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COMMENTARY
Can cytidine deaminase be used as predictive biomarker for
gemcitabine toxicity and response?
Cytidine deaminase (CDA) plays an important role in the degradation of

cytidine analogues,1 such as gemcitabine, cytarabine (ara‐C), azacytidine,

and aza‐2′‐deoxycytidine, which are widely used for the treatment of

several solid and haematological malignancies. Moreover, it activates

capecitabine metabolism resulting in 5‐fluorouracil (5FU). CDA plays an

important role in the pharmacokinetics of these analogues; Yonemori

et al2 demonstrated that a deficiency of CDA due to a specific polymor-

phisms would lead to excessive toxicity, while Bengala et al3 demon-

strated that both a high expression and activity of CDA in blood cells

were associated with an increased degradation of gemcitabine and a

lower response rate in patients with pancreatic cancer. Briefly, a lower

CDA activity will lead to a decreased gemcitabine deamination to 2′,

2′‐difluoro‐2′‐deoxyuridine (dFdU), resulting in increased plasma

gemcitabine concentrations in these patients.1-3 Thus, systemic CDA is

critical for the therapeutic efficacy of gemcitabine. CDA was determined

by evaluation of its gene expression and activity in white blood cells, but

also by genetic polymorphisms. Certain polymorphisms (such as CDA

Lys27Gln) are associated with a decreased red blood cell CDA activity,4

but there was a large overlap in enzyme activities. In their paper, Cohen

et al5 showed that the c.‐33_‐31delC SNP contributed only 4.1% to the

variation in CDA activity. Although significant, this does not seem rele-

vant considering the much larger contribution of, eg, neutrophil count

(24.8%). These data raised the question which assay should be used to

determine CDA in patients: a genotypic assay such as SNPs or gene

expression, or a phenotypic assay such as an activity assay in a blood

compartment. Since cytidine analogues are widely used, a simple test

would be preferred. Moreover, inflammation results in a large variation

of CDA activity, leading to the hypothesis that CDA may be a marker

of rheumatoid arthritis.6 Because the variation induced by inflammation

may be larger than that caused by a genotype, a phenotypic assay mea-

suring enzyme activity to evaluate fluctuations in CDA activity would

be preferable over a genomic assay. Cohen et al5 described an indepen-

dent cross‐validation of a phenotypic assay, earlier developed by

Ciccolini et al.7

CDA activity can be measured using several methods. The natural

substrates for CDA are cytidine and deoxycytidine, while many cytidine

analogues are excellent substrates as well, although they show different

enzyme kinetics. Classical assays used a radioactive substrate, which in
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our hands gave similar results as HPLC assays. However, both types of

assays cannot always be performed since radioactive assays require cer-

tified laboratories and HPLC assays specific equipment. Therefore,

Ciccolini et al7 developed a simple 96‐well–based assay using cytidine

as a substrate, which is suitable for laboratories with standard equipment

including a 96‐well plate reader. The assay was predictable for toxicity

and was cross‐validated between several laboratories within an

EORTC‐PAMM (Pharmacology andMolecular Mechanism) group collab-

oration by comparing different blood compartments and exchange of

samples.8 From these studies, it became clear that the type of the assay,

the substrate, the source of the enzyme, and quantification of the protein

are of ultimate importance.8

The strength of the paper by Cohen et al5 is that they applied the

simplified CDA assay outside the EORTC‐PAMM framework and

investigated a number of additional potential variables. The data con-

firmed the robustness of the assay in an independent laboratory, and

they observed a similar variation in CDA enzyme activity, as described

earlier through the Marseille‐Amsterdam‐Nice collaboration.1,8 This is

an important finding since in principle, this qualifies the CDA assay for

a general application to select patients with either an overexpression

or deletion of CDA. Recently, Tibaldi et al9 applied the HPLC assay

(using gemcitabine as a substrate) to prospectively validate CDA as a

marker for gemcitabine's efficacy in patients with non–small‐cell lung

cancer treated with a gemcitabine combination. In that paper, the

HPLC assay was compared again to the 96‐well CDA assay resulting

in similar conclusions.

The Cohen paper5 also identified a number of important aspects

which need validation in a larger prospective study. They demonstrated

the importance of malnutrition and of inflammation by showing a

relation with neutrophil count in samples of patients, before and during

treatment. This aspect needs to be investigated in more detail since

many patients receiving gemcitabine therapy as well other cytidine

analogues (including capecitabine, which is activated by CDA) suffer

from haematological toxicity and various effects on haematopoietic

subpopulations, which may have different CDA activities. This means

that pretreatment levels of CDA will be helpful to determine the

starting dose, but monitoring CDA activity during treatment may also

help to determine whether the dose of the cytidine analogues should
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be increased or decreased. It is not clear from their paper whether the

increased CDA activity is due to differences in CDA activity in various

haematopoietic subpopulations, such as an increased proportion of

young immature erythroblasts. It is also not clear whether the CDA

activity in the different haematopoietic lineages varies. This is an

important feature which should be addressed to in future studies using

CDA as a tool in selecting the correct dose of the cytidine analogue.

How to proceed with CDA testing? When taking all the data

together, it is obvious that a low CDA activity is associated with

altered gemcitabine pharmacokinetics (increased exposure), resulting

in a high toxicity of cytidine analogues. Toxic deaths have been

observed for both gemcitabine and ara‐C. This pattern seems similar

to dihydropyrimidine dehydrogenase (DPD, DPYD) testing for patients

treated with 5FU or capecitabine. The first evidence for a relationship

between DPD and 5FU toxicity was published more than 30 years

ago, and it was suggested by us and others in the previous century

that DPD testing would enable the selection of DPD deficient patients

which should then either receive a lower dose or an alternative.

Although the direct DPD activity assay is too complicated to be used

on a large scale, a surrogate phenotyping test (ie, monitoring of plasma

uracil, the natural substrate for DPD, and/or the uracil/dihydrouracil

ratio) could meet this requirement. In addition, a recent prospective

study combining several DPYD genotypes enabled the selection of

patients at risk for increased toxicity, to reduce the dose of 5FU or

capecitabine.10 Since a phenotypic activity assay is more accurate in

predictive drug metabolism, we propose here that a phenotypic study

should be performed in which CDA activity is prospectively being

determined before and during therapy (eg, 1 week before each new

cycle of gemcitabine) with gemcitabine or ara‐C (and other cytidine

analogues, which will require a different cut‐off point). Patients with

an activity below the cut‐off level should then be treated with a lower

gemcitabine or ara‐C dose, depending on the CDA activity. The study

by Cohen et al demonstrates that assaying CDA at different laborato-

ries is robust and can be performed on a timely basis.
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