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Introduction

Breast cancer is the most commonly diagnosed cancer 
in women and the second leading cause of cancer 
mortality among women in more developed coun-
tries.1,2 Although the improvements in early detection 
and treatment strategies have resulted in decreased 
mortality, more reliable prognostic and predictive mark-
ers of breast carcinoma are required.3 Breast cancer is 
a heterogeneous disease, with a high degree of diver-
sity between and within tumors as well as among can-
cer-bearing patients.4 According to gene expression, 
carcinomas have been classified into luminal A, luminal 
B, Her-2-enriched, and triple-negative disease. These 

subtypes have a strong prognostic impact and repre-
sent the basis for therapy.5,6

Estrogen receptor (ER)-positive breast cancer 
represents approximately 70% of all breast cancers.7 
Endocrine therapy is critical to the success of control-
ling hormone-positive breast cancers, including tumors 
bearing the ER for early-stage and metastatic breast 
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Summary
The prognostic significance of hypoxia markers, hypoxia-inducible factor-1α (HIF-1α), hypoxia-inducible factor-2α 
(HIF-2α), and carbonic anhydrase IX (CAIX), was investigated in estrogen receptor (ER)-positive breast cancer 
patients. Immunohistochemistry determined the expression of makers in two independent ductal ER-positive cohorts 
(Training set, n=373 and Validation set, n=285) and was related to clinicopathological parameters and disease-free 
survival (DFS). In the training cohort, nuclear HIF-1α (1) was independently associated with poorer DFS in luminal 
A tumors [hazard ratio (HR) = 0.53 95% confidence interval (CI): 0.30–0.94, p=0.030]. In the validation cohort, both 
HIF-1α (1) and CAIX were independently associated with decreased DFS in the entire cohort (HR = 1.85 95% CI: 
1.10–3.11, p=0.019; HR = 1.74 95% CI: 1.08–2.82, p=0.023), in luminal A disease (HR = 1.98 95% CI: 1.02–3.83, 
p=0.042), and in luminal B disease (HR = 2.75 95% CI: 1.66–4.55, p<0.001), respectively. Taken together, elevated 
cytoplasmic HIF-1α (1) expression was an independent prognostic factor in luminal A disease, whereas CAIX was 
an independent prognostic factor in luminal B disease. Further work in large tissue cohorts is required. (J Histochem 
Cytochem 70. 479–494, 2022)
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disease.8–10 However, approximately 30% of patients 
either present with initial resistance called intrinsic (de 
novo resistance) or with resistance that arises during 
treatment (acquired resistance).11

Tumor microenvironment influences the behavior 
of cancer cells including characteristics of aggres-
siveness, such as invasiveness, metastasis, angio-
genesis, and therapy resistance.12 A number of 
factors have been implicated in hormone resis-
tance mechanism including altered ER-binding 
and crosstalk with other pathways, for example, the 
PI3K–AKT–mTOR pathway.11 Hypoxia, a condition 
commonly occurring in solid tumors, is a major driver 
of invasiveness and metastasis in breast cancer, and 
it is associated with chemotherapy and radiotherapy 
resistance.13,14

At the molecular level, the adaptation of tumor 
cells to hypoxic stress is regulated mainly by hypoxia-
inducible factors (HIFs), which are transcription factors 
that accumulate in response to decreased cellular oxy-
gen levels.15,16 The main mediator of signaling these 
poorly oxygenated areas is hypoxia-inducible factor-
1α (HIF-1α), which is stabilized at low oxygen levels 
activating the expression of several hypoxia response 
genes, including erythropoiesis, angiogenesis, glu-
cose metabolism, and pH regulation.17,18 Hypoxia-
associated enzyme carbonic anhydrase IX (CAIX) is 
a direct transcriptional target of HIF-1α and is one of 
the most commonly upregulated genes in response 
to hypoxia.19,20 CAIX, a transmembrane glycoprotein, 
plays a major role in maintaining the pH gradient 
between tumor cells and their extracellular space by 
reversible hydration of carbonic dioxide to carbonic 
acid (CO2

+ H2O = HCO3
– + H+).21 Therefore, CAIX 

might increase metastatic potential by allowing aggres-
sive cancer cells to survive the hostile environment 
imposed by hypoxia and may further function to poten-
tiate extracellular acidosis, facilitating growth and inva-
sion of the surviving tumor cells.22

HIFs have been demonstrated to be involved in the 
resistance mechanism.23–25 Significantly, the response 
to tamoxifen is decreased in hypoxic breast cancer 
cells compared with cells grown under normoxic envi-
ronments.26,27 The possibility of using HIFs and CAIX 
as prognostic and predictive markers in breast cancer 
has already been discussed by several authors.15,28–32 
The prognostic role of these proteins was dependent 
on cellular distribution and luminal subtypes. However, 
the interplay between hypoxia, HIFs and CAIX, activ-
ity and their impact on survival has not been clarified 
in ER-positive breast cancer cells. Therefore, the aim 
of this study was to examine the prognostic value of 
HIF-1α (1), HIF-1α (2), HIF-2α, and CAIX in ER-positive 
invasive breast cancer.

Materials and Methods

Patient TMA

Tissue microarrays were previously constructed from 
formalin-fixed paraffin-embedded tissue (FFPE) blocks 
from breast cancer patients in triplicate tissue microar-
rays (TMAs). Cores of 0.6 mm from archival paraffin 
blocks of each tumor were placed in separate TMA 
blocks. Sections of 2.5 μm thickness from each TMA 
block were placed on silanized glass slides.

Exclusion criteria included the following: (1) cases 
with ER-negative status, (2) cases with non-ductal car-
cinoma, (3) cases with HIF-1α (2) expression not 
available, (4) cases whose TMAs’ tumor samples were 
not sufficiently representative for evaluation of protein 
expression, and (5) cases in which clinicopathological 
data of interest could not be properly collected from 
the review of medical records.

ER-positive Cohort 1

In all, 570 female patients with ER-positive invasive 
breast cancer operated on at Royal Infirmary, Western 
Infirmary, and Stobhill Hospital, Glasgow, in the period 
from 1995 to 1998 were included in this study. Selection 
criteria of specimens having ductal histological sub-
type (n=476) and HIF-1α (2) expression available for 
analysis (n=373) were applied, resulting in the exclu-
sion of 197 patients (Fig. 1A). Clinicopathological data 
including age, histological tumor type, grade, tumor 
size, lymph node status, and adjuvant treatment (hor-
monal therapy and chemotherapy) were retrieved from 
the routine reports. The molecular subtypes were 
defined as follows: Luminal A: ER-positive and/or 
progesterone receptor (PR)-positive, Her-2-negative, 
low proliferative index (≤15%); Luminal B: hormone 
receptor–positive, Her-2-positive, high proliferative 
index (>15%).

ER-positive Cohort 2

In all, 392 female patients with ER-positive invasive 
breast cancer operated at Western Infirmary, Victoria 
Hospital, and Stobhill Hospital, Glasgow, between 
1980 and 1999 (Fig. 1B) were included in the study. 
Selection criteria of specimens having ductal histologi-
cal subtype (n=314) and HIF-1α (2) expression avail-
able for analysis (n=285) were applied, resulting in the 
exclusion of 107 patients. The clinicopathological data 
available on the database included patient’s age, his-
tological tumor type, tumor size, tumor grade, involved 
lymph node status, PR status, Her-2 status, and Ki67 
proliferation index. All patients in the study were treated 
with the adjuvant tamoxifen.
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Disease-free survival (DFS) was used as the pri-
mary end point defined as survival in months from the 
date of surgery until recurrence or all-cause mortality. 
All tumor samples were collected following approval 
by the Research Ethics Committee of North Glasgow 
University Hospitals (NHS GG&C REC reference: 
16/WS/0207).

Immunohistochemistry (IHC)

Immunohistochemical expression of HIF-1α (1), HIF-
1α (2), HIF-2α, and CAIX was carried out using a pre-
viously constructed TMA. HIF-1α (1) and HIF-1α (2) 
were from different suppliers. Two HIF-1α antibodies 
were tested. The analysis was performed with HIF-1α 
(2) and was used to select the cohort; however, data 
from HIF-1α (1) were more robust, so the results from 
that are presented in the article. Sections were 
dewaxed in Histoclear (National Diagnostics; CA) and 
then rehydrated through a decreasing gradient of alco-
hols. Heat-induced antigen retrieval was carried out 
under pressure in a microwave in either Tris-EDTA buf-
fer at pH 9 for anti-HIF-1α (1), HIF-1α (2), and HIF-2α 
or citrate buffer at pH 6 for anti-CAIX for 14 min at 96C. 
Endogenous peroxidase activity was blocked using 
3% hydrogen peroxide (H2O2) for 30 min. Prior to 
incubating in primary antibody, nonspecific antibody 
binding was blocked using either 1.5% horse serum 

(Vector Laboratories, USA) for anti-HIF-1α (1), anti-
HIF-1α (2), and anti-HIF-2α or 10% casein (Vector 
Laboratories; Newark, CA) for anti-CAIX for 60 min at 
room temperature. TMAs were stained with anti-HIF-
1α (1) antibody (clone monoclonal antibody HIF-1α 
67, NB 100-105; Novus Biologicals, Abingdon, UK) 
at a dilution of 1:150, anti-HIF-1α (2) antibody (clone 
polyclonal antibody HIF-1α, NB 100-449; Novus 
Biologicals) at a dilution of 1:400, and anti-HIF-2α 
antibody (clone polyclonal antibody HIF-2α, NB 100-
122; Novus Biologicals) at a dilution of 1:1000. For CAIX 
immunohistochemical detection, a monoclonal anti-
CAIX antibody (Bioscience, Slovakia) at a dilution of 
1:500 was used, followed by an overnight incubation 
at 4C for all proteins. TMAs were incubated for 30 min 
in ImmPRESS reagent (Vector Laboratories) and 
visualized with DAB chromogen substrate (Vector 
Laboratories). Samples were then counterstained in 
Haeamtoxylin Gill III (Leica Microsystems, Milton 
Keynes, UK cat. No. 3801540E) before being dehy-
drated in increasing alcohol gradients and Histoclear. 
Cover slips were applied using Pertex as mounting 
agent (Cellpath, Newton, UK cat no. SEA-0100-00A).

Slide Staining and Scanning

Stained TMAs were scanned using Hamamatsu 
NanoZoomer Digital Slide Scanner (Hamamatsu 

Figure 1. Consort diagram of patient inclusion in the study. (A) ER-positive cohort 1 and (B) ER-positive cohort 2. Patients with 
missing cores or insufficient tumor for analysis were excluded. Abbreviations: ER, estrogen receptor; TMA, tissue microarray; HIF-1α, 
hypoxia-inducible factor-1α; IHC, immunohistochemistry; CAIX, carbonic anhydrase IX.
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Photonics K.K.; Shizuoka, Japan) and visualized in 
NDP.serve3 image viewer platform system. Slides 
were visualized at 20× magnification. The expression 
of protein levels was assessed at each cellular com-
partment separately, nuclear and cytoplasmic for HIF-
1α (1), HIF-1α (2), and HIF-2α and membranous and 
cytoplasmic for CAIX. No negative control antibody 
was used in the breast cancer TMA to rule out nonspe-
cific staining (Supplementary Figs. S1–S3).

Scoring for Hypoxic Markers

Weighted Histoscore. Scoring was performed by a single 
observer (S.A.K.S.) blinded to the clinical data. Tumor 
cell expression of HIF-1α (2), HIF-2α, and CAIX was 
assessed using the weighted Histoscore method.33,34 
The weighted Histoscore was calculated as follows: 
(% of unstained tumor cells × 0) + (% of weakly stained 
tumor cells × 1) + (% of moderately stained tumor cells 
× 2) + (% of strongly stained tumor cells × 3) to give a 
range from 0 to 300. All three cores were scored sepa-
rately, and an average score was taken. S.A.K.S. sub-
sequently scored all slides for analysis.

QuPath Scoring. HIF-1α (1) was scored using QuPath 
digital pathology software v0.2.3 (QuPath; Edinburgh, 
UK). In brief, after using the TMA Dearrayer function to 
create a TMA grid with cores in their correct positions, 
stain vectors were estimated during preprocessing by 
the visual stain editor available in QuPath to increase 
staining quality. Then, cells were detected using a 
watershed cell detection method, and annotations 
were made to allow QuPath to recognize different tis-
sue types, which are tumor and stroma. Then, a ran-
dom trees classifier was trained using more than 40 
features such as perimeter, area, and optical density. 
Three intensity thresholds were used to represent neg-
ative, weak, moderate, and strong staining, and after 
the classifier was built, the auto-update feature was 
used to revalidate the classifier’s accuracy in real-time. 
The classifier was then saved and applied to all TMA 
slides that were subjected to QuPath analysis.

To ensure reproducibility of scoring, 10% of cores 
for each marker was co-scored by a second observer 
(J.E.) blinded to the previous observer score as well as 
clinicopathological information. Reliability analysis 
was performed with SPSS software to ensure consis-
tency and objectivity between the main scorer and 
the co-scorers giving an interclass correlation coef-
ficient (ICCC) for all markers. Values above 0.75 are 
indicative of good reliability.35 Scatter plots and 
Bland–Altman plots were constructed to visualize 
the correlation between scores. Manual scores for 
HIF-2α, and CAIX and QuPath scores for HIF-1α (1) 

were used for optimal thresholding and thus all subse-
quent analyses.

Statistical Analysis

To set threshold values for categorizing the expres-
sion of each protein into two groups, “low” and “high,” 
log-rank statistics were performed in R Studio (R 
Studio; Boston, MA) using survminer, survival, tidy-
verse, and maxstat packages. Survminer package in 
R studio was used to determine the optimal threshold 
for different antibodies based on overall survival (OS). 
The same threshold value was also prognostic for 
DFS. The threshold values from cohort 1 were applied 
for analysis in cohort 2. IBM SPSS software version 
27 (SPSS Inc.; Chicago, IL) was used for statistical 
analysis. Kaplan–Meier log-rank curves were used to 
identify the associations between protein expression 
and DFS within the entire cohort and subtype group. 
Univariate Cox regression survival analysis with 95% 
confidence intervals (CIs) was used to calculate haz-
ard ratio (HR) and 95% CI. Multivariable Cox regres-
sion survival analysis was carried out using a 
backward conditional elimination model. Chi-square 
testing was also used to determine the association 
between markers. Statistical significance was set to 
p<0.05.

Results

ER-positive Cohort 1

Supplementary Table S1 shows the clinicopathologi-
cal characteristics of selected patients. The majority of 
patients (73%) were aged above 50 years, had small 
tumors ≤20 mm (62%), grade II (53%) or grade III 
(24%), and negative lymph node (59%). Of the 373 
patients, 252 (68%) had PR-positive and 329 (89%) 
had Her-2-negative tumors. In all, 234 (65%) patients 
had luminal A disease and 127 (35%) had luminal B 
disease. Furthermore, 281 (88%) patients received 
tamoxifen and 110 (30%) received chemotherapy. 
Sixty-seven patients (19%) experienced recurrence. Of 
these patients, 15 (4%) had local recurrence, 49 (14%) 
had distant recurrence, and 3 patients had both.

Of the 373 patients, in 73 (20%) there was a tissue 
core missing and so HIF-1α (1) staining could not be 
carried out, and they were excluded from the analysis. 
Therefore, expression of HIF-1α (1) was assessed in 
300 patients. HIF-1α (1) was clearly expressed in the 
nuclei and cytoplasm of tumor cells. Representative 
images of cytoplasmic and nuclear HIF-1α (1) 
staining and scoring, which was performed using 
QuPath digital image analysis software, are shown in 
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Supplementary Fig. S1A. Cytoplasmic HIF-1α (1) 
scores ranged from 0 to 167.75, with a mean score of 
93.41, and nuclear scores ranged from 0 to 205.55, 
with a mean score of 109.4. A histogram was plotted 
to visualize the range of scores and data were rela-
tively normally distributed (Supplementary Fig. S1B). 
A correlation coefficient of 0.842 and 0.898 for cyto-
plasmic and nuclear, respectively, was obtained 
between QuPath and manual scores, and data were 
visualized in the form of a scatter plot and a Bland–
Altman plot (Supplementary Fig. S1C). The optimal 
threshold was 104 for cytoplasmic and 156 for nuclear 
staining (Supplementary Fig. S1D).

Kaplan–Meier curves were plotted to determine any 
association between HIF-1α (1) expression and DFS 
in the full cohort. No significant association of cyto-
plasmic HIF-1α (1) expression with DFS (log-rank, 
p=0.114) was found. In contrast, statistically significant 
poorer DFS (log-rank, p=0.015) was observed with 
high level of nuclear HIF-1α (1) expression (Fig. 2A). 
Based on text life table analysis, the 10-year DFS was 
53% for low nuclear HIF-1α (1) expression versus 10% 
for high protein expression (p=0.096). However, when 
entered into multivariate analysis, nuclear HIF-1α (1) 
was not significantly independently associated with 
reduced DFS when combined with age, tumor size, 
lymph node status, Ki67, molecular subtype, lymphatic 
vessel invasion, tumor necrosis, Klintrup–Mäkinen 
grade, tumor stroma percentage, tumor budding, and 
adjuvant radiotherapy (HR = 0.66 95% CI: 0.27–1.64, 
p=0.373) (Supplementary Table S2).

Chi-square analysis was performed to determine 
whether the expression of nuclear HIF-1α (1) was 
associated with any clinicopathological characteristic 
of the patients. Expression of nuclear HIF-1α (1) was 
inversely associated with blood vessel invasion 
(p=0.028) and tumor necrosis (p=0.017), and trends 
toward significance with patient’s age (p=0.053) and 
luminal A molecular subtype (p=0.083) as shown in 
Supplementary Table S3.

To determine whether HIF-1α (1) expression was 
associated with clinical outcome in ER-positive 
patients, the cohort was subdivided into luminal A and 
luminal B tumors. Kaplan–Meier survival curves for 
cytoplasmic and nuclear expression of HIF-1α (1) 
were plotted. Patients with high immunostaining for 
nuclear HIF-1α (1) had significantly poorer DFS (log-
rank, p=0.038) in patients with luminal A but not with 
luminal B disease (log-rank, p=0.720) (Fig. 2B). 
According to text life table analysis, the 10-year DFS 
was 46% for low nuclear HIF-1α (1) expression 
versus 23% for high protein expression (p=0.090). 
Multivariate analysis suggested that nuclear expres-
sion of HIF-1α (1) was an independent prognostic 
marker for poorer DFS when combined with tumor 

size, lymph node status, and tumor stroma percentage 
in luminal A tumor (HR = 0.53 95% CI: 0.30–0.94, 
p=0.030) (Table 1).

Of the 373 patients, 37 (10%) had a tissue core 
missing and so HIF-2α staining could not be carried out, 
and they were excluded from the analysis. Therefore, 
expression of HIF-2α was assessed in 336 patients. 
Nuclear and cytoplasmic staining was detected in tumor 
cells with HIF-2α expression. Representative profiles 
of immunostainings of cytoplasmic and nuclear HIF-
2α with examples of weak and strong staining can be 
seen in Supplementary Fig. S2A. Histograms showing 
the distribution of histoscores for cytoplasmic HIF-2α 
ranged from 0 to 247.5 with a mean score of 143.67 
and for nuclear ranged from 0 to 300 with a mean 
score of 155.67, and data were relatively normally 
distributed as shown in histogram plot (Supplementary 
Fig. S2B). An ICCC value of 0.884 and 0.867 for 
cytoplasmic and nuclear, respectively, was obtained 
between both observer scores, and data were visu-
alized in the form of a scatter plot and a Bland–
Altman plot (Supplementary Fig. S2C). A density and 
scatter plot were constructed to visualize the thresh-
old of 113 for cytoplasmic and 173 for nuclear HIF-2α 
(Supplementary Fig. S2D).

Kaplan–Meier survival curves for cytoplasmic and 
nuclear expression of HIF-2α were plotted. The log-
rank test was used to compare low and high protein 
expression in tumor cells. No association or trend 
between cytoplasmic HIF-2α expression and DFS 
(log-rank, p=0.881) was observed. In contrast, high 
nuclear HIF-2α expression showed a trend toward pro-
longed DFS (log-rank, p=0.086). Because there was 
no significant association with survival, HIF-2α would 
not be investigated further.

The expression of CAIX in tumor cell was examined 
in 353 of 373 patients. Twenty (5%) patients were 
excluded from the analysis due to a tissue core 
missing. Cytoplasmic and membranous staining 
was detected in tumor cells with CAIX expression. 
Representative profiles of immunostainings can be 
seen in Supplementary Fig. S3A. Weighted histo-
scores for cytoplasmic expression ranged from 0 to 
217.5 with a mean score of 5.53 and for membranous 
scores ranged from 0 to 260 with a mean score of 
6.72. A histogram was plotted to visualize the range of 
scores, and data showed a positively skewed pattern 
(Supplementary Fig. S3B). There was good correlation 
between observers with an ICCC score of 0.986 and 
0.987 for cytoplasmic and membranous expression, 
respectively. Validation was visualized by plotting a 
scatter plot and a Bland–Altman plot (Supplementary 
Fig. S3C). This method yielded an optimum threshold 
score of 18 and 30 for cytoplasmic and membranous 
expression (Supplementary Fig. S3D).
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Kaplan–Meier survival curves for cytoplasmic and 
membranous expression of CAIX were plotted. As 
shown in Fig. 2C, the expression of cytoplasmic CAIX 
was associated with poorer DFS (log-rank, p=0.015), 
whereas membranous CAIX expression failed to reach 
statistical significance with DFS (log-rank, p=0.262). 
In multivariate logistic regression analysis, cytoplas-
mic CAIX was not significant independently associ-
ated with worse DFS in full cohort when combined 
with age, tumor size, lymph node status, Ki67, molecu-
lar subtype, lymphatic vessel invasion, tumor necrosis, 
Klintrup–Mäkinen grade, tumor stroma percentage, 

tumor budding, and adjuvant radiotherapy (HR = 1.04 
95% CI: 0.46–2.35, p=0.926) (Table 2).

Chi-square analysis was performed to determine 
whether the expression of cytoplasmic CAIX was 
associated with any clinicopathological characteristic 
of the patients in ER-positive cohort 1 as shown in 
Supplementary Table S4. Overexpression of cytoplas-
mic CAIX was significantly associated with tumor size 
(p=0.045), lymph node positivity (p=0.007), high prolif-
erative index (p=0.004), luminal B subtypes (p=0.04), 
high tumor necrosis (p=0.01), and low CD8+ infiltrate 
(p=0.03). No other associations were observed, but 

Figure 2. Hypoxic marker expression in ER-positive cohort 1 is significantly associated with survival. Kaplan–Meier curves showing 
associations between disease-free survival and (A) nuclear HIF-1α (1) in the entire cohort, (B) nuclear HIF-1α (1) in luminal A disease, 
and (C) cytoplasmic CAIX in the entire cohort. Log-rank test was used. Abbreviations: ER, estrogen receptor; HIF-1α, hypoxia-inducible 
factor-1α; CAIX, carbonic anhydrase IX.
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high levels of CAIX had an association of borderline 
significance with Her-2 negativity (p=0.071) and no 
adjuvant chemotherapy received (p=0.059).

To determine whether cytoplasmic CAIX expression 
was associated with clinical outcome in specific 
ER-positive subtype, the cohort was subdivided into 
luminal A and luminal B tumors. Patients with high 
cytoplasmic CAIX had a trend toward an association 
with poorer DFS (log-rank, p=0.078) in luminal B dis-
ease but not in luminal A tumor (log-rank, p=0.464).

Chi-square analysis was used to examine the 
possible associations between hypoxic markers. CAIX 
expression was not significantly associated with HIF-
1α (1) expression. However, there was a significant 
association between nuclear and cytoplasmic HIF-1α 
(1) and cytoplasmic and membranous CAIX (both 
p<0.001) (Table 3).

ER-positive Cohort 2

A total of 285 patients who presented with ER-positive 
early-stage invasive ductal carcinoma were included in 
the study. Supplementary Table S5 shows the clinico-
pathological characteristics of patients. The majority of 
patients (82%) were aged above 50 years, had tumors 

size ≤20 (48%), and had grade II carcinoma (51%). 
There were 137 patients with axillary lymph node 
involvement (52%). A total of 168 patients (61%) had 
PR-positive tumors and 263 patients (93%) had Her-2 
negative tumors. In all, 169 (71%) patients had luminal 
A disease and 69 (29%) had luminal B disease. Only 
71 (25%) patients received chemotherapy and 86 
(30%) patients received radiotherapy. Two hundred 
two patients (71%) had no recurrences, and 82 
patients (29%) experienced recurrences. Of these 
patients, 7 (3%) had bilateral recurrence, 76 cancer-
associated deaths and 60 non-cancer deaths.

The expression of HIF-1α (1) was analyzed in 217 
patients from ER-positive cohort 2 (n=285). In 68 
(24%) patients, there was a tissue core missing and 
so HIF-1α (1) staining could not be carried out, and 
they were excluded from the analysis. Kaplan–Meier 
curves were plotted to visualize association with the 
expression of HIF-1α (1) and DFS. When patients 
were split into two groups based on low and high HIF-
1α (1), there was statistically significant poorer DFS 
(log-rank, p=0.032) with high level of cytoplasmic 
HIF-1α (1) (Fig. 3A). In addition, high nuclear HIF-1α 
(1) expression was associated with DFS (log-rank, 
p=0.009) (Fig. 3B). Based on text life table analysis, 

Table 1. Univariate and Multivariate Analyses for Disease-free Survival of Nuclear HIF-1α (1) and Clinicopathological Characteristics 
in ER-positive Cohort 1, Luminal A Tumors (n=175).

Clinicopathological Characteristics

Luminal A Disease

Univariate Analysis Multivariate Analysis

HR (95% CI) P Value HR (95% CI) P Value

Age (≤50/>50years) 2.07 (1.17–3.65) 0.013* 1.48 (0.77–2.82) 0.240
Tumor size (≤2/2.1–5/>5 cm) 1.73 (1.26–2.38) 0.001* 1.87 (1.24–2.81) 0.003*
Grade (I/II/III) 1.21 (0.89–1.66) 0.229 — —
Involved lymph node (negative/positive) 2.09 (1.38–3.19) 0.001* 1.75 (1.04–2.95) 0.037*
PR status (negative/positive) 0.95 (0.61–1.48) 0.810 — —
Lymphatic vessel invasion (no/yes) 1.46 (0.82–2.61) 0.199 — —
Blood vessel invasion (no/yes) 1.50 (0.68–3.34) 0.315 — —
Tumor necrosis (low/high) 1.03 (0.66–1.61) 0.885 — —
Klintrup–Mäkinen grade (low/high) 0.64 (0.45–0.91) 0.013* 0.64 (0.41–1.01) 0.055
CD68+ (low/moderate/high) 0.94 (0.63–1.39) 0.743 — —
CD8+ (low/moderate/high) 1.07 (0.73–1.58) 0.713 — —
CD138+ (low/moderate/high) 1.04 (0.74–1.46) 0.820 — —
Tumor stroma percentage (low/high) 2.06 (1.35–3.13) 0.001* 2.18 (1.32–3.61) 0.002*
Tumor budding (low/high) 1.39 (0.92–2.12) 0.122 — —
Adjuvant endocrine therapy (no/yes/ATAC trial) 1.43 (0.73–2.84) 0.300 — —
Adjuvant chemotherapy (no/yes) 0.92 (0.58–1.47) 0.725 — —
Adjuvant radiotherapy (no/yes) 0.68 (0.45–1.04) 0.078 — —
Nuclear HIF-1α (1) (low/high) 0.56 (0.32–0.98) 0.038* 0.53 (0.30–0.94) 0.030*

Abbreviations: HIF-1α (1), hypoxia-inducible factor-1α (1); ER, estrogen receptor; HR, hazard ratio; CI, confidence interval; PR, progesterone 
receptor; ATAC, Arimidex, Tamoxifen, Alone or in Combination.
*Statistically significant p value <0.05.
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the 10-year DFS of patients with high nuclear HIF-1α 
(1) expression was 13% vs 26% with low HIF-1α (1) 
expression (p=0.220). However, when entered into 
multivariate Cox regression analysis and comparing 
them directly against DFS, nuclear but not cytoplas-
mic HIF-1α (1) retained an independent prognostic 
value when combined with tumor size, lymph node 
status, NPI (Nottingham prognostic index), Ki67, and 
molecular subtype (HR = 1.85 95% CI: 1.10–3.11, 
p=0.019) (Table 4).

Chi-square analysis was performed to determine 
whether the expression of nuclear HIF-1α (1) was 
associated with any clinicopathological characteristic 

of ER-positive patients as shown in Supplementary 
Table S6. The expression of nuclear HIF-1α (1) was 
associated with increasing patient’s age (p=0.004), 
tumor size (p=0.017), and positive PR status (p=0.033).

To determine whether the nuclear expression of 
HIF-1α (1) was associated with clinical outcome in 
specific ER-positive subtype, the cohort was subdi-
vided into luminal A and luminal B tumors. High 
nuclear HIF-1α (1) was significantly associated with 
poorer DFS in luminal A disease (log-rank, p=0.013) 
(Fig. 3C), but not in luminal B disease (log-rank, 
p=0.587). In multivariate logistic regression analysis, 
nuclear expression of HIF-1α (1) was an independent 

Table 3. Association Between Hypoxic Markers.

Hypoxic Markers

ER-positive Cohort 1 ER-positive Cohort 2

Nuclear  
HIF-1α (1)

Cytoplasmic 
CAIX

Membranous 
CAIX

Nuclear  
HIF-1α (1)

Cytoplasmic 
CAIX

Membranous 
CAIX

Cytoplasmic HIF-1α (1) <0.001* 0.304 0.916 <0.001* 0.366 0.035*
Nuclear HIF-1α (1) — 0.411 0.622 — 0.432 0.071
Cytoplasmic CAIX — <0.001* — — <0.001*

Abbreviations: ER, estrogen receptor; HIF-1α, hypoxia inducible factor-1α; CAIX, carbonic anhydrase IX.
*Statistically significant p value <0.05.

Table 2. Univariate and Multivariate Analyses for Disease-free Survival of Cytoplasmic CAIX and Clinicopathological Characteristics 
in the Entire ER-positive Cohort 1 (n=373).

Clinicopathological Characteristics

Univariate Analysis Multivariate Analysis

HR (95% CI) P Value HR (95% CI) P Value

Age (≤50/>50years) 1.73 (1.16–2.57) 0.007* 2.56 (1.34–4.88) 0.004*
Tumor size (≤2/2.1–5/>5 cm) 1.59 (1.24–2.03) <0.001* 1.01 (0.67–1.52) 0.973
Grade (I/II/III) 1.22 (0.97–1.53) 0.089 — —
Involved lymph node (negative/positive) 2.29 (1.67–3.15) <0.001* 2.29 (1.40–3.77) 0.001*
PR status (negative/positive) 0.89 (0.64–1.23) 0.477 — —
Her-2 status (negative/positive) 1.52 (0.97–2.38) 0.070 — —
Ki67 index (low/high) 1.68 (1.22–2.32) 0.002* 3.11 (1.92–5.04) <0.001*
Molecular subtype (luminal A/luminal B) 1.63 (1.19–2.24) 0.003* 0.90 (0.22–3.81) 0.891
Lymphatic vessel invasion (no/yes) 1.98 (1.32–2.96) 0.001* 1.69 (1.05–2.74) 0.033*
Blood vessel invasion (no/yes) 1.69 (0.98–2.95) 0.059 — —
Tumor necrosis (low/high) 1.48 (1.09–2.03) 0.014* 1.78 (1.09–2.92) 0.022*
Klintrup–Mäkinen grade (low/high) 0.78 (0.62–0.98) 0.036* 0.24 (0.15–0.41) <0.001*
CD68+ (low/moderate/high) 1.07 (0.80–1.42) 0.654 — —
CD8+ (low/moderate/high) 0.77 (0.59–1.02) 0.066 — —
CD138+ (low/moderate/high) 1.17 (0.92–1.48) 0.200 — —
Tumor stroma percentage (low/high) 1.84 (1.34–2.54) <0.001* 1.61 (1.01–2.57) 0.047*
Tumor budding (low/high) 1.46 (1.06–1.99) 0.019* 1.43 (0.89–2.27) 0.133
Adjuvant endocrine therapy (no/yes/ATAC trial) 1.12 (0.69–1.82) 0.658 — —
Adjuvant chemotherapy (no/yes) 0.99 (0.71–1.39) 0.985 — —
Adjuvant radiotherapy (no/yes) 0.71 (0.52–0.98) 0.035* 0.67 (0.41–1.10) 0.116
Cytoplasmic CAIX (low/high) 1.81 (1.12–2.92) 0.018* 1.04 (0.46–2.35) 0.926

Abbreviations: CAIX, carbonic anhydrase IX; ER, estrogen receptor; HR, hazard ratio; CI, confidence interval; PR, progesterone receptor;  
ATAC, Arimidex, Tamoxifen, Alone or in Combination.
*Statistically significant p value <0.05.
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Figure 3. (continued)
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prognostic marker for DFS when combined with NPI in 
luminal A tumor (HR = 1.98 95% CI: 1.02–3.83, p=0.042) 
(Table 5).

Of the 285 patients, 31 (11%) had a tissue core 
missing and so CAIX staining could not be carried out, 
and they were excluded from the analysis. Therefore, 

the expression of CAIX was assessed in 254 patients. 
To determine whether CAIX expression was signifi-
cantly associated with clinical outcome, Kaplan–Meier 
survival curves for cytoplasmic and membranous 
expression of CAIX were plotted and low and high 
expression were compared using the log-rank test. 

Table 4. Univariate and Multivariate Analyses for Disease-free Survival of HIF-1α (1) and Clinicopathological Characteristics in the 
Entire ER-positive Cohort 2 (n=285).

Clinicopathological Characteristics

Univariate Analysis Multivariate Analysis

HR (95% CI) P Value HR (95% CI) P Value

Age (<50/>50) 1.57 (0.93–2.65) 0.089 — —
Size (≤20/21–50/>50 mm) 1.65 (1.24–2.21) 0.001* 2.11 (1.36–3.28) 0.001*
Grade (I/II/III) 1.25 (0.99–1.59) 0.066 — —
Lymph node status (negative/positive) 1.69 (1.19–2.40) 0.004* 1.16 (0.64–2.12) 0.622
NPI (<3.5/3.5–5.5/>5.5) 1.63 (1.27–2.09) <0.001* 1.25 (0.84–1.86) 0.273
PR (negative/positive) 0.78 (0.56–1.09) 0.152 — —
Her-2 (negative/positive) 0.86 (0.42–1.76) 0.682 — —
Ki67 (proliferation index) (low/high) 1.83 (1.24–2.70) 0.002* 1.14 (0.26–4.93) 0.860
Molecular subtype (luminal A/luminal B) 1.69 (1.16–2.46) 0.007* 1.99 (1.23–3.24) 0.005*
Chemotherapy (no/yes) 0.99 (0.65–1.51) 0.964 — —
Radiotherapy (no/yes) 0.78 (0.54–1.13) 0.189 — —
Cytoplasmic HIF-1α (1) (low/high) 1.54 (1.04–2.29) 0.032* 0.89 (0.43–1.87) 0.774
Nuclear HIF-1α (1) (low/high) 1.75 (1.14–2.68) 0.006* 1.85 (1.10–3.11) 0.019*

Abbreviations: HIF-1α, hypoxia inducible factor-1α; ER, estrogen receptor; HR, hazard ratio; CI, confidence interval; PR, progesterone receptor;  
NPI, Nottingham prognostic index..
*Statistically significant p value <0.05.

Table 5. Univariate and Multivariate Analyses for Disease-free Survival of Nuclear HIF-1α (1) and Clinicopathological Characteristics 
in ER-positive Cohort 2, Luminal A Tumors (n=169).

Clinicopathological Characteristics

Luminal A

Univariate Analysis Multivariate Analysis

HR (95% CI) P Value HR (95% CI) P Value

Age (<50/>50) 1.97 (0.91–4.27) 0.087 — —
Size (≤20/21–50/>50 mm) 1.34 (0.90–1.99) 0.151 — —
Grade (I/II/III) 1.07 (0.76–1.49) 0.714 — —
Lymph node status (negative/positive) 1.43 (0.92–2.23) 0.117 — —
NPI (<3.5/ 3.5-5.5/>5.5) 1.42 (1.02–1.99) 0.040* 1.64 (1.07–2.51) 0.023*
PR status (negative/positive) 0.92 (0.59–1.43) 0.705 — —
Chemotherapy (no/yes) 0.94 (0.49–1.79) 0.853 — —
Radiotherapy (no/yes) 0.64 (0.38–1.06) 0.085 — —
Nuclear HIF-1α (1) (low/high) 2.04 (1.15–3.62) 0.013* 1.98 (1.02–3.83) 0.042*

Abbreviations: HIF-1α, hypoxia inducible factor-1α; ER, estrogen receptor; HR, hazard ratio; CI, confidence interval; PR, progesterone receptor;  
NPI, Nottingham prognostic index.
*Statistically significant p value <0.05.

Figure 3. Hypoxic marker expression in ER-positive cohort 2 is significantly associated with survival. Kaplan–Meier curves showing 
associations between disease-free survival and (A) cytoplasmic HIF-1α (1) in the entire cohort, (B) nuclear HIF-1α (1) in the entire 
cohort, (C) nuclear HIF-1α (1) in luminal A disease, (D) cytoplasmic CAIX in the entire cohort, and (E) cytoplasmic CAIX in lumi-
nal B disease. Log-rank test was used. Abbreviations: ER, estrogen receptor; HIF-1α, hypoxia inducible factor-1α; CAIX, carbonic 
anhydrase IX.
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Univariate survival analysis for the entire group of 
patients showed association between cytoplasmic CAIX 
and DFS (log-rank, p=0.008) as shown in Fig. 3D. 
In contrast, no correlation was found with membranous 
CAIX and poorer DFS (log-rank, p=0.612). Based on 
text life table analysis, the 10-year DFS of patients with 
high cytoplasmic CAIX expression compared with 
patients with low expression was significant (p=0.012). 
When entered into multivariate analysis, cytoplasmic 
CAIX was an independent prognostic marker for DFS 
when combined with tumor size, lymph node status, 
NPI, Ki67, and molecular subtype (HR = 1.74 95% CI: 
1.08–2.82, p=0.023) (Table 6).

Chi-square analysis was performed to determine the 
relationship between cytoplasmic CAIX and various 
clinicopathological features, as shown in Supplementary 
Table S7. Overexpression of cytoplasmic CAIX demon-
strated only correlation with patient’s age (p= 0.027).

To determine whether CAIX expression was associ-
ated with clinical outcome in specific ER-positive 
subtype, the cohort was subdivided into luminal A 
and luminal B tumors. High levels of cytoplasmic 
CAIX were correlated strongly with shortened DFS 
(log-rank, p=0.001) in patients with luminal B but not 
with luminal A disease (log-rank, p=0.814) as shown 
in Fig. 3E. Multivariate logistic regression analysis sug-
gested that cytoplasmic expression of CAIX was an 
independent prognostic marker for DFS (HR = 2.75 
95% CI: 1.66–4.55, p<0.001) (Table 7).

Chi-square analysis was used to examine possible 
association between markers. There was an association 

between cytoplasmic HIF-1α (1) and membranous 
CAIX expression (p=0.035). Also, there was a signifi-
cant association between cytoplasmic and nuclear 
HIF-1α (1) (p<0.001), and cytoplasmic and membra-
nous CAIX (p<0.001) (Table 3).

Discussion

To our knowledge, no previous study has carried out 
a comprehensive analysis of hypoxic marker expres-
sion in patients with ER-positive ductal breast carci-
noma. This study was carried out in two cohorts of 
ER-positive ductal tumors. The prognostic role of 
HIF-1α (1), HIF-2α, and CAIX tumor cell expression 
in different molecular subtypes (luminal A and luminal 
B) was examined.

In this study, there were differences in survival 
associated with nuclear HIF-1α (1) and cytoplasmic 
CAIX expression seen between luminal A and luminal 
B patients. High nuclear HIF-1α (1) expression was 
independently associated with DFS in luminal A sub-
types in the two prospective cohort studies. Although 
this study did not report consistent significance with 
high cytoplasmic CAIX expression in the tumor cells in 
ER-positive cohort 1, cytoplasmic CAIX expression 
was a consistent independent prognosticator in the 
entire cohort 2 and in luminal B disease. These differ-
ences in the clinical outcomes between luminal A and 
B types might reflect difference in the biology between 
luminal A and luminal B. However, it may also reflect 
that luminal B breast cancer subtypes are associated 

Table 6. Univariate and Multivariate Analyses for Disease-free Survival of Cytoplasmic CAIX and Clinicopathological Characteristics 
in the Entire ER-positive Cohort 2 (n=285).

Clinicopathological Characteristics

Cytoplasmic CAIX

Univariate Analysis Multivariate Analysis

HR (95% CI) P Value HR (95% CI) P Value

Age (<50/>50) (283) 1.57 (0.93–2.65) 0.089 — —
Size (≤20/21–50/>50 mm) 1.65 (1.24–2.21) 0.001* 1.84 (1.25–2.69) 0.002*
Grade (I/II/III) (275) 1.25 (0.99–1.59) 0.066 — —
Lymph node status (negative/positive) 1.69 (1.19–2.40) 0.004* 1.40 (0.91–2.15) 0.123
NPI (<3.5/3.5–5.5/>5.5) 1.63 (1.27–2.09) <0.001* 1.07 (0.69–1.64) 0.759
PR (negative/positive) 0.78 (0.56–1.09) 0.152 — —
Her-2 (negative/positive) 0.86 (0.42–1.76) 0.682 — —
Ki67 (proliferation index) (low/high) 1.83 (1.24–2.70) 0.002* 1.65 (1.06–2.57) 0.026*
Molecular subtype (luminal A/luminal B) 1.69 (1.16–2.46) 0.007* 1.03 (0.24–4.39) 0.974
Chemotherapy (no/yes) 0.99 (0.65–1.51) 0.964 — —
Radiotherapy (no/yes) 0.78 (0.54–1.13) 0.189 — —
Cytoplasmic CAIX (low/high) 1.64 (1.14–2.37) 0.008* 1.74 (1.08–2.82) 0.023*

Abbreviations: CAIX, carbonic anhydrase IX; ER, estrogen receptor; HR, hazard ratio; CI, confidence interval; PR, progesterone receptor;  
NPI, Nottingham prognostic index..
*Statistically significant p-value < 0.05.
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with greater tumor aggressiveness and with significantly 
worse prognosis than the luminal A subtypes.36,37 Also, 
luminal B subtypes have high expression of Ki67 (high 
proliferation rate).38 Discrepancies in survival between 
the two cohorts are also probably linked to diverse 
type of treatment, the lack of power of statistical stud-
ies, and limited sample number particularly when the 
population is divided into too small subgroups. Also, 
because the samples were derived from different ser-
vices, differences in the techniques of fixing and pre-
serving the material should be considered, which 
could contribute to the reduction in antigenicity, decline 
in the sensitivity of the IHC reaction, and, of course, 
lower detection of protein expression.39,40

The observation that nuclear HIF-1α (1) is associ-
ated with poor survival may be explained by its role in 
inducing treatment resistance. Previous results link 
HIF-1α to a worse outcome with tamoxifen resistance 
in breast cancer patients.41 A previous study of 187 
patients reported an association between HIF-1α 
expression and poorer DFS in ER-positive but not 
ER-negative patients.28 This larger study confirms the 
prognostic significance of HIF-1α and through using 
validation cohort shows the independent prognostic 
value of HIF-1α (1). These findings suggest that the 
nuclear expression of HIF-1α (1) may be a hallmark of 
malignancy and is associated with the progression of 
ER-positive breast carcinoma. However, further molec-
ular and mechanistic investigations are needed to fully 
elucidate the role of HIF-1α protein in ER-positive 
tumors.

In this study, although CAIX expression was ele-
vated in approximately 28% of ER-positive breast 

cancer patients in cohort 2, this percentage was less 
and associated with poor prognosis of luminal B breast 
cancers. These results are consistent with previous 
studies. Ivanova et al.42 evaluated breast cancer sam-
ples of more than 3000 breast cancer patients and 
showed that a high CAIX level was significantly associ-
ated with lower OS in luminal B but not in luminal A. 
Also, Generali et  al.43 reported that, in women with 
breast cancer treated with epirubicin and tamoxifen, 
CAIX expression was associated with lower DFS and 
OS.

It has been considered that as HIF-1α is only active 
when located in the nucleus, cytoplasmic staining is of 
little importance.27 However, it should be noted that 
the HIF protein is synthesized and degraded in the 
cytoplasm. Moreover, it has been reported that there is 
an HIF-1α variant that is stable even in normoxia and 
does not translocate to the nucleus under hypoxic 
conditions.44 Therefore, it is relevant to examine nuclear 
and cytoplasmatic HIF-1α as well as cytoplasmatic 
and membranous CAIX separately.

Although membranous CAIX expression in our 
patients was significantly associated with cytoplasmic 
expression of HIF-1α (1), there was no significant 
association between nuclear HIF-1α (1) and cytoplas-
mic CAIX. This absence of an association is consis-
tent with other reports45–47 and may reflect that rather 
than being regulated by hypoxia, HIF-1α expression 
may be modified by other factors. These factors 
include alterations in tumor suppressor genes and 
oncogenes.48–50 HIF-1α may also lose its transcrip-
tional ability such that CAIX induction does not hap-
pen despite high expression of HIF-1α.51 Moreover, 

Table 7. Univariate and Multivariate Analyses for Disease-free Survival of Cytoplasmic CAIX and Clinicopathological Characteristics 
in ER-positive Cohort 2, Luminal B Tumors (n=69).

Clinicopathological Characteristics

Luminal B

Univariate Analysis Multivariate Analysis

HR (95% CI) P Value HR (95% CI) P Value

Age (<50/>50) 1.73 (0.67–4.46) 0.259 — —
Size (≤20/21–50/>50 mm) 2.38 (1.34–4.21) 0.003* 2.26 (1.26–4.06) 0.006*
Grade (I/II/III) 0.95 (0.55–1.63) 0.847 — —
Lymph node status (negative/positive) 2.25 (0.97–5.19) 0.058 — —
NPI (<3.5/3.5–5.5/>5.5) 1.63 (0.90–2.95) 0.106 — —
PR status (negative/positive) 0.73 (0.39–1.37) 0.324 — —
Her-2 status (negative/positive) 0.49 (0.22–1.08) 0.078 — —
Ki67 (proliferation index) (low/high) 1.42 (0.50–4.03) 0.507 — —
Chemotherapy (no/yes) 0.67 (0.34–1.33) 0.256 — —
Radiotherapy (no/yes) 1.01 (0.50–2.02) 0.984 — —
Cytoplasmic CAIX (low/high) 2.23 (1.38–3.61) 0.001* 2.75 (1.66–4.55) <0.001*

Abbreviations: CAIX, carbonic anhydrase IX; ER, estrogen receptor; HR, hazard ratio; CI, confidence interval; PR, progesterone receptor;  
NPI, Nottingham prognostic index..
*Statistically significant p value <0.05.
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CAIX expression may be correlated with HIF-1α expres-
sion in tumors where HIF-1α expression is perinecrotic, 
but not in tumors in which HIF-1α expression is diffuse 
throughout the tumor.46,52 Also, it may be that the 
difference in tissue half-lives of HIF-1α (degraded in 
minutes)14 and CAIX (degraded in 2–3 days)53,54 

accounts for the present results. CAIX expression may 
also be increased in the absence of HIF-1α by high 
cell density via the PI3K pathway,55 and increased 
expression of CAIX in the absence of hypoxia may 
also occur with hypomethylation of the CAIX gene pro-
moter.56 Nevertheless, there was a consistent associa-
tion between cytoplasmic and nuclear HIF-1α (1), and 
between cytoplasmic and membranous CAIX indicat-
ing reliable methodology.

CAIX is functionally involved in diverse aspects of 
cancer progression and development. CAIX is impor-
tant for hypoxic tumor cell survival by regulating 
acidification of the external tumor microenvironment, 
allowing cancer cells to adapt and metastasize to other 
tissues.57 Recent meta-analyses showed that HIF-1α58 
and CAIX overexpression are predictive of poor 
prognosis in breast cancer patients. Recently, diag-
nostic and therapeutic agents targeting HIF-1α and 
CAIX have been developed.59 Hypoxia-associated bio-
marker profiling in advanced breast cancer may pro-
vide additional information for staging, clinical decision, 
and prognosis and potentially have an important part 
in the development of personalized therapeutic drugs. 
Indeed, HIF-1α targeting is considered as a novel ther-
apeutic modality for management of breast cancer 
patients and improving their prognosis, which could be 
used in combination with currently used therapies. In 
fact, many small molecules have been reported as 
HIF-1α inhibitors.60 Knockdown of HIF-1α expres-
sion has been reported to cause complete inhibition 
of hypoxic induction in breast cancer stem cells.61 
Also, CAIX is under consideration, by both academic 
and pharmaceutical entities, as a potential target for 
intervention in breast carcinoma.62 Assessment of 
CAIX in tumors before or during therapy may rep-
resent a more powerful prognostic and predictive 
biomarker as well as important targets for breast 
cancer especially in luminal B, which warrants further 
investigation.

The main limitation of this study was the relatively 
small number of patient samples analyzed, limiting the 
power of the present analysis, and so further confirma-
tion of the present results is required. Compared with 
CAIX protein which is relatively stable,21 the HIF pro-
teins undergo a rapid degradation,45 and this may 
have impacted the results obtained. This study is one 
of the few studies that have described the relationship 
with survival for markers of hypoxia in ER-positive 

breast cancer. The results showed that nuclear HIF-1α 
(1) was an independent prognostic factor for DFS in 
the entire cohort and in luminal A disease. Also, the 
current study demonstrated that cytoplasmic CAIX 
was an independent prognosticator for both DFS in 
the whole cohort and in the patient subpopulation of 
luminal B disease. This finding suggests that HIF-1α 
(1) and CAIX are biomarkers with potentially important 
therapeutic implications, which may help clinician to 
refine the treatment plan including therapeutic options 
of luminal B patients.
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