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Abstract
Introduction: Cyclophosphamide-based adjuvant chemotherapy is a mainstay of treatment for women with node-
positive breast cancer, but is not universally effective in preventing recurrence. Pharmacogenetic variability in drug 
metabolism is one possible mechanism of treatment failure. We hypothesize that functional single nucleotide 
polymorphisms (SNPs) in drug metabolizing enzymes (DMEs) that activate (CYPs) or metabolize (GSTs) 
cyclophosphamide account for some of the observed variability in disease outcomes.

Methods: We performed a retrospective cohort study of 350 women enrolled in a multicenter, randomized, adjuvant 
breast cancer chemotherapy trial (ECOG-2190/INT-0121). Subjects in this trial received standard-dose 
cyclophosphamide, doxorubicin and fluorouracil (CAF), followed by either observation or high-dose 
cyclophosphamide and thiotepa with stem cell rescue. We used bone marrow stem cell-derived genomic DNA from 
archival specimens to genotype CYP2B6, CYP2C9, CYP2D6, CYP3A4, CYP3A5, GSTM1, GSTT1, and GSTP1. Cox regression 
models were computed to determine associations between genotypes (individually or in combination) and disease-
free survival (DFS) or overall survival (OS), adjusting for confounding clinical variables.

Results: In the full multivariable analysis, women with at least one CYP3A4 *1B variant allele had significantly worse 
DFS than those who were wild-type *1A/*1A (multivariate hazard ratio 2.79; 95% CI 1.52, 5.14). CYP2D6 genotype did 
not impact this association among patients with estrogen receptor (ER) -positive tumors scheduled to receive 
tamoxifen.

Conclusions: These data support the hypothesis that genetic variability in cyclophosphamide metabolism 
independently impacts outcome from adjuvant chemotherapy for breast cancer.

Introduction
Women with node-positive breast cancer typically
receive cyclophosphamide-based adjuvant chemother-
apy, but a significant proportion of these women relapse
and ultimately die of their disease. A growing body of lit-
erature suggests that individual variability in drug metab-
olism impacts pharmacodynamics and subsequent

efficacy [1]. Functional single nucleotide polymorphisms
(SNPs) in drug metabolizing enzymes (DMEs) are a
major determinant of this variability [2].

Cyclophosphamide is administered as an inactive prod-
rug that must undergo activation through phase I metab-
olism by cytochrome P450 (CYP) enzymes 2B6, 3A4,
3A5, and 2C9 and phase II inactivation primarily through
conjugation with a thiol or sulfate via glutathione S-trans-
ferases (GSTs) alpha, mu, theta or pi as shown in Figure 1.
The active metabolite, 4-hydroxy-cyclophosphamide dif-
fuses into cancer cells [3] and is responsible for cyclo-
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phosphamide's alkylating ability [4,5]. Functional SNPs in
these enzymes impact enzyme activity and metabolite
levels. Several small prior studies, including our own,
support the hypothesis that functional SNPs in these
phase I and phase II enzymes impact clinical outcome in
breast cancer [6-8].

To further evaluate this hypothesis, we examined
whether cyclophosphamide-DME SNPs were indepen-
dently associated with disease-free or overall survival
(DFS, OS) in a cohort of women enrolled in a multicenter,
randomized, adjuvant breast cancer chemotherapy trial.

Materials and methods
We performed a retrospective cohort study utilizing
genomic DNA derived from hematologic circulating or
bone-marrow-derived stem cells and clinical data from
breast cancer patients enrolled on Intergroup Trial 0121
(E2190/SWOG9061/CALGB 9496), a multicenter trial of
high dose vs. standard dose adjuvant chemotherapy.
Patients were included in the current study if they were
enrolled in INT-0121, informed consent was confirmed,
and archival peripheral blood or bone marrow stem cells
were available for genomic DNA extraction and subse-

Figure 1 Cyclophosphamide metabolism.
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quent genotyping. This study is in compliance with the
Helsinki Declaration and was performed with the
approval of the University of Pennsylvania Institutional
Review Board and the Eastern Cooperative Oncology
Group (ECOG) Executive Committee.

Results of E2190/INT-0121 trial have been published
previously [9]. Briefly, 540 patients with ≥10 positive
lymph nodes received conventional adjuvant therapy
with four cycles of cyclophosphamide (C; 100 mg/m2,
orally, Days 1 to 14), doxorubicin (A; 30 mg/m2, intrave-
nously, Days 1, 8), and fluorouracil (F; 500 mg/m2, intra-
venously, Days 1, 8) followed by randomization to either
observation or receipt of high-dose chemotherapy (HDC:
cyclophosphamide (6 gm/m2) and thiotepa (800 mg/m2)
over a four-day period) with hematopoietic stem cell
reinfusion. Adjuvant tamoxifen was recommended for
patients with estrogen receptor (ER) positive tumors,
although receipt of this medication was not tracked in the
study database.

The protocol specified hematopoietic stem cell collec-
tion at the completion of standard CAF for all patients on
the study. Specimens not utilized for autologous reinfu-
sion were stored at -80 C at the ECOG Pathology Core
Facility (Chicago, IL, USA). The original INT-0121 con-
sent form included language specifying that residual bio-
logical specimens would be used for future breast cancer
research. The ECOG Statistical Center (Boston, MA,
USA) performed additional follow-up and de-linked
patient identifiers from the clinical data used in this anal-
ysis. The primary endpoint for this study was DFS,
defined as time from randomization to earliest recur-
rence, new breast cancer, or death. The secondary end-
point was overall survival, defined as time from
randomization to death [9]. All survival times were cen-
sored at time of last contact or on 1 August 2005 if sub-
jects were alive and disease-free at that time.

We selected 15 SNPs (CYP2B6*4, CYP2B6*5,
CYP2B6*6, CYP2B6*7, CYP2B6*9, CYP2C9*2,
CYP2C9*3, CYP3A4*1B, CYP3A5*3, CYP3A5*6,
CYP2D6*4, GSTM1, GSTT1, GSTP1*B, GSTP1*C) in
eight genes for inclusion by first identifying cyclophosph-
amide-metabolizing enzyme polymorphisms that were
associated with functional effects on enzyme expression,
levels or activity, then excluding those in which the
expected prevalence of the combination of alleles for a
particular gene was ≤ 10% of the general population, since
these constituted a minute fraction of cyclophosphamide
metabolism and significant effects for these SNPs were
unlikely to be detectable with the sample size available.
All variants were hypothesized to result in decreased
enzyme function [10]. Of note, genotyping for CYP2D6*4
was included to account for any possible differential
effect of variable tamoxifen metabolism on outcome

among patients whose tumors were estrogen-receptor
positive.

The ECOG Pathology Core Facility at Northwestern
University extracted DNA from hematologic stem cells
with the EZ1 system (Qiagen, Inc, Hilden, NW, Ger-
many). Genotyping was performed at the University of
Pennsylvania. GSTM1 and GSTT1 homozygous null
mutations were detected using a method previously
described, using a 4% metaphor agarose gel [11,12]. The
remainder of genotyping was determined by PyroSe-
quencing (CYP2C9*3, CYP3A4*1B, CYP3A5*3,
CYP3A5*6, GSTP1*B, GSTP1*C) (Biotage, Charlottes-
ville, VA, USA, Applied Biosystems, Foster City, CA,
USA)) and Taqman Real-Time PCR assays on the MJ
Research Chromo4 (Bio-Rad) platform (CYP2B6*4,
CYP2B6*5, CYP2B6*6, CYP2B6*7, CYP2B6*9,
CYP2C9*2, CYP2D6*4). The technician performing gen-
otype assays was blinded to all clinical and outcome data.

Polymorphisms were examined individually and in gen-
otype groups defined based on our prior work [6]. With
regard to CYP2B6, assignment of genotype was carried
out as follows: carriers of the A785G mutation alone were
designated CYP2B6*4; carriers of the C1459T mutation
alone were designated CYP2B6*5; carriers of the combi-
nation of A785G and G516T were designated CYP2B6*6;
carriers of the combination of A785G, G516T, and
C1459T were designated CYP2B6*7; and carriers of the
G516T mutation alone were designated CYP2B6*9 (data
not shown). Because of the similarly anticipated direc-
tions of effect and the lack of power to perform compari-
sons with each polymorphism, dichotomous CYP2B6,
CYP2C9, and GSTP1 variables were created based on
genotype, where groupings consisted of all wild-type ver-
sus carriers of any variant.

To validate our pilot work assessing combined effects of
variants in both activating (CYP) and metabolizing (GST)
enzymes, we also classified subjects into three groups
(favorable, intermediate and unfavorable) based on their
CYP3A4*1B, CYP3A5*3, GSTM1 and GSTT1 genotypes
[6]. The favorable group was comprised of subjects with
no variant in either CYP3A4 or CYP3A5 and null at both
GSTM1 and GSTT1. The unfavorable group was com-
prised of subjects who were variant in either CYP3A4 or
CYP3A5 and non-null at both GSTM1 and GSTT1. The
intermediate group comprised all other CYP/GST combi-
nations. The groups were hypothesized to have varying
serum concentrations of active cyclophosphamide
metabolites based on known functional significance of
the genetic variants.

STATA (Release 9, Stata Corporation, College Station,
TX, USA) and R (Version 2.3.1, R Foundation for Statisti-
cal Computing, Vienna, Austria) software were used for
statistical analysis. Pearson's chi-squared or exact tests
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for small samples were used to compare proportions.
Survival curves were generated using the Kaplan-Meier
method [13] and were compared using the log-rank test.
Cox regression models were computed to determine the
hazard ratio associated with each genotype, genotype
group or clinical variable and both DFS and OS. Indicator
variables for categorical variables included a category for
missing data. The Grambsch-Therneau test was used to
test the proportional hazards assumption [14]. Multivari-
able Cox models for DFS and OS were developed by
including all genotype and clinical variables. All tests of
significance were two-sided, with alpha = 0.05.

Results
A total of 433 peripheral blood or bone marrow stem cell
specimens for genomic DNA from 540 patients originally
enrolled in INT-0121 were identified for study from the
ECOG Pathology Core Facility. Fifty-two samples could
not be linked to clinical data and follow-up; 31 samples
were duplicates. Thus, a final study cohort of 350 subjects
(65% of parent trial) was available for this analysis.

Clinical characteristics of all 540 INT-0121 patients as
well as those genotyped (n = 350) appear in Table 1. Gen-
otyped subjects were more likely to be enrolled in the
CAF + HDC arm compared to the non-genotyped group
(57% v. 38%, P < 0.001), likely due to the fact that some
patients randomized to the observation arm did not have

bone marrow or stem cells collected post-adjuvant ther-
apy, resulting in more bone marrow/stem cell samples
collected for those patients randomized to the transplant
arm than to the observation arm. Overall, women in the
genotyped cohort had significantly shorter DFS than
women in the study overall and those not genotyped, but
did not differ with respect to OS.

Of the 350 subjects in this study, 152 patients were in
the standard therapy (CAF) arm and 198 in the high-dose
therapy (CAF + HDC) arm. No significant differences in
clinical characteristics between the two groups were
found (data not shown). The median follow-up for the
136 patients without DFS events by the cutoff date was
9.8 years, with a range of 3.6 to 13.4 years; only 32 (9%)
had DFS censored at dates earlier than 8/1/05, and only
12 had DFS censored at dates earlier than 8/1/04. The
standard arm had median follow-up of 9.60 years with a
recurrence rate (RR) of 63%, while the high-dose therapy
arm had a slightly longer median follow-up of 9.9 years
with a RR of 48%, though 10-year DFS and OS were not
significantly different between the two groups (P = 0.08
and P = 0.62, respectively). Because there were no signifi-
cant differences in baseline characteristics or survival
between the CAF and CAF+HDC arms in the genotyped
cohort, we combined the two groups for survival end-
points and adjusted for treatment arm in multivariable
analyses.

Table 1: Study population and comparison to full trial

Characteristic Genotyped Study
Cohort N = 350

Full E2190/INT-0121
Cohort N = 540

P-value1

Median (IQR)2 Median (IQR)2

Age 45 (39 to 50) 44 (38 to 50) 0.35

Axillary LN positive 14 (11 to 19) 14 (11 to 18) 0.13

Tumor size, cm 3.5 (2.1 to 5.0) 3.5 (2.1 to 5.0) 0.90

Median follow-up years 9.8 (8.3 to 11.2) 9.7 (8.1 to 11.4) 0.57

Percent (95% CI) Percent (95% CI)

Postmenopausal 31 (26 to 35) 29 (25 to 33) 0.22

Race - Caucasian 90 (87 to 93) 89 (86 to 91) 0.58

ER + 59 (54 to 64) 60 (56 to 64) 0.70

PR + 56 (51 to 61) 59 (54 to 63) 0.12

Lumpectomy 17 (13 to 20) 19 (15 to 22) 0.10

Treatment arm CAF+HDC 57 (51 to 62) 50 (47 to 54) <0.001

10-year DFS (%) 39 (34 to 44) 43 (38 to 47) 0.02

10-year OS (%) 45 (40 to 51) 48 (44 to 52) 0.09

1Pearson's chi-square test
2Interquartile range
CAF: cyclophosphamide, doxorubicin fluorouracil; CI: confidence interval; DFS: disease free survival; ER: estrogen receptor; HDC: high dose 
chemotherapy; LN: lymph nodes; OS: overall survival; PR: progesterone receptor.
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Table 2: Genotype frequencies

SNP Variants Genotypes White  # (%) 
(n = 314)

Black # (%) 
(n = 19)

Other # (%)
(n = 17)

P-value1

CYP2B6 All WT 516 G/G 114 (36) 4 (21) 4 (23) 0.14

(rs2279343, 785   A/A

rs3211371, 1459 C/C

rs3745274) Any Var Any Var 189 (60) 15 (79) 11 (65)

Missing 11 (4) 0 (0) 2 (12)

CYP2C9 All Wild- 430 C/C 176 (56) 17 (89) 9 (53) 0.06

(rs1799853, type 1075 A/A

rs1057910) Any Var Any Var 107 (34) 2 (11) 7 (41)

Missing 31 (10) 0 (0) 1 (6)

CYP2D6*4 *1/*1 A/A 19 (6) 0 (0) 0 (0) 0.81

(rs3892097) *1/*4 G/A 86 (27) 4 (21) 4 (27)

*4/*4 G/G 198 (63) 15 (79) 11 (63)

Missing 11 (4) 0 (0)

CYP3A4*1B *1A/*1A A/A 281 (89) 5 (26) 13 (76) <0.001

(rs2740574) *1A/*1B G/A 20 (6) 7 (37) 2 (12)

*1B/*1B G/G 3 (1) 7 (37) 0 (0)

Missing 10 (3) 0 (0) 2 (12)

CYP3A5*3 *1/*1 A/A 4 (1) 9 (47) 0 (0) <0.001

(rs776746) *1/*3 G/A 39 (12) 8 (42) 5 (29)

*3/*3 G/G 260 (83) 1 (5) 11 (65)

Missing 11 (4) 1 (5) 1 (6)

CYP3A5*6 *1/*1 G/G 307 (98) 15 (79) 16 (94) <0.001

(rs10264272) *1/*6 A/G 1 (<1) 4 (21) 0 (0)

*6/*6 A/A 0 (0) 0 (0) 0 (0)

Missing 6 (2) 0 (0) 1 (6)

GSTM1 Non-null 135 (43) 11 (58) 9 (53) 0.09

Null 171 (54) 7 (37) 6 (35)

Missing 8 (3) 1 (5) 2 (12)

GSTT1 Non-null 254 (81) 10 (53) 13 (76) 0.02

Null 51 (16) 8 (42) 2 (12)

GSTT1 Missing 9 (3) 1 (5) 2 (12)

GSTP1 All WT Ex 5-24A/A 146 (47) 6 (32) 7 (41) 0.11

(rs1695, rs1138272) Ex 6+5 C/C

Any Var Any Variant 160 (51) 13 (68) 8 (47)

Missing 8 (3) 0 (0) 2 (1)

Combined CYP-GST genotype Favorable 0 (0) 0 (0) 0 (0) 0.06

groups Intermediate 186 (60) 15 (79) 6 (35)

Unfavorable 102 (32) 3 (16) 8 (47)

Missing 26 (8) 1 (5) 3 (18)

1 Exact Pearson's or Chi-square test
SNP: single nucleotide polymorphism
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Genotypic frequencies by race are shown in Table 2.
These are consistent with reported frequencies in the
NCI SNP500 database [15]. Because of the paucity of
observations for non-white, non-black racial/ethnic
groups, we grouped race categories into White, Black,
and Other. A single missing observation was grouped
with the Other category. Significant racial differences
were seen in CYP2B6, CYP2C9, CYP3A4, CYP3A5, and
GSTT1 SNP frequencies; we therefore adjusted for race
in the multivariable analysis.

Table 3 shows unadjusted hazard ratios for DFS and
OS. CYP3A4*1B variants were associated with decreased
DFS compared to *1B wild-type, while GSTM1 null geno-
types were associated with improved DFS and OS com-
pared to those with non-null genotype. The prespecified
unfavorable CYP/GST genotype group had decreased
DFS and OS when compared to the intermediate and
favorable groups, though this was not statistically signifi-
cant.

Adjusted hazard ratios (HRs) for DFS and OS were
determined for the full multivariable models that
included the collapsed dichotomous CYP2B6, CYP2C9,
and GSTP1 variables, as well as CYP3A4, CYP3A5 (*3
and *6), GSTM1, and GSTT1. This model also included
age, number of positive lymph nodes, tumor size, PR sta-
tus, race, and treatment arm. Applying the Grambsch-
Therneau test for proportional hazards to the fully-
adjusted DFS and OS models, estrogen receptor status
showed significant evidence of non-proportionality for
both outcomes (DFS P = 0.003; OS P < 0.001). Thus,
stratified multivariable Cox models were computed using
ER status as a stratification variable to allow for differing
underlying hazards in the two estrogen receptor status
groups. In the full model for DFS, women heterozygous
for the CYP3A4 *1B variant had significantly worse DFS
than those who were wild-type (*1A/*1A; hazard ratio
[HR] 2.79; 95% CI 1.52, 5.14) (Table 4). Women with the
null GSTM1 genotype did not have significantly
improved DFS or OS in the full models. Of the clinical
variables, the number of lymph nodes (HR 1.02, 95% CI
1.00, 1.04) and the treatment arm (CAF+HDC vs. CAF
HR 0.66, 95% CI 0.48, 0.91) remained significantly associ-
ated with DFS (Table 4).

Because the treatment arm was of significance in the
full DFS model, we performed stratified analyses of DFS
and OS by treatment arm for each genotype to look for
interactions. Treatment arm appeared to modify the rela-
tionship between genotype and outcome only for GSTT1
(Figure 2). While a significant difference in DFS by this
genotype was seen in the standard therapy (CAF) arm
(Adjusted DFS HR 1.95, P = 0.053), it was not seen in the
high-dose arm (Adjusted DFS HR 0.91, P = 0.72). Nota-
bly, there have been no relapses or deaths in the high-
dose arm beyond the time of median follow-up, whereas

this appears not to be the case for the low-dose arm, in
which failures have continued to occur with longer fol-
low-up. The interaction term P-values for DFS was P =
0.04, revealing that for DFS, there was a significant inter-
action between GSTT1 genotype and dose of cyclophos-
phamide. This interaction was not seen in the analysis of
overall survival.

Discussion
We found that women who received cyclophosphamide-
based adjuvant chemotherapy for breast cancer and had
the CYP3A4 *1B*/*1A genotype had significantly worse
DFS than those who were CYP3A4 *1A/*1A wild-type
(HR 2.44, 95% CI 1.52, 5.14). These findings support our
hypothesis that reduced phase I enzyme activity (via the
CYP3A4*1B polymorphism) leads to a poorer outcome
after cyclophosphamide-based adjuvant chemotherapy,
presumably as a result of slower activation of cyclophos-
phamide to HCY. Women with the GST-T1 null genotype
had significantly better DFS and OS than those without
the variant, though this effect was limited to patients on
the standard-dose therapy arm (adjusted DFS HR 1.95, P
= 0.053).

These data confirm, in a much larger, multicenter
patient population in which half of all patients received
standard doses of chemotherapy, earlier published data
by our group and others examining the effects of cyclo-
phosphamide DME SNPs on breast cancer outcomes. We
previously published a single institution study of SNPs in
CYP3A4, 3A5*3, 3A5*6, GSTM1 and GSTT1 in which a
model utilizing a-priori-defined genotype combinations
showed that patients with an unfavorable SNP profile
(consisting of either a CYP3A4*1B variant or a CYP3A5*3
variant and wild-type GST T1 and M1) had a significantly
increased odds of death compared to those with the
favorable genotype (HR 4.6, P = 0.045) [6]. While we
could not replicate our original analysis using a compos-
ite genotype group in this study due to the lack of patients
with the favorable SNP profile, we did see a non-signifi-
cant decrement in DFS and OS among those with the
unfavorable profile compared to those with intermediate
profiles. A previous study by Petros et al also examined a
large panel of DME variants, including both phase I and
phase II enzymes, as well as drug levels, in 85 metastatic
and inflammatory breast cancer patients treated with
high-dose cyclophosphamide, cisplatin and carmustine
[7], and similarly found that patients with a CYP3A4*1B
or CYP3A5*1 variant alleles had higher parent cyclophos-
phamide levels and significantly worse OS compared to
those without the variant (P = 0.043), while those with the
GSTM1null genotype did significantly better (P = 0.041).
These data contrast with recent results of a pharmacoki-
netic study that found no effect of CYP3A4*1B variants
on formation of 4-hydroxycyclophosphamide [16]. How-
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ever, this study of 124 subjects had only three individuals
who carried a CYP3A4*1B variant and was thus under-
powered to examine this association. Ambrosone and
colleagues evaluated the role of GSTM1- and GSTT1-
null genotypes on disease-free and overall survival among
251 women who received treatment for incident, primary
breast cancer. Adjusting for age, race, and stage at diagno-
sis, women with null genotypes for GSTM1 and GSTT1
had reduced hazard of death (HR 0.59; 95% CI 0.36 to
0.97; and HR 0.51, 95% CI 0.29 to 0.90, respectively) in
relation to those with alleles present. Furthermore,
women who were null for both GSTM1 and GSTT1 had
one-third the hazard of death of those with alleles for
both genes present (adjusted HR, 0.28; 95% CI, 0.11 to
0.70) [17]. Sweeney et al. found that women homozygous
for genotypes associated with lower activity of
GSTP1Val105 or GSTA1*B had better overall survival

[18]. A two-SNP haplotype based on CYP3A4*1B and
CYP3A5*1A has been associated with docetaxel elimina-
tion [19], but as our subjects were not exposed to doc-
etaxel, we were not able to test the association between
this haplotype and clinical outcomes.

It is important to note that while this study utilized a
cohort of patients enrolled in a multicenter, high-dose
therapy trial, our primary study question was not related
to high-dose therapy. Our models adjusted for dose to
more closely approximate the risk estimates associated
with standard-dose therapy. However, we were also able
to examine the question of whether higher doses of cyclo-
phosphamide resulted in survival differences by polymor-
phism. The significantly worse DFS of GST-theta null
homozygotes compared to non-null individuals in the
CAF arm was not seen in the CAF+HDC arm, in which
the two groups have similar DFS. This finding is consis-

Table 3: Unadjusted models for DFS and OS1

Gene/Clinical Comparison Unadjusted DFS Unadjusted OS

HR (95% CI) Wald P-value HR (95% CI) Wald P-value

CYP2B6 Any variant vs. All WT 1.10 (0.83, 1.46) 0.51 1.12 (0.83, 1.52) 0.46

CYP2C9 Any variant vs. All WT 0.97 (0.72, 1.29) 0.82 1.01 (0.75, 1.37) 0.94

CYP2D6 G/A vs. A/A 1.07 (0.57, 2.03) 0.83 1.30 (0.64, 2.62) 0.46

G/G vs. A/A 0.89 (0.48, 1.65) 0.72 1.01 (0.51, 1.99) 0.98

CYP3A4 *1B/*1A vs. *1A/*1A 1.70 (1.10, 2.63) 0.02 1.21 (0.74, 1.96) 0.45

*1B/*1B vs *1A/*1A 1.96 (0.96, 3.98) 0.07 1.64 (0.77, 3.50) 0.20

CYP3A5 *3/*1 vs. *1/*1 0.76 (0.36, 1.59) 0.47 1.18 (0.49, 2.84) 0.72

*3/*3 vs. *1/*1 0.74 (0.38, 1.45) 0.38 1.18 (0.52, 2.67) 0.69

CYP3A5 *6/*1 vs. *1/*1 2.71 (1.01, 7.32) 0.05 2.47 (0.92, 6.66) 0.07

GSTM1 Null vs. Non-null 0.71 (0.54, 0.93) 0.02 0.71 (0.53, 0.94) 0.02

GSTT1 Null vs. Non-null 1.41 (1.00, 1.97) 0.05 1.31 (0.91, 1.88) 0.14

GSTP1 Any Var vs. All WT 1.03 (0.79, 1.36) 0.81 1.18 (0.88, 1.57) 0.27

CYP-GST 
genotype 
groups

Unfavorable vs. 
Intermediate or 
Favorable

1.29 (0.97-1.72) 0.08 1.32 (0.98-1.79) 0.07

Lymph node Continuous 1.02 (1.00, 1.04) 0.06 1.02 (1.00, 1.04) 0.10

Tumor size Continuous 1.00 (1.00, 1.01) 0.36 1.00 (1.00, 1.01) 0.13

Age Continuous 0.99 (0.97, 1.00) 0.10 0.99 (0.97, 1.01) 0.28

ER Pos vs. Neg 0.79 (0.60, 1.04) 0.10 0.78 (0.58, 1.04) 0.10

PR Pos vs. Neg 0.82 (0.62, 1.07) 0.15 0.88 (0.66, 1.17) 0.37

Race Black vs. White 1.44 (0.84, 2.48) 0.19 1.41 (0.80, 2.49) 0.23

Other vs. White 1.49 (0.83, 2.68) 0.18 1.20 (0.64, 2.28) 0.57

Arm CAF+HDC vs. CAF 0.79 (0.60, 1.03) 0.08 0.93 (0.70, 1.23) 0.59

1Cox Regression
CAF: cyclophosphamide, doxorubicin, fluorouracil; DFS: disease free survival; ER: estrogen receptor; HDC: high dose chemotherapy; HR: 
hazard ratio; PR: progesterone receptor; OS: overall survival
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tent with our biological hypothesis that higher levels of
circulating active drug are associated with improved sur-
vival, as suggested by Ambrosone et al. [8] and suggests
that high-dose chemotherapy was able to surpass some
threshold effect for this enzyme, thereby improving dis-
ease-free survival for GSTT1 null homozygotes. While it
is alternatively possible that homozygous null individuals
were less able to detoxify carcinogens and therefore had
biologically different breast cancers, as described for
other cancers [20,21], the genotypic frequencies in our
cohort were not significantly different when compared
with the general population, making this explanation
unlikely.

Several limitations in this study should be noted.
Though only 65% of the patients from INT-0121 had bio-
specimens available, the genotyped cohort did not differ
significantly from the non-genotyped cohort on any clini-
cal variable, with the exception of treatment arm. This
imbalance should not impact our results, since effective-
ness of treatment arm was not our focus and in the full

study cohort, outcome did not differ by treatment arm.
We could not assess the effect of population stratification
in our cohort because of the paucity of non-Caucasian
individuals, limiting sample sizes within strata. However,
an analysis restricted to Caucasian individuals did not
differ dramatically from the model adjusting for race;
therefore, we presented the latter model. In the parsimo-
nious prognostic model, the race variable was not signifi-
cant. Polymorphisms that could affect metabolism of
fluorouracil and doxorubicin might also influence out-
comes in this cohort. Thiotepa (a CYP2B6 inducer) did
not appear to play a role in the differential effects seen.
There was no significant effect of CYP2B6 genotype seen
in patients on the standard arm (CAF alone), in the
absence of thiotepa, which would have been expected if
the thiotepa was ameliorating a true effect of genotype.
Furthermore, CYP2D6*4, which was included to account
for the possible differential effect of variable tamoxifen
metabolism on outcome among patients whose tumors
were estrogen-receptor positive, was included in all the

Table 4: Multivariable cox regression model for DFS

Gene/Clinical Comparison Adjusted DFS

HR (95% CI) Wald P-value

CYP2B6 Any variant vs. All WT 1.06 (0.77, 1.46) 0.72

CYP2C9 Any variant vs. All WT 1.11 (0.80, 1.53) 0.53

CYP2D6 G/A vs. A/A 0.94 (0.46, 1.94) 0.87

G/G vs. A/A 0.99 (0.50, 1.99) 0.99

CYP3A4 *1B/*1A vs. *1A/*1A 2.79 (1.52, 5.14) 0.001

*1B/*1B vs *1A/*1A 2.67 (0.86, 8.34) 0.09

CYP3A5 *3/*1 vs. *1/*1 1.18 (0.47, 2.98) 0.72

*3/*3 vs. *1/*1 2.09 (0.79, 5.50) 0.14

CYP3A5 *6/*1 vs. *1/*1 1.37 (0.39, 4.79) 0.62

GSTM1 Null vs. Non-null 0.78 (0.57, 1.06) 0.12

GSTT1 Null vs. Non-null 1.32 (0.86, 2.01) 0.21

GSTP1 Any Var vs. All WT 0.94 (0.69, 1.28) 0.69

Lymph node Continuous 1.02 (1.00, 1.04) 0.03

Tumor size Continuous 1.00 (0.97, 1.01) 0.46

Age Continuous 0.99 (0.97, 1.01) 0.46

ER Pos vs. Neg -- --

PR Pos vs. Neg 1.01 (0.69, 1.50) 0.95

Race Black vs. White 1.08 (0.52, 2.25) 0.84

Other vs. White 1.84 (0.91, 3.70) 0.09

Arm CAF+HDC vs. CAF 0.66 (0.48, 0.91) 0.01

CAF: cyclophosphamide, doxorubicin, fluorouracil; DFS: disease free survival; ER: estrogen receptor; HDC: high dose chemotherapy; HR: 
hazard ratio; PR: progesterone receptor
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models tested, and there was no independent effect of
this genotype, nor did it appear to confound the main
effects. We chose to limit our candidate gene pool to
minimize the risk of false-positive results. In total, we
tested 10 SNPs/genotype combinations. We have not
adjusted for multiple comparisons, since our relatively
large sample size and event rate provide sufficient statisti-
cal power for the number of comparisons we made. In
genome wide association studies, Bonferroni correction
is undertaken to minimize false-positives, but this
approach may be an overcorrection in our study where
the number of tested exposures is small. We did not
include SNPs associated with variable fluorouracil
metabolism, as these do not appear to be in linkage dis-
equilibrium with the variants we examined, minimizing
unmeasured confounding. Finally, this study would have
been strengthened by correlation with serum drug
metabolite levels. Unfortunately, samples were not col-
lected prospectively for this purpose, underscoring the
need for all trials to include biospecimen collection for
pharmacogenetic studies. Similarly, studies such as this
one suffer from the lack of information collected on con-
comitant medications. While several medications may
induce CYP activity, potentially modifying the expected
effect of genotype, one would anticipate that such effects
would be relevant only if a large proportion of the study
subjects were taking such medications during chemo-
therapy.

Conclusions
In conclusion, this study demonstrates that among
women receiving adjuvant chemotherapy for breast can-
cer, a polymorphism in the cyclophosphamide-metabo-
lizing enzyme CYP3A4 independently contributes to
outcomes from cyclophosphamide-based adjuvant breast
cancer chemotherapy. Taken together with previous
study findings, these results justify prospective studies to
further evaluate the relationship between genetic varia-
tion, metabolite levels and outcome to determine if tai-
lored pharmacogenetic dosing regimens can improve the
efficacy of this therapy.

Abbreviations
CAF: cyclophosphamide, doxorubicin, fluorouracil; CYP: cytochrome P450; DFS:
disease-free survival; DME: drug metabolizing enzymes; ER: estrogen receptor;
GST: glutathione S-transferases; HDC: high dose chemotherapy; HR: hazard
ratio; OS: overall survival; RR: recurrence rate; SNP: single nucleotide polymor-
phisms.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
PG participated in study design, data analysis and interpretation, manuscript
drafting and revision. IS participated in data analysis and interpretation and
manuscript revision. RG participated in data acquisition, data analysis and
interpretation, manuscript revision and study supervision. PG participated in
study design, data analysis and interpretation and manuscript revision. MH par-

Figure 2 Stratified Analysis GSTT1 genotype and treatment arm 
for DFS (2a, b) and OS (2c, d). a) Arm: CAF; Endpoint: DFS. b) Arm: 
CAF+HDC; Endpoint DFS. c) Arm: CAF; Endpoint: OS. d) Arm: 
CAF+HDC; Endpoint: OS.

 

 

 

0.00  

0.25  

0.50  

0.75  

1.00  

0 1000  2000  3000  4000  5000  
analysis time  

gsttheta = present  gsttheta = null

Log-rank p=0.01 

0.00  

0.25  

0.50  

0.75  

1.00  

0 1000  2000  3000  4000  5000  
analysis time  

gsttheta = present  gsttheta = null  

Log-rank p<0.001 

0.00  

0.25  

0.50  

0.75  

1.00  

0 1000  2000  3000  4000 5000  
analysis time  

gsttheta = present  gsttheta = null  

Log-rank 0.69 

.  

0.00  

0.25  

0.50  

0.75  

1.00  

0 1000  2000  3000  4000  5000  
analysis time  

gsttheta = present  gsttheta = null  

Log-rank p 0.74 

(a)

(b)

(c)

(d)



Gor et al. Breast Cancer Research 2010, 12:R26
http://breast-cancer-research.com/content/12/3/R26

Page 10 of 10
ticipated in genotyping and data acquisition. RA participated in data acquisi-
tion, data interpretation and manuscript revision. WV participated in data
acquisition and manuscript revision. MT participated in data acquisition and
manuscript revision. TR participated in study design, data interpretation and
manuscript revision. AD participated in study design, data analysis and inter-
pretation, manuscript drafting and revision, and study supervision. All authors
read and approved the final manuscript.

Acknowledgements
Funding/Support: R01-CA104581 (AD); NIH/NCI NRSA T-32-CA-009679 (PG); 
ACS MRSG 08-110-01-CCE (IS).
We are grateful to Mr. Luke Velders for his editorial assistance on this manu-
script.

Author Details
1Current address: Center for Cancer and Hematologic Disease, Executive Mews 
Office Complex, 1930 E. Route 70, Suite V-107, Cherry Hill, NJ 08003, USA, 
2Department of Obstetrics and Gynecology, University of California, San Diego, 
Moores UCSD Cancer Center, 3855 Health Sciences Drive, Dept. 0901, La Jolla, 
CA 92093-0901, USA, 3Department of Epidemiology and Biostatistics, 
University of Pennsylvania, Philadelphia, PA 19104, USA, 4Abramson Cancer 
Center of the University of Pennsylvania, 3400 Civic Center Blvd, Philadelphia, 
PA 19104, USA, 5Eastern Cooperative Oncology Group, Frontier Science, 900 
Commonwealth Avenue, Boston, MA 02215, USA, 6Division of Oncology, 
Children's Hospital of Philadelphia, Room 916G, ARC 3615 Civic Center Blvd, 
Philadelphia, PA 19104, USA, 7Division of Hematology-Oncology, Northwestern 
University Feinberg School of Medicine, 676 N St Clair St, Ste 850, Chicago, IL 
60611, USA, 8Robert H. Lurie Comprehensive Cancer Center, Clinical Cancer 
Center, Galter Pavilion 675 North St Clair, 21st Floor, Chicago, Illinois 60611, USA
, 9Department of Hematology & Oncology, University of Alabama at 
Birmingham, 1900 University Blvd, Ste THT 541, Birmingham, AL 35294, USA 
and 10Rena Rowan Breast Cancer Center, Division of Hematology-Oncology, 
Department of Medicine,, University of Pennsylvania Health System, Perelman 
Center, 3400 Civic Center Boulevard, Philadelphia, PA 19104, USA

References
1. Amirimani B, Ning B, Deitz AC, Weber BL, Kadlubar FF, Rebbeck TR: 

Increased transcriptional activity of the CYP3A4*1B promoter variant.  
Environ Mol Mutagen 2003, 42:299-305.

2. Eichelbaum M, Ingelman-Sundberg M, Evans WE: Pharmacogenomics 
and individualized drug therapy.  Annu Rev Med 2006, 57:119-137.

3. Boyd VL, Robbins JD, Egan W, Ludeman SM: 31P nuclear magnetic 
resonance spectroscopic observation of the intracellular 
transformations of oncostatic cyclophosphamide metabolites.  J Med 
Chem 1986, 29:1206-1210.

4. Huitema AD, Smits KD, Mathot RA, Schellens JH, Rodenhuis S, Beijnen JH: 
The clinical pharmacology of alkylating agents in high-dose 
chemotherapy.  Anticancer Drugs 2000, 11:515-533.

5. Sladek NE: Metabolism of oxazaphosphorines.  Pharmacol Ther 1988, 
37:301-355.

6. DeMichele A, Gimotty P, Botbyl J, Aplenc R, Colligon T, Foulkes AS, 
Rebbeck TR: In response to "Drug metabolizing enzyme 
polymorphisms predict clinical outcome in a node-positive breast 
cancer cohort".  J Clin Oncol 2007, 25:5675-5677.

7. Petros WP, Hopkins PJ, Spruill S, Broadwater G, Vredenburgh JJ, Colvin OM, 
Peters WP, Jones RB, Hall J, Marks JR: Associations between drug 
metabolism genotype, chemotherapy pharmacokinetics, and overall 
survival in patients with breast cancer.  J Clin Oncol 2005, 23:6117-6125.

8. Ambrosone CB, Sweeney C, Coles BF, Thompson PA, McClure GY, 
Korourian S, Fares MY, Stone A, Kadlubar FF, Hutchins LF: Polymorphisms 
in glutathione S-transferases (GSTM1 and GSTT1) and survival after 
treatment for breast cancer.  Cancer Research 2001, 61:7130-7135.

9. Tallman MS, Gray R, Robert NJ, LeMaistre CF, Osborne CK, Vaughan WP, 
Gradishar WJ, Pisansky TM, Fetting J, Paietta E, Lazarus HM: Conventional 
adjuvant chemotherapy with or without high-dose chemotherapy and 
autologous stem-cell transplantation in high-risk breast cancer.  N Engl 
J Med 2003, 349:17-26.

10. Lang T, Klein K, Fischer J, Nussler AK, Neuhaus P, Hofmann U, Eichelbaum 
M, Schwab M, Zanger UM: Extensive genetic polymorphism in the 
human CYP2B6 gene with impact on expression and function in 
human liver.  Pharmacogenetics 2001, 11:399-415.

11. Aplenc R, Glatfelter W, Han P, Rappaport E, La M, Cnaan A, Blackwood MA, 
Lange B, Rebbeck T: CYP3A genotypes and treatment response in 
paediatric acute lymphoblastic leukaemia.  British Journal of 
Haematology 2003, 122:240-244.

12. Davies SM, Robison LL, Buckley JD, Radloff GA, Ross JA, Perentesis JP: 
Glutathione S-transferase polymorphisms in children with myeloid 
leukemia: a Children's Cancer Group study.  Cancer Epidemiol Biomarkers 
Prev 2000, 9:563-566.

13. Kaplan EL, Meier P: Nonparametric estimation from incomplete 
observations.  Journal of the American Statistical Association 1958, 
53:457-481.

14. Grambsch P, Therneau T: Proportional hazards tests and diagnostics 
based on weighted residuals.  Biometrika 1994, 81:515-526.

15. NCBI Single Nucleotide Polymorphism database website   [http://
www.ncbi.nlm.nih.gov/projects/SNP]

16. Ekhart C, Doodeman VD, Rodenhuis S, Smits PH, Beijnen JH, Huitema AD: 
Influence of polymorphisms of drug metabolizing enzymes (CYP2B6, 
CYP2C9, CYP2C19, CYP3A4, CYP3A5, GSTA1, GSTP1, ALDH1A1 and 
ALDH3A1) on the pharmacokinetics of cyclophosphamide and 4-
hydroxycyclophosphamide.  Pharmacogenet Genomics 2008, 
18:515-523.

17. Sweeney C, McClure GY, Fares MY, Stone A, Coles BF, Thompson PA, 
Korourian S, Hutchins LF, Kadlubar FF, Ambrosone CB: Association 
between survival after treatment for breast cancer and glutathione S-
transferase P1 Ile105Val polymorphism.  Cancer Research 2000, 
60:5621-5624.

18. Sweeney C, Ambrosone CB, Joseph L, Stone A, Hutchins LF, Kadlubar FF, 
Coles BF: Association between a glutathione S-transferase A1 promoter 
polymorphism and survival after breast cancer treatment.  Int J Cancer 
2003, 103:810-814.

19. Baker SD, Verweij J, Cusatis GA, van Schaik RH, Marsh S, Orwick SJ, Franke 
RM, Hu S, Schuetz EG, Lamba V, Messersmith WA, Wolff AC, Carducci MA, 
Sparreboom A: Pharmacogenetic pathway analysis of docetaxel 
elimination.  Clin Pharmacol Ther 2009, 85:155-163.

20. Arruda VR, Lima CS, Grignoli CR, de Melo MB, Lorand-Metze I, Alberto FL, 
Saad ST, Costa FF: Increased risk for acute myeloid leukaemia in 
individuals with glutathione S-transferase mu 1 (GSTM1) and theta 1 
(GSTT1) gene defects.  Eur J Haematol 2001, 66:383-388.

21. Morari EC, Leite JL, Granja F, da Assumpcao LV, Ward LS: The null 
genotype of glutathione s-transferase M1 and T1 locus increases the 
risk for thyroid cancer.  Cancer Epidemiol Biomarkers Prev 2002, 
11:1485-1488.

doi: 10.1186/bcr2570
Cite this article as: Gor et al., Cyclophosphamide- metabolizing enzyme 
polymorphisms and survival outcomes after adjuvant chemotherapy for 
node-positive breast cancer: a retrospective cohort study Breast Cancer 
Research 2010, 12:R26

Received: 18 September 2009 Revised: 24 March 2010 
Accepted: 10 May 2010 Published: 10 May 2010
This article is available from: http://breast-cancer-research.com/content/12/3/R26© 2010 Gor et al.; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.Breast Cancer Research 2010, 12:R26

http://breast-cancer-research.com/content/12/3/R26
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14673875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16409140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3543359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11036954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3290910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18065748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16087946
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11585745
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12840088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11470993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12846892
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10868689
http://www.ncbi.nlm.nih.gov/projects/SNP
http://www.ncbi.nlm.nih.gov/projects/SNP
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18496131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11059750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18509327
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11488937
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12433731


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


