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Introduction

Both cancer and chronic kidney disease (CKD) are major
public health issues worldwide [1, 2]. By 2060 cancer is esti-
mated to become the leading cause of mortality worldwide
[3], while the global prevalence of CKD is estimated to be
around 10% [4]. Of great importance is the intersection of
these two common conditions. Epidemiological studies have
shown that CKD is associated with a higher risk of cancer
development [5-9]. In addition, both the incidence and prev-
alence of CKD are high in cancer patients, with 10-20% of
cancer patients having an estimated glomerular filtration rate
(eGFR) < 60 mL/min/1.73m?. The bidirectional link between
cancer and CKD is highlighted in Fig. 1. The combination
of cancer and CKD, and particularly advanced CKD (stage
4 and 5), is predictive of early mortality [10]. Indeed, as
kidney dysfunction has significant effects on the elimination
and metabolism of anti-cancer drugs, patients with reduced
kidney function are less likely to receive optimal anti-cancer
therapy [10] and are typically excluded from clinical trials
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[11]. Compounding this issue is that CKD stage 5 patients
on dialysis may have variable drug removal during their kid-
ney replacement therapy (KRT) sessions, which may result
in a loss of anti-tumor efficacy. Awareness of the poten-
tial pharmacokinetic and pharmacodynamic modifications
that occur with anticancer drugs in patients with CKD may
improve outcomes, especially in patients with GFR <30
mL/min/1.73m?. In this commentary, we detail the complex
changes occurring in the pharmacokinetics and pharmaco-
dynamics of drugs in CKD and provide general dosing guid-
ance based upon these principles.

Changes in pharmacokinetics
and pharmacodynamics in CKD patients

The effect of a drug is determined by both its pharma-
cokinetic and pharmacodynamic characteristics. A drug’s
pharmacokinetic properties are defined as absorption, dis-
tribution, metabolism, and excretion (ADME). While its
pharmacodynamic properties are the consequence of its
drug/receptor interaction, interactions with cellular targets,
and downstream pathways. CKD affects both the pharma-
cokinetic and pharmacodynamic characteristics of can-
cer drugs in ways that are unexpected and not predictable
(Fig. 2). Pharmacokinetic modifications in CKD include
changes in absorption, bioavailability, protein-binding,
volume of distribution, metabolism, and excretion, even if
the drug is not primarily eliminated by renal mechanisms.
Other parameters to also consider in CKD patients include
expression of drug transporters and drug-drug interac-
tions given the high prevalence of polypharmacy in this
particular population [12]. With regard to orally adminis-
tered drugs, altered gastrointestinal transit time, a modified
gastric pH that affects ionization state, vomiting, diarrhea,
and drug—drug interactions all constitute factors that can
limit absorption [13]. In advanced CKD, gastric pH can
increase due to ammonia formation in the gut, secondary
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Fig. 1 CKD and Cancer Interaction

to conversion of salivary urea by urease enzymes [14], but
it can also be altered by the extensive utilization of phos-
phate binders, H2-receptor antagonists, and proton-pump
inhibitors in this patient population [15, 16]. Changes in the
integrity of the intestinal wall can occur as well, secondary
to decreased functional expression of intestinal cytochrome
P and transporters [17], or because of inflammation lead-
ing to an increase in permeability [18]. Conversely, bowel
edema, a common occurrence in CKD, can limit absorption
[19-21]. In terms of bioavailability, alterations in body com-
position induced by CKD can lead to either an increase (due
to hypoalbuminemia, decreased serum albumin binding,
increased tissue binding or changes in body composition)
or a decrease (due to sarcopenia) in the volume of distribu-
tion (Vd) of a chemotherapeutic drug [13]. Protein-binding
can also be an issue as uremic toxins can compete with
drugs for plasma protein-binding sites, leading to altered
pharmacokinetics. In patients with hypoalbuminemia (due
to nephrotic syndrome or poor nutritional status), the free
fraction of some drugs may be increased, with subsequent
altered kinetics and actions. For example, development of
toxicity has been observed in patients with lung cancer who
have malnutrition and low albumin levels receiving cisplatin
plus paclitaxel chemotherapy [22]. With regard to drugs that
are not renally excreted, kidney impairment can influence
the hepatic metabolism of some of these drugs by modify-
ing cytochrome P enzyme activity and transporter functions
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[23]. Hepatically metabolized drugs are more susceptible
to first-pass metabolism, which can be altered in CKD and
could potentially result in decreased serum concentration
of a drug [24]. Another important aspect to consider when
biliary excretion of hepatically metabolized compounds of
drugs occurs, is that some metabolites can potentially be
reabsorbed in a process known as enterohepatic cycling, and
may ultimately need to be eliminated through the urine [25].
These metabolites may have biological activity and/or toxic-
ity. An example of this is the metabolism and excretion of
morphine [26]. To highlight the effects of CKD on nonrenal
mechanisms of drug handling, a Food and Drug Adminis-
tration (FDA) survey of new drug applications found that
approximately 25% of compounds not primarily eliminated
via the kidney demonstrated a twofold or greater increase in
plasma concentration of the area under the curve (AUC) in
patients with kidney dysfunction [27]. Rosuvastatin, a cho-
lesterol-lowering agent, is one such example. Although only
6% of rosuvastatin is eliminated via urine, plasma concen-
trations were reported to be increased threefold in patients
with severe renal impairment, requiring dose adjustment
[27]. Other examples of CKD interacting with non-renal
drug handling include a lower absorption rate of sunitinib in
patients with reduced kidney function compared to patients
with normal function [28].

Nonetheless, there remains limited pharmacokinetic/
pharmacodynamic data for chemotherapeutic drugs in
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Fig.2 Alterations of pharmacokinetics and pharmacodynamics of drugs in CKD

patients with CKD. Dialytic therapies add another level of
complexity, especially in stage 4 and 5 patients. For exam-
ple, patients with severe kidney dysfunction without dialy-
sis have a a > 50% reduction in lidocaine clearance, while
no significant change in lidocaine elimination was found in
dialysis patients compared to healthy controls [29]. The dial-
ysis procedure may remove certain drugs, and thus require
dose adjustment or supplementation for these agents. And
while data is scarce regarding drug elimination and dosing
in patients on hemodialysis, it is even scarcer for patients on
peritoneal dialysis (PD), a population on the rise worldwide.

Both the FDA and the European Medicines Agency
(EMA) have published guidance documents for industry
with requirements for pharmacokinetic studies in patients
with impaired GFR [30]. The FDA also recommends that
pharmacokinetic studies in kidney impairment models be
conducted for medications that are not renally eliminated.
Ultimately, the goal of a pharmacokinetic renal impairment
study is to estimate the impact of varying degrees of renal
impairment on the systemic availability (as typically meas-
ured by AUC and maximal plasma concentration [C,,,,])
of the drug and/or relevant metabolites [30]. This assess-
ment includes drugs handled directly by kidney clearance

as well as by indirect effects. Where significant alterations
in AUC and C,,,, are detected, a recommendation for dose
adjustment may be necessary in one or more stages of renal

impairment irrespective of the degree of renal clearance.

General principles of drug dosing in CKD

The first step in kidney function-adjusted drug dosing is the
determination of kidney function, typically done through
measured or estimated GFR using a regression equation.
The method used to measure/estimate kidney function is
dependent on the accuracy needed to allow clinical decision-
making in a specific cancer patient considering the drug’s
risk/benefit (greater risk for toxicity can be tolerated in a
patient in a rare curative scenario compared to more com-
mon palliative scenarios when only moderate anti-cancer
effects are expected). When dealing with highly toxic and
predominantly renally eliminated anticancer drugs with
a narrow therapeutic index, direct measurement of GFR
should be considered prior to prescribing the dose. This
is especially true in advanced CKD and in AKI where the
common equations used to estimate kidney function perform
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poorly. In general, dose adjustment is unlikely to be required
when <30% of a drug or its metabolites are eliminated by
the kidneys, but as stated above, this may not always be the
case and caution is warranted. Also, highly protein-bound
drugs (>80%) are in general not removed by the kidney or
KRT. Finally, for a drug with a high Vd only a proportion
of the drug is present in the plasma, and removal by renal
excretion is limited [31]. Newer, targeted drugs (such as
tyrosine kinase inhibitors or drugs targeting the vascular
endothelial growth factor pathway) are generally not cleared
by the kidney and therefore their dose does not need to be
adjusted according to kidney function. Also, the primary
route of elimination for monoclonal antibodies is not renal,
but intracellular catabolism by lysosomal degradation fol-
lowing pinocytosis or receptor-mediated endocytosis. Con-
sequently, no dose-adjustment is needed in patients with
kidney dysfunction [32].

In patients with CKD stage 5D undergoing intermit-
tent hemodialysis (iHD), clearance due to iHD should be
considered additive to endogenous clearance and is highly
dependent on the drug and dialysis characteristics. The
impact of iHD on the drug’s pharmacokinetic/pharmaco-
dynamic characteristics depends on dialysis prescription
(including dialysis filter, filter surface area, blood/dialysate/
ultrafiltration rate and dialysis modality) and drug charac-
teristics (molecular weight, protein binding, V). Different
dialysis filters can result in different pharmacokinetic/phar-
macodynamic results as certain drugs bind to the dialyzer
membrane and various dialyzers have different molecular
weight cutoffs for removal. There is some evidence that
non-renal clearance can be altered in HD patients by a
temporary increase in drug clearance following an HD ses-
sion due to a transient decrease in uremic toxins inhibiting
the enzyme CYP450 3A4 and drug transporters, resulting
in a non-sustained increase in drug clearance. Peritoneal
dialysis mainly results in clearance of small size molecules
with a urea clearance of 10 mL/min and by extrapolation
to drugs, in general their total clearance is only minimally
affected, especially since most drug molecules are larger
than urea [33]. Therefore, drug dosing recommendations for
patients with eGFR < 15 ml/min are likely clinically appli-
cable to PD patients as well.

Conclusions and recommendations

Unfortunately, for many available anticancer drugs, data
concerning appropriate dosing in advanced CKD are lack-
ing [34]. During drug development phases, initial clinical
studies only include patients with normal or only mildly
decreased kidney function. In subsequent preregistration
studies, only a limited number of patients with more severe
kidney dysfunction are included, typically with the exclusion
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of patients with CKD stage 5 and 5D before drug registra-
tion. This lack of data, in combination with other safety con-
cerns, often results in a manufacturer stating that a drug is
contraindicated in patients with advanced CKD. This limits
the ability of these patients to benefit from potentially cura-
tive therapy.

It is time for a change! A comprehensive approach from
both the oncology and the nephrology community and col-
laboration with industry is needed to address this gap and
to establish accurate dosing recommendations for patients
with kidney dysfunction, especially in stages 4 and 5 CKD.
A starting point would be a mandate from the FDA and
EMA to require studies of drugs at all stages of CKD as
part of the approval process for new medications. In addi-
tion, research foundations should prioritize grants to better
understand the myriad effects of advanced CKD on issues
such a drug absorption, volume of distribution, drug-drug
interactions, and elimination kinetics of drugs. For those
drugs impacted by CKD, information on availability of drug
levels and correlation with therapeutic and toxic effects
would allow for more personalized approaches. Through
these processes, a greater understanding of the interactions
between CKD and cancer outcomes can be developed in an
effort to improve outcomes and survival.
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