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Summary

The kidney disease: Improving Global Outcomes (KDIGO) guideline recommends assessing kidney function using
glomerular filtration rate (GFR) either through direct measurement or through estimation (eGFR) and describes a
standardised classification of reduced kidney function. KDIGO guidelines have been adopted by most internal
medicine specialities for the assessment and classification of kidney function, but not by cancer medicine. The
development of the International Consensus Guideline on Anticancer Drug Dosing in Kidney Dysfunction
(ADDIKD) aims to overcome the perceived challenges with KDIGO recommendations by describing their utility in
patients with cancer. Two virtual, consensus building workshops were held consecutively, involving international,
multidisciplinary participants (Part 1 of ADDIKD development). During these workshops, three consensus recom-
mendations were agreed upon based on KDIGO’s principles; to standardise kidney function assessment, classify
kidney function, and determine a uniform approach to dose anticancer drugs in patients with reduced kidney
function. Cancer clinicians attending the workshops identified issues regarding the adoption of KDIGO’s recom-
mendations. These issues were addressed by nephrologists, clinical pharmacologists, and other clinicians with
extensive experience in the contemporary assessment of kidney function. The key concern for cancer specialists was a
hesitancy to move away from the familiar and long-standing practice of using the Cockcroft-Gault equation to es-
timate creatinine clearance. The consensus building within the two multidisciplinary workshops allowed a thorough
assessment of the evidence and clarified how directly measured GFR and eGFR, rather than creatinine clearance,
could be optimally utilised in cancer care. The development of Part 1 of the ADDIKD guideline represents a
standardised, contemporary approach to the assessment, classification, and utility of kidney function in the setting of
cancer care and it harmonises with the approach used in other areas of medicine internationally.

Funding Development of the ADDIKD guideline is funded by the Cancer Institute NSW as part of the NSW Gov-
ernment and received no funding from external commercial sources.

Copyright © 2025 The Authors. Published by Elsevier Lid. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study

Cancer clinicians have been slow to adopt modern kidney
function assessment methods, such as estimated glomerular
filtration rate (eGFR), as recommended by Kidney Disease:
Improving Global Outcomes (KDIGO) guidelines. The primary
barriers to implementation include a lack of familiarity with
the newer techniques and a perceived effectiveness of the
traditional creatinine clearance values calculated using the
Cockcroft-Gault equation, particularly in the context of
anticancer drug dosing.

Added value of this study

Over two multidisciplinary workshops, three consensus
recommendations were developed as the foundation for the
International Consensus Guideline on Anticancer Drug Dosing

Introduction

In clinical practice, various techniques, including esti-
mation formulas and direct measurement of glomerular
filtration rate (GFR), are employed to evaluate kidney
function. The optimal method for assessing kidney
function, critical for guiding clinical interventions such
as drug selection and dose calculation, often presents
challenges. These challenges arise from patient-specific
considerations such as volume depletion, loss of muscle

in Kidney Dysfunction (ADDIKD). These recommendations
align with KDIGO to standardise kidney function assessment
and classification, establishing a uniform approach to dosing
anticancer drugs in patients with reduced kidney function.
The workshops addressed misconceptions regarding eGFR
versus creatinine clearance and encouraged the wider use of
directly measured kidney function assessments for more
accurate evaluations in high-risk clinical situations.

Implications of all the available evidence

A standardised, contemporary approach to the assessment,
classification, and utility of kidney function in cancer care
harmonising with methods used in other areas of medicine
internationally.

mass and underlying pathologies. Other considerations
include the propensity to use standard dosing recom-
mendations based on body weight or surface area,
clinical resource accessibility and the narrow therapeutic
index of treatments influenced by kidney function. An
added complexity in cancer therapeutics is that
numerous anticancer drugs cause kidney injury or are
reliant on the determination of kidney function to
calculate the drug dose or their suitability for inclusion
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in a patient’s treatment. For these reasons an accessible,
reliable method of kidney function assessment is
essential to the challenge of optimally dosing anticancer
drugs to maximise efficacy and minimise toxicity.

The direct measurement of clearance of exogenous
markers, which are freely filtered by the glomerulus
without being reabsorbed or secreted by the tubules,
represents the gold standard for accurate kidney func-
tion assessment, and is referred to as measured GFR.
These markers include iohexol, iothalamate, >'Cr-EDTA
(radioactive chromium complex with ethylene diamine
tetraacetic acid) and *™Tc¢-DTPA (TC-diethylene-
triaminepentaacetic acid).' Despite its precision, this
methodology is often not used due to its cost, timeliness
and limited accessibility, especially when compared with
other assessment methods.

In clinical settings, convenience has driven the
practice of estimating kidney function based on equa-
tions using serum creatinine (Sc;). Sc; is continuously
released from skeletal muscle and is freely filtered by
the glomerulus but is also actively secreted (20-30%)
through the proximal tubule, leading to errors when
used to estimate absolute GFR.>* Creatinine clearance
(CrCl), estimated using the Cockcroft-Gault equation,
was a well-established common surrogate for GFR.**
Despite being convenient and widely utilised in drug
dosing, the Cockcroft-Gault equation, developed in the
1970s based on measured CrCl from 24-h urine collec-
tions, has a perceived accuracy which has not been
confirmed following the use of the isotope dilution mass
spectrometry standardisation of Sc, assay in 2010.-°
Furthermore, CrCl overestimates actual GFR by
10-20% as it includes creatinine filtered through the
glomerulus and via tubular secretion (noting the tubular
secretion of creatinine increases in certain physiological
conditions i.e., advanced liver disease).>* Despite these
limitations, CrCl estimates remain central to the dosing
of kidney eliminated anticancer drugs, for example
carboplatin, methotrexate and cisplatin. Contemporary
GFR estimation methods, initially the Modification of
Diet in Renal Disease (MDRD),” and now the Chronic
Kidney Disease-Epidemiology Collaboration (CKD-EPI)
formulas,® incorporate updated Sc, assay standards and
are based on direct GFR measurements using
iothalamate.

The Kidney Disease: Improving Global Outcomes
(KDIGO), the leading international nephrology guide-
lines organisation, advised in its Clinical Practice
Guideline for the Evaluation and Management of
Chronic Kidney Disease,”” that clinicians should use
the estimated glomerular filtration rate (eGFR) for initial
kidney function assessment. Furthermore, laboratories
should report eGFR using the validated CKD-EPI
equations (eGFRckp.gp1). KDIGO defines reduced kid-
ney function (formerly referred to as kidney impairment
or dysfunction) as eGFR < 60 mL/min/1.73 m? and
categorises further degrees of kidney function decline
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based on disease risk prediction.” However, these
standardised nephrology guidelines are not consistently
applied in oncology-haematology settings, particularly in
anticancer drug dosing, where significant variations
exist in evaluating and defining kidney function for dose
adjustment." "

Cancer clinicians have been slow to adopt modern
kidney function assessment methods, with their lack of
familiarity and understanding of the newer techniques
and perceived effectiveness of using the Cockcroft—
Gault equation as being the primary barriers to imple-
menting them particularly in context to anticancer drug
dosing. To address this issue, we developed the Inter-
national Consensus Guideline on Anticancer Drug
Dosing in Kidney Dysfunction (ADDIKD)."” The objec-
tive of this paper is to describe how consensus was
achieved for the three main recommendations from
ADDIKD to provide a standardised, evidence based and
practical framework for assessing and categorising kid-
ney function in patients with cancer and thereby pro-
moting alignment with other areas of internal medicine.

Methods

ADDIKD was developed in two parts. Part 1 involved the
formulation of three recommendations for the assess-
ment and classification of kidney function in patients
with cancer (details on the methodology of Part 1 are
described by Sandhu G, Armstrong E A, Adattini |
et al.”®).

An initial virtual panel discussion comprising 26
members from the multidisciplinary ADDIKD Content
Development Working Group and expert contributors
from nephrology, pharmacometrics, clinical pharma-
cology, and clinical pathology was conducted. The panel
aimed to establish:

1. A standardised method for assessing kidney func-
tion in patients with cancer.

2. Guidelines for applying this method to anticancer
drug dosing.

3. The use of KDIGO’s Chronic Kidney Disease (CKD)
categories”® to guide anticancer drug dosing and
monitoring in patients with kidney reduced function.

Subsequently, another virtual workshop with 59
participants, including Key External Stakeholders,
Invited Expert Contributors, and the Content Working
Group, sought broader consensus on these refined
recommendations.'®

Key recommendations and how they were
achieved

Part 1 of the guideline development process provided
three consensus driven recommendations through the
two workshops. The workshops uncovered questions
and discussion points on kidney function assessment,
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largely amongst the cancer clinicians. It also provided an
opportunity for expert clarification by nephrologists on
these questions to aid the acceptance of the three rec-
ommendations. Below, we describe these questions
raised by workshop attendees for each of the three rec-
ommendations (Panels 1-3), and the evidence and
clinician experience that supported the achievement of
group consensus. For full details on ADDIKD recom-
mendations for the assessment and classification of
kidney function and its broader application refer to the
online version of ADDIKD [https://www.eviq.org.au/
clinical-resources/addikd-guideline/4185-quick-reference-
tool-anticancer-drug-dosing].**

Questions raised during the workshops about
recommendation 1
a) Why is CrCl not suitable for assessment of kidney
function?

The consensus that emerged from both workshops was
the superior accuracy of directly measured GFR when
assessing kidney function in adult patients with cancer—as
demonstrated by previous studies."*” However, the
practicality of directly measured GFR in clinical settings

Panel 1: Summary of recommendation 1.

We recommend the use of estimated glomerular filtration rate calculated via the
Chronic Kidney Disease—Epidemiology Collaboration (eGFRcyp._gpi) €quation to guide
the assessment of kidney function, except where directly measured glomerular
filtration rate (GFR) is clinically necessary.

Evidence quality/certainty: clinical consensus; strength of recommendation: strong.

1.1 The most accurate method of assessing kidney function in adult patients with
cancer is by directly measured GFR.

eGFRcyp.gpi is @ more accurate and precise estimation of directly measured
GFR than other estimation methods of kidney function. eGFRcyp. gp; iS
reported automatically in pathology results, accounts for creatinine assay

12

13

14

15

standardisation, and aligns with international nephrology recommendations.
eGFRckp._ep requires stable kidney function and should be performed as close
as possible to the time of administering the anticancer drug(s) to ensure it is a
reflective estimation of the patient’s steady state kidney function. This is
especially important if the anticancer drug(s) is guided by kidney function for
dosing and/or demonstrates nephrotoxic potential, where eGFRcyp.gp <

60 mL/min/1.73 m?, where the patient is acutely unwell (or has recently
recovered from an acute illness) or displays signs of unstable kidney function
(including development of acute kidney injury).

eGFRcyp.gpi may be unreliable in certain clinical situations involving, but not
limited to, extremes of body size or muscle mass (e.g., obesity, non-obese
sarcopenia, high muscle mass), amputees, persons with paraplegia or condi-
tions of skeletal muscle, individuals with exceptional dietary habits (e.g.,
creatine supplements), advanced liver disease, untreated hypothyroidism,
drugs interfering with creatinine secretion or the creatinine assay, and ureteric
obstruction.

eGFRckp.epi is unsuitable for assessing kidney function in kidney replacement
therapy, pregnant women, and patients <18 years of age."”**

was hindered by challenges related to accessibility (espe-
cially in regional and remote settings), time and cost.”" For
these reasons, the estimation of GFR was considered a
more feasible option in most contexts.

In terms of estimated GFR, eGFRcxp.gpr (€GFR us-
ing the 2009 CKD-EPI equation, see Supplementary
Material S1) was the preferred method during the
workshops because:

« It demonstrated higher accuracy and precision
compared with alternative estimation approaches.
Specifically, eGFRckp.gpr had greater precision than
CrCl calculated via the Cockcroft-Gault equation,
with 84% versus 74% of values falling within a 30%
range of directly measured GFR.* Additionally using
identical variables, the CKD-EPI equation reduced
bias compared with the MDRD equation when
eGFR > 30 mlL/min/1.73 m? (57-75% improve-
ment),”” and when aligning kidney function values
with risk stratification categories for CKD-related
outcomes.”***

It incorporates the international standardisation of
the creatinine assay,'”***° and hence can be used with
current kidney function categories. The Cockcroft—
Gault equation was developed wusing non-
standardised creatinine assays,* and therefore CrCl
calculations may not be as reliable when applied to
current kidney function categories.”

It has been tested and validated in diverse pop-
ulations. This includes many thousands of patients
of advanced age, with varying cancers and from
multiple ethnic backgrounds.”*" In contrast, the
Cockcroft-Gault equation was derived from a small
population (n = 249) of hospitalised males who were
mostly Caucasian (n =236, 95%) with mostly normal
kidney function.**

In many countries, it is automatically reported in
laboratory results when requesting Sc, measurement
(as per recommendations from KDIGO,* National
Kidney Foundation,** National Institute for Health
and Care Excellence,” and Australasian Creatinine
Consensus Working Group"), enabling ease of use
at both the patient bedside and outpatient clinic.

It is aligned with internationally accepted recom-
mendations from KDIGO and enables the classifi-
cation of kidney function, as per the KDIGO CKD
categories and the approach applied in other areas of
medicine.”"

Therefore, in terms of universal accessibility and
reliability in the cancer population, eGFRckp.gpr Was
recommended as the primary alternative when directly
measured GFR was not feasible.

The 2009 CKD-EPI equation predicts kidney func-
tion using the variables of age, sex, Sc;, and, where
applicable, race. Notably the 2009 version of the equa-
tion allows for an extra coefficient to account for
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Panel 2: Summary of recommendation 2.

We recommend eGFRcyp g to guide the dosing of anticancer drugs whose dose is dependent on kidney function, except in
specific clinical situations or for a select group of anticancer drugs where eGFRcp.gp; may be unsuitable.
Evidence quality/certainty: clinical consensus; strength of recommendation: strong.

2.1 Directly measured GFR is preferred to guide the initial dosing:
« for a select group of anticancer drugs including, but not limited to, carboplatin, cisplatin, and methotrexate

(>500 mg/m?).

« of anticancer drugs whose dose is dependent on kidney function in specific clinical situations involving, but not limited
to, patients with extremes of body size or muscle mass, amputees, persons with paraplegia or conditions of skeletal

muscle.

2.2 eGFRep gpr adjusted to an individual’s body surface area (BSA) is not routinely advised to guide dosing of anticancer drugs
over standardised eGFRcyp.gp;, except for carboplatin. Anticancer drug dosing based on weight descriptors (e.g., BSA,
weight) may impact the performance of BSA-adjusted eGFRcyp_gp to guide dosing, especially, as body size/composition will

be accounted for twice in dose calculation.

2.3 BSA-adjusted eGFR¢yp.gp is a suitable alternative to directly measured GFR for use in the Calvert formula when dosing
carboplatin, especially where eGFR¢yp_gpi 45-125 mL/min/1.73 m?, treatment intent is non-curative and the patient is
neither an amputee, paraplegic or has conditions of skeletal muscle and is without extremes of body size or muscle mass.
Directly measured GFR is the preferred kidney function value in other clinical situations.

2.4 When dosing anticancer drugs in the presence of reduced kidney function, carefully consider:

« Patient factors—clinical condition (e.g., hydration status, performance status), comorbidities (e.g., liver dysfunction),
genetic polymorphisms (if applicable), factors influencing kidney function (e.g., presence of a single or horseshoe
kidney, kidney transplant, dialysis) and attitude/beliefs towards treatment.

» Treatment factors—treatment protocol (e.g., intent of treatment, appropriate alternative treatment protocols with
similar efficacy and without drugs dependent on kidney function for dosing), risk of adverse events (e.g., tumour
lysis syndrome), anticancer drug properties (e.g., pharmacokinetics, pharmacodynamics, formulation, availability of
therapeutic drug monitoring), and concomitant drugs (especially with nephrotoxic potential).

« Other—accessibility to directly measured GFR, and the evidence and strength behind dose recommendations

individuals of African American ancestry having higher
Scr compared to individuals of non-African American
ancestry.® Outside of North America, the 2009 CKD-EPI
equation has been largely implemented in clinical
practice without the race coefficient.”** In 2021, the
National Kidney Foundation and American Society of
Nephrology Task Force recommended refitting the 2009
CKD-EPI equation without race, citing that race was a
social rather than a biological construct.’® eGFR calcu-
lated with the refitted equation delivered more precision
to directly measured GFR with individuals who previ-
ously used the race coefficient, but overestimated eGFR
by ~3.9 mL/min/1.73 m? in other populations.”
Although KDIGO has recently endorsed the 2021
CKD-EPI equation,'® at the time of ADDIKD’s publica-
tion the working group consensus was to continue with
the 2009 CKD-EPI equation (without the race compo-
nent) throughout the guideline. However, in countries
that have since adopted the 2021 CKD-EPI equation, it
may be acceptable to replace references of the 2009
CKD-EPI equation in any recommendations with the
2021 equation.

b) Are there conditions where eGFRckp gpr should not
be used?

www.thelancet.com Vol 82 April, 2025

During the workshops, nephrologists, pharmacolo-
gists, and cancer clinicians unanimously agreed on
clinical situations where kidney function estimations
may not be unsuitable or less reliable. As per the liter-
ature, eGFRckp.gp; Was deemed unsuitable for assess-
ing kidney function in patients with cancer who were
either pregnant, <18 years old, with acute kidney injury
(AKI) or undergoing kidney replacement therapy (KRT)
and was therefore outside the scope of the guideline."”*

The contribution of non-GFR determinants of Sc,
e.g., diet, muscle mass are the likely sources of error in
assessing eGFRcyp.gpr (hence reducing its reliability).”
Some examples and alternative methods to assess

Panel 3: Summary of recommendation 3.

We recommend the Kidney Disease Improving Global
Outcomes (KDIGO) Clinical Practice Guideline for the
Evaluation and Management of Chronic Kidney Disease
(CKD)** categories to guide the stepwise dose adjustment
of anticancer drugs in reduced kidney function and the
monitoring of drug-related adverse events.

Evidence quality/certainty: clinical consensus; strength of
recommendation: strong.
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kidney function for these situations was robustly dis-
cussed by the participants in both workshops resulting
in several pragmatic consensus approaches (Table 1).
The full list of clinical situations where eGFRcxp.gp1
may be wunreliable is provided in the ADDIKD
guideline.”

eGFRckp.gpr is indexed to a standardised body sur-
face area (BSA) of 1.73 m” to enable comparison of
kidney function between individuals with different body
sizes with the assumption that BSA is a reliable indi-
cator of kidney size and expressed in mL/min/1.73 m?,
compared to CrCl estimated using Cockcroft-Gault
which is not normalised to BSA (expressed as mL/
min).*** The applicability of the BSA reference value of
1.73 m” to the larger-sized contemporary population has
been questioned,””** and at extremes of body size the
discordance between kidney eGFRckprgpr and actual
GFR appears to be more significant (Table 1). eGFRckp.
g1 adjusted for BSA (expressed as mlL/min), in-
corporates body size parameters into the eGFRckp gpr
value by removing the 1.73 m* standardisation (where
individual BSAs are much larger than the 1.73 m®
indexing). Several studies have demonstrated BSA-
adjusted eGFRckp.gpr values are closer to directly
measured GFR (in mL/min) than BSA-standardised
eGFRckp.gp1-****' However, there are conflicting re-
ports regarding the performance of BSA-adjusted
eGFRckp.gp1 in comparison to CrCl using alternative

weight descriptors in this cohort, particularly with BMI
> 40 kg/m?>. 2+

Following the publication of ADDIDK, KDIGO
recently updated its guidance to consider incorporating
serum cystatin C (Scys) [another endogenous filtration
marker] or a combination of both S¢, and Scys in the
CKD-EPI equation to improve the accuracy of eGFR
impacted by error from non-GFR determinants of Sc,
e.g., non-obese sarcopenia, exceptional dietary intake.'

c) Is it acceptable to use prior eGFRcxp.rpr values
rather than obtaining a value on the day of
treatment?

Due to the practicality of repeating blood tests in
some settings, a portion of cancer clinicians in the
workshop questioned the acceptability of using kidney
function values either several days or a week prior to
starting anticancer drug treatment. The clinical
consensus amongst workshop participants was that
kidney function assessment occurs at the beginning of
anticancer drug treatment (first cycle) and should be
considered prior to subsequent cycles of anticancer drug
treatment, especially if:

+ the dose of the anticancer drug should be adjusted in
the presence of reduced kidney function. Approxi-
mately 80% of patients undergoing anticancer drug

Clinical situation

Recommendations to assess kidney function

Obesity (BMI > 30 kg/m?)

Non-obese sarcopenia

Conditions of skeletal muscle, paraplegia, or amputees

Exceptional dietary intake (e.g., vegetarian diet, high
protein diet, creatine supplements)

Advanced liver disease

Transgender population

Bone marrow transplant patients

BMI—body mass index; BSA—body surface area; CKD-EPI—Chronic Kidney Disease-Epidemiology Collaboration; CrCl—creatinine clearance; GFR—glomerular filtration rate;
eGFR—estimated glomerular filtration rate; eGFRcyp._gp—estimated glomerular filtration rate using Chronic Kidney Disease-Epidemiology formula; mGFR—measured

glomerular filtration rate; Sc—serum creatinine; Sc,s—serum cystatin C.

Directly mGFR is the most accurate and strongly preferred.*®

Estimation methods may be considered for their practicality within the clinical situation, [e.g.,
BSA-adjusted eGFR¢yp gp,* """ CrCl using alternative weight descriptors**’] noting their
overall inferiority in this cohort.

Directly mGFR is the most accurate and strongly preferred.”"®
eGFR using the CKD-EPI equation with Scys instead of Sc.** Issues with accessing Scys: and that
cancer cells may incidentally produce cystatin C (leading to underestimation of eGFR).**

Directly mGFR is the most accurate and strongly preferred."°
24-h urine collection for measuring CrCl may be useful if directly mGFR is not accessible, noting
the limitations with collecting an accurate sample.

Directly mGFR is the most accurate and strongly preferred.*°
24-h urine collection for measuring CrCl may be useful if directly mGFR is not accessible, noting
the limitations with collecting an accurate sample.

Directly mGFR is the most accurate and strongly preferred or eGFR using the CKD-EPI equation
with Seys instead of S¢.”#

24-h urine collection for measuring CrCl may be appropriate if other methods are not accessible,
noting the limitations with collecting an accurate sample.*’

Directly mGFR is the most accurate.”®
Calculation of eGFRcyp-gpi Using both male and female coefficients to indicate the range of
kidney function in transgender persons on gender-affirming hormone therapy.

Not specifically included within the scope of ADDIKD although the application of the guideline
recommendations for the assessment of kidney function in a bone marrow transplant setting
may be suitable based on clinical judgement.

39,46

50

Table 1: Recommendations to assess kidney function in clinical situations where eGFR¢yp.gp may be unreliable.™
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treatment receive at least one anticancer drug that

requires dose adjustment for reduced kidney

function.****
« the anticancer drug has the potential to cause
nephrotoxicity. Over 80% of patients with cancer
receive at least one anticancer drug with significant
nephrotoxic potential.***’
the patient has experienced acute illness in the pre-
vious cycle of treatment or during the current cycle.
the patient does not have stable kidney function.
Examples of clinical situations in which this occurs
include wurinary obstruction, kidney involvement
because of the malignancy [e.g., multiple myeloma],
fluctuating volume status or AKI. Up to 59% of pa-
tients with cancer will develop AKI with 7-12%
progressing to KRT).**“° Contributing factors include
drug-related AKI (up to 9% directly from anticancer
drug treatment), sepsis, hypovolaemia, tumour lysis
syndrome and urinary tract obstruction.”*

Participants of both workshops agreed that a
reminder within ADDIKD was required for clinicians to
cautiously interpret Sc,-based estimates (such as
eGFRckp.gpi) in the acutely ill or patients who demon-
strate rapidly changing kidney function, noting that
peaks in S¢, can lag 24-72 h after kidney injury.”

Questions during the workshops about
recommendation 2
a) Will it be confusing for clinicians if existing guid-
ance on dosing chemotherapy in reduced kidney
function contradicts recommendation 2?

The conflicting information in established guidance
for anticancer drug dosing in reduced kidney function
was a considerable concern for cancer clinicians. Part of
this concern related to prescribing in a manner that was
not consistent with the product information, historical
practice, or the lack of validation for use of eGFRckp.gpr
in this setting (specific examples in Sandhu G, Adattini
J, Armstrong E A et al.,”?).

The European Medicines Agency (EMA)* and the
United States Food and Drug Administration (FDA)*
guidelines on drug development submissions in
reduced kidney function recommend GFR for the
assessment of kidney function, with EMA specifically
recommending directly measured GFR, whilst the FDA
endorsing BSA-adjusted eGFR alongside CrCl as op-
tions. However, early drug development studies inves-
tigating kidney drug clearance require further
consideration, as eGFR (including BSA-adjusted eGFR)
and CrCl, unlike directly measured GFR, may not
adequately capture changes to clearance by the kidneys
with drugs that undergo extensive tubular secretion.**

Although CrCl calculated via the Cockcroft-Gault
equation has been used historically to guide dosing in
reduced kidney function, it lacks applicability to current
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anticancer drug dosing as older studies estimated CrCl
using non-standardised creatinine assays.” Costa et al.,
observed that in 1200 patients with solid tumours,
eGFRckp.gp1 predicted directly measured GFR more
accurately than CrCl calculated via Cockcroft-Gault
equation.”” Certainly, in carboplatin and cisplatin,
eGFRckp.gp1 demonstrates more precision than CrCl in
assessing kidney function for drug dosing.” Compari-
sons of eGFR versus CrCl predictions in patients
receiving non-cancer drugs have suggested that 88% of
patients with reduced kidney function did not have a
change in dose regardless of the estimation method.”
Part 2 of ADDIKD’s development addresses the drug
dosing issue through individual drug workshops where
pharmacokinetic and pharmacodynamic evidence along
with ADDIKD’s three key recommendations discus-
sions were evaluated to determine the dosing approach
for specific anticancer drugs.'**

Recently KDIGO has supported ADDIKD’s recom-
mendations in the use of eGFRckp.gpr to guide anti-
cancer drug dose adjustment except where directly
measured GFR was recommended. These include clin-
ical situations where eGFRckp.gpr may be unreliable or
in a select group of anticancer drugs, such as with the
administration =~ of  cisplatin, methotrexate  or
carboplatin]).”

Collectively, a pragmatic approach to dosing in
reduced kidney function was deemed essential during
the workshops. Consideration of the clinical risk-benefit
of administering a particular dose was stressed
throughout ADDIKD," highlighting the patient’s clin-
ical status, comorbidities, treatment protocol, beliefs/
attitudes towards treatment, anticancer drug properties,
concomitant medicines, accessibility to directly
measured GFR, availability of therapeutic drug moni-
toring and the evidence and strength behind dose rec-
ommendations (Supplementary Material S2).

b) Should eGFRckp.gpr adjusted to body surface area
be used for all drug dosing in reduced kidney
function?

As previously mentioned, the applicability of the BSA
reference value of 1.73 m? for eGFRcgp.gpr indexation
may not suitable with varying body sizes.>** Although
FDA promotes the use of BSA-adjusted eGFRcp.kp1,
this may not be relevant to all anticancer drugs.

Anticancer drug dosing based on weight descriptors
(e.g., BSA, weight) may impact the performance of BSA-
adjusted eGFRckp.gp1 (expressed as mL/min) to guide
dosing, as body size/composition will be accounted for
twice to individualise doses.******* When dosing cape-
citabine in mg/m? and utilising BSA-adjusted eGFRckp.
gpr to determine dose adjustments in reduced kidney
function, patients with a lower BSA were underdosed
and conversely those with a larger BSA were overdosed,
despite both groups having the same standardised
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eGFRckp.gp1-”” When aminoglycosides were dosed in
mg/kg, it was found that BSA-adjusted eGFRckp gpr
guided dosing was less precise than standardised
eGFRckp.gpr in predicting drug clearance in overweight
and obese patients.” The clearance of ganciclovir (dosed
in mg/kg) correlated similarly with standardised and
BSA-adjusted eGFRckp.gp in patients without extremes
of body size.*

Based on this reasoning, the clinical consensus was
not to routinely use BSA-adjusted eGFRcp.gp; to guide
dosing over standardised eGFRckprpr (except for
carboplatin).”

¢) Why are we changing from using CrCl to calculate
carboplatin doses now when historically that is how
it's always been calculated in the Calvert formula?

Carboplatin is primarily eliminated through the
kidneys, and Calvert et al. demonstrated the area under
the curve (AUC) rather than mg/m?® method for dose
calculation was more useful in predicting the risk of
carboplatin-related toxicity (e.g., myelosuppression) in
reduced kidney function.” The development of the
Calvert formula used directly measured GFR to calculate
carboplatin doses. However, for decades, oncologists
have used CrCl in the Calvert formula to calculate car-
boplatin doses, especially since the ground-breaking
study that determined the target AUC used CrCL

Following discussion and review of data on accuracy
of the various kidney function estimates and their
application in the Calvert formula, the clinical
consensus was that directly measured GFR is the
preferred kidney function value when calculating car-
boplatin doses with the Calvert formula for any kidney
function. BSA-adjusted eGFRckp.gpr is a suitable alter-
native to directly measured GFR for use in the Calvert
formula when dosing carboplatin, especially where
eGFRckp.pp1 45-125 mL/min/1.73 m? (reliability of
estimated kidney function reduces outside this range),”
treatment intent is non-curative and the patient is
neither an amputee, paraplegic nor has conditions of
skeletal muscle and is without extremes of body size or
muscle mass.”” BSA-adjusted eGFRcp.gpr in the Calvert
formula demonstrates more precision towards directly

Kidney function assessment Estimated kidney Carboplatin
function dose (mg)*

Creatinine clearance via Cockcroft-Gault formula 63.6 mL/min 443

eGFR via CKD-EPI equation 70 mL/min/1.73 m? 475

BSA-adjusted eGFR via CKD-EPI equation 72 mL/min 485

BSA—body surface area [calculated using Mosteller formula]; CKD-EPI—Chronic Kidney Disease-Epidemiology
Collaboration; eGFR—estimated glomerular filtration rate; eGFR—estimated glomerular filtration rate; CKD-EPI—
Chronic Kidney Disease-Epidemiology formula. “Calculated via Calvert formula using target area under the

curve = 5.

Table 2: Comparison of kidney function estimations and carboplatin doses via the Calvert formula
for a 65-year-old male patient (weight = 67 kg, height = 170 cm, serum creatinine = 97 pmol/L).

measured GFR than standardised eGFRckp.gp,’"*" and
is a suitable alternative when directly measured GFR is
unavailable in specific circumstances.

As an example, a demonstration of the variance be-
tween different kidney function estimations and their
subsequent carboplatin doses for a hypothetical 65-year-
old male patient weighing 67 kg with a height of
170 cm, a S, of 97 pmol/L and a target AUC of 5 is
shown in Table 2. CrCl and BSA-adjusted eGFRckp.gp1
varied by 8.4 mL/min resulting in a 9% difference in
calculated carboplatin doses. Whether this 9% dose
difference would result in a significant change in car-
boplatin exposure and clinical outcomes is unknown, it
highlighted the importance of directly measured GFR
and also the potential of CrCl in over- or under-dosing
(if BSA-adjusted eGFRcxp.gpr has more precision to
directly measured GFR).

Questions during the workshops about
recommendation 3
a) Will extrapolating data from older studies correlate
appropriately with the new GFR classifications?

Approximately 15-20% of patients with cancer have
an eGFR 30-59 mL/min/1.73 m**** a kidney function
range where many anticancer drugs have pre-defined
dose adjustments or exclusions.®® The most accurate
kidney function assessment is of particular importance
in this cohort as small variations in kidney function may
place patients in CKD categories that preclude them
from receiving drug therapy or at thresholds for sig-
nificant dose adjustments.

There are limited studies assessing the application of
KDIGO CKD categories (Supplementary Material
S3),21°707! in the dose adjustment of anticancer drugs
and the monitoring of drug-related adverse events.
However, during the workshops, there was unanimous
agreement that standardisation of kidney function clas-
sification across clinical settings reduces the complexity
of kidney function estimation and promotes uniformity
to guide decision making.

Outstanding questions

The development of the three consensus recommenda-
tions were the foundational blocks underpinning the
ADDIKD guideline” and enabled the development of
dosing recommendations in reduced kidney function
for specific anticancer drugs. The workshops revealed
the way in which assessment of kidney function in the
setting of cancer treatment had deviated over time from
contemporary approaches used in nephrology and other
areas of medicine. Cancer clinicians were concerned
about the risk of adopting eGFRckp.gp; and noted that
while directly measured GFR was acceptable, it was
often not readily available. The consensus building
within the two workshops promoted engagement
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between multidisciplinary experts to thoroughly assess
the emerging evidence and discuss practicalities of
eGFRckp.gp1 and directly measured GFR. Most impor-
tantly, it enabled peer-to-peer learning and demystified
some of the unknowns surrounding proposed changes
to kidney function assessment. Although during the
final workshop, participants were unanimous in support
of the three recommendations, it was clear that the
greatest barriers to adopting ADDIKD’s recommenda-
tions were the multidisciplinary cancer clinician un-
awareness of the limitations when CrCl was calculated
via the Cockcroft-Gault equation, the improved guid-
ance newer kidney function assessments provided
especially in the setting of reduced kidney function and
the concerns regarding the evidence of these newer
kidney function assessments to guide anticancer drug
dosing. Further, the adoption of the ADDIKD guideline
would facilitate benchmarking kidney function assess-
ment and classification within cancer care internation-
ally and provides a tool for instigating clinician
behaviour change in this specific area of cancer
medicine.
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