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Abstract

Current guidance for evaluation of kidney function and drug dosing emphasize using measured or estimated glomerular
filtration rate (GFR) rather than measured or estimated creatinine clearance or serum creatinine (Scr) alone. We assessed the
definitions of kidney function thresholds for eligibility in cancer clinical trials. A random sample of active Phase I–III trials
with cisplatin (n ¼ 465) and studies in cancer with decreased kidney function (n ¼ 74) were identified from clinicaltrials.gov.
Among cisplatin trials, kidney function thresholds were defined by Scr alone or a composite of Scr or creatinine clearance in
46% (212/465) of studies. Only 2% (n ¼ 11) used GFR. Among trials in participants with decreased kidney function, the propor-
tion utilizing GFR (14%, 10/74) was modestly higher. Imprecise and logically inconsistent kidney function thresholds are in
frequent use in clinical trials in cancer and may cause harm from either toxicity or impaired efficacy. We recommend the
adoption and harmonization of recommended standards.

Impaired kidney function is common in cancer populations,
and 50% of anticancer agents are either cleared by the kidney or
impact kidney function (1–5). Methodological advances in the
past 20 years have allowed for more precise estimates of kidney
function (6). International clinical practice guidelines and rec-
ommendations (7,8) for evaluation of kidney function and for
drug dosing now emphasize using estimated glomerular filtra-
tion rate (eGFR) rather than estimated creatinine clearance
(eClcr) or serum creatinine (Scr) alone for initial evaluation. We
evaluated the methods that are currently employed for defining
kidney function thresholds for eligibility in clinical trials in on-
cology in the United States by examining trials in cancer listed
on clinicaltrials.gov, the clinical trial registry and results data
bank operated by the National Library of Medicine of the
National Institutes of Health.

To obtain a study set of cancer-related trials in which kidney
function thresholds are expected to be well defined, we focused
on cisplatin trials, given that cisplatin is both dosed by level of
GFR and has kidney toxicity (Clinicaltrials.gov, accessed
December 30, 2017: search terms “cancer” and “cisplatin”). For

contemporary data, we identified 878 of the approximately 3000
active trials using the search terms “active, not recruiting” or
“recruiting.” A random sample of 500 of these trials was drawn,
excluding 35 trials in which cisplatin was not used as a thera-
peutic agent, leaving a final sample of 465 trials. We evaluated
the subset of cisplatin trials with a Phase I component (n¼ 292)
and all active and completed trials in cancer in decreased kid-
ney function regardless of agent (n¼ 74) (Supplementary Figure
1, available online).

Eligibility criteria for each trial were screened for definitions
of kidney function thresholds and categorized as follows: Scr,
eClcr, a composite definition using Scr or eClcr, eGFR, a compos-
ite term of eGFR and a secondary method, other uncommon
definitions, absence of laboratory-based kidney function pa-
rameter (“adequate organ function”), or without any definition.

Only 1% of trials specified modern equations for GFR estima-
tion, either the Modification of Diet in Renal Disease (MDRD)
Study equation or Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation (Figure 1). Among the rest,
substantial heterogeneity of methods for definition of kidney
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function thresholds was found. The most common methods
were Scr alone (22%, n¼ 101), a composite of Scr or eClcr
(24%, n¼ 111), or eClcr alone (15%, n¼ 70). Among studies listing
an eClcr-based definition, the method for eClcr was defined in
just under one-half, most commonly the Cockcroft-Gault for-
mula. Less than 5% of trials reported an eGFR alone (2%, n¼ 11)
or an eGFR composite (4%, n¼ 16). Unexpectedly, one-third of
trials did not articulate a specific kidney function threshold, list-
ing “adequate kidney function” (16%, n¼ 62) or no specified defi-
nition (18%, n¼ 94).

Among Phase I cisplatin trials (n¼ 292), eGFR was used in
less than 5% of trials and no explicit definition was common
(25%, n¼ 72) (Supplementary Figure 2a, available online).

Among trials in the setting of decreased kidney function
(n¼ 74), GFR methods were identified in only 14% (n¼ 10), with
use of the modern GFR estimating equation specified in 4%
(n¼ 3) (Supplementary Figure 2b, available online). One-quarter
(24%, n¼ 17) did not report any kidney function criteria.

In summary, diverse methods for defining kidney function
thresholds are currently in use in cancer clinical trials. These in-
clude the frequent use of imprecise measures such as Scr alone
and eClcr that are no longer recommended for routine evaluation
of kidney function, or composites of these measures that are logi-
cally inconsistent. Modern GFR estimating equations recom-
mended for evaluation of kidney function by international clinical
practice guidelines (7) were employed in 5% or fewer trials, even

Figure 1. Definition of kidney function thresholds in contemporary cisplatin trials.

Patient 1

Patient 2

Patient 3

• 50 yrs
• White
• Female
• 57kg
• 180cm

• SCr 1.6 mg/dl
• CKD-EPI 43 ml/min/1.73m2

• CG 38 ml/min

• 60
• Black
• Male
• 57kg
• 180cm

• SCr 1.3mg/dl
• CKD-EPI 69 ml/min/1.73m2

• CG 49

• 75
• White
• Male
• 57 kg
• 180 cm

• SCr 1.0 mg/dl
• CKD-EPI 73 ml/min/1.73m2

• CG 52 ml/min

Trial Kidney Function
Eligibility Criteria

Consequence or Harm

Serum crea�nine <1.5x ULN

ClCr (Cockcro�-Gault) 55 ml/min

ClCr (Cockcro�-Gault) in Calvert formula

Inappropriate inclusion: toxicity

Inappropriate exclusion: disparity

Carbopla�n dosing: undertreatment

Figure 2. Examples of harm generated by imprecise and logically inconsistent definitions of kidney function thresholds in common use. eGFR ¼ estimated glomerular

filtration rate from serum creatinine using the Chronic Kidney Disease Epidemiology Collaboration equation; eClcr ¼ estimated creatinine clearance using the

Cockcroft and Gault equation. Body surface area for all scenarios is 1.73 m2, so values are identical whether expressed as mL/min or mL/min/1.73 m2. To convert to SI

units of mL/s, multiply by 0.0167. Units of serum creatinine are mg/dL; to convert to SI units of lmol/L, multiply by 88.4.

2 of 3 | JNCI Cancer Spectrum, 2018, Vol. 2, No. 4

Deleted Text: ,
Deleted Text: a 
/article-lookup/doi/10.1093/jncics/pky060#supplementary-data
/article-lookup/doi/10.1093/jncics/pky060#supplementary-data
Deleted Text: A 
Deleted Text: <underline><</underline>
Deleted Text:  of


in Phase I cisplatin studies, and the proportion was only modestly
higher in trials in the setting of decreased kidney function.

Composites of Scr and eGFR or eClcr can introduce a logical
inconsistency because a patient with an eligible Scr may have
an ineligible eGFR or eClcr. Indeed, the composite “Scr less than
1.5 � upper limit of normal or Clcr greater than 60 mL/min” was
present in one-quarter of all cisplatin trials. Older equations,
such as the Cockcroft and Gault and Jeliffe equations for eClcr,
were developed before standardization of creatinine assays and
may no longer provide accurate estimates. In contrast, the
MDRD Study and CKD-EPI equations are expressed for use with
standardized creatinine assays, include a term for race (African
American vs other), and are more accurate than eClcr, including
in studies of cancer patients (9). The CKD-EPI equation is more
accurate than the MDRD Study equation at eGFR greater than
60 mL/min/1.73 m2. GFR estimates are indexed to body surface
area and can be “un-indexed” by multiplying by body surface
area/1.73 m2 for patients with extremes of body size.

In our view, the results reflect the lack of precision in the
definition of kidney function thresholds in clinical trials by
sponsors, investigators, and clinicians. This imprecision has the
potential to lead to harm, either by exposure to unwarranted
toxicity, inappropriate exclusion from studies, or incorrect dos-
ing leading to undertreatment and diminished efficacy
(Figure 2). We call for adoption and harmonization of improved
methods for assessing adequacy of kidney function for eligibil-
ity in cancer clinical trials. As recommended by the nephrology
international evidence-based clinical practice guidelines (7), we
support initial evaluation of kidney function as eGFR from Scr
using the CKD-EPI equation. Confirmatory testing based on
methods other than creatinine should be considered with mea-
sured GFR or Clcr or eGFR based on serum cystatin C if eGFR
based on Scr is suspected to be inaccurate, for example due to
variation in muscle mass or diet, which may affect many
patients. If confirmatory tests are used, this value should be
used for determination of trial inclusion, treatment regimen,
drug dosage, and assessment of toxicity. Furthermore, we rec-
ommend that all clinical trials listed in clinicaltrials.gov should

have adequate information on kidney function thresholds;
missing data work against patients and their physicians who
are in search of opportunities for participation.
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