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The field of oncology presents many unique challenges in safe and effective drug dosing. The use of traditional cytotoxic chemotherapy relies on the concept of a maximum tolerated dose (MTD) to deliver the highest
concentration of drug at the site of disease with a trade-off of potential for substantial adverse events. This
creates a very narrow therapeutic index for many medications. In some instances these are much narrower
than those seen in medications used in the treatment of other disease states. Newer targeted therapies have
wider therapeutic indices but offer challenges in the form of pharmacogenomic variation in drug metabolism,1 multiple drug-drug interactions,2 and complicated dosing regimens.3 Regardless of the agents used, the
oncology patient population is most often elderly4 and has multiple co-morbid conditions, which are likely to
substantially impact pharmacokinetics. Many patients with cancer experience physiologic changes that can
decrease the ability to effectively eliminate medications. Whether it is from preexisting conditions, previous
chemotherapy, or the disease itself, patients with cancer frequently present with some degree of liver or kidney
dysfunction.5 This is especially concerning when administering chemotherapy agents that have narrow therapeutic indexes. Optimization of dosing in this patient population could improve outcomes by preventing toxicities without compromising response rates.

THERAPEUTIC CONSIDERATIONS
Treatment strategies in oncology are most often multidisciplinary and involve several healthcare teams working
together. Care plans for patients with cancer often consist of definitive or palliative surgical interventions, sitespecific radiation therapy, and the use of chemotherapy or other targeted antineoplastic drugs. When considering medical management of a malignancy, it is important to understand the potential impact other treatment
strategies have on the specific medications’ pharmacokinetics and pharmacodynamics. Depending on the
tumor type and location, normal drug clearance can be altered. For example, patients with kidney cancer will
often have a nephrectomy as primary treatment. Cervical cancer and other malignancies affecting the pelvis
often result in the need for ureteral shunting and nephrostomy tube placement.6
Chemotherapy can have both direct and indirect effects on renal drug elimination. Many cytotoxic agents
are directly nephrotoxic and cause damage at the glomerular level as well as inhibit solute reabsorption. The
use of chemotherapy in cancers with a high proliferative index can also cause tumor lysis syndrome, indirectly
compromising glomerular filtration rate (GFR) and urine output. In many scenarios, potentially nephrotoxic
agents that rely on renal clearance can hinder their own elimination and rapidly worsen renal function.
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DEMYSTIFYING DRUG DOSING IN RENAL DYSFUNCTION

Patients with cancer often have dynamic renal
function, making appropriate drug dosing even
more challenging. Cancer itself, as well as the
associated therapies, alters protein metabolism.
Regardless of tumor histology, location, and organ
systems involved, cancer causes significant alterations in normal body physiology. Decreased appetite, increased tumor energy requirements, and
production of acute phase reactants cause significant changes in circulating protein concentrations,7 which result in chronic decreases in serum
albumin, and third spacing of body fluids. Both
albumin and alpha-1-acid glycoprotein (AAG) serve
as transport proteins for a number of cytotoxic
agents. These protein concentrations drop significantly in the majority of patients with solid tumors
and can result in an increased free fraction of the
medication and increased toxicities.8,9 In addition,
patients are usually protein malnourished due to
lack of appetite or chemotherapy-induced nausea
and vomiting. The end result is refractory dehydration in which any incoming fluid exits the vasculature and enters the body tissues. This dehydration is not always evident in the serum creatinine
value alone. Additionally, protein malnourishment
limits serum creatinine production and, therefore, a comprehensive review of the full metabolic
panel as well as physical examination of the patient
is necessary to fully assess the patient’s volume
status.10-12
The kidney’s other physiologic functions are
a final point to consider when assessing renal
function in patients with active malignancy. In
addition to blood filtration, the kidneys play a
vital role in hematopoiesis. When renal function is impaired, especially in chronic cases, the
kidneys fail to produce the level of erythropoietin to stimulate enough red blood cell production
to offset their destruction. This balance is further
offset with hemolysis secondary to antineoplastic
agents. Oftentimes exogenous erythropoietin may
be necessary to supplement kidney production
to avoid blood transfusion, reduce anemia symptoms, and increase quality of life.

AGENT SELECTION AND
INTENT OF THERAPY
Prior to dosing any medication that is renally eliminated, the clinician must ask two very important
questions that will guide decision making:

1.

Is the intent of this therapy curative?

2.

Is the proposed medication nephrotoxic?

If the intent of therapy is curative rather than
palliative, dosing strategies should be more aggressive because the risk and benefit are in balance.
In many situations, the increased risk of adverse
events is outweighed by the potential number of
life years saved. For cancer patients with borderline renal function, the intent of therapy must
be considered and oftentimes override standard
dosage adjustments. With careful monitoring and
appropriate understanding of the potential toxicities, these patients can and often should receive
full doses of medications to optimize outcomes.
Utilization of supportive care techniques, such
as growth factor support or increased antiemetic
therapy, can often mitigate adverse events without
jeopardizing dose intensity.
Special caution should be used with potentially nephrotoxic agents. Many agents that are
renally eliminated also cause renal injury. This
creates an exponentially toxic effect if the dose
administered cannot be eliminated efficiently. The
recirculating drug causes additional kidney injury,
which further prolongs exposure, propagating
further kidney injury. All routes of elimination
should be considered, as alternative extra-renal
elimination needs to be present to maximize the
doses of these agents. Aggressive dosing should
be avoided for agents with exclusive renal elimination, as this can result in excessive chemotherapy
toxicity complicated by renal failure that is difficult
to resolve.
Although the focus of this chapter will be
on optimal dosing of anticancer agents that rely
on renal clearance, clinicians should consider the
potential for impaired renal function to affect drug
therapy in patients receiving medications that do
not require overt renal clearance resulting from
multiple mechanisms of altered pharmacokinetics,
which are discussed elsewhere in this text. In
oncology, this occurs most commonly as a result
of nonrenal parent compounds metabolized to
more soluble, inactive substrates, which are then
cleared renally. In patients with renal insufficiency,
the accumulation of these inactive metabolites can
slow the bioconversion of the parent compound
and indirectly cause increased exposure.13,14

