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Abstract

Excessively restrictive eligibility criteria hinder the enrollment of cancer patients to clinical trials. Those patients are
supposed to represent the range of characteristics of the overall population with particular cancer. This, in turn,
affects the generalizability of results and efficiency of the drug development process in oncology. Recent guidelines
from the American Society of Clinical Oncology recommend broadening the eligibility criteria for early and late phase
trials. A clearly defined rationale is essential for excluding patients. They selected specific items that commonly lead
to the exclusion of patients from clinical trials, namely brain metastases, the minimum age for enrollment, human
immunodeficiency virus infection, prior and concurrent malignancies, and organ dysfunction. We reviewed the
clinical trials of abemaciclib and tucatinib, two novel anticancer agents, to investigate the eligibility criteria used in
their ongoing trials and how the cut-offs for adequate kidney functions were defined. We provided recommendations
to allow for enrollment of otherwise eligible patients.
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Introduction Abemaciclib is an inhibitor of cyclin-dependent
kinases 4 and 6 that is recently approved for
metastatic breast cancer treatment 2. Clinical studies
showed that abemaciclib causes reversible increases
in SCr due to inhibition of renal tubular secretion
transporters, without affecting glomerular function.
Thus, for eligibility in clinical trials, alternative
markers such as blood urea nitrogen (BUN), cystatin
C, or measured glomerular filtration rate (mGFR)
using radioisotope studies, which are not dependent
on creatinine, should be considered 8 °.

Tucatinib, a kinase inhibitor used in HER2+
breast cancer, may cause a transient increase in
serum creatinine 1°,

Most of the trials of the novel cancer therapeutics
have excluded patients with moderate to severe
renal dysfunction based on the serum creatinine
(SCr) level. There is no standard cutoff for adequate
kidney function. Creatinine clearance (CrCl)
provides a more accurate assessment . However,
SCr within 1.5 times the upper limit of normal is
often required for a patient to be eligible for a
clinical trial % 3. Clinical practice guidelines for
evaluation of kidney function and drug dosing now
emphasize using estimated glomerular filtration
rate (eGFR) rather than estimated creatinine

4’ 5 i 3 . . .
clearance (eCrCl) or SCr %, Using SCr and eGFR or - pyorarmining Adequate Kidney Function
eCrCl can be logically inconsistent as a patient with

an eligible SCr may be ineligible by eGFR or eCrCl ©. in Abemaciclib and Tucatinib Clinical

The variability in the definition of kidney function Trials
threshold is preventing a significant proportion of
otherwise eligible patients from enrolling in clinical
trials.
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We have queried clinicaltrials.gov  on
abemaciclib and retrieved 81 clinical trials
recruiting 15,336 patients. All except one conducted
in the adult population. Thirty-three (43%) were
phase I or phase I/II trials. The median number of
enrolled patients was 78 (range: 6-4580). Most (95%)
of the studies were interventional. Abemaciclib was
tested as monotherapy in 34 (42%) of the studies.

Thirty-seven (46%) studies reported the exact
method and cutoff value for determining adequate
kidney function. These methods included SCr, CrCl
estimated by Cockcroft-Gault, glomerular filtration
rate (GFR) estimated by The Modification of Diet in
Renal Disease Study (MDRD) equation, CrCl using 24-
hour urine collection, or CrCl calculated using
method standard for the institution. Twenty (25%)
studies restricted their eligibility to only one
method, and in 12 studies, the method was SCr.
Sixteen (20%) studies adopted two methods. Only
one trial included three different methods for
eligibility, which are estimated CrCl >30 mL/min by
Cockcroft-Gault equation or eGFR >30 mL/min/1.73
m? by MDRD or Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) formula, or
actual CrCl as determined by 24-hour urine
collection.

Our analysis showed that approximately half of
the studies did not report the exact method and
cutoffs for determining adequate kidney function in
their published protocol on clinicaltrials.gov. The
studies were usually restricted to one method and
less likely to use multiple methods.

We found much heterogeneity and imprecision in
the definition of kidney function. Based on our
analysis, only 46% of studies reported the exact
method and cutoff values for determining adequate
kidney function. Twelve (32%) of them depended on
SCr alone, while the American Society of Clinical
Oncology (ASCO) guidelines recommend using CrCl
rather than SCr levels .

Interestingly, only one trial of 81 was flexible to
include three different methods for estimation.
Although using more than one method can increase
largely the probability of a given patient to meet the
eligibility criteria, the feasibility of application
remains a challenge, especially in limited-resource
settings and investigator-initiated trials.

Abemaciclib has measurements to cause
reversible and consistent increases in SCr levels of
around 15-40% over baseline in the studied subjects
8, Chappell et al ? conducted a randomized, placebo-
controlled crossover study on abemaciclib in

healthy subjects in addition to in-vitro analysis of
transporter interaction and inhibitory studies. They
concluded that abemaciclib inhibits renal tubular
secretion without changing the glomerular filtration
rate. The process is mediated through inhibition of
organic cation transporter 2, multidrug and toxin
extrusion (MATE) 1, and MATE2-K transporters that
mediate active secretion of creatinine from the
proximal tubule. Thus, abemaciclib does not cause
damage to nephron or directly affect kidney
function. Therefore, cystatin C or other measures of
glomerular filtration rate, which are independent of
proximal tubule secretory transporters, are needed
to evaluate the kidney function for patients
receiving abemaciclib ° Taking all of that into
consideration, most of the clinical trials have not
provided enough experimental measures to
determine precise cutoff levels for eligibility of
patients with kidney function impairment.

Murthy et al °reported a similar condition with
tucatinib, another kinase inhibitor that is being
developed as a novel HER2+ breast cancer
treatment. Tucatinib was showed to increase
metformin plasma exposure by 48% and to cause a
transient increase in serum creatinine level without
any effect on kidney function. This elevation in
serum creatinine is due to inhibition of tubular
secretion of creatinine via OCT2 and MATE1, which
is similar to the abemaciclib effect 1°. Clinical trials
on tucatinib also showed the same heterogeneity in
their eligibility criteria for kidney function as
abemaciclib. Only 4 out of the 15 clinical trials
registered in clinicaltrials.gov, reported an exact
cutoff value for kidney function, and they used
different measures and values.

Which Method to Assess Renal Function
Adequacy?

Patients with renal impairment are often
excluded from phase I trials without enough
understanding of drug pharmacokinetics and the
actual possibility to cause direct harm to kidneys.
However, protocol amendments are rarely
considered when this data becomes available after
progress in drug development 112,

In clinical trials, SCr may not accurately reflect
kidney function, so calculated CrCl of <60 mL/min
should be required to be eligible. Although
measured CrCl is more accurate, it’s often
impractical due to difficulties related to the urine
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collection process. The cost of the radionuclide
assessment of CrCl represents another challenge 1.
The Cockcroft-Gault and the MDRD equations are the
most frequently used formulae to estimate CrCL
Although the MDRD equation is recommended over
the Cockcroft-Gault equation, according to the
National Kidney Foundation, the clinical difference
is insignificant when compared with GFR and with
consideration to pharmacokinetics '*

Due to the nature of research in oncology, a large
proportion of populations are from older age groups.
A significant issue with aging arises from the
physiological decline in kidney function, which may
be exacerbated by their disease conditions. Those
patients are susceptible to exclusion from trials
without evaluating the drug safety and efficacy on
them. However, that same drug may be prescribed
to them later on 4.

A retrospective analysis of the Gynecologic
Oncology Group 182 trial concluded that a cutoff
value of CrCl >60 mL/min would exclude 15% of
patients from treatment . On the other hand, The
National Cancer Institute concludes that patients
with mild kidney dysfunction can be enrolled
without a significant increase in the risk of toxicity
16, This creates a conflict between the current
practices and what should be done and makes us
question the current eligibility policies and seek
more precise guidelines.

It is very important to provide a clear definition
of what “adequate kidney function” means with
exact cutoff value to avoid unnecessary exclusion of
eligible patients and to guarantee patient safety. The
ASCO’s call for modernizing clinical trial eligibility
criteria recommends that patients with lower CrCl
values, less than 30 mL/min, should be included in
trials as long as renal toxicity and clearance are not
directly related to the treatment !7. They also
recommend CrCl assessment, using The Cockcroft-
Gault and MDRD equations, over SCr. It’s necessary
to apply consistent measurements throughout the
development process of the drug.

Conclusion

In conclusion, additional studies are essential to
investigate the wvalidity of the currently used
measures of kidney function in general and for
abemaciclib in particular. Most of the eligibility
criteria used in the ongoing clinical trials are not
based on strong evidence with largely arbitrary cut-

offs. This deprives many cancer patients to enroll in
those trials. Until eligibility guidelines of more
accurate estimates are developed, using more than
one estimate should be adopted in clinical trials of
novel cancer therapeutics.
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