic
prescription program.

Results

A total of 74 patients on carboplatin treatment (55.4% women)
were included, with a mean age of 63.25 years (range 37 to 85 years).
In relation to BMI, 51% of the patients had a BMI < 25, while 49%
had a BMI > 25. Within the latter group, 72% were overweight and
28% obese. The diagnoses of these patients were non-small cell
lung cancer (31.10%), ovarian cancer (16.21%) and breast cancer
(13.51%).

In 28% of the patients, the actual Crs value was the value entered
for the cycle dose calculation. In 72% of the remaining patients,
the actual value was lower than the value entered in the electronic
prescription program. These data were analyzed with the Wilcoxon
test and significant differences were detected between the actual Crs
levels and the Crs used in the electronic prescription program, with a
p value < 0.001 (Table 3).

Table 3 Distribution of Real vs.Applied creatinine values in trial population

Frequency Percent

No 53 71.62

Yes 21 28.37

Total 74 100
Variable N Mean SD p50 p25 p75
Applied Crs 74 0.97 0.24 | 0.8 1.1
Real Crs 74 0.85 0.26 0.78 0.66 1.02
Crs difference 74 0.12 0.15 0.1 0 0.18

Cr:serum creatinine.
Wilcoxon signed-rank test: Prob > |z| = 0.0000

When measuring the concordance between the theoretical dose
and the actual dose received, in the normal-weight subgroup (38
patients) an ICC of 0.929 (95% CI: 0.774 - 0.970). As shown in the
Bland-Altman plot (Figure 1), these patients received on average 45
mg (6.96%) less carboplatin than the theoretical dose. The difference
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between theoretical dose and prescribed dose administered increased
as the theoretical dose was higher.

Concordance between theoretical dose and actual dose received in the
NORMAL WEIGHT subgroup
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Figure | Bland-Altman graph.

In the subgroup of overweight/obese patients (36 patients), the
ICC was 0.819 (95% CI: 0.353 - 0.930), showing a greater difference
compared to the group of normal-weight patients. Patients in this
subgroup received an average difference of 128 mg (9.78%) less
than the theoretical dose. As in the normal-weight subgroup, the
discrepancy between the theoretical and administered dose increased
with higher theoretical doses (Figure 2).

’? Concordance between theoretical dose and actual dose received in the

= BMI > 25 subgroup.

2

E 400

8 °

g

9 300 o -

3

] . ® e

T 2004 o ®

Z & o o s o ©

2 N R e, P - «

£ 100 + ° o=

g o S e o0 °

§ ol _e® = e . . |
]

g 100

!

£ am

£

8 300

g

'g 400

s T T T T T T T T T T T T T T T
i 100 150 200 230 300 350 400 430 500 550 600 630 700 V50 800
g

E Average of theoretical dose and actual dose recerved (mg)

Figure 2 Bland-Altman graph.

Discussion

The study was prompted by the variability in the calculation of
carboplatin doses between hospitals, as evidenced in a 2019 survey
of 186 hospital pharmacies in Spain. The results highlighted the need
to investigate an optimal calculation method and unify criteria to
improve efficacy and reduce toxicity.'*

Accurate estimation of GFR based on creatinine levels is essential
for individualizing carboplatin dosing, as the drug’s pharmacokinetics,
and consequently its therapeutic efficacy and toxicity, are highly
influenced by renal function.!>1¢

To evaluate our calculation method, we compared the theoretical
doses with patient’s doses received, finding significant differences
between the two. A high percentage of patients, in both subgroups,
received doses lower than those recommended according to
calculations based on their clinical parameters extracted from the
medical history. This is attributed to the fact that, in 72% of the cases,
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the actual Crs value was lower than the value used to prescribe the
carboplatin dose, resulting in a lower administered dose. This practice
is common among prescribing physicians, who adopt a cautious
approach with the aim of minimizing the risk of adverse effects and
toxicity in patients.

Likewise, it is evident that the differences are more notable in the
overweight/obese group, as reflected by the ICC. Our study is in line
with the study by Garcia-Palomo et al.,'* where they found differences
between the actual and administered doses of carboplatin as a function
of the creatinine values used and the patients’ weights, these being
significant in the overweight group, also concluding that the non-
use of the patient’s actual Crs can result in inappropriate dosing of
carboplatin in patients with obesity.'*

The measurement of Crs routinely performed in clinical practice
has several limitations in interpreting renal function as it is affected by
muscle mass, gender, diet and renal tubular secretions.!”

Despite concerns related to carboplatin underdosing, our results do
not allow us to demonstrate that this possible underdosing is associated
with a decrease in the efficacy of chemotherapeutic treatment. This
finding highlights the need for further studies to confirm its clinical
relevance.

The main limitations of our study are its retrospective and single-
center nature, together with the limited number of patients and the
manual entry of Crs values in the electronic prescription program.

Conclusion

Based on our study, we conclude that using Crs values higher than
the real value in patients leads to underdosing, with the degree of
underdosing being more pronounced in overweight or obese patients.
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