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Chemotherapy dose adaptations

Dosing of chemotherapy drugs is complicated due to their extreme
toxic nature and variable pharmacokinetic and pharmacodynamic
characteristics. Also, data on dose modifications in specific patient

groups are often sparse

n the treatment of cancer it is almost impossible to

achieve tumour remission without adverse effects,

some of which may be very serious and life-threat-
ening. However in those cancers where there is the
potential for a curative effect, for example some malig-
nant lymphomas and breast cancers, toxic effects that
would be considered unacceptable in the treatment of
non-malignant disease can be clinically justified. In other
cancers, or in the adjuvant and palliative settings, ben-
efits need to be carefully weighed up against risks.

The dosing of traditional chemotherapy drugs is com-
plicated by therapeutic indices which are generally lower
than for any other drugs in use, and also by large intra-
and inter-patient variability in pharmacokinetics (PK) and
pharmacodynamics (PD). Dose individualisation based
on body surface area (BSA) has been practised for many
years based on studies which indicated that “effective”
and maximum tolerated doses were similar for ani-
mals and humans when normalised to BSA.'? Current
research indicates that BSA-based doses fail to reduce
the variability in PK and PD for the majority of drugs in
adults, and it is widely known that the BSA method fails
to account for several factors known to be relevant for
drug disposition.*These include, for example, hepatic and
renal function, body composition, nutritional status, spe-
cific enzyme expression/activity, drug resistance, drug-
binding proteins, gender, age and prior or concomitant
medication and disease.

However, alternative dosing strategies are generally
lacking and approaches to manage chemotherapy toxicity
and/or therapeutic effects include alterations of dosage,
dosage intervals and/or administration duration, the use
of different drug formulations (eg, liposomal formulations
of doxorubicin) or analogue drugs (eg, cisplatin versus
carboplatin), and the use of supportive care (eg, mesna
with cyclophosphamide). For example, the common 3-
week cycle length was mainly based on the time an aver
age patient needs to recover from the myelosuppressive
effect from the previous course of chemotherapy to be
able to manage the next course.

Dose modifications according to organ
impairment

Renal and hepatic dysfunction

Renal and hepatic dysfunction in cancer patients can have

multiple causes. Examples that apply to both include
metastases, co-administered medication, organ dam-
age caused by drugs and/or radiotherapy, or pre-existing
intrinsic disease. Electrolyte disorders associated with
malignancy or tumour lysis syndrome may also affect
the kidneys, while renal hypoperfusion may be caused
by dehydration or bleeding, and obstruction to outflow by
blood clots, stones or tumour invasion of the kidney, ure-
ters or bladder. Hepatic conditions may include cirrhosis
in patients who misuse alcohol, or viral hepatitis. How-
ever, there are no standardised approaches for defining
organ dysfunction in patients with cancer and there is no
evidence on whether patients with tumour related organ
dysfunction should be treated differently than those with
pre-existing organ dysfunction. In addition, the informa-
tion on chemotherapy drug PK and PD in patients with
hepatic or renal dysfunction is usually limited. Chemo-
therapy doses are therefore most commonly reduced by
fractions, for instance 25% or 50%, based on the degree
of organ impairment and extent of hepatic or renal clear-
ance, and as recommended by local guidelines or the
drug Summary of Product Characteristics. There is little
evidence for individualised dose adjustments, although
two examples will be discussed below.

Routine tests

Routine tests used for assessing hepatic and renal func-
tion are not exact measures of organ function and not
necessarily accurate predictors of how the clearance of
specific drugs will be affected. Hepatic function is com-
monly assessed by measurement of the serum bilirubin
level and standard liver function tests (LFTs). In terms
of drug clearance, this can be seen as an oversimplified
strategy because although these biochemical indicators
reflect liver integrity and to some extent metabolic func-
tion, they do not necessarily reflect drug metabolising
capacity of liver enzymes. In the absence of more accu-
rate measures abnormal LFTs may still be sufficient to
determine when large dose reductions may be appropri-
ate and when hepatotoxic drugs should be completely
avoided. There are examples of studies which have
aimed to develop specific dose modification schemes for
patients with liver dysfunction. Dobbs et al.* observed a
relationship between raised asparate aminotransferase
(AST) and epirubicin clearance in women with breast
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cancer. This relationship was used in a dosage formula
in which the target area under the plasma concentra-
tion-time curve (AUC) was defined as the average AUC
measured in a group of women with normal liver tests,
and a prospective evaluation indicated that dosing based
on AST may reduce PK variability. .

In the assessment of renal function, the glomerular
filtration rate (GFR) is often estimated using creatinine
clearance prediction equations rather than being meas-
ured with gold standard tests such as isotopic or inulin
clearance, which may be unavailable or considered too
expensive. The disadvantage with methods based on cre-
atinine clearance is that the estimated GFR can be inac-
curate in many patients because:creatinine levels may
be affected by factors such as diet, drugs, age, obesity,
cachexia and diseases, for example malignancies.® Serum
creatinine is also insensitive to small changes in GFR and
there are interlaboratory differences in the calibration,
precision and accuracy of assays used to measure serum
creatinine levels. The various prediction equations have
consequently been reported to have suboptimal predic-
tive capabilities for ideal patient care and estimated GFR
may need to be used with caution when calculating dos-
age adjustments.® A well known example of dosage mod-
ification based on renal function is the case of carboplatin,
which will be discussed below.

In view of the limited data to support more individual-
ised dose modifications for patients with organ dysfunc-
tion in general, the actual determination of PK could be
considered the most accurate approach. Sub-therapeutic
test doses could guide the selection of therapeutic doses
for drugs with linear PK in order to obtain similar drug
exposure to that obtained in patients with “normal” organ
function. However, as discussed below, this approach
may not be practically feasible and a correlation between
exposure and clinical effects may not exist.

Dose modifications according to PK
The clinical effects of cancer chemotherapy drugs can, in
most cases, not be directly measured. Levels of toxicity
or PK measures for drugs and/or metabolites may there-
fore be used as surrogate markers, and the monitoring
of these is often mentioned as one approach to improve
chemotherapy dosing. Although these surrogate markers
have the advantage of being clinically measurable, their
relationships with clinical effects are however limited to
specific drugs and tumour types.® In cases where PK-PD
relationships exist, these may be further confounded by
patient and disease specific factors such as age, concom-
itant medication, differences in intra-tumour PK and drug
resistance. For example, elderly patients may have PD
alterations which are not reflected by any changes in PK.%
Examples of drugs for which the monitoring of plasma
drug concentrations (therapeutic drug monitoring; TDM)
and PK-guided dosing are commonly used in clinical prac-
tice include methotrexate and carboplatin. The TDM of
methotrexate is used to determine the dosage of folinic
acid, which is given to diminish the toxicity of methotrex-
ate, while carboplatin is dosed to achieve a pre-defined
AUC. The widely adopted Calvert-formula uses the cor
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relation between renal and total body clearance of carbo-
platin and GFR to calculate the dose required to achieve
this AUC (Dose = AUC x (GFR+25)).” Target AUC's are
normally recommended as 5 and 7mg/mL x min for pre-
viously treated and untreated individuals, respectively,
based on the relationship for AUC with therapeutic and
toxic effects.” Actual PK modelling is therefore not neces-
sary on a routine basis.

For most drugs real-time measurements and PK data
analyses would be required for PK-guided dosing, and
although this is achievable with advances in analytical
methods, this may not be practically and economically
viable. The monitoring of PK measures such as AUC
requires a number of blood samples, and to be feasible
in clinical practice, the approach is essentially depend-
ent on the development of limited sampling models. The
monitoring of PK measures may also have little benefit if
the optimal target PK measure is unknown, although it
still may be useful in some settings. For example, obese
patients frequently receive doses which are “capped” at
a BSA of 2-2.2 m? Doses are therefore reduced with-
out any evidence suggesting an increased exposure
compared with that in normal weight subjects. Recent
studies have shown that the clearance of several chem-
otherapy drugs is not reduced in obese patients and that
capping may result in suboptimal treatment outcomes.®
The comparison of drug disposition in obese and nor-
mal weight patients could therefore help inform dosage
recommendations even when the target exposure is
unknown.

In some cases possible changes in PK and/or PD can
be predicted by measuring or estimating the activity of
critical enzymes involved in the metabolism of particu-
lar drugs, and this can be used in attempts to manage
treatment toxicity. For example, dihydropyrimidine dehy-
drogenase (DPD) and uridine diphosphate glucuronosyl-
transferase 1A1 (UGT1A1) deficiencies can be measured
or detected with genotyping prior to 5-fluorouracil (5-FU)
and irinotecan treatment, respectively. Genetic polymor-
phism of DPD, the enzyme which catalyses the oxidation
of 5-FU, can result in varying degrees of deficiency and
complete DPD-deficiency can be lethal. Different tests
have been developed to identify patients with DPD-defi-
ciency before treatment, including the measurement
of DPD-activity in peripheral mononuclear cells, the
determination of the dihydrouracil-uracil (UH2-U) ratio in
plasma and the 2-"C-uracil breath test, similar to the
13C-urea breath test used to diagnose Helicobacter pylori
infection.®

Genetic polymorphisms in genes coding for other
drug metabolising enzymes, including the cytochrome
P450 (CYP) enzymes, also cause large differences in
drug metabolism and PK.

For example, when phenotyping hepatic CYP3A4 with
the "C-N-methyl-erythromycin breath test in patients
receiving docetaxel, enzyme activity was found to vary
more than twenty-fold while docetaxel clearance varied
nearly sixfold."® However, alternative dosing approaches
based on such findings have yet to be developed for rou-
tine use.
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: Conclusions PK-guided adaptive dosing methods can be useful to
‘ Dosing of chemotherapy drugs is complicated due to  standardise drug exposure within or between patients,
] their extreme toxic nature and variable PK and PD char  but the correlations between cancer chemotherapy drug

acteristics. Also, data on dose modifications in specific PK and PD are often poor or absent and may be affected
patient groups are often sparse. by many confounding factors. The determination of “tar
Patients receiving chemotherapy require careful get” exposures to cancer medicines is therefore not
assessment of organ function prior to, during and fol- straightforward. For some chemotherapy drugs the PK
lowing therapy. However, there is no common system  and PD are directly affected by the activity of certain drug
to define organ dysfunction in patients with cancer and metabolising enzymes which exhibit genetic variability,
the commonly used estimates of hepatic and renal  and the genotyping or phenotyping of these enzymes
functions have limitations. As a consequence, these  have the potential to contribute to more reliable and
need to be considered with reference to the full clini-  robust systems for dose modifications. M
cal picture. If treatment is tolerated following routine
empiric dose reductions, the escalation of subsequent
doses should also be considered. Toxicity is commonly
regarded as the most important effect to control, but
the risk of underdosing and reduced efficacy should be
given equal attention. In clinical practice it appears to
be more common to reduce doses or delay treatment 4. Dobbs NA et al. EurJ Cancer 2003;39:580-6.
in response to toxic effects than it is to increase the 5. Kaestner S, Sewell G. J Oncol Pharm Pract 2007;13:109-
dose-intensity when treatment is well tolerated. Trials 117
on adjuvant cyclophosphamide, doxorubicin and 5-FU in 6. Wildiers H et al. Clin Pharmacokinet 2003;42:1213-42.
breast cancer have shown that under-dosing may lead 7. Calvert AH et al. J Clin Oncol 1989;7:1748-56.
to an almost 20% relative reduction in disease-free sur- 8. Griggs JJ et al. Arch Intern Med 2005:165:1267—73.
vival."" Bonadonna et al." observed an even larger sur- 9. Mattison LK et al. Clin Cancer Res 2004,10:2652-8.
vival reduction in patients receiving less than 85% of the ~ 10. Baker SD et al. Clin Cancer Res 2004; 10:8341-50.
target doses of the cyclophosphamide, methotrexate  11. Budman DR et al. J Nat/ Cancer Inst 1998:90:1205-11.
and 5-FU regimen. 12. Bonadonna G et al. N Engl J Med 1995;332:901-6.

References

1. Pinkel D. Cancer Res 1958;18:853-6.

2. Freireich EJ et al. Cancer Chemother Rep 1966;50:219-44.
3. Kaestner S, Sewell G. Clin Oncol (R Coll Radiol)
2007;19:23-37.

ECALTA® (Anidulafungin) PRESCRIBING INFORMATION - UK
Please refer to the SPC before prescribing Ecalta

-y

-
Presentation: Each vial of Ecalta powder for concentrate for solution
for infusion contains 100 mg anidulafungin. The reconstituted solution
contains 3.33 mg/ml anidulafungin and the diluted solution contains 0.77
mg/ml anidulafungin. Indications: Treatment of invasive candidiasis in adult
nonneutropenic patients. Ecalta has been studied primarily in patients with
candidaemia and only in a limited number of patients with deep tissue Candida
infections or with abscessforming disease. Administration & dosage:
Treatment should be initiated by a physician experienced in the management
of invasive fungal infections. Ecalta should be reconstituted with water for
injections and subsequently diluted before use. Give a single 200 mg loading
dose by intravenous infusion on Day 1, followed by 100 mg daily thereafter.
Duration of treatment should be based on the patient's clinical response. In
general, antifungal therapy should continue for at least 14 days after the last
positive culture. There are insufficient data to support the 100 mg dose for
longer than 36 days of treatment. The IV infusion rate should not exceed 1.1
mg/minute (equivalent to 1.4 mi/min) to minimise infusion associated reactions.
Ecalta should not be administered as a bolus injection. Renal impairment:
No dose adjustment required. Ecalta is not dialysable and can be given
without regard to the timing of haemodialysis. Hepatic impairment: No dose
adjustment required. Children and adolescents (under 18 years of age): Not
recommended. Contra-indications: Hypersensitivity to anidulafungin, another
echinocandin or to any of the excipients. Warnings and precautions: The
efficacy of ECALTA in neutropenic patients with candidaemia and in patients
with deep tissue Candida infections or intra-abdominal abscess and peritonitis
has not been established. Patients with Candida endocarditis, osteomyelitis
or meningitis and known C. krusei infection have not been studied. Isolated
cases of significant hepatic dysfunction, hepatitis or worsening hepatic

failure have been reported. Monitor patients with increased hepatic enzymes
for evidence of worsening hepatic function and evaluate the risk/benefit of
continuing anidulafungin therapy. Care should be taken when co-administering
anidulafungin and anaesthetic agents. Patients with fructose intolerance
should not take Ecalta. Drug Interactions: Drug interaction studies confirmed
that no dose adjustment is required when Ecalta is coadministered with
ciclosporin, voriconazole, tacrolimus, amphotericin B or rifampicin. Also see
precautions above. Pregnancy and lactation: Ecalta is not recommended in
pregnancy. Use risk/benefit assessment in breast-feeding women. Side-
effects: Common (incidence 21/100 to <1/10) side effects are coagulopathy,
convulsion, headache, diarrhoea, vomiting, nausea, blood creatinine increased,
rash, pruritus, hypokalaemia, flushing and increased levels of alanine
aminotransferase, blood alkaline phosphatase, aspartate aminotransferase,
blood bilirubin and gammaglutamyltransferase. See SPC for other side effects.
Legal category: POM. Marketing Authorisation Number: EU/1/07/416/002.
Basic NHS cost: £299.99 per pack containing 1 vial of 100 mg anidulafungin
powder. Marketing Authorisation Holder: Pfizer Limited, Ramsgate Road,
Sandwich, Kent, CT13 9NJ, United Kingdom. Further information is available
on request from: Pfizer Limited, Walton Oaks, Dorking Road, Tadworth, Surrey,
KT20 7NS. Date of Preparation: September 2009. $
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