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Abstract

Hypoxia is common in many solid tumors including breast cancer. Hypoxia triggers the
expression of hypoxia inducible factor-1 alpha (HIF-1a) and HIF-1a has been associated with
an impaired prognosis in breast cancer and to down-regulation of the estrogen receptor (ER),
potentially affecting the treatment efficiency of anti-estrogens. The role of HIF-1a regarding
prognostic and treatment predictive information in breast cancer has not been established and
we therefore analyzed HIF-1a using immunohistochemistry in a cohort of 377 premenopausal
stage II breast cancers arranged in a tissue microarray. The patients were included in a
randomized trial with either 2 years of tamoxifen or no adjuvant treatment. The tamoxifen
treatment effect could be studied in subgroups of breast cancer and pure prognostic
information could be scrutinized for untreated control patients. HIF-1a was scored as positive
in 24% of the tumors and correlated positively to tumor size, Nottingham histological grade
(NHG), Ki-67, Her2 and cyclin E expression and negatively to lymph node status, cyclin D1,
ER and PR expression. Surprisingly, there was no difference in tamoxifen response for
patients with high or low HIF-1a expressing tumors. In lymph node-positive patients as well
as NHG 1/2 tumors, high HIF-1a protein expression was significantly associated with an
impaired RFS (p=0.014, 0.018). When analyzing the subgroup of NHG 1/2 tumors a high
HIF-1a expression was the only independent significant prognostic marker in multivariate
analysis, including standard prognostic markers suggesting that HIF-1a might be a useful

prognostic marker in this subgroup of breast cancer with a rather good but diverse prognosis.



Introduction

Hypoxic regions are common in solid tumours such as breast cancer as well as in metastases."
? Hypoxic areas arise because tumour cells grow rapidly and outpace the formation of new
blood vessels.” Even mild anaemia in breast cancer patients is linked to the formation of
hypoxic tumour regions.” One of the key factors adapting tumour cells to hypoxic conditions
is HIF-1o (hypoxia inducible factor 1a).” At normal oxygen tension, HIF-1a is continuously
degraded through the proteasomal system via binding to the von Hippel-Lindow (VHL)-
protein, but during hypoxia VHL can no longer bind to HIF-1a causing an accumulation of
HIF-10.° HIF-1a is active as a transcription factor in a heterodimeric complex together with
HIF-1B or ARNT and binds to DNA sequences called HREs (hypoxia responsive elements).’
HIF-1a has the potential to activate a number of genes known to be involved in tumour
progression, invasion and neoangiogenesis, for example VEGF, glucose transporters, carbonic
anhydrases, Met receptor, insulin growth factor-1, UPAR, and transforming growth factor-o.®
HIF-1a expression is not only restricted to hypoxic cells, but is also upregulated by growth
factors, such as insulin growth factor 1, insulin,” heregulin'® and oncogenic mutations in
RAS," p53,12 PTEN," SCR, ERBB2' or VHL."> ' In general, hypoxia negatively influences
tumour prognostic features and causes resistance to many standard therapies and promotes a
more malignant phenotype.'” HIF-1a expression is not detected in normal breast tissue or
hyperplastic lesions but is present in well-differentiated ductal carcinoma in situ and in all
more malignant forms of breast cancer.'® In poorly differentiated ductal carcinoma in situ,
HIF-1a expression has been correlated to loss of estrogen receptor (ER) expression as well as
a more undifferentiated phenotype.'® From studies of breast cancer cell lines it appears that

hypoxia also correlates to loss of ER expression” >

and that this may induce tamoxifen
resistant growth.”* Hormone independent growth is frequently caused by abnormalities in
g p g q y M

growth factor signaling pathways such as EGFR, HER2, MAPK-singalling via ERK1/2, or



IGFR via PI3K,” all of which may be influenced by HIF-1a. HIF-10 has also been implicated
as an independent prognostic marker in both lymph node negative® as well as lymph node
positive breast cancers.”” ** Also, high histological grade, ER and PR (progesterone receptor)
negativity and the presence of necrotic regions have been linked to the presence of HIF-10,”
but the relation between histological grade, ER status and HIF-1a expression differs between
reports.'* 2% %’ This difference could potentially be explained by the fact that the role of HIF-
la as a prognostic marker was investigated in small cohorts of pre and postmenopausal

patients with both early and advanced breast cancer, receiving different forms of treatment.

We therefore investigated the prognostic information of HIF-1a expression in tumours from
patients participating in a randomised trial of two years adjuvant tamoxifen versus no
treatment, including only premenopausal patients with stage II invasive breast cancer. The
follow-up time was measured as recurrence free survival (RFS). The tumours in the cohort
have been arranged in a tissue microarray facilitating stringent analysis of prospective

prognostic and predictive markers.



Methods and materials

Study design

Between 1984 and 1991, 564 premenopausal women with primary breast cancer in the South
and Southeast region of Sweden were enrolled in a clinical trial’® and randomised to adjuvant
tamoxifen treatment (20 or 40 mg daily), n=276, for 2 years vs control, n=288. The aim of
the study was to compare the effect of tamoxifen on RFS (primary outcome). OS (overall
survival) is used as secondary outcome since patients with recurrent disease (distant or local)
were treated with tamoxifen if the tumour was ER-positive, regardless if they had been
randomised to control initially. RFS considered local, regional, distant recurrences and breast-
cancer specific death, but not contralateral breast cancer. The inclusion criteria were
premenopausal patients, or patients less than 50 years of age, with stage II (pT2 NO MO, pT1-
2 N1 MO) invasive breast cancer operated by modified mastectomy or breast conserving
surgery with axillary lymph node dissection. Postoperative radiotherapy and was given after
breast conservative surgery and lymph node positive patients received loco-regional
radiotherapy. In <2% of the patients, polychemotherapy was given. The median follow-up
time for patients without breast cancer events was 13.9 years. The clinical and tumour

pathological characteristics did not differ between the treatment arms.

Tissue microarray

500 paraffin embedded tumours specimens were available for construction of the tissue
microarrays. From each tumour two representative cores (0.6 mm) were assembled using a
robotised tissue array machine (ATA-27, Beecher Inc, WI, USA). For immunohistochemistry,

4 um paraffin sections were de-paraffinised using xylen and rehydrated using descending



concentrations of ethanol. Antigen retrieval was achieved by microwave treatment for 2*5
min in a citrate buffer before being processed either in the Ventana Benchmark (Ventana
Medical Systems Inc, AZ, USA) using prediluted antibodies to ER (Anti-ER, clone 6F11) and
PR (Anti-PgR, clone 16) Her2 (Pathway CB-USA, 760-2694) or in the Dako Techmate 500
(Dako, Glostrup, Denmark) for HIF-1a (1:500, NB100-123H2, Abcam, US), Ki-67 (1:200,
M7240, Dako), VEGF-A (1:400, A20, Santa-Cruz, CA, USA), cyclin E (1:50, HE12, Santa-
Cruz), cyclin A (1:200, H432, Santa-Cruz), cyclin D1 (1:100, M7155, Dako). Nottingham
histological grade (NHG) according to Elston Ellis scoring system had been evaluated in 491
primary tumours. All breast carcinomas were classified according to the WHO criteria as one
of the following: ductal (n =411), lobular (n=43), mucinous (n=3), tubular (n=5), medullary
(n=25), lobular and ductal (n=1), DCIS/microinvasive (n=5), other or not classified (n=7).

The study has been approved by the ethical committees at Linkdping and Lund Universities.

Immunohistochemical evaluation

ER and PR-expression was defined as the fraction of positive nuclei subdivided into 4 groups
(0-10, 11-50, 51-75, 76-100%).30 ER and PR were scored as positive if the fraction of positive
tumour cells was >10%, which is in line with current clinical recommended determines. HIF-
la protein was evaluated by two investigators scoring the tissue array samples according to
the fraction of positively stained nuclei, since active HIF-1a is located only in the nucleus
cytoplasmic staining was discarded. Fractions were divided into 3 groups (0-1, 2-10, 11-
100%), see table 1. There was a high concordance between the investigators and in the few
cases of differing results, biopsies were re-evaluated and discussed to reach consensus. Most
cases had no or below 2% positively stained nuclei. HIF-1a 2-10% and 11-100% constituted
one group in survival analysis and y tests, owing to the relatively small number of patients in

these groups. Cyclin D1 and cyclin E were scored according to the nuclear fraction (0, 1-25,



26-50, 51-75, 76-100%). Ki-67 and cyclin A2 were also scored according to nuclear fraction
(0-1, 2-10, 11-25, 26-50, 51-100%). These scorings were divided by the median value into 2
groups, see table 2. Cyclin D1, cyclin A2, Ki-67 (Jirstrom et al 2005, submitted) and cyclin E
(Stighall et al, 2005, submitted) in correlation to prognosis and clinico-patological parameters
will be described in detail elsewhere. Her2 staining has been evaluated according to a
standard protocol (HercepTest) and scored into 4 groups,”' these scorings are divided into two
groups with normal/weak (0-2) Her2 expression and overexpression (3+). VEGF-A intensities
are scored as positive (3) or negative (0-2) cytoplasmic staining.’' By using the tissue
microarray approach, staining variation between samples were minimised and positive
samples could be used as supplements for internal controls. Her2 gene amplification was
determined using FISH (fluorescent in situ hybridisation) according to standard protocols

(Ventana Medi-manufacturer’s Systems Ind.,AZ, USA) and described elsewhere.”!

Statistics

Differences in distribution between HIF-1a negative/low and HIF-1a high tumours, regarding
clinical data and tumour characteristics were evaluated by the Xz test. Kaplan-Meier’s plot and
log rank test were used for illustrating and calculating RFS. The Cox multivariate
proportional hazards model was fitted to explore the effects on RFS of HIF-1a, tumour size,
Her2, lymph node status, NHG, Ki-67 in the untreated patients; the analysis was also
preformed after NHG 3 exclusion. All calculations were performed in SPSS version 11.0

(SPSS Inc, Chicago, IL, USA).



Results

Distribution of HIF-1a

Immunohistochemical tumor specific HIF-1a expression could be evaluated in 377 (67%) of
the tumours (table 1). Nuclear staining of HIF-1a was scored as positive in 24% of the
evaluated breast carcinomas. Examples of immunohistochemical staining of HIF-1a and
verification of the antibody specificity are shown in figure 1. Distribution according to
clinico-pathological parameters is further delineated in table 2. HIF-1a correlated positively to
tumour size, NHG, Ki-67, Her2 and cyclin E expression. HIF-1a was also correlated to lymph
node-negativity, cyclin D1-negativity, ER-and PR-negativity. There was further a trend
towards an association between HIF-1a and Her2 amplification (0.069) but not to patient age.
Surprisingly, there was no significant association between HIF-1a and VEGF-A expression
(p=0.68). Baseline clinicopathological characteristics according to cases with HIF-1a
evaluated tumours and missing cases was examined for selection-bias and found non-
significant except in the NHG distribution (data not shown). Due to an overrepresentation of
NHG 1/2 tumours among the missing tumours the evaluated tumours had significantly more
NHG 3 tumours than expected; despite this the distribution between NGH1/2 versus NHG 3

among the HIF-1a evaluated tumours was even (182 vr 183).

HIF-1a and tamoxifen treatment response

In the treated patient cohort, only patients with ER-positive tumours responded to tamoxifen
treatment’’ and this subgroup was therefore selected for further studies of a potential link
between HIF-1a expression and tamoxifen response. By comparing tamoxifen treated patients
with untreated patients within subgroups of ER-positive tumours defined by HIF-1a
expression, the tamoxifen response in relation to HIF-1a could be defined. As illustrated in

figure 2 there was no obvious difference in tamoxifen response between high and low HIF-1a



expressing tumours in terms of RFS. In the ER-positive and HIF-1a negative/low tumours
there was a nearly significant tamoxifen effect (p=0.093) whereas there was a significant
tamoxifen effect in the smaller group of HIF-1a positive tumours (p=0.011). The fact that
HIF-1a expression was negatively associated with ER contributes to the low number of
patients in panel B, figure 2. It can nevertheless be concluded that HIF-1o and hormone
receptor positive breast cancer seem to be able to respond to tamoxifen treatment despite
obvious links between hypoxia and ER-modulations. Ki-67 and ER-status in relation to HIF-1
expression in the two study groups (control versus tamoxifen treatment) are presented in table
3. HIF-1 high tumours were frequently more ER negative and Ki-67 positive, as shown by
sequential immunohistochemical stainings for the different markers from the same

representative tumour core, shown in figure 2, panel C.

HIF-1o and survival

In the entire cohort of patients (n=377) there was a significantly worse RFS for patients with
HIF-1a high tumour (p=0.048) compared to negative or low expression (figure 3A). There
was further a trend towards a worse overall survival for patients with HIF-1a high tumours
(p=0.12) (figure 3B), as well as significant difference in breast cancer specific survival
(p=0.028) (figure 3C). We next restricted the recurrence free survival analysis to the 288
untreated patients in order to investigate pure prognostic information in relation to HIF-1a
staining. Interestingly, there was no significant difference in RFS in relation to HIF-1a in the
untreated patients even though there was a non-significant trend towards an impaired RFS for
patients with HIF-1a high tumours (figure 4A). This trend was slightly more apparent in the
subgroup analysis including only ductal breast cancers (figure 4B). In the tamoxifen treated
cohort, HIF-1a showed a similar trend towards worse RFS (p=0.14). Earlier reports have

observed independent prognostic values for HIF-1o in lymph node-negative breast cancer®® as
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well as in lymph node-positive breast cancer patients,”’ and we therefore analysed the
subgroups of lymph node-negative (n=50) and lymph node-positive (n=145) untreated control
cases separately (figure 4 C,D). There was no significant association to RFS in the subgroup
of lymph node-negative patients but there was a significant association between a shorter RFS
and HIF-1a expression in the lymph node-positive subgroup. To further investigate the
prognostic information of HIF-1a we analyzed the subgroups of NHG 1/2 tumours versus
NHG 3 tumours. In NHG 1/2 tumours HIF-1a high expression was significantly linked to a
shorter RFS (figure 4 E) whereas there was no significant association between HIF-1a and
RFS in the NHG 3 tumours (figure 4 F). In the treated cohort, there were no significant
associations between HIF-1a and RFS in either lymph node-negative (p=0.088) or lymph
node-positive patients (p=0.46) or NHG1/2 tumours (p=0.70) or in NHG 3 tumours (p=0.24).
Table 4 shows the results of multivariate analysis of RFS in the untreated cohort of patients.
When including all untreated patients, HIF-1a was not an independent prognostic factor in
contrast to node status and NHG. However, when taking the above-presented results into
account and excluding the NHG 3 tumours from the multivariate analysis, only HIF-1a

remained an independent prognostic marker for RFS (table 5).
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Discussion

The aim of this study was to investigate the role of HIF-1a as a prognostic marker in stage II
premenopausal breast cancer patients in relation to RFS using a randomised study cohort. The
prognostic impact of HIF-1a in breast cancer has neither been explored in an untreated patient
cohort and neither with regards to tamoxifen response in a randomised treatment trial cohort.
In the whole material, 24% of the tumours showed nuclear HIF-1a staining, which is in
concordance with other articles even if the patient cohorts differ between the reported

. 27,28,32
studies.?”?®

ER down-regulation in breast cancer cell lines as well as in primary breast cancer has been
linked to HIF-1a induction.'* '*2% % In contrast, ER positivity has also been reported to be
associated with HIF-1a expression'® whereas others have not observed any significant link

27,28

between HIF-1a and ER expression. Decreased ER expression and its downstream target

: - - . 19,22,29
PR in tumour cells surrounding necrotic zones are nevertheless obvious

and despite
some inconsistencies between studies, there seems to be an inverse link between HIF-1a.
expression and ER in both experimental models as well as in in vivo tumors. The data

presented in this study further supports a link between HIF-1a and the presence of ER in

breast cancer but surprisingly not to the tamoxifen response as further deliberated below.

HIF-1a is considered to support tumour growth and the significant association between
tumour size and HIF-1a observed in this study fits well with this theory. For some reason this
correlation appears to be lost when analysing T1, T2 and T3 tumours together'* or T1, T2
versus T3, T4.*® Our data suggest that HIF-1a and tumour size is correlated in tumours up to 5
cm in size, but in larger tumours other factors might be more important in regulating tumour

size or growth. Further, HIF-1a was associated with proliferation in this study indicating the
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presence of HIF-1a in actively proliferating cells, which is in line with other publications.'®*°

Proliferating cells are under the control of proteins in the cell cycle and HIF-1a appears to be
positively associated to proteins involved in S/G,-phase such as cyclin E and cyclin A2, but
negatively associated to cyclin D1, which, mainly functions in early G;-phase. This is in
concordance with earlier published data® but apart from the association to the cell cycle this
could also indicate that HIF-1a expression is correlated to a certain type of breast cancer with

. . . . 4
proliferative features and frequent overexpression of cyclin E.***°

HIF-1a has not previously been explored in relation to treatment prediction in a randomised
treatment trial, but one breast cancer cell line study has demonstrated that hypoxia induces
tamoxifen resistant growth.** In our study we could not confirm this link between hypoxia and
tamoxifen response and both HIF-1a low and high tumour appeared to respond to tamoxifen
treatment. Since there is a negative association between ER and HIF-1a expression, the
amount of ER-positive and HIF-1a high tumours was rather small in this study, which might
have affected the results, but despite few tumours there was a significant tamoxifen effect in
the subgroup of HIF-1a high tumours, clearly suggesting that these tumours indeed have a
functional tamoxifen response. Nevertheless, cell line studies indicate that ER positive breast
cell lines downregulate the ER under hypoxic conditions, which is in contrast to the existence
of tumours with a high ER and HIF-1a expression as observed in this study.'” It is possible
that the tumours with a high HIF-1a expression and ER-positivity represent a subgroup of
tumours where HIF-1a expression is under the control of growth factor signaling and perhaps
not hypoxia, which could affect the results concerning ER-content and tamoxifen response.
HIF-1a has been correlated to VEGF-expression in progressive breast cancer stages and in a
subgroup of lymph node- and ER-negative cancer.'®**** The relation of VEGF to HIF-1a

expression has not been investigated in lymph node positive patients. Surprisingly, we did not
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observe any association between HIF-1a and VEGF-A expression in the whole cohort nor in
the ER positive or negative cohort, nor in lymph node positive or negative disease (data not
shown). Since hormonal stimulation (estrogen) regulate VEGF secretion in breast cancer® >’
we speculate that this might influence the outcome of correlation analysis in the present
tumour material. EGF signaling has also been shown to regulate the VEGF-levels,®
potentially further influencing the analysis. Recently it was shown that there is an inverse

balance between the amount of VEGFR1 and VEGF levels in breast cancer, and the balance is

partly dependent on hormonal stimulation.*

In general, our outcome data including breast cancer recurrence, overall survival and breast

14.2628 suggesting that

cancer specific survival strengthen and clarify the findings of others,
HIF-1a is linked to aggressive tumour features and a bad prognosis for breast cancer patients.
The patient group where this correlation is of prognostic value is nevertheless a matter of
debate and different reports show different results. In lymph node-negative patients it has
previously been shown that HIF-1a correlated to a worse prognosis whereas in the lymph
node-positive cohort there were no such association.*®

Others have shown that HIF-1a was indeed prognostic in a lymph node-positive cohort”’ of
T1 and T2 tumours.*® HIF-1a expression has also been observed to increase with an
increasing occurrence of lymph node metastasis,'* which is in direct disagreement with our
data where HIF-1a expression is inversely correlated to lymph node status. In an attempt to
clarify the prognostic information in HIF-1a expression and lymph node status we used the
untreated patient cohort where interference of different treatment regimes on survival can be
minimised. We found that HIF-1a was not associated with outcome (RFS) in lymph node-

negative cancer in contrast to lymph node-positive cancer. In the entire cohort of lymph node-

negative tumours, HIF-1a showed a trend (p=0.12) towards a shorter survival that possibly
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could be an indirect result of treatment since this trend completely disappeared in the control
cohort. Speculatively, HIF-1a high tumours do not seem to commonly metastasize, but if they
do, HIF-1a expression indeed seem to be linked to aggressive features and a bad prognosis.

In this study we observed a positive correlation between HIF-1a and NHG, which is
supported by the fact that a high histological grade and the presence of necrotic regions in
breast tumours are closely associated.” Further, this association was also observed in a study
cohort of 153 stage I/II invasive breast cancers®® but not in studies where only lymph node-
positive patients were included.”” *® In the present cohort, the correlation between NHG and
HIF-1a expression persisted, also when analysing the lymph node-positive control cohort only
(p=0.003). Even though there was a positive correlation between HIF-1a and NHG, HIF-1a
only influenced RFS in the control cohort of NHG 1/2 tumours and not in NHG 3. NHG 3
tumours seem to have passed the point where HIF-1a is linked to prognostic values. When
analysing the untreated control cohort in a multivariate analysis, HIF-1a was not
independently associated to RFS, whereas both lymph node status and NHG were. However,
after exclusion of the NHG 3 tumours, HIF-1a expression was the only significant
independent factor for RFS, whereas lymph node status lost its significance, as did the
difference between NHG 1/2. By excluding confounding mechanisms due to treatment and
pre/post menopausal patients we are convinced that these data represent valid prognostic

information of HIF-1a.

Direct associations between HIF-1a and Her2 expression/gene amplifications have earlier
been reported in breast cancer.”® A recently published combination analysis showed that
tumours with a high HIF-1a expression and Her2 gene amplification had a poor survival

outcome.'* In premenopausal stage II breast cancer with long follow-up, it is nevertheless
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obvious that high HIF-1a and Her2 in combination does not contribute to poor outcome (data

not shown).

In summary, our results suggest that HIF-1a is linked to, and possibly directs the tumours
towards a worse RFS in premenopausal patients with stage II tumours with special emphasis
in lymph node positive patients. The prognostic information of HIF-1a further appears to be
restricted to NHG 1/2 tumours where HIF-1a is the only significant prognostic marker in a
multivariate analysis. Surpringly, HIF-1a did not have a predictive value regarding tamoxifen
treatment response. Further, HIF-1a was associated with markers of aggressive breast cancer
such as histological grade, tumour size, Ki-67, cyclin E and A, Her2 expression and
amplification, loss of ER and PR. Therefore HIF-1a may improve the clinical decision

regarding NHG 1/2 tumours and their adjuvant treatment.
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Table 1

HIF-1a distitribution in the material.

HIF-1a N HIF-1a in 2 groups
0-1% 286 286 (negative/low)
?_11_(1);/(())% g(l) } 91 (positive)
Total 377

Missing 187*

* = 64 due to no available paraffin blocks, 123 due to no tumour material in the core or loss during the staining
process.

Table 2

Clinical data and tumour characteristics according to HIF-1a in two groups.

Variable HIF-1a (negative/low) HIF-la (positive) P-value (xz—test)
Age

< median (25-45) 164 52 0.97

> median (46-57) 122 39

Node status

NO 68 34 0.012

NI+ 216 57

Unknown 2

Tumour size

0-10 mm 21 3 0.009
11-20 mm 88 16

21+ mm 176 72

Unknown 1

NHG*

1 36 5 <0.0001
2 123 19

3 118 64

Unknown 9 3

Ki-67

0-10% 124 27 0.005
>10% 135 61

Unknown 27 3

ER status

ER - 69 53 <0.0001
ER + 211 36

Unknown 6 2

PR status

PR - 69 56 <0.0001
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PR + 211 32

Unknown 6 3

Her?2 status

Normal/Weak (0-2+) 222 65 0.015
Overexpressed (3+) 34 21

Unknown 30 5

Her2 FISH

Non amplified 204 60 0.069
Amplified 27 15

Unknown 55 16

VEGF-A

Negative (0-2) 213 66 0.68
Positive (3) 63 22

Unknown 10 3

Cyclin A2

0-10% 134 36 0.056
>10% 115 50

Unknown 37 5

Cyclin E

0-25% 115 14 <0.0001
>25% 69 44

Unknown 102 33

Cyclin D1

0-25% 149 65 <0.0001
>25% 127 21

Unknown 10 5

Randomization

Control 151 45 0.58
Tamoxifen 135 46

Abbreviations: NO= node negative, N1+ = node positive, NHG= Nottingham histological grade, ER=oestrogen
receptor, PR= progesterone receptor
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Table 3

Clinical data and tumour characteristics according to treatment arm

Control Tamoxifen treated

Variable HIF-1a HIF-1a HIF-1a HIF-1a
positive negative/low  positive negative/low
Ki-67
0-10% 13 66 14 54
>10% 31 70 30 69
p-Value 0.011 0.16
ER-status
ER+ 20 114 16 97
ER- 24 36 29 33
p-Value <0.0001 <0.0001
Table 4

Recurrence free survival with Cox-multivariate analysis for untreated patients.

Univariate Multivariate
Variable HR 95%CI p-value HR 95%CI  p-value
HIF-1a (neg vr pos) 1.3 0.9-2.1 0.19 14 09-23 0.18
Her2 (0-2+ vr 3+) 1.4 0923 0.15 09 0.5-1.6 0.73
Node status (NO vr N1+) 2.0 1330 0.002 33  1.8-6.0 <0.0001
Tumour size (0-20 vr 21+mm) 1.2 0.9-1.7 0.21 1.1 0.7-1.8 0.67
NHG (1,2 vr 3) 1.8 13-25 <0.0001 1.7 1.0-2.8 0.028
Ki-67 (0-10% vr 11%+) 1.4 1.0-2.0 0.073 1.3 0.8-22 0.26

Abbreviation: HR = hazard ratio, CI = confidence interval.
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Table 5

Recurrence free survival with Cox-multivariate analysis for untreated patients, NHG 1/2.

Univariate Multivariate
Variable HR 95%CI p-Value HR 95%CI  p-Value
HIF-1a (neg vr pos) 23  1.14.6 0.022 23 1.149 0.033
Node status (NO v N1+) 1.2 0.6-2.2 0.58 1.2 0.5-2.7 0.68
Tumour size(0-20 vr 21+mm) 1.2 0.7-1.9 0.45 1.0 0.5-19 0.99
NHG (1 vr2) 1.6 0.8-3.0 0.17 1.3 0.6-3.0 0.49
Ki-67 (0-10% vr 11%+) 1.8 1.0-3.1 0.036 1.5 0.8-29 0.19

Abbreviation: HR = hazard ratio, CI = confidence interval.
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Figure legends.

Figure 1.

A) Immunohistochemical HIF-1a staining of breast cancer array samples illustrating HIF-1a
positive and HIF-1a negative examples. B) Immunohistochemical evaluation of the antibody,
MCEF-7 cells were exposed to 21% oxygen compared to hypoxic conditions for 72 hours. C)

MCEF-7 cells transfected with empty vector or with HIF-1a expression-vector.

Figure 2.

Kaplan-Meier estimate for patients according to treatment arm in patients with ER (oestrogen
receptor)-positive tumours of recurrence free survival for patients with A) HIF-1a negative or
low tumours or B) HIF-1a positive tumours. C) Immunohistochemical stainings of HIF-1a
positive and negative/low tumours, with the corresponding tissue microarray core stained for
ER and Ki-67, illustrating examples from both control and tamoxifen treated patients. The

log-rank test was used to calculate the p-values.

Figure 3.
Kaplan-Meier curves for negative/low (N=286, black line) contra high (N=91, grey line)
HIF-1a expression for A) recurrence free survival, B) overall survival and C) breast cancer

specific survival. The log-rank test was used when calculating the p-values.

Figure 4.

Kaplan-Meiers estimate of recurrence free survival for patients with negative/low contra high
HIF-1a expression for A) Control cohort, B) Control cohort resticted to ductal tumours only
or C) lymph node negative or D) lymph node positive patients or E) NHG 1/2 tumours or F)

NHG 3 tumours only. The log-rank test was used to calculate the p-values.
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