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Aims To examine the relationship between cytochrome P450 2C19 (CYP2C19)

genotype and expressed metabolic activity in 16 patients with advanced metastatic

cancer.

Methods Individual CYP2C19 genotypes were determined by PCR-based ampli®ca-

tion, followed by restriction fragment length analysis, and compared with observed

CYP2C19 metabolic activity, as determined using the log hydroxylation index of

omeprazole.

Results All 16 patients had an extensive metabolizer genotype. However, based on the

antimode in a distribution of log omeprazole hydroxylation indices from healthy

volunteers, four of the patients had a poor metabolizer phenotype and there was a

general shift of the remaining 12 patients towards a slower metabolic phenotype. This

suggests a reduction in metabolic activity for all patients relative to healthy volunteers.

A careful analysis of patient medical records failed to reveal any drug interactions or

other source for the observed discordance between genotype and phenotype.

Conclusions There are no previous reports of a `discordance' between genotype and

expressed enzyme activity in cancer patients. Such a decrease in enzyme activity could

have an impact on the ef®cacy and toxicity of chemotherapeutic agents and other

drugs, used in standard oncology practice.
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Introduction

Genetic polymorphisms have been identi®ed for several

cytochromes P450 (CYPs) and their activity falls into two

clearly de®ned and qualitatively different populations:

individuals whose rate and extent of metabolism is poor

(poor metabolizers, PMs) and those who have faster or

more extensive metabolism (extensive metabolizers, EMs).

One such enzyme is CYP2C19, which metabolizes a

number of clinically important drugs [1, 2]. In healthy

individuals, CYP2C19 genotype normally predicts

CYP2C19 phenotype [1, 3].

It has been shown that changes in the relative levels and

activities of metabolizing enzymes may occur due to

dietary factors, environmental factors, drug interactions,

and disease status [4±7]. Despite this understanding, the

effects of advanced cancer on drug metabolism have not

been carefully studied, even though any change could

have a considerable impact on clinical ef®cacy and

toxicity. This study investigates the relationship between

CYP2C19 genotype and phenotype in 16 patients with

advanced cancer.

Methods

Fourteen Caucasian (eight male, six female) and two

African American (one male, one female) patients with

advanced cancer (Table 1), were recruited into the study,

approved by the Georgetown University Institutional

Review Board and all gave informed consent. Using

a single blood sample, CYP2C19 genotypes were

determined by PCR-based ampli®cation followed by
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restriction fragment length analysis. CYP2C19 phenotypes

were determined using omeprazole (OM) as a probe drug

[1]. Concentrations of OM and its 5k-hydroxymetabolite

(OH-OM) were measured in plasma 2 h after oral

administration of OM (20 mg), and log OM hydroxyla-

tion indices (log10 [OM]/[OH-OM]) were calculated.

Frequency distribution analysis was performed using log

OM hydroxylation indices. Access to patient medical

records allowed a detailed analysis of clinical status and

medications taken before, at the time, and after

phenotyping.

A previous OM study [1] involving 77, mainly

Caucasian, healthy volunteers generated a reference

population. Normit plots were constructed to determine

the antimode in the frequency distribution of CYP2C19

metabolic ratios in the reference population. An index of

<1 was taken to correspond to an EM phenotype while

an index of i 1 corresponded to a PM phenotype [1].

Results

All 16 cancer patients in our study were found to have an

EM genotype (Table 1), which was expected since only

3% of a Caucasian population possess a PM genotype [1].

However, four of the patients (25%) were found to have

an OM hydroxylation index of i 1, indicative of a PM

phenotype in healthy volunteers.

In the reference population, a bimodal distribution of

CYP2C19 metabolic ratios was observed (antimode =
1.0) (Figure 1a) and the major portion of these subjects

had a log OM hydroxylation index of between x0.55 and

0.4. None of the 16 cancer patients had an index of below

Table 1 Results from patient medical charts.

Patient Genotype

Log OM-OH

index

Primary

cancer Metastases AST ALT BT BD

Alkaline

phosphatase LDH Albumin

1 *2/wt 1.41 Lung Liver,

kidney,

brain

X
*

X
*

N/A N/A X
*

Y
*

Y
*

2 wt/wt 1.28

3 wt/wt 1.14 Lung Pleura X X N/A u X u
*

u

4 wt/wt 1.04 Unknown Liver,

bone,

duodenum,

adrenal

u u u u X X Y
*

5 *2/wt 0.98 Colon Liver, lung,

spleen

X Y u u X
*

X
*

Y

6 wt/wt 0.94 Lung Pleura X X u u X X
*

u

7 wt/wt 0.91 Unknown Lung, bone,

breast, brain

X Y u u X X u

8 wt/wt 0.90 Lung Liver, bone u Y u u X
*

XY Y

9 *2/wt 0.80 Breast Lung, bone,

brain

Y Y u u XY u
*

Y

10 wt/wt 0.70 Lung Pleura X X u u XY XY
*

Y

11 wt/wt 0.63 Unknown Liver N/A N/A u u N/A N/A N/A

12 *2/wt 0.54 Stomach Kidney N/A N/A N/A N/A N/A N/A N/A

13 wt/wt 0.49 Pancreas Liver N/A N/A N/A N/A N/A N/A N/A

14 wt/wt 0.46 Breast Liver, lung,

pleura

XY
*

u u u XY
*

XY
*

Y

15 wt/wt 0.34 Oesophagus Liver Y X u u XY X
*

XY

16 wt/wt 0.32 Colon Liver,

rectum,

lung

N/A N/A N/A N/A N/A N/A N/A

No medical records were available for patient # 2. AST = aspartate aminotransferase, ALT = alanine aminotransferase, BT = total bilirubin, BD =
bilirubin direct, LDH = lactate dehydrogenase. X Increasing at time of phenotyping, Y Decreasing at time of phenotyping, u Stable at time of

phenotyping, XY Fluctuating around the time of phenotyping. * Levels out of normal range; where this is absent, levels are within the normal range.

N/A=No data available at the time of phenotyping.
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0.32 (Figure 1b), suggesting reduced metabolic activity. A

Wilcoxon Signed-Rank test demonstrated that the log

OM hydroxylation index, and thus CYP2C19 activity,

differed signi®cantly in our cohort of advanced cancer

patients with an EM genotype as compared with members

of the reference population with an EM genotype

(P<0.0001). Thus, the distribution of CYP2C19 meta-

bolic indices from advanced cancer patients has either lost

the bimodality seen in healthy individuals or has an

antimode much greater than 1.0.

Discussion

No two patients had received the same anticancer therapy

and none of the patients was receiving any known

CYP2C19 inhibitors. Thus, no one drug could be

identi®ed as the source of the observed reduction in

CYP2C19 activity. In addition to the CYP2C19-

mediated 5-hydroxylation of omeprazole, CYP3A4-

mediated sulphoxidation of both omeprazole and hydro-

xyomeprazole also occurs [8, 9]. Therefore, although not

clearly shown to date, it may be expected that any changes

in CYP3A4 activity could in¯uence the [OM]/[OH-OM]

ratio through an effect on the sulphoxidation of

hydroxyomeprazole. None of the patients was receiving

any known CYP3A4 inducers or inhibitors.

Analysis of patient medical charts was possible for 15 of

the 16 patients. Seven of the patients with the greatest

reduction in metabolic activity had increasing alkaline

phosphatase levels at the time of phenotyping. However,

no other trend was evident. Indeed, clinical markers

indicated that renal and liver functions were normal in the

majority of cases and although two patients had hepatitis,

none had liver cirrhosis. The impact of primary liver

cancer or liver metastases on hepatic function has not been

clearly determined, and may even lead to increased CYP

expression/activity [7].

The mechanism of cancer-related effects on drug

metabolism is uncertain. Increased levels of cytokines

have been observed in patients with progressive cancers

[10, 11], and cytokines such as TNFa and IL-6 have been

associated with reduced CYP-mediated drug metabolism

in humans [12]. Other tumour-or host-related factors have

been implicated in cancer progression, such as a proteolysis

inducing factor [13, 14] and may affect enzyme expression.

This is the ®rst study to report a discordance between

genotype and phenotype in terminally ill cancer patients.

Since CYP2C19 is involved in the metabolism of

cyclophosphamide, the observed reduction in CYP2C19

activity in cancer patients is a clinically relevant ®nding

[15]. The observed reduction in metabolic activity may

re¯ect changes in other clinically important drug

metabolizing enzymes, such as CYP3A. This could have

considerable impact on the clinical ef®cacy and toxicity of

many therapeutic agents. Thus, phenotype to genotype

correlations, using the healthy population as a reference

standard, may be a means to monitor changes in drug

metabolizing enzyme activity caused by diseases such as

cancer.
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Figure 1 Frequency distribution and normit of the CYP2C19
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