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Abstract

Introduction—Peri-operative window trials provide an opportunity to obtain intact tumor
samples at 2 different time-points for evaluation of potential surrogate biomarkers. We report
results of a pilot trial designed to determine if treatment-mediated changes in gene expression can
be detected in formalin-fixed paraffin-embedded (FFPE) samples after 10-day exposure to
anastrozole in estrogen receptor (ER)-positive breast cancer compared to untreated controls.

Methods—~Paired tumor samples (biopsy, surgical) were obtained from 26 postmenopausal
women with ER-positive breast cancer. Patients were assigned anastrozole (1mg/dy) for 10 days
immediately prior to surgery (13 cases) or no treatment(13 controls). 502 cancer-related genes
were examined by the Illumina cDNA-mediated annealing, selection, extension, and ligation,
FFPE cDNA array(moderated t-test,p<.005). Surrogate biomarkers reflecting changes in gene
expression were examined by immunohistochemistry(Wilcoxon rank-based test,p<.05).

Results—Sufficient RNA was available from 19 paired samples (8 controls,11 cases). Frozen
tissue and FFPE showed good correlation (r=0.82). Within each group, 18 genes, reflecting roles
in proliferation, angiogenesis, and apoptosis, showed differential expression from biopsy to
surgery (p<0.005). Estrogen-related genes were dysregulated in the treated group only. A
reduction in Ki-67 was observed in 7 (54%) treated cases and in 1 (7.7%) control patient.

Conclusions—10-day exposure to anastrozole resulted in dysregulation of 18/502 cancer-
related genes, and Ki-67 was reduced in 54% of cases. FFPE samples demonstrated good
correlation with frozen samples. However, changes in gene expression and increased Ki-67 in the
control group suggest local effects of wound healing may represent a confounding factor in the
interpretation of peri-operative window trials.

Keywords
Aromatase inhibition; preoperative window trials; breast cancer; gene expression; proliferation

Introduction

Estrogen receptor-a is the most well-established predictive marker in breast cancer
treatment and the key factor driving decisions regarding hormonal treatment for patients
with invasive disease. However, despite optimal therapy, a significant proportion of estrogen
receptor (ER)-positive patients will exhibit either de novo anti-estrogen resistance or present
with recurrent disease after a prolonged disease-free interval (1).

Advances in molecular biology have facilitated genomic characterization of tumors, which
has proven to be a powerful predictive biomarker for patients with invasive breast cancer.
For example, a 21-gene panel, which aids identification of patients with node-negative, ER-
positive disease with a high risk of recurrence, has been validated for use in the clinical
setting to select patients for chemotherapy (2, 3). However, identification of reliable
molecular predictors of response to endocrine therapy alone remains challenged by the
extended natural history of ER-positive breast cancer and the long duration of treatment.
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Peri-operative window trials, using molecular biomarkers as surrogate endpoints for
treatment response, offer investigators a unique opportunity to obtain intact tumor samples
at 2 different time points and thus evaluate potential biomarkers over a short period of time
(4, 5). Challenges to this approach in the present clinical setting include defining the optimal
length of the treatment window in order to identify measurable changes in the surrogate
biomarker without delaying standard clinical management, the natural variability and
intrinsic heterogeneity of tumors that may be underappreciated in a limited tissue sample,
and the reliance on more readily available paraffin-embedded material as opposed to frozen
tumor samples. Moreover, some of the observed changes can be related to the biopsy
procedure itself, and the omission of such measurements may compromise interpretation of
the perceived treatment response and represents a notable limitation of many studies.

To address these challenges, we designed a peri-operative window trial that included an
untreated control group to determine if treatment-mediated changes in gene expression could
be detected after a 10-day exposure to anastrozole in ER-positive invasive breast cancer
using lllumina cDNA-mediated annealing, selection, extension, and ligation (DASL),
formalin-fixed paraffin-embedded (FFPE)—based cDNA array.

Materials and Methods

Our institutional review board approved this pilot study. Eligible patients were enrolled
during their preoperative surgical consultation and gave informed, written consent.
Eligibility criteria included postmenopausal women with intact, histologically confirmed
ER-positive (= 10% nuclear staining) invasive breast cancer, = 1 cm in size. Ineligibility
criteria included hormone-replacement therapy within 3 months of diagnosis, prior
tamoxifen for chemoprevention, a prior history of breast cancer, and medical
contraindication(s) to anastrozole (6).

Patients were non-randomly assigned to the treatment (anastrozole) or control arm by their
physicians. Patients assigned to the treatment arm were instructed to begin taking
anastrozole (1mg/day) 11 days before the scheduled date of surgery and to take the last dose
on the day before surgery. Patients assigned to the control arm proceeded to surgery as
planned. Paired tumor samples from the core needle biopsy (CNB) and the surgical
procedure were obtained from FFPE tissue blocks. Fresh-frozen surgical samples were
obtained whenever possible by the study pathologist during gross macroscopic evaluation of
the specimen. Time to freeze for all samples was less than 30 minutes.

Standard clinical and tumor characteristics were recorded. If the diagnostic core biopsy was
performed elsewhere, ER status was confirmed at our institution. ER and progesterone
receptor (PR) positivity was reported as the percentage of tumor cells with positive staining
nuclei (CloneSP1 and ClonelE2 Rb-monoclonal antibody, Ventana, respectively). HER2
expression was assessed by the Hercept-Test Kit (Dako Corporation), and samples with a
score of = 2+ were confirmed by fluorescence in situ hybridization (FISH).
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Gene Expression

The commercially available lllumina DASL expression microarray platform (Cancer Panel
TM v1, Hlumina Inc, CA), which is optimized for gene expression analysis from FFPE
tissue, was used for this study. This platform contains 502 cancer-related genes with unique
probe groups for 3 different sites per gene and utilizes DASL technology. Total RNA is
converted to cDNA, which is annealed to the probe groups, extended, and then ligated to
locus-specific oligonucleotides. In this study, all samples were distributed on one 96-well
plate for DASL analysis.

Briefly, 5 freshly cut 8um sections of FFPE tissue from the CNB and surgical tissue blocks
were de-paraffinized, and areas homogeneous for tumor were manually micro-dissected
(Optical micro-dissection microscope, Zeiss, Germany); mRNA was extracted using the
High-Pure RNA Paraffin Kit Roche (Roche, IN). Care was taken to select surgical sections
away from areas of biopsy site changes for all analyses. To test the ability of the lllumina
platform to reliably assess gene expression patterns of FFPE samples as compared to intact
RNA, matched fresh-frozen surgical tumor samples were also collected, manually
microdissected, and RNA extracted (Absolutely RNA Miniprep Kit, Stratagene, CA). The
integrity of RNA extracted from the FFPE and fresh-frozen samples was assessed on the
Aligent 2100 BioAnalyzer.

The lllumina array data were processed by BeadStudio software. The moderated t-statistic
implemented in the limma package of R was used to compare gene expression between
sample classes (http://www.bioconductor.org) (7). For gene expression between paired
FFPE tumor samples (CNB versus surgery), the moderated t-test for paired samples was
performed. As this analysis included 502 genes, a p-value of < 0.005 was considered
statistically significant. We acknowledge that at p < 0.005, 2 to 3 of the 502 genes studied
could be identified by chance. A subset analysis including only the 25 estrogen-related
genes present on the Illumina DASL array was carried out, with a p-value of < 0.01. The
Pearson product-moment correlation coefficient was used to assess the degree of correlation
between matched surgical FFPE and fresh-frozen surgical samples.

Immunohistochemistry

Immunohistochemistry (IHC) for proliferation index, angiogenesis, and apoptosis was
independently performed using Ki-67 (Clone QBENnd/10 mouse monoclonal antibody, Lab
Vision), CD34 (Clone SP6, rabbit monoclonal antibody, Lab Vision), and terminal
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL), respectively. Consecutive
5um sections from same core biopsy and surgical FFPE blocks used for gene expression
analysis were prepared and stained according to manufacturers’ instructions.

Areas homogenous for tumor were reviewed and scored by 2 observers (TK, AP) blinded to
study arm. Ki-67 was scored as the percentage of tumor cells with strong nuclear staining.
Apoptosis was scored as the percentage of tumor cells exhibiting nuclear fragmentation and
staining. Angiogenesis was scored as the number of endothelial cells exhibiting positive
staining for CD34. To account for variability among core biopsy specimens and ensure
adequate cellular representation, all scoring was assessed in a minimum background of 100
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tumor cells and/or one high power field (x20). The individual scores for each biomarker
were compared for each pair of tumor samples (CNB versus surgical) to assess for changes
in individual tumors. The median change across all samples in the 2 groups (anastrozole-
treated versus control) was compared using the Wilcoxon signed rank test.

Results and Discussion

A total of 31 patients were enrolled (14 controls, 17 cases). Paired tumor samples (core
biopsy and surgery) were available from 26 patients (13 controls, 13 cases). The remaining
samples had insufficient tissue for analysis. Median patient age was 65 years (range, 53-84
years), and 46% of patients had stage | disease. There were no significant differences in age
at diagnosis, baseline tumor size, tumor grade, or nodal status between groups (Table 1).
The median time interval from CNB to surgery in the control group was 18 days (range, 9-
63), compared to 31 days (range, 20-61) in the treated group (p = 0.05). Although the time
interval between biopsy and surgery was somewhat longer in the anastrozole-treated group,
all patients in this group took anastrozole for the 10 days immediately prior to surgery.

Gene expression analysis

Matched fresh-frozen surgical samples were available for 16 patients (8 controls, 8 cases).
Gene expression profiles as measured by DASL from FFPE RNA samples demonstrated
consistent biological differences with those measured from fresh-frozen tissue (median
correlation coefficient, 0.82; range, 0.63-0.92) as shown in Figure 1.

Sufficient RNA for gene expression analysis was obtained from 19/26 (73%) FFPE paired
(biopsy and surgery) samples (8 controls, 11 anastrozole-treated). Selecting a level of
significance of p < 0.005, 18 genes were differentially expressed between the biopsy and
surgical samples in each patient group. Both groups included genes with known functional
roles in cell proliferation, DNA repair, angiogenesis, and apoptosis (Table 2a and 2b).
Estrogen-regulated genes (specifically, FOS, PRG, and connective tissue growth factor
[CTGF]) were only differentially expressed in the anastrozole-treated group. There were
only 2 dysregulated genes in common when comparing the 18 genes identified in the 2
groups MLL and FOSB, both of which play a role in wound healing, among other important
functions.

When changes over time (CNB to surgery) among all 502 genes were analyzed between the
treated and control groups, only 5 genes showed significantly different variations (ERBB4,
ING1, BAGL, IFNGR1, TFDP1) (p < 0.005). Specifically, from CNB to surgery, all 5 genes
showed lower mRNA levels in surgical specimens from the control group and either
unchanged or higher levels in surgical specimens from anastrozole-treated patients (Figure
2, Table 3). There was no difference in baseline mean expression of these genes between the
2 groups. When the same type of analysis was performed focusing on the 25 estrogen-
related genes, only PR showed a significant variation between the 2 groups (p = 0.01);
specifically, PR was 1.07-fold (Log 2 scale) downregulated in the anastrozole-treated group
compared to controls.
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Correlation between genetic and cellular changes

IHC was performed on all paired samples (n = 26). There was no significant difference in
mean baseline biomarker expression between controls and anastrozole-treated (Table 4a).
Individual variations on TUNEL, Ki-67, and CD34 expressions are shown in Figure 3a and
3b.

We observed a 2% to 28% decrease in Ki-67 index in 7 out of 13 (54%) patients in the
treated group; 2 patients (15%) showed stable Ki-67 index over time, and 4 (31%) patients
showed a 1% to 10% increase in the Ki-67 index. Among all anastrozole-treated patients, a
change in median Ki-67 expression between the 2 time points was not evident (Figure 4,
Table 4b). Among controls, there was a significant 5% increase in the median Ki-67 index
from biopsy to surgery (p = 0.04), with 8/13 (62%) control patients exhibiting from a 2% to
35% increase in Ki-67 index, 4 showing stable Ki-67 index, and 1 showing 1% reduction in
Ki-67 index (Figure 4, Table 4b). When the change in median Ki-67 expression from biopsy
to surgery was compared between groups (controls versus anastrozole-treated), the
difference was significant (p = 0.03) and independent of time interval from biopsy to surgery
(Figure 4).

Among both controls and anastrozole-treated cases there was a significant increase in
median CD34 expression from biopsy to surgery; however, there was no significant
difference in median CD34 expression between groups (Table 4b). Finally, the baseline
level of apoptosis was notably low in both groups, and while minimal variations (1%) were
detected in a minority of individual samples (3/13 controls, 3/13 treated patients), there was
no appreciable change in median apoptosis index in either group.

Discussion

Peri-operative window trials represent a practical opportunity to rapidly evaluate in vivo
treatment response without delaying surgery or requiring repeat tissue sampling. Gene
expression profiling allows for an in-depth assessment of early treatment response, and
while traditional platforms have been limited by a reliance on fresh-frozen tissue as sources
of molecular recovery, newer platforms are optimized for use with FFPE tissue. Here we
report the results of a peri-operative window trial that identified significant changes in gene
expression profiles over time, indicating that as little as 10-days exposure to anastrozole is
sufficient to induce detectable and biologically meaningful changes in ER-positive invasive
breast cancer. Specifically, using an FFPE-based gene expression array, we identified
distinct gene expression changes that distinguish anastrozole-treated cases versus controls,
and we observed a median correlation coefficient of 0.82 for the paired comparison of gene
expression in fresh-frozen and FFPE samples, supporting this platform use in this clinical
setting.

Among controls there was a change in gene expression over a (median) 18-day time interval
from biopsy to surgery, whereby 18/502 cancer-related genes were differentially expressed.
Gene ontology of these genes revealed that the dysregulated biologic processes included cell
proliferation, angiogenesis, and apoptosis, suggestive of changes induced by the ongoing
wound-healing process. Subsequent IHC analysis demonstrated parallel cellular changes in

J Surg Res. Author manuscript; available in PMC 2015 July 21.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Morrogh et al.

Page 7

both angiogenesis and proliferation, with an overall upregulation of both processes seen over
time, supporting gene array findings.

After a 10-day exposure to anastrozole, the treated group also showed significant change in
18/502 cancer-related genes, including estrogen-related genes that were not identified in the
control group. A 10-day exposure to anastrozole was insufficient to detect a change in
angiogenesis as measured by IHC for CD34 (p = 0.92) when compared to controls, but we
were able to identify a small suppressive effect (5%) on cell proliferation as measured by the
Ki-67 index (p = 0.03). Finally, we were unable to demonstrate a change in apoptosis as
measured by TUNEL; however, this may be a factor of time as earlier studies of aromatase
inhibitors have shown that changes in apoptosis are small and occurred only after 2 weeks of
treatment. Several of the genes identified among treated patients in our study have been
previously reported as differentially expressed in anastrozole-treated patients. Using Agilent
oligonucleotide arrays on fresh specimens, Mello-Grand et al reported similar changes in
gene expression of FOS, PR, and CTGF after a 3-month window of treatment (8). Mackay et
al also identified upregulation of CTGF after 14 days of treatment with aromatase inhibitor

9).

Comparing the 2 lists of genes differentially expressed over time among controls and
anastrozole-treated patients identifies only 2 common genes: FOSB and MLL. These 2
genes may also reflect the effect of wound healing on gene expression. FOSB shows higher
expression in early phases of wound healing, with important functions on fibroblast and
epithelial cell proliferation and migration (6, 10). The MLL gene encodes a DNA-binding
protein that methylates histone H3 and positively regulates expression of target genes,
including multiple HOX genes, major players in morphogenesis and vascular remodeling in
wound healing (11).

The higher frequency of CD34 positive cells in the surgical specimens of both the control
and anastrozole-treated groups compared to the paired core biopsies also supports an
increase in vascular proliferation in surgical specimens secondary to biopsy site repair.
Notably, these changes were evident despite the fact that we selected areas as far as possible
from the biopsy site, implicating that the effects of wound healing may not be restricted to
the wound bed. Further evidence of wound healing affecting our gene lists is represented by
CTGF, IL-6, and PTGS2 (a.k.a. COX2) upregulation in surgical specimens from the
anastrozole-treated group and integrin-linked kinase (ILK) upregulation in the control group.
CTGF has been described as playing a central role in wound healing, scarring, and persistent
fibrosis (12). Mackay et al (9) found an upregulation of genes related to extracellular matrix
remodeling, including CTGF, after 14 days of treatment with aromatase inhibitors. IL-6 is a
well-known chemotaxin involved in wound healing. ILK encodes a serine/threonine protein
kinase, which associates with the cytoplasmic domain of beta integrins and acts as a
proximal receptor kinase regulating integrin-mediated signal transduction. ILK has been
associated with fibrosis in benign and malignant diseases (13-15). COX-2 is involved in
angiogenesis, cell proliferation, and invasiveness in solid tumors (16), yet has been
associated with poor prognostic factors in breast cancer (17-19). Its overexpression may be
masking some short-term effects of aromatase inhibitors on cell proliferation in our samples.
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The comparison of the cellular changes over time between groups highlighted that the
significant increase in proliferation seen in the control group was not evident after short-
term exposure to anastrozole, and this trend was independent of the difference in the median
time interval between sampling in the 2 groups. While the increase in proliferation over time
seen in the control group may be explained by the natural history of the tumor, given the
short median time interval between biopsy and surgery (18 days), we hypothesize that the
increase in proliferation is a direct consequence of the biopsy. Although minimally invasive
for patients, a core-needle biopsy is a traumatic event resulting in intratumoral and
peritumoral bleeding. Miller et al (20) also observed an up-regulation of pro-inflammatory
genes after anastrozole treatment for 2 weeks, but the absence of a control group in that
study does not allow one to measure the effect of the biopsy itself. A wound-healing
dynamic is evident within the tumor bed within 48 hours and may last up to 8 weeks (21—
23). Our data suggest that a 10-day exposure to anastrozole is sufficient to counteract this
increase in proliferation as demonstrated by the lack of change in median Ki-67 from biopsy
to surgery when measured among the entire group of treated patients. Although we did
observe a reduction in Ki-67 index in 7/13 (54%) patients, analysis by tumor size (<2 cm
versus > 2 cm) or time to surgery also failed to demonstrate a significant difference in
median Ki-67 across the treated group (data not shown).

An alternate explanation may be that scoring of proliferation by IHC for Ki-67 on core
biopsy specimens may show intrinsic differences due to shorter time of exposure to fixatives
and restricted area available for analysis; however, these biases should have impacted both
patient groups in the same manner, whereas we saw a different pattern between cases and
controls. Although time to surgery was different in the 2 groups, both groups seem to be in
the same phase of the wound-healing process, and all treated patients underwent surgery on
the 11% day after treatment initiation. In the absence of data from a control group, a lack of
change in median Ki-67 among anastrozole-treated cases may have been interpreted
differently. Whether the increase in Ki-67 observed in the controls represents intrinsic
sample discrepancy, tumor progression, or the biologic effects of wound healing, it is
important to note that some patients may need a prolonged exposure to aromatase inhibitors
to show a reduction in Ki-67 index, whereas others may truly represent the group of patients
that will not respond to aromatase inhibitors as expected in the clinical setting.

Many pro-mitotic genes represented on the Illumina DASL array displayed downregulation
variance in treated patients compared to controls. BIRC-5 (surviving) and MYBL2, 2 genes
represented in the Oncotype DX test proliferative profile, were downregulated in
anastrozole-treated cases as compared to controls 2.08-fold and 1.18-fold (Log?2 scale),
respectively. These numbers did not reach statistical significance, however, due to sample
size. Differences among genes regulated by the ER were also observed between treated
cases and controls. Specifically, PR genes showed the greatest negative-fold change in the
treated group—1.7-fold (Log2 scale) downregulated after treatment—while no significant
change was observed in the control group (p = 0.01). Strong PR downregulation was also
noted by Miller et al (24). Other estrogen-regulated genes, BCL-2 and EGFR, were also
downregulated after anastrozole exposure 1.76-fold and 1.25-fold (Log2 scale), respectively,
as compared to controls, but these levels did not reach statistical significance. Expression
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levels of PR and BCL2 are both included in the estrogen-signaling profile of the Oncotype
DX assay. Colony stimulating factor-2 (CSF2) is a proinflammatory molecule that displayed
upregulation after anastrozole administration but downregulation in controls. As beta-
estradiol is known to have an anti-inflammatory role through downregulation of CSF2, its
upregulation after anastrozole is not unexpected (25). In total, these findings support our
hypothesis that short-term (10-day) exposure to anastrozole is sufficient to induce detectable
and biologically meaningful changes in ER-positive invasive breast cancer.

Direct comparison of the changes in gene expression over time between controls and cases
identified 5 genes (ERBB4, ING1, BAGL, IFNGR1, and TFDP1) that were differentially
dysregulated between the groups. There was no difference in baseline expression of these 5
genes between treated cases and controls, but 3 of them (ERBB4, ING1, BAG1) were also
seen in the list of differentially expressed genes over time in the control group. This finding
highlights that the wound-healing process may contribute significantly to dysregulated genes
identified in window treatment trials, and it is important to be aware of this phenomenon to
avoid misinterpretations.

Despite our small sample size, the strengths of this study are: 1) the availability of matched
frozen tissue in 16 of 19 cases demonstrating good correlation between the gene expression
profiles of FFPE versus fresh-frozen tissue; and 2) the inclusion of a control group to
account for natural variability over time with respect to changes at both the level of gene
expression and IHC. The latter point warrants further discussion. In peri-operative window
trials, interpretation of the chosen endpoint must reliably capture the underlying biologic
activity with respect to both, natural variability (or occurring as a result of biopsy) and
changes related to the intervention being studied. In our IHC analysis, we demonstrated that
over a short time interval between sampling, there was a statistically significant increase in
Ki-67 observed in the untreated controls, but no significant change appreciated among cases.

Ki-67 is a biomarker that has been studied extensively as a marker of response to therapy in
many solid tumors. As anti-estrogen therapy classically results in decreased cell
proliferation, changes in Ki-67 after short-term (2 weeks) endocrine therapy have been used
as a surrogate endpoint for treatment response (26-29) and, in some studies, as a predictor of
clinical outcome (30, 31). For example, both the IMPACT and P024 studies reported that
post-treatment Ki-67 levels correlated with 5-year recurrence-free survival (30), relapse-free
survival (31), and breast cancer-specific survival (31). As such, Ki-67 data has been
included in a multiplex prognostic model, the Preoperative Endocrine Prognostic Index
(PEPI), which incorporates tumor size, nodal status, ER, and Ki-67 expression following 3—
4 months of neoadjuvant endocrine therapy to predict the long-term outcome in ER-positive
breast cancer patients (29). However, what has not been addressed in studies to date is the
significance of an unchanged Ki-67 level after treatment compared to an increase or
decrease in expression. In the context of our data, we report a significant increase in the
mean of Ki-67 index among untreated controls compared to no change from baseline in the
treated group, suggesting that stable Ki-67 expression over time may still reflect a treatment
response and thus warrants further consideration.
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Of note, in this study, we chose a 10-day exposure to aromatase inhibition to avoid any
unnecessary delay in surgical treatment beyond what is normally encountered at our
institution (average institutional interval between diagnosis and surgery, 10.4 days; range,
1-46 days). Since previous studies have shown good correlation between observed
physiologic and molecular changes after short (2 weeks) and intermediate (12-16 weeks)
duration estrogen deprivation, we hypothesized that a 10-day exposure to aromatase
inhibition would be adequate to induce an observable treatment response (9, 29).
Furthermore, since the half-life of anastrozole is approximately 48 hours, the effect of
pharmacokinetics in the setting of a 10-day exposure time is minimal. While we were unable
to do so in this pilot study, incorporating serum estradiol levels into future preoperative
window trials of anastrozole would be a valuable means to measure aromatase inhibition and
confirm this effect. Similarly, although there were no significant clinical differences
between anastrozole-treated cases and controls in this pilot study, we acknowledge that
randomization to treatment or control arms would have been the preferred study design.

Because our gene expression platform was limited to 502 cancer-related genes (at the time
of this study the whole-genome DASL assay was not available), there may be additional
effects on other biological systems or other known estrogen-responsive genes that our study
did not capture. Finally, due to limited material remaining in the core biopsy specimens, we
were unable to perform reverse transcription-polymerase chain reaction to validate the
changes in gene expression over time; however, we were able to demonstrate concordant
changes in proliferation by IHC. The significance of changes in genes related to
angiogenesis and apoptosis remains unclear.

Conclusions

In summary, short-term aromatase inhibition with anastrozole led to early detectable genetic
changes in FFPE samples supporting the rationale for peri-operative window trials to
evaluate molecular mechanisms of treatment response. However, in the absence of
treatment, changes in gene expression were noted simply when sampling was performed at 2
different time points, suggesting that the wound-healing response may be a potential
confounder in interpreting data from window trials. When using Ki-67 as a biomarker of
treatment response, 54% of our patients showed a reduction on Ki-67, 15% remained stable,
and 30% showed an increased Ki-67 index varying from 1% to 10%. Our gene expression
data support the hypothesis that the wound-healing response has a significant effect on early
gene expression and that short-term exposure to anastrozole can suppress this effect in ER-
positive breast cancer.
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Figure 1.
Scatter plot graphs showing gene expression correlation between fresh-frozen (X-axis) and

formalin fixed paraffin-embedded (Y-axis) specimens in patient matched samples #13-
control (a), #17-treated (b) and #19-treated (c) representative of the lowest, median, and
highest correlation coefficients.
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Figure 2.

Box-plot of the 5 genes with significant different variations over time (biopsy to surgery)

between the control and treated groups. Boxes represent inferior quartile, median, and

superior quartile values for each group.
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Table 1

Clinical and pathologic characteristics of the study population.

Variable Controls (n =13)  Anastrozole-treated (n = 13)
Mean age, years (range) 64 (53-77) 68 (53-84)
Mean tumor size, cm (range) 1.7 (1-6) 1.9 (1-3.5)
Grade
1 0 0
2 5 3
3 8 9

Nodal status

NO 9 8
N1 4 5
Median time interval biopsy — Surgery, days (range) 18 (9-63) 31 (20-61)
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Table 4

Median baseline biomarker immunohistochemistry expression (a) and changes in median biomarker
expression from biopsy to surgery (b).

(@)
Controls Anastrozole-treated
(n=13) (n=13)
Ki-67, % (range) 15 (5-45) 20 (5-60)
CD34, No. of cells/hpf (range) 46 (22-115) 52 (27-88)
TUNEL, % (range) 1(0-2) 1(0-2)
(b)
Controls Anastrozole-treated ~ AMedian expression
(n=13) (n=13) cases versus controls
p-value
Ki-67, % +5% (p = .04) 0% (NS) 0.03
CD34, No. of cells/ hpf ~ + 14% (p = .01) +24% (p = .02) 0.92
TUNEL, % 0% (NS) 0% (NS) 0.62

TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling; NS, not significant
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