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Abstract
Vascular endothelial growth factor (VEGF) is important in breast carcinogenesis. However,
whether the effect of VEGF expression on survival varies with intrinsic subtypes of breast cancer
remains unclear and the prognostic significance of VEGF expression in breast cancer remains
controversial. Using immunostaining of tissue microarray sections, VEGF expression was
determined in 1,788 primary invasive breast cancers identified from the Nurses’ Health Study
cohort. Cox proportional hazards models were used to estimate hazard ratios (HR) of breast
cancer-specific and overall mortality and distant recurrence, adjusted for epidemiological,
clinicopathological, and related molecular factors, and year of diagnosis. Overall, 72.5% of breast
cancers were positive for VEGF. VEGF expression was correlated with intrinsic subtypes (P <
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0.0001), with higher frequency in luminal B, HER2, and basal-like types versus luminal A type.
Although VEGF expression was not significantly related to worse survival when all cases were
considered together, it was significantly associated with increased risks for breast cancer-specific
mortality (BCSM) (HR = 1.41, 95% CI = 1.01, 1.97) and distant recurrence (HR = 1.49, 95% CI =
1.07, 2.07) among women with luminal A tumors. In 262 women untreated systemically, VEGF
expression was significantly associated with BCSM (HR = 5.58, 95% CI = 1.17, 26.66). In 902
women receiving adjuvant hormonal therapy, VEGF expression did not significantly predict
clinical outcomes. The VEGF-associated increased risk of BCSM is limited to luminal A tumors.
VEGF expression is a prognostic but not predictive marker of hormonal response in non-
metastatic invasive breast cancer.
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Vascular endothelial growth factor (VEGF), a potent angiogenic factor, plays a critical role
in tumor growth and metastasis [1, 2]. VEGF signaling in cancer cells is responsible for their
resistance to apoptotic stimuli and their migration and invasion [3–5]. VEGF is highly up-
regulated in breast cancer. Compared with normal or benign breast tissues, breast cancer
showed higher levels of VEGF transcripts [6]. Approximately 72–98% of breast cancer is
positive for VEGF by immunohistochemistry (IHC) [7–10]. VEGF expression in breast
tumors is correlated with large size, high histologic grade, estrogen receptor (ER) negativity,
progesterone receptor (PR) negativity, human epidermal growth factor receptor-2 (HER2)
over-expression, and lymph node metastasis [9, 11–14]. In animals, anti-VEGF therapy
inhibits the growth of breast tumors, reduces tumor microvessel density, and limits the
infiltration of tumor-associated macrophages [15]. Anti-VEGF therapy with bevacizumab, a
humanized monoclonal antibody against VEGF, shows an improvement in progression-free
survival in combination with chemotherapy for women with metastatic breast cancer [16].
Increased VEGF expression is implicated in acquired anti-estrogen resistance in vitro [17].

Breast cancer is composed of at least five molecular subtypes, as defined through gene
expression profiling studies, each with different clinical outcomes, including luminal A,
luminal B, HER2, basal-like, and normal-like types. Basal-like tumors account for about
80% of the clinically triple-negative breast cancer (TNBC) which is characterized by the
lack of ER and PR immunoreactivity and HER2 over-expression [18]. Although VEGF has
been correlated with basal-like tumors and TNBC [14, 19, 20], the effect of VEGF on
clinical outcomes in the distinct molecular phenotypes remains unknown.

Prior studies have reported inconsistent results regarding the prognostic and predictive
significance of VEGF in breast cancer with some [11–13, 21, 22] supporting and others [7,
9, 23, 24] refuting an adverse effect. The inconsistent findings are likely due in part to
molecular heterogeneity in breast cancer. Most studies did not address the question of
whether VEGF is a prognostic factor, a predictor of response to adjuvant hormonal therapy,
or both.

Using a large number of breast cancer cases identified from the Nurses’ Health Study
(NHS), we examined the effects of VEGF on progression of breast cancer by intrinsic
subtypes determined by IHC assay as well as its prognostic value in women untreated
systemically and predictive significance in women treated with adjuvant hormonal therapy.
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Methods
Study population

The NHS included 121,700 female registered US nurses aged 30–55 at enrollment in 1976.
At baseline and during each biennial follow-up, participants received a mailed questionnaire
to collect information on medical events and risk factors for cancer and cardiovascular
diseases. Incident breast cancer cases were ascertained on biennial follow-up questionnaire
or by a search of the National Death Index. For self-reported breast cancer cases, permission
to review medical records and pathology reports was requested.

Cancer tissue block collection
Since 1993, the NHS has collected archived formalin-fixed paraffin-embedded (FFPE)
cancer blocks for participants with primary breast cancer diagnosed between 1976 and 1996.
Patients with a prior history of cancer (except non-melanoma skin cancer) at enrollment
were excluded from collection. Of the 5,610 eligible cases, pathology specimens were
obtained for 3,752 cases. Of these, 855 specimens could not be used in the tissue microarray
(TMA) construction due to the unavailability of FFPE blocks or insufficient residual tumor
[25]. Hematoxylin and eosin stained slides were reviewed to confirm the diagnosis, classify
the cancer according to histological type and grade (Nottingham), and identify the area from
which the cores for TMAs would be taken. Three paired 0.6-mm-in-diameter tissue cores
were sampled from each FFPE block and were assembled into recipient paraffin blocks. A
total of 23 TMA blocks were constructed from 3,093 cancers and positive lymph nodes from
2,897 participants [25]. VEGF was determined in 2,268 cases, of which 1,947 cases had
stages I–III breast cancer. We excluded 158 cases with C4 positive lymph nodes and with no
information on metastatic work-up at diagnosis and a death case with an unreasonable date
of death. Therefore, 1,788 cases were included in the analysis.

Death and distant recurrence
Deaths in the NHS cohort were ascertained by reporting from next-of-kin and/or postal
officers or searching the National Death Index. The date and cause of death were obtained
from death certificates and/or medical records.

Women were considered to have experienced distant recurrence if they reported a second
cancer in the liver, bone, or brain. If lung cancer was reported, medical records were
reviewed to distinguish primary lung cancer from breast cancer metastatic to the lung. This
self-reported distant recurrence has been validated with both a sensitivity and specificity of
92% [26]. For a woman who died from breast cancer, distant recurrence was assumed to
have occurred 2 years before death.

IHC analysis
The immunostaining protocols for ER, PR, HER2, cytokeratin (CK5/6), and epidermal
growth factor receptor (EGFR) have been reported elsewhere [27]. Immunostaining for
VEGF was performed on TMA sections following deparaffinization and rehydration. After
blocking endogenous peroxidase activity, sections were subjected to EDTA antigen retrieval
(pH 8.0) for 20 min. The primary monoclonal antibody VEGF (VEGF Ab-7, Clone VG1
from LabVision) was applied to the sections and the slides were incubated overnight at 4°C
followed by incubation with the biotinylated universal secondary antibody and the avidin–
biotin complex. Visualization was performed using DAKO Envision automated detection
system. Tissue sections from samples of angiosarcoma (LabVision VEGF-7 (+) control)
were used as both positive and negative controls and were included in all staining runs.
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Immunostaining for VEGF, ER, PR, HER2, CK5/6, and EGFR was evaluated in each core
by pathologists blinded to clinical outcomes. VEGF immunoreactivity was defined as any
positive staining in the cytoplasm of tumor cells. ER, PR, HER2, CK5/6, and EGFR
positivity was defined previously [27, 28]. The tumor was considered to be ER positive or
PR positive, respectively, if more than 1% of tumor cells showed nuclear staining for ER or
PR. ER- and PR-negative tumors were defined as those that showed complete absence of
tumor cell staining. HER2 positivity was defined as moderate or strong membranous
staining (2+ and 3+) in more than 10% of tumor cells. Tumors were considered positive for
CK5/6 or EGFR if any cytoplasmic and/or membranous staining was detected in tumor
cells, even if focal.

Definition of intrinsic subtypes
A case was considered positive for a given marker if tumor cells in any of the three cores
from that case showed expression of that marker. According to histological grade and the
IHC for ER, PR, HER2, EGFR, and CK5/6, breast cancers were classified into five
subtypes. Tumors that were ER+ and/or PR+ and HER2− were categorized as luminal A if
they displayed low or intermediate histologic grade and as luminal B if their histological
grade was high. Luminal B type also included tumors that were ER+ and/or PR+ and
HER2+. Tumors that were ER−, PR−, and HER2+ were classified as HER2 type, and
tumors that were negative for ER, PR, and HER2 and positive for EGFR and/or CK5/6 were
classified as basal-like. Tumors with no staining for all five markers were categorized as
“unclassified.”

Statistical analysis
In addition to clinicopathological features, demographic and lifestyle factors that were
collected before the self-reported breast cancer diagnosis were used in this study as
covariates. The t test and the chi-square test were used respectively to compare continuous
variables and categorical variables between cases with VEGF-positive tumors and those
with VEGF-negative tumors.

Three survival endpoints were examined, including overall survival (OS) defined as the time
from diagnosis to death from any cause, breast cancer-specific survival (BCSS) as the time
from diagnosis to death from breast cancer, and recurrence-free survival (RFS) as the time
from diagnosis to first metastatic recurrence. Cases without an event and death were
censored at the follow-up cut off, June 2008. To analyze BCSS and RFS, death from any
other causes were censored. The Kaplan–Meier method was used to develop survival curves
in specified patients and the log-rank test to test for equality of survival curves. We used
Cox proportional hazards models to calculate hazard ratios (HR) of survival endpoints
according to VEGF status, unadjusted and adjusted for variables that were associated with
survival in the univariate models at P < 0.1 or of clinical importance. These covariates
included age, body mass index, and menopausal status(all at diagnosis), smoking status prior
to diagnosis, year of diagnosis, tumor size, nodal status, histological grade, and ER, PR,
HER2, EGFR, and CK5/6 status (data not shown). The interaction between VEGF and
intrinsic subtypes in survival outcomes was assessed by entering a cross-product term of
VEGF status and intrinsic subtypes in multivariable adjusted models to examine if the
association between VEGF and survival endpoints varied with intrinsic subtypes. The
statistical significance of the interaction term was evaluated using the likelihood ratio test.
The survival analysis stratified by intrinsic subtypes was performed. Similarly, we stratified
patients according to adjuvant systemic therapy to evaluate the prognostic and predictive
values of VEGF expression. To maintain a relatively large sample size, we grouped
participants who had missing values for menopausal status (1.9%), smoking status (0.8%),
and tumor grade (1.3%) in a separate category. A sensitivity analysis that was conducted by
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excluding participants who had missing values for any of these variables showed the similar
results as those derived from analyses including participants with missing values (data not
shown). Because of the limited number of women with other types of breast tumors except
luminal A type and 25% of women lacking data on chemotherapy and adjuvant hormonal
therapy, the primary analysis of the VEGF-survival relationship stratified by intrinsic
subtypes was not adjusted for both therapies to increase the statistical power. However, we
conduct secondary analyses with the same model additionally adjusted for both therapies.

Statistical analysis was performed using SAS (version 9.1; SAS Institute, Cary, NC). A P
value < 0.05 was considered statistically significant.

Results
VEGF and clinicopathological features

Among the 1,788 tumors, 1,297 (72.5%) were positive for VEGF. Table 1 summarizes
epidemiological, clinical, and molecular features by VEGF status. Compared with patients
with VEGF-negative tumors, patients with VEGF-positive tumors had higher BMI at
diagnosis and were less likely to be current smokers at diagnosis. VEGF immunoreactivity
was positively correlated with cancer stage, histological grade, nodal involvement, and
expression of HER2, EGFR, and CK5/6 but inversely correlated with expression of ER and
PR. VEGF expression was more commonly detected in luminal B, HER2, and basal-like
tumors versus luminal A tumors.

Overall VEGF-survival relationship
During a median follow-up of 15 years, 689 (38.5%) women died, including 381 (21.3%)
breast cancer-specific deaths, and 358 (20.5%) distant recurrences. Ten-year BCSS was 88%
among patients with VEGF-negative tumors and 83% among patients with VEGF-positive
tumors (log-rank P < 0.001). Ten-year RFS was 87% among patients with VEGF-negative
tumors and 82% among patients with VEGF-positive tumors (log-rank P < 0.01); ten-year
OS was 81% among patients with VEGF-negative tumors and 77% among those with
VEGF-positive tumors (log-rank P = 0.21).

As shown in Table 2, VEGF positivity was associated with significant increases in breast
cancer-specific mortality (BCSM; HR = 1.52, 95% CI = 1.19, 1.95) and distant recurrence
(HR = 1.52, 95% CI = 1.17, 1.96). Adjustment for covariates attenuated the VEGF-survival
association to a non-significant level.

VEGF and survival by intrinsic subtypes
Because of the correlation between VEGF expression and intrinsic subtypes, we further
analyzed the VEGF-survival relationship by intrinsic subtypes (Table 2). The association
between VEGF and survival outcomes was significantly different among intrinsic subtypes
(P for interaction = 0.02 for both BCSM and overall mortality). The multivariate analysis
showed that VEGF positivity was significantly associated with increased risks for BCSM
(HR = 1.41, 95% CI = 1.01, 1.97) and recurrence (HR = 1.49, 95% CI = 1.07, 2.07) among
patients with luminal A tumors. The similar association was also noted in unclassified
tumors (for BCSM: HR = 14.09, 95% CI = 2.33, 85.11; for recurrence: HR = 10.90, 95% CI
= 1.32, 90.25). VEGF expression did not significantly influence the outcome in patients with
luminal B, HER2, and basal-like tumors in terms of BCSM and recurrence. However, VEGF
expression was inversely related to overall mortality in basal-like tumors (HR = 0.50, 95%
CI = 0.27, 0.95).
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Further adjustment for chemotherapy and adjuvant hormonal therapy did not significantly
change the overall VEGF-survival associations or the associations among women with
luminal A, luminal B, or HER2 type tumors. After controlling for both therapies, the inverse
association between VEGF and BCSM among women with basal-like tumors became
slightly stronger and statistically significant (HR = 0.42, 95% CI = 0.18, 0.98). In women
with unclassified tumors, further adjustment for treatment attenuated the VEGF–BCSM
association.

VEGF and survival by adjuvant systemic therapy
Use of adjuvant systemic therapy significantly modified the association between VEGF and
BCSM (P for interaction = 0.03) while the interaction between VEGF and adjuvant systemic
therapy was not significant for overall survival (P = 0.25) or recurrence (P = 0.14). Among
262 patients (85% stage I and 15% stage II) untreated systemically, 10-year BCSS was
100% among patients with VEGF-negative tumors and 93% among patients with VEGF-
positive tumors (log-rank P < 0. 01). VEGF expression was an independent risk factor of
BCSM among patients untreated systemically (HR = 5.58, 95% CI = 1.17, 26.66) (Table 3).
However, VEGF was not significantly associated with survival outcomes among patients
who had chemotherapy and/or adjuvant hormonal therapy.

Because in vitro and animal models suggest the involvement of VEGF in hormone
resistance, we further evaluated the predictive value of VEGF in response to adjuvant
hormonal therapy. The following analyses were restricted to the 902 patients with adjuvant
hormonal therapy. VEGF immunoreactivity was not associated with BCSS (log-rank P =
0.20, Fig. 1a), OS (log-rank P = 0.32), or RFS (log-rank P = 0.17); however, patients with
HER2-type tumors had shorter BCSS times (log-rank P < 0.01, Fig. 1b) and RFS times (log-
rank P = 0.07). When the analysis was restricted to the 646 patients with both ER- and PR-
positive tumors receiving adjuvant hormonal therapy, HER2 over-expression was still
significantly associated with decreased BCSS (log-rank P < 0.01, Fig. 1d) and RFS (log-
rank P = 0.02) and VEGF expression did not significantly influence BCSS (log-rank P =
0.13, Fig. 1c) or RFS (log-rank P = 0.08). Multivariate analyses showed that VEGF was not
significantly associated with clinical outcomes, regardless of steroid hormone receptor status
(Table 3). While HER2 overexpression was not an independent risk factor predicting clinical
outcomes of all patients receiving adjuvant hormonal therapy (data not shown), HER2 over-
expression was significantly associated with more than twofold increases in BCSM (HR =
2.64, 95% CI = 1.21, 5.78) and recurrence (HR = 2.32, 95% CI = 1.02, 5.28) in patients with
both ER- and PR-positive tumors receiving adjuvant hormonal therapy after adjustment for
chemotherapy and other confounders.

Discussion
The correlation of VEGF with established pathological markers for breast cancer prognosis
has been reported [8, 9, 11–14]. However, little is known about whether VEGF is
differentially expressed by intrinsic subtypes of breast cancer. We found that VEGF
positivity was more frequent in luminal B, HER2, and basal-like tumors versus luminal A
types.

Overall, there was a non-significant increased risk of BCSM associated with VEGF
expression. However, VEGF positivity was associated with a 40% increased risk of BCSM
and recurrence in luminal A tumors. There was also an association between VEGF and
BCSM among the tumors negative for all five markers (ER, PR, HER2, EGFR, and CK5/6).
VEGF had no obvious effect on clinical outcomes of luminal B, HER2, and basal-like
tumors in terms of BCSM and recurrence. Thus, the magnitude of adverse effects of VEGF
on breast cancer prognosis may be surpassed by that of co-expressed HER2, EGFR, and/or
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CK5/6. Due to a limited number of luminal B, HER2, and basal-like tumors negative for
VEGF, a larger study is needed to confirm this hypothesis. The differential association
between VEGF and survival by intrinsic subtypes of breast cancer may help explain the
conflicting results in the literature.

This finding of no effects of VEGF on BCSM in basal-like tumors is similar to that seen in
two independent studies among Swedish women with TNBC, one using the cytosol-based
method and the other using IHC to determine VEGF status [19, 20]. These results may
challenge the use of anti-VEGF therapy for non-metastatic basal-like breast cancer and non-
metastatic TNBC, two tumor types with significant overlap. Using IHC to assess VEGF,
VEGFR-2, and EGFR expression, Ryden et al. [20] found that only VEGFR-2 was
associated with a significant decrease in BCSS in TNBC patients untreated systemically.
Thus, components of the VEGF signaling pathway rather than VEGF itself may be involved
in the poor prognosis of TNBC. The survival benefit of VEGF-targeted therapy with
bevacizumab might not be as high in non-metastatic TNBC as that with immunotherapy
directed toward VEGFR-2.

Unexpectedly, we found a VEGF-associated decreased risk of overall mortality in patients
with basal-like tumors. The inverse association may be due to nuisance distribution of
unmeasured confounders related to death from causes other than breast cancer. Due to the
limited power, we could not rule out chance as the basis for this inverse association. Both a
limited number of basal-like tumors and the unavailability of treatment data for 25% of
patients may account for the inconsistent VEGF–BCSM association between the models
adjusted and unadjusted for treatment.

Using a panel of five tissue markers (ER, PR, HER2, EGFR, and CK5/6) to classify breast
tumors identified among the NHS participants, Dawood et al. [28] found that 5% of tumors
were negative for all five markers and this type of tumors were associated with a 38%
increased risk of BCSM as compared with luminal A type. With a small number of cases
with unclassified tumors, we had a limited power in this study to evaluate the survival effect
of VEGF in this type of tumors.

Consistent with the cytosol-based studies performed in node-negative breast cancer patients
untreated systemically [11, 29, 30], we found that VEGF expression was an independent
factor associated with increased BCSM of early invasive breast cancer patients untreated
systemically. Therefore, VEGF may be a prognostic marker in early invasive breast cancer.

Clinically, not all patients with ER-positive tumors benefit from adjuvant hormonal therapy.
In tamoxifentreated mice, induction of VEGF expression in implanted xenografts that were
initially tamoxifen responsive caused ER-positive breast tumors to grow and metastasize to
the lungs [31]. In patients with both ER- and PR-positive breast cancers, high cytosolic
VEGF levels rather than HER2 levels were independently correlated with shorter BCSS and
RFS times after adjuvant hormonal therapy [12]. Using IHC to evaluate VEGF and HER2
over-expression, however, we found that despite the high correlation between these two
proteins, HER2 rather than VEGF was significantly associated with decreases in BCSS and
RFS in patients with both ER- and PR-positive tumors after adjuvant hormonal therapy. The
finding is consistent with the results of a randomized trial showing that only IHC-
determined HER2 but not IHC-determined VEGF expression was an independent predictor
for decreased BCSS after chemotherapy in breast cancer patients [9]. Therefore, cytosolic
VEGF levels seem to be more accurate than in situ VEGF expression to predict response to
anti-estrogen therapy. Conversely, IHC seems to be superior to cytosol-based method in
determining HER2 status to predict hormone resistance.
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As a limitation of this study, data on adjuvant systemic therapy are missing in a quarter of
the sample. We grouped patients for whom the data on chemotherapy were unavailable in a
separate category in the multivariable analysis of predictive value of VEGF after adjuvant
hormonal therapy. Sensitivity analyses restricted to patients for whom the data on
chemotherapy were available yielded similar results. In addition, year of diagnosis was
included in the multivariable models to account for any changes in treatment over time.

Expensive costs limit the use of gene expression profiling in routine clinical practice,
although it remains the gold standard to define breast cancer subtypes. Classification of
breast cancer by a panel of IHC markers predicts distinct clinical outcomes [32–35]. Our
classification scheme was similar, although not identical, to those used in previous
epidemiologic studies [27, 28]. The prior studies utilized a panel of IHC markers alone to
define molecular subtypes, while we also incorporated histologic grade. It has been
suggested that the distinction between luminal A and B tumors can be refined by adding the
proliferation marker Ki67 to ER, PR, and HER2 [34]. Due to the lack of Ki67 data for the
cases, we used histologic grade as a surrogate for proliferation rate because of the high
correlation between them [36]. Intrinsic subtypes defined by our classification scheme have
shown different prognosis, with luminal A tumors having better prognosis than other
subtypes [28], which was consistent with the results of studies in which molecular subtypes
were defined by gene expression patterns [37, 38] or by panels of IHC markers [32–34].

In conclusion, despite the higher frequency of VEGF expression in luminal B, HER2, and
basal-like versus luminal A tumors, the VEGF-associated adverse effects on survival were
observed only in luminal A breast cancer. VEGF expression was a prognostic factor in
invasive breast cancer but not a predictor of hormone resistance in breast cancer.
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Fig. 1.
Breast cancer-specific survival curves by VEGF and HER2 status in breast cancer patients
with adjuvant hormonal therapy (a, b) and patients with both ER- and PR-positive tumors
and adjuvant hormonal therapy (c, d)
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Table 1

Characteristics of patients with non-metastatic invasive breast cancer by VEGF expression at enrollment

VEGF expression P value

Positive Negative

No. of cases 1297 491

Age at diagnosis
 [year, mean (SD)]

57.7 (8.3) 57.9 (7.7) 0.63

BMI at diagnosis
 [kg/m2, mean (SD)]

25.0 (7.1) 24.3 (7.2) 0.05

Menopausal status
 at diagnosis [N, (%)]

0.28

 Pre-menopause 271 (21.3) 92 (19.0)

 Post-menopause 1000 (78.7) 392 (81.0)

 Missing 26 7

Smoking status prior to
 diagnosis [N, (%)]

<0.01

 Never 539 (41.9) 173 (35.5)

 Past 519 (40.4) 200 (41.1)

 Current 228 (17.7) 114 (23.4)

 Missing 11 4

Family history of breast
 cancer among first-degree
 relatives [N, ( %)]

0.52

 No 1122 (86.5) 419 (85.3)

 Yes 175 (13.5) 72 (14.7)

Cancer stage [N, (%)]a,c <0.0001

 I 645 (49.7) 325 (66.2)

 II 513 (39.6) 142 (28.9)

 III 139 (10.7) 24 (4.9)

ER status [N, (%)] <0.0001

 Negative 316 (24.6) 71 (15.0)

 Positive 968 (75.4) 401 (85.0)

 Missing 13 19

PR status [N, (%)] <0.001

 Negative 480 (37.3) 132 (27.6)

 Positive 808 (62.7) 346 (72.4)

 Missing 9 13

HER2 status [N, (%)] <0.0001

 Negative 1117 (87.3) 459 (96.4)

 Positive 162 (12.7) 17 (3.6)

 Missing 18 15

EGFR status [N, (%)] <0.0001

 Negative 989 (77.8) 431 (90.4)

 Positive 282 (22.2) 46 (9.6)

 Missing 26 14
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VEGF expression P value

Positive Negative

CK5/6 status [N, (%)] <0.01

 Negative 1198 (93.5) 465 (96.9)

 Positive 84 (6.6) 15 (3.1)

 Missing 15 11

Intrinsic subtypes [N, (%)] <0.0001

 Luminal A 740 (58.9) 374 (80.1)

 Luminal B 224 (17.8) 34 (7.3)

 HER2 86 (6.9) 5 (1.1)

 Basal-like 158 (12.6) 29 (6.2)

 Unclassified 48 (3.8) 25 (5.4)

 Missing 41 24

Type of surgery [N, (%)]b 0.19

 No surgery 3 (0.3) 1 (0.3)

 Breast-conserving
 surgery

331 (36.7) 146 (42.0)

 Mastectomy 568 (63.0) 201 (57.8)

 Unspecified 395 143

Chemotherapy [N, (%)]b <0.01

 No 572 (58.6) 252 (67.4)

 Yes 404 (41.4) 122 (32.6)

 Missing 321 117

Radiotherapy [N, (%)]b 0.40

 No 559 (57.2) 204 (54.7)

 Yes 418 (42.8) 169 (45.3)

 Missing 320 118

Adjuvant hormonal therapy

 [N, (%)]b
0.70

 No 321 (33.1) 119 (32.0)

 Yes 649 (66.9) 253 (68.0)

 Missing 327 119

Tumor size [N, (%)]b <0.0001

 ≤2 cm 824 (63.5) 383 (78.0)

 >2 cm 473 (36.5) 108 (22.0)

The number of positive

 nodes [N, (%)]b
<0.001

 0 898 (69.2) 386 (78.6)

 1–3 300 (23.1) 87 (17.7)

 4–9 51 (3.9) 13 (2.7)

 ≥10 48 (3.7) 5 (1.0)

Grade of tumor

 [N, (%)]a
<0.0001
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VEGF expression P value

Positive Negative

 I 177 (13.9) 169 (34.6)

 II 721 (56.5) 269 (55.1)

 III 378 (29.6) 50 (10.3)

 Missing 21 3

a
Data obtained through central pathology review

b
Data from medical records

c
Tumors that were 2 cm or less were grouped as stage I if they had not spread to lymph nodes, or as stage II if 1–3 lymph nodes were positive, or

as stage III if 4 or more nodes were positive. Tumors that were larger than 2 cm but were 4 cm or less were grouped as stage II if 3 or less positive
nodes were found or as stage III if 4 or more positive nodes were found. Tumors larger than 4 cm were grouped as stage II if they had not spread to
lymph nodes or as stage III if positive nodes were found
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