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Abstract

Purpose: Taxanes represent a group of anticancer drugs with a wide range of activity against breast cancer. Therapy side
effects include haematologic toxicity (neutropenia, leucopenia), peripheral neuropathy and hypersensitivity, and
demonstrate inter-individual variations. Since it is known that three genes are implicated in Taxane turnover, namely
ABCBL in the transport, CYP2C8 in the metabolism and CYP1B1 in the activity, we explored the association among
polymorphisms (SNPs) in these three genes and the occurrence of Taxane-induced toxicity.

Methods: We studied 95 patients affected by breast cancer and under treatment with Taxanes as adjuvant, metastatic or neo-
adjuvant therapy. We genotyped them for single nucleotide polymorphisms in the CYP2C8 (alleles *1, *2 *3 and *4),
CYP1B1 (alleles *1 and *3) and ABCB1 (1236 C>T; 2677 G>T/A, 3435 C>T) genes by Real-Time PCR assay.

Results: We observed a significant association between the CYP1B1*3 allele and a lower occurrence of hypersensitivity
reactions to Taxane treatment.

Conclusions: We speculate that the highest production of 4-hydroxyestradiol (4-OHE2) metabolite by CYP1B1*3 allele
could increase the formation of the 4-OHE2-Taxane adduct and possibly inhibit Taxane toxicity. We suggest that CYP1B1
might affect Taxane hypersensitivity therefore representing, if confirmed in a large cohort of patients, an exploratory

hypersensitivity predictive biomarker .
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NCI

rs

VARL1
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Cytochrome P450 superfamily
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National Cancer Institute

Reference cluster ID

Homozygous variant 1
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Introduction

Inter-individual differences in drug efficacy and toxicity, resulting in unpredictable therapy responses, are commonly
observed in all therapeutic areas, mainly in cancer therapy. In many cases such variability is linked to polymorphisms (or
single nucleotide polymorphisms, SNPs) in genes coding for drug-metabolizing enzymes. Nowadays, among anticancer
drugs, Taxanes are of particular interest because of their wide range of activity against breast cancer. Taxanes stabilize
microtubules at the mitotic spindle resulting in cell cycle arrest during mitosis and apoptosis [1]. Therapy-limiting side
effects include haematologic toxicity (neutropenia, leucopenia), peripheral neuropathy and hypersensitivity [2], which vary
considerably among patients. Even though several studies have focused on transporter and drug-metabolism genes, very
little progress has been made in the identification of pharmacogenetic markers for Taxane toxicity [3, 4]. Cellular toxicity
induced by Taxanes is likely to be controlled by the action of multiple gene products [4]: (i) the cytochrome P450 CYP2C8
which hydroxylates Taxanes as one of the primary routes of elimination [5, 6]; (ii) ABCB1 (ATP-binding cassette, sub-
family B (MDR/TAP), member 1) gene product P-glycoprotein which enables the elimination through hepatobiliary and
intestinal secretion of the parent drug [7]; (iii) cytochrome P450 CYP1B1, a tumour-related form of cytochrome P450 which
is over expressed in breast cancer and in a wide variety of primary tumours of different histological types [8, 9]. It has been
suggested that variability in expression and/or function of these proteins, caused by SNPs , may account for the inter-
individual differences in drug response and toxicity. The CYP2C8*2 and *3 variant alleles have been associated with in
vitro decreased metabolism of Paclitaxel [10]. On the contrary, clinical data failed to associate CYP2C8*3 allele with
Paclitaxel pharmacokinetics [11]. ABCB1 gene polymorphisms have been correlated with Paclitaxel pharmacokinetics,
clearance, response and toxicity, even though with inconsistent results [12-16]. However, no systematic data are available

on the role of these three genes variations in predicting the Taxane-induced toxicity.

In the present study, we retrospectively evaluated whether known variant alleles of CYP2C8 (416 G>A; 792 C>G; 805
A>T; 1196 A>G), ABCB1 (1236 C>T; 2677 G>T/A; 3435 C>T) and CYP1B1 (4326 C>G) genes are associated with the
Taxane-induced toxicity in adult Caucasian breast cancer patients. The polymorphisms assessed in this study were selected
on the basis of previously described associations [17, 18] We enrolled 95 patients affected by breast cancer and under
treatment with Taxanes as adjuvant, metastatic or neo-adjuvant therapy. We observed a significant association between the
CYP1B1*3 allele and a lower occurrence of hypersensitivity reactions to Taxane treatment. We speculate that the highest

production of 4-hydroxyestradiol (4-OHEZ2) estrogen metabolite by CYP1B1*3 allele could increase the formation of the 4-
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OHE2-Taxane adduct [19], reducing Taxane toxicity. This could explain the implication of the CYP1B1*3 allele in

protecting from the hypersensitivity reaction.

We therefore suggest that the CYP1B1 4326 C/G genotype may influence Taxane-induced hypersensitivity and may

represent, if confirmed in a large patients cohort, an exploratory hypersensitivity predictive biomarker.



Materials and Methods

1. Patient selection.

Our retrospective analysis was based on 95 eligible patients with histologically confirmed diagnosis of breast cancer treated
with Taxane-based chemotherapy at the Oncology Unit of St. Anna Hospital of Ferrara. From October 2008 to December
2009 we recruited patients who had received Docetaxel or Paclitaxel either as adjuvant, locally advanced or metastatic
treatment.

The study protocol was approved by the local ethical review boards, and all patients provided written informed consent

before study entry. The patient baseline characteristics are reported in Table 1.

2. Drug administration.

Paclitaxel (Anzatax®) was administered at the standard dose of 80 mg/m? infused i.v. over 1 h weekly and Docetaxel
(Taxotere®-Sanofi Aventis) was administered at the dose of 75 or 100 mg/m? infused i.v. over 1 h every three weeks. All
patients received a standard premedication with corticosteroids. All patients but two underwent a previous or combined

treatment with other cytotoxic drugs including anthracyclines.

3. Toxicity evaluation.

This study focused on Taxane-dependent haematologic, neurologic and hypersensitivity adverse events. These toxicities
were graded according to National Cancer Institute (NCI) Common Toxicity Criteria, version 3.0 [20]. In our series of 95
patients we observed paclitaxel-associated hypersensitivity reactions in three of twenty-five patients treated with this agent
(12%) and docetaxel-associated hypersensitivity reactions in twenty of seventy patients who underwent this therapy (28%).
The hypersensitivity reactions were characterized by acute dyspnea, flushing of the face, chest constraint, hypotension and
rash.

Nine patients developed an acute hypersensitivity reaction at the beginning of the first infusion of Taxane-based
chemotherapy; therefore these cases were not evaluated for haematologic and neurologic toxicity. We observed grade 3
neutropenia in seven cases treated with Paclitaxel and in five cases treated with Docetaxel, and grade 4 neutropenia in two
cases treated with Paclitaxel and in seventeen cases treated with Docetaxel. As regards neurotoxicity, we observed a grade 1
sensory neuropathy in one patient who received Paclitaxel and six cases of grade 2, two treated with Docetaxel and four
with Paclitaxel. The Taxane-dependent adverse events that we observed in our series are resumed in Table 2; the toxicities

reported were reversible at the suspension of the treatment.



4. Pharmacogenetic analysis.

Genomic DNA was purified from 1 ml of peripheral blood using the BioRobot Universal System (Qiagen, Disseldorf, DE)
following the manufacturer’s instructions. SNPs in CYP2C8, CYP1B1 and ABCBI (Table 2) were analyzed using pre-
custom Real-Time PCR assays (Applied-Biosystems, CA, USA) (Table 3), following the manufacturer’s instructions.
Briefly, 50 ng of genomic DNA were amplified on Real Time 7900HT apparatus (Appled-Biosystems CA, USA) in a final
reaction volume of 25ul with 12.5 ul of TagMan Universal PCR Master Mix and 1.25 ul of TagMan Drug Metabolism
Genotyping Assay Mix (Table 3). The amplification was performed with one hold at 50°C for 2 minutes, one hold at 95°C
for 10 minutes and 50 cycles at 92°C for 15 seconds and 60°C for 90 seconds. The analysis was performed with an endpoint

plate read using an Applied Biosystem Sequence Detection System.

5. Statistical evaluation

Hardy-Weinberg equilibrium was assessed on genotype-frequencies. The significance of differences in allele frequencies
and genotypes between patients with or without toxicity events was calculated using generalized Pearsons’s X? test (the P
values for the two-sided exact significance are presented) and the Bonferroni’s correction for multiple comparisons (pc).
Confirmation of significant associations was performed by logistic regression analysis (STAT View software). The values of

P < 0.05 were considered as significant.



Results

Genomic DNA from 95 adult Caucasian patients with breast cancer diagnosis and with a mean age of 57 +/- 10 years
(Table 1) was genotyped. Eight SNPs in three genes of known relevance for Taxane turnover were analyzed (Table 3). The
allele frequencies for CYP2C8*2, CYP2C8*3, CYP2C*4, CYP1B1*3 and ABCB1 3435C>T, 2677 G>T/A, 1236 C>T
genotypes are reported in Table 4. All genotype frequencies were found to be in Hardy-Weinberg equilibrium (Table 4).
For one SNP in the CYP2C8 gene (CYP2C8*2, 805 A>T), no variant allele was observed, as expected based on previously
published data obtained from Caucasian individuals [10].

Using X? analysis, no significant association was found with ABCB1 and CYP2C8 alleles and toxicity reactions (Table 5).
On the contrary, the presence of the CY1B1*3 allele in heterozygosity (Table 5: p.: 0.00008) (OR: 0.1361; CI 95%: 0.0494-
0.3752) or in homozygosity (p= 0.0024; pc= 0.0144) decreases the risk of hypersensitivity. The logistic regression analysis
confirmed the significant association between the presence of the CYP1B1*3 allele and decreased hypersensitivity without

any implication of all the other variables (Table 6).



Conclusions

In this pilot study, we investigated whether the toxicity induced by Taxane treatment could depend on the genetic variability
of CYP2C8, CYP1B1 and ABCBL1 genes.

Our results confirm the absence of an association among CYP2C8 and ABCB1, and Taxane-dependent toxicity [21]. We did
not find any association among the eight SNPs studied and haematologic and neurologic toxicity but, intriguingly, we
observed a significant association between CYP1B1*1 allele and hypersensitivity reactions. CYP1B1 is an enzyme which
catalyzes the extrahepatic 4-hydroxylation of 17h-estradiol into the less active metabolite, 4-OHE2 (4-hydroxyestradiol)
that has a potential carcinogenic effect [22]. CYP1B1 expression is particularly high in hormone-mediated cancers such as
breast cancer [23] and it has been suggested a possible implication in the carcinogenic process [24]. We identified a 7 times
increased risk of hypersensitivity reactions (OR= 7.35; Cl 95%: 2.6664-20.2604) in patients homozygous for the CYP1B1*1
allele; on the contrary the CYP1B1*3 allele in heterozygosity or in homozygosity decreases the risk of hypersensitivity.
These data are in agreement with the suggested role of CYP1B1 4326 C>G polymorphism in Taxane toxicity. Taxanes are
not metabolized by CYP1B1 but they bind the enzyme [25]. The CYP1B1*3 allele is associated with increased CYP1B1
MRNA expression [26], catalytic activity [27 - 29], higher affinity for Taxanes reducing the availability of active drug and
possibly its toxicity. Our results sustain these data, reporting the implication of CYP1B1 in the Taxane-induced
hypersensitivity. We can speculate that the increased production of 4-OHE2 metabolite due to CYP1B1*3 allele could create
an adduct which inhibits the Taxane toxicity [19]. CYP1B1 seems to encode an enzyme with a role in controlling
hypersensitivity.

The possibility to identify the subjects with an increased risk of hypersensitivity could help in the clinical effort to deliver a
personalized medicine. Moreover our results are important in understanding the molecular mechanisms and the
physiopathological bases causing Taxane-associated hypersensitivity reactions with implications in the development of
Taxane formulations that minimize the risk or optimize the premedication regimen, not only for breast cancer but possibly

for all the solid tumors treated with Taxanes.

Our pilot study demonstrates a proof of principle of CYP1B1 haplotype role to be further exploited in a larger patients’
cohort. However, supporting our hypothesis is the very highly significant p value we have found related to the small

populations studied, as well as the pathophysiological hypothesis.



In conclusion our results suggest that the CYP1B1(4326 C>G) could be used as exploratory biomarker predicting the risk of
Taxane-induced hypersentivity reactions and is valuable to be further confirmed and possibly proposed as pharmacogenetic

biomarker facilitating personalized treatment for Taxanes therapy with reduced adverse effects.
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Table 1. Baseline patients characteristics.

Characteristics

Patients (95)

N (%)
Mean age +/-SD 57 +/-10
(years)
Sex 94 female; 1 male
Hystotype
ductal 62 (65%)
lobular 14 (15%)
mixed 8 (9%)
apocrine 6 (6%)
medullary 1 (1%)
micropapillar 2 (2%)
metaplastic 1 (1%)
poorly differentiated adenocarcinoma 1(1%)
Taxane-based chemoterapy
Paclitaxel 25 (26%)
Adjuvant 2 (2%)
Locally advanced disease 2 (1%)
Metastatic disease 21 (23%)
Docetaxel 70 (74%)
Adjuvant 50 (53%)
Locally advanced disease 6 (6%)
Metastatic disease 14 (15%)
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Table 2. The Taxane-dependent toxicities®

Haematologic toxicity (NCI) Patients (95)
Neutropenia grade N (%)
3 12 (14%)
4 19 (22%)
Neurotoxicity (NCI)
Sensory neuropathy grade
1 1 (1%)
2 6 (7%)
3 0
4 0
Hypersensitivity reaction
Present 23 (24%)
Absent 72 (76%)

*Toxicity was evaluated accordingly to National Cancer Institute (NCI) Common Toxicity Criteria, version 3.0 [20].
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Table 3. Real-Time PCR assays

Polymorphism? Nomenclature Effect® rs° Real-Time PCR assay®
ABCB1 1236 C>T NA G412G 11285503 C_7586662

ABCBL1 2677 G>T NA A893S 2032582 C_11711720D

ABCB1 2677 G>A NA A893S 2032582 C_11711720C

ABCB1 3435 C>T NA 111451 1045642 C_7586657

CYP2C8 416 G>A CYP2C8 *3 R139K 11572080 C_25625794

CYP2C8 792 C>G CYP2C8 *4 1264M 1058930 C_25761568

CYP2C8 805 A>T CYP2C8 *2 1269F 11572103 C_30634034

CYP2C8 1196 A>G CYP2C8 *3 K399R 10509681 C_25625782

CYP1B1 4326 C>G CYP1B1 *3 L432V 1056836 C_3099976

Abbreviations: NA, not applicable.
®Number represents position in nucleotide sequence.
Number represents amino acid codon.

¢ Reference cluster ID.

d Applied-Biosystems pre-custom Real-Time PCR.
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Table 4. Genotype and allele frequencies for the studied variant genes.

Polymorphism? Nomenclature Effect® Genotype frequencies® Allele frequencies®
VAR1>VAR2

VARL HT VAR2 p q
ABCB1 1236 C>T NA G412G  32(34) 39(41) 24(25) 0.54 0.45
ABCBL1 2677 G>T/A NA A893S 26 (27) 43(46) 26 (27) 0.5 0.5
ABCB1 3435 C>T NA 111451  23(24) 41(43) 31(33) 0.46 0.54
CYP2C8 416 G>A CYP2C8 *3 R139K 73 (77) 22(23) 0(0) 0.88 0.12
CYP2C8 792 C>G CYP2C8 *4 1264M  83(87) 12(13) 0(0) 0.94 0.06
CYP2C8 805 A>T CYP2C8 *2 I269F 95 (100) 0 (0) 0 (0) 1 0
CYP2C8 1196 A>G CYP2C8 *3 K399R 58(61) 30(30) 7(7) 0.77 0.23
CYP1B1 4326 C>G CYP1B1 *3 L432V 34 (36) 41 (43) 20 (21) 0.57 0.43

Abbreviations: VARL, homozygous variant 1; HT, heterozygous ; VAR2, homozygous variant 2; NA, not applicable.
®Number represents position in nucleotide sequence.

®Number represents amino acid codon.

“Number represents number of patients with percentage in parenthesis.

Hardy-Weinberg notation for allele frequencies (p, frequency for wild-type allele; g, frequency for variant allele).



Table 5. Uncorrected p values from X? analysis.

Polymorphism? Nomenclature Effect” Haematologic Neurotoxicity —Hypersensitivity
ABCB1 1236 C>T NA G412G  0.8838 0.0618 0.8693

ABCBL1 2677 G>T/A NA A893S  0.6961 0.1286 0.0735

ABCB1 3435 C>T NA 111451  0.7047 0.6034 0.4147

CYP2C8 416 G>A CYP2C8 *3 R139K 0.3677 0.6664 0.4632

CYP2C8 792 C>G CYP2C8 *4 1264M  0.5526 0.9788 0.0914

CYP2C8 805 A>T CYP2C8 *2 1269F NA NA NA

CYP2C8 1196 A>G CYP2C8 *3 K399R 0.6898 0.4283 0.7447

CYP1B1 4326 C>G CYP1B1 *3 L432V  0.5369 0.2328 <0.00001**

Abbreviations: NA, not applicable.
®Number represents position in nucleotide sequence.
Number represents amino acid codon.

**This association passes the treshold for selection after correction for multiple testing.
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Table 6. Logistic regression for hypersensitivity.

Indipendent Variables p
Age 0.1141
Hystotype 0.8410
Metastatic/adiuvant 0.5422
ABCB1 1236 C>T 0.3977
ABCB1 2677 G>T/A 0.1704
ABCB1 3435 C>T 0.9926
CYP2C8 416 G>A 0.8204
CYP2C8 792 C>G 0.1122
CYP2C8 805 A>T NA
CYP2C8 1196 A>G 0.6858
CYP1B1 4326 C>G 0.0015**

Abbreviations: NA, not applicable.
**This association passes the threshold for selection after correction for multiple testing.



