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Summary Pharmacological anticancer therapy in el-
derly people has to account for pharmacokinetic as-
pects in view of age-related changes in organ function
and disease-related alterations. Age-related changes
in organ function might still be physiological and have
to be discriminated from concomitant diseases and
their pharmacotherapy. Although efficacy is retained
with pharmacological anticancer therapies in elderly
patients, plasma drug concentrations and the inci-
dence of adverse reactions often increase. Thus, al-
tered organ function in elderly will be reviewed with
respect to clinically relevant outcomes. Furthermore,
possible consequences of therapeutic drug monitor-
ing will be discussed focusing on novel targeted ther-
apies with small molecules. Examples of therapeutic
drug monitoring during targeted therapies may repre-
sent an easy tool to overcome the individual pharma-
cokinetic situation of elderly cancer patients and may
contribute to enhanced safety, when implemented in
clinical routine.
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Introduction

In Western countries the incidence of cancer in-
creases with age (≥65 years) and consequently is
associated with life expectancy [1]. Elderly benefit
from chemotherapies similar to other age groups,
implying that age per se does not represent a limi-
tation to access an anticancer therapy. Conversely,
drug side effects occur more often and are related
to age-related changes in organ function, concomi-
tant diseases or drug plasma concentration below
or above therapeutic relevant recommendations [2].
The pronounced heterogeneity in health conditions
of elderly cancer patients maximizes individualisation
of targeted anticancer therapies. The introduction of
targeted anticancer therapies has improved the over-
all outcome in cancer patients including elderly [3, 4].
Beside better prognosis, the incidence and severity of
adverse effects have been reduced so that benefit–risk
evaluation of novel targeted therapies gradually con-
tribute to favourable overall survival rates including
the elderly.

Pharmacokinetic changes in the elderly

The performance status of the elderly is dependent on
age, comorbidities and their therapies. Aged patients
suffer from decreased symptom awareness, which of-
ten implicates psychological distress, anxiety or de-
pressive symptoms. Reduced communication may
also result from oral and dental problems. Conse-
quently, patients may be categorized simply into fit,
vulnerable and fragile or based on a subtly depicted
comprehensive geriatric assessment (Karnofsky index
or ECOG score) [5]. In accordance with this risk as-
sessment therapeutic consequences may result in re-
duced intensification or avoidance of anticancer ther-
apy. Conversely, reduction of polypharmacy may also
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represent a prerequisite for initiation of chemother-
apy in order to prevent drug–drug interactions and de-
crease the number of side effects (www.deprescribing.
org) [6]. In support of this correlation, the geriatric
performance status has been identified as a key pre-
dictor of chemotherapy-related toxicity, therapy dis-
continuation and survival [7, 8].

At rest, age-related changes in organ function do
not generally result in reduced organ function. Con-
versely, in response to physical activity, psychologi-
cal stress or disease related situations reduced organ
functions decline with the age. In response to exercise
the cardiovascular system also progressively declines
with age [9].

Age-related changes in splanchnic blood flow in-
volve reduction in gastrointestinal motility and secre-
tory gland activity. As a consequencemucosal atrophy
is observed, which not only increases the risk for gas-
tric and duodenal ulcerations, but also reduces the
intestinal surface for drug absorption. However, to
what extent drug absorption is affected solely by age-
related alterations in the gastrointestinal tract remains
to be elucidated.

Similarly, reduced liver mass, liver perfusion and
related metabolism have been reported [10]. In-
terestingly, reduced levels of enzymes of the cy-
tochrome P-450 system have been described for
CYP2E1, CYP3A4 and NADPH cytochrome c reduc-
tase [10]. However, age-related alterations in liver
parameters and function are not superior to drug
metabolisation related to individual polymorphisms
in liver enzymes or consecutive drug–drug interac-
tions on the level of hepatic metabolisation [11].

In accordance with the age-related performance
status one has to bear in mind that aging is roughly
associated with a~1% reduction in skeletal muscle
mass per year. Thus, serum creatinine is not predic-
tive for glomerular filtration rate or renal function in
this age group. Hence, various algorithms have been
established to determine the glomerular filtration rate
indirectly from serum creatinine. The Cockroft–Gault
formula has been used extensively, but sometimes
underestimates glomerular filtration rate [12]. Al-
ternatively, serum concentration of urea has been
evaluated as a sensitive indicator for renal function
in the elderly. Thus, using serum urea levels the
Levey algorithm provides an accurate estimation of
renal clearance [13]. Nevertheless, the Cockroft–Gault
formula has been recently confirmed to be accurate
and safe to adopt pharmacotherapy to reduced renal
function (creatinine clearance <50ml/min) in lung
cancer patients [14].

As soon as the creatinine clearance drops below
50ml/min one has to consider dose reduction inde-
pendent of age [12]. Moreover, drugs with an ex-
trarenal elimination below 50% require considerable
dose reduction. A rapid and practicable approach
is provided under the web link www.dosing.de (Clin-
ical Pharmacology and Pharmacoepidemiology De-

partment, Medical University Heidelberg, Germany).
The databank summarizes pharmacokinetic param-
eters and dose recommendations according to renal
function for the most commonly used drugs including
anticancer therapeutics. Nevertheless, renal function
is the central dosing relevant parameter in the elderly
and thus should be considered essential for therapeu-
tic concepts [12, 15].

Given this various changes in organ and tissue
function, the interindividual variability in drug dispo-
sition is large in elderly persons. Hurria and Lichtman
have summarized chemotherapeutic studies includ-
ing elderly with reduced performance and found in
5 out of 18 studies an age-related decrease in drug
clearance [16]. Thus, geriatric performance status,
comorbidity and polypharmacy represent higher risk
factors than age alone.

Comorbidities

Comorbidities in elderly cancer patients are associ-
ated with a poor prognosis, which may reflect reduced
survival and outcomes. Consequently, these patients
are generally not included in randomized clinical tri-
als, leaving the published data on this population
vague and limited [6]. Thus, comorbidities in the
elderly may include kidney diseases, latent infections
or impairments of blood cell counts. In addition,
polypharmacy is highly prevalent in the elderly and
often related to diabetes, lipidemia, hypertension and
coronary heart disease [9, 11]. Besides the aforemen-
tioned interactions in various organ systems, cardio-
vascular interactions, in particular ischemic compli-
cations and reduction in cardiac ejection fraction, are
often seen in high-dose chemotherapy [17]. The spec-
trum of cardiovascular side effects is not restricted to
classical chemotherapeutics, but also observed with
novel targeted chemotherapies. The cardiac toxi-
city of anthracyclines has been well-described for
a long time and prevented by dose limitation. Simi-
larly, high doses of cyclophosphamide or ifosfamide
predispose to the development of reversible heart
failure and arrhythmias. With respect to specific an-
ticancer strategies, antibody-based targeted therapies
(trastuzumab, bevacizumab and alemtuzumab) and
tyrosine kinase inhibitors (imatinib, sunitinib, lapa-
tinib and dasatinib) are associated with heart failure,
hypotension, or hypertension [17]. Thus, patients
with pre-existing cardiovascular risks may substan-
tially improve from referral to a cardiologist for close
monitoring of cardiovascular parameters and exclu-
sion from cardiotoxic chemotherapies. Conversely,
early detection of a decline in cardiovascular function
may facilitate dose adjustments and pharmacological
counter manoeuvres.
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Genetic polymorphisms and therapeutic drug
monitoring

Genetic polymorphisms may contribute to additional
heterogeneity in the population of elderly patients.
However, a defined polymorphism does not neces-
sarily translate into a clinical relevant consequence.
Such a defined mutation in a drug-metabolizing en-
zyme might be silent in adult individuals because the
function is totally compensated by other isoforms or
related enzymes. In elderly, due to reduced liver func-
tion and consequently reduced protein synthesis such
compensation mechanisms might be uncovered and
become clinically relevant. Of course, such an as-
sumption is currently strictly hypothetical and needs
further investigations.

In order to escape this conundrum one would cir-
cumvent these ill-defined, but individual risk factors
by adapting cancer therapy to plasma drug concen-
trations. If predefined, one may adapt chemothera-
peutics according to plasma levels defined as a thera-
peutic window between minimal efficacy and the risk
of overdosage.

There is cumulating evidence that surveillance of
plasma concentrations of kinase inhibitors and other
small molecules used in anticancer strategies im-
proves efficacy and reduced the risk of side effects
[18, 19]. From a pharmacological point of view moni-
toring of the plasma concentration over 2–4 half-lives
would be perfect to account for individual bioavail-
ability and clinical efficacy. Due to the work load,
turnaround times and costs, such an approach is not
feasible in clinical routine or ambulant chemother-
apy. Novel developments using on-site biosensor
technologies may overcome these limitations and en-
able future implementation in clinics [20]. Hence,
the minimal plasma concentrations (Cmin) or trough
concentration (Ctrough) of drugs immediately before
the next drug application have been established as
a single pharmacokinetic parameter, sufficient to cir-
cumvent underdosing or overdosing, once there are
established Cmin values available for all anticancer
drugs [21].

Due to regular practice Ctrough values were used in
therapeutic drug monitoring, in particular through
clinical trials to monitor for example the efficacy and
adverse effects during application of novel tyrosine
kinase inhibitors [22, 23]. Investigation of outpatients
treated with tyrosine kinase inhibitors like imatinib,
erlotinib or sunitinib did not reach the recommended
Ctrough values in 73.2%, 11.1% and 48.6%, respectively
[24].

A Ctrough value for imatinib of 1µg/ml was defined
to reflect efficacy in CML patients. In two random-
ized controlled trials, only 33% of the patients reached
this value. Consecutive dose adjustment enhanced re-
sponse rates after 12 months from 37% to 63% [23,
25]. Interestingly, Ctrough values have been also de-
fined for nilotinib and dasatinib in imatinib-resistant

chronic myeloid leukemia patients and resulted in sig-
nificantly improved response rates [26, 27]. Together,
these results corroborate the efficacy of therapeutic
drug monitoring of tyrosine kinase inhibitors and the
importance of dose optimization to obtain therapeu-
tic success.

In a real-world cohort study (454 patients), com-
paring tyrosine kinase inhibitors exposed to two age
groups (<70 years and ≥70 years) only dabrafenib
showed significantly higher exposure in older pa-
tients. Conversely, erlotinib, imatinib, pazopanib,
sunitinib and vemurafenib exposure was not affected
by age of patients [28]. Importantly, one third of total
patients did not reach the proposed target concen-
tration of their tyrosine kinase inhibitor, indicating
that individual drug monitoring may improve can-
cer therapy independent of age. Hence, individual
drug monitoring in cancer therapy and particular el-
derly populations is recommended to reach effective
plasma concentrations [29]. However, therapeutic
drug monitoring is not implemented in the daily rou-
tine given the cost, time and manpower consuming
hurdles.

Conclusion

The complexity of interactions between comorbidi-
ties, polypharmacy and age-related changes in phar-
macokinetics justifies the general rule “start low, go
slow” in aged individuals. However, one can foresee
that therapeutic drugmonitoring of targeted therapies
may regain efficacy and safety particularly in elderly
patients.

Take-home message

Heterogeneity in health status of geriatric cancer pa-
tients maximizes individualisation of anticancer thera-
pies. Hence, implementation of therapeutic drug mon-
itoring of targeted therapies may regain efficacy and
safety.
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