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Abstract

Bevacizumab, an antibody to vascular endothelial growth factor (VEGF), has been incorporated 

into chemotherapy regimens in the treatment of several cancer types including breast cancer. The 

aim of this study was to identify tumor and angiogenic factors that potentially associate with 

outcome. In a pilot trial, 21 patients with inflammatory breast cancer and locally advanced breast 

cancer received bevacizumab plus doxorubicin-docetaxel chemotherapy before surgery. Baseline 

p53, HER2, tumor apoptosis, Ki67, estrogen receptor (ER), VEGF-A, serum VEGF (sVEGF), 

VEGFR2-Y951 and microvessel density (MVD) were prospectively designed and determined by 

immunohistochemistry and enzyme-linked immunosorbent assay. Hazard ratios (HR) and 95% 

confidence intervals for survival and progression-free survival (PFS) were estimated using Cox 

proportional hazards analyses. With a median follow-up of 65.9 months, patients with low 

apoptosis or p53-negative tumors had significantly longer survival than those with high apoptosis 

or p53-positive tumors (median 61.5 vs. 20.2 months; HR 0.22; p=0.011 for apoptosis and median 

59.6 vs. 24.2 months; HR 0.27; p=0.016 for p53). Low Ki67 versus high Ki67 exhibited a trend 

towards association with survival (median 57.1 vs. 17.3 months, HR 0.34, p=0.07). Patients with 

HER2-negative tumors had significantly longer PFS than those with HER2-positive tumors 

(median 31.2 vs. 9.4 months; HR 0.23; p=0.03). ER, VEGF-A, sVEGF, VEGFR2-Y951 and MVD 

were not significantly associated with outcome. Our data suggest that baseline p53, apoptosis and 

HER2 are each significantly associated with outcome in patients who received bevacizumab plus 

chemotherapy.
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Introduction

During the past decade, anti-angiogenesis therapy has evolved as one of the promising 

approaches in the treatment of cancer including breast cancer although the mechanisms of 

action are complex (1,2). However, a significant fraction of patients did not benefit from 

anti-angiogenesis therapy and/or in combination with chemotherapy (3,4). Therefore, 

identification of biomarkers that associate with or potentially predict benefit for appropriate 

selection of patients has become a key issue of anti-angiogenesis therapy and an intense area 

of clinical and translational research. Recently, four randomized phase III trials 

demonstrated that addition of bevacizumab, a humanized monoclonal antibody directed to 

all forms of vascular endothelial growth factor A (VEGF-A), to chemotherapy either as first-

line (E2100, AVADO and RIBBON-1) or second-line (RIBBON-2) therapy prolong 

progression-free survival (PFS) and increase response rate in patients with metastatic breast 

cancer (5,6). However, none of these trials have demonstrated survival benefit from the 

addition of bevacizumab to chemotherapy. This was confirmed by a recent meta-analysis of 

overall survival (OS) data from the three first-line studies in metastatic breast cancer (3). 

Thus it is imperative to develop and validate biomarkers that could associate with outcome, 

especially survival.

Apoptosis is a process of programmed cell death characteristic of cell morphology changes, 

chromatin condensation, DNA fragmentation and cell death (7). The process of apoptosis is 

controlled by a diverse range of cell signals including nutrient deprivation and hypoxia. The 

latter are largely dependent on the status of blood supply and tissue angiogenesis. Ki67 is a 

nuclear protein that is associated with the cellular proliferation, which is widely used as a 

proliferation marker, especially as a tumor proliferation marker (8). It is present in all active 

phases of the cell cycle including G1, S, G2, and mitosis, but is absent from the resting cells 

(G0 phase) (9). Levels of Ki67 are low in G1 and S phases and highest in mitosis. Low Ki67 

as compared with high Ki67 has been found to be associated with longer disease-free 

survival (DFS) and OS in node-positive breast cancer after adjuvant chemotherapy (10).

p53 is a nuclear transcription factor encoded by the TP53 gene located on the short arm of 

chromosome 17 (17p13.1) (11). It is a tumor suppressor which regulates the cell cycle and 

plays a critical role in the regulation of apoptosis, genetic stability, or inhibition of 

angiogenesis (12). Wild-type p53 protein has a short half-life with low intracellular levels. 

However, stabilization of p53 protein in the absence of a stimulus such as DNA damage is a 

hallmark of loss of function secondary to a mutation, or interaction with viral or cellular 

oncoproteins (13). p53-positive tumors versus p53-negative tumors were associated with 

poor prognosis in breast cancer (14–16). The dysfunction of p53 has been shown to 

contribute to angiogenic switch during tumorigenesis through the amplification of hypoxia-

inducible factor 1 (HIF-1) dependent responses to hypoxia (17). Furthermore, p53-deficient 

animal models were less responsive than wild-type p53 models to anti-angiogenic and 

cytotoxic combination therapy (18). It is, therefore, important to evaluate p53 status in 

association with patient outcome after treatment with anti-angiogenic agents and/or in 

combination with chemotherapy.
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Human epidermal growth factor receptor 2 (HER2), encoded by the ERBB2 gene, activates 

multiple cellular signaling pathways that are involved in cellular proliferation and survival, 

and increases VEGF protein synthesis (19). The latter is regulated via activation of the 

mTOR/p70S6K cap-dependent translation pathway in human breast cancer cells (20). 

Overexpression of HER2 has been shown to correlate with the increased angiogenesis and 

VEGF-A expression in cancer cells (21). However, no studies thus far have assessed HER2 

status in association with clinical outcome after bevacizumab plus chemotherapy.

Twenty-one previously untreated patients with inflammatory breast cancer (IBC) and locally 

advanced breast cancer (LABC) were entered into a pilot trial at the National Cancer 

Institute (NCI, Bethesda, MD), and treated with neoadjuvant bevacizumab for one cycle, 

followed by six cycles of bevacizumab plus docetaxel-doxorubicin chemotherapy before 

surgery. Given the implications of p53, HER2, tumor apoptosis (TUNEL), proliferation 

(Ki67), estrogen receptor (ER), VEGF-A, sVEGF, VEGFR2 activation (VEGFR2-Y951) 

and microvessel density (MVD) on tumor progression, angiogenesis, and/or responses to 

anti-angiogenic therapy as well as to chemotherapy, we designed and incorporated 

evaluation of these markers in the study protocol (22,23). We hypothesized that some of 

these factors could be associated with the treatment outcome of patients who received 

bevacizumab plus chemotherapy. The objectives of this study were to assess the association 

of OS and PFS with baseline expression of p53, HER2, ER, VEGF-A, VEGFR2-Y951, 

tumor apoptosis, proliferation, sVEGF, and MVD, as well as age, grade, and TNM stage.

Patients and methods

Patients, tumor biopsy and treatment

Study design, patient enrollment, drug administration, and evaluation of clinical response 

and toxicity have been previously described in detail (22,23). In brief, the study was 

approved by the Institutional Review Board of the NCI. Eligible patients signed informed 

consent which included tissue biopsy and research use of collected tissue in compliance with 

federal and institutional guidelines. Twenty patients with IBC and one with LABC were 

enrolled from October 2001 to August 2004. Tumor biopsies were taken by mammotome on 

the breast tumor area or by either 16 or 18 gauge needles on ipsilateral lymph nodes. The 

biopsies were immediately fixed in formalin and subsequently sent to the Laboratory of 

Pathology, National Institutes of Health Clinical Center, for paraffin-embedding and tumor 

confirmation. Patients were treated with one cycle of bevacizumab at 15 mg/kg followed by 

six cycles of bevacizumab plus doxorubicin at 50 mg/m2 and docetaxel at 75 mg/m2 every 

three weeks prior to surgery and/or locoreginal therapy. Patients further received eight cycles 

of bevacizumab after surgery and those with hormone receptor-positive tumors also received 

tamoxifen or an aromatase inhibitor treatment. No patients received trastuzumab therapy.

Immunohistochemistry and quantitative analysis

p53, Ki67, VEGF-A, VEGFR2-Y951 and MVD were examined on formalin-fixed, paraffin-

embedded biopsy sections using a standard avidin-biotin-peroxidase complex indirect 

immune-peroxidase procedure, and quantitatively analyzed with the assistance of a digital 

imaging system as previously described (22,24,25). Antibodies used were appropriately 
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validated prior to their application to biopsy sections (22,23). HER2 status and ER status 

were determined on the diagnostic biopsy sections by the Laboratory of Pathology. Tumor 

apoptosis was examined by the terminal deoxynucleotidyl transferase (TdT)-mediated dUTP 

nick-end labeling (TUNEL) assay; and sVEGF was measured by human VEGF enzyme-

linked immunosorbent assay (ELISA) as previously described (22,26). The cut-offs for 

HER2, ER and p53 have been described by us and others previously (27,28), and the ones 

for Ki67 labeling index, apoptosis index, VEGF-A, sVEGF, and VEGFR29-Y951 were 

arbitrarily chosen near the median of each biomarker (Table I). In brief, 2+ and 3+ levels of 

HER2 expression relative to 0 and 1+ were scored as positive. ER and p53 were scored as 

positive if 10% or greater of malignant nuclei were stained. p53 protein was detected by a 

mouse monoclonal antibody (clone DO7, Vector Laboratories, Inc., Burlingame, CA) that 

recognizes both mutant and wild-type forms of the protein in 1:50 dilution (29). Breast 

cancer cell line MDA-MB-231 (p53-mutant), and a colon cancer specimen that express p53 

were utilized as positive controls. The isotype control mouse immunoglobulins were used as 

negative controls.

Statistical analysis

The probability of OS or PFS as a function of time was estimated in each of the biomarker 

subgroups by the Kaplan-Meier method. The statistical significance of the differences in the 

associated comparisons was determined using the log-rank test. Hazard ratios (HR) and 95% 

confidence intervals (CI) were determined using Cox proportional hazards regression 

analysis. Follow-up on living patients was current as of July, 2008, and used to determine the 

duration of OS and PFS. OS was determined from the on-study date to the date of death 

from any cause or last follow-up. PFS was calculated from the on-study date to the date of 

disease progression; the follow-up was censored if the patients went off study for reasons 

other than progression. The factors which were associated with outcome, with a univariate p-

value of approximately 0.10 or less, as well as age and stage, were subsequently evaluated 

for their joint association with OS or PFS by a multivariable Cox proportional hazards 

model. All patients had consistently high grade tumors. A backward selection algorithm was 

used to determine the parameters to include in the final model. All p-values were two-tailed, 

reported without adjustment for multiple compa-risons, and considered to be statistically 

significant at p<0.05.

Results

Patients, follow-up, and expression of tumor and angiogenic markers

Patient characteristics have been described previously (22). The median OS was 65.9 months 

while the median PFS was 17.4 months. Table I lists the expression frequency of p53, 

HER2, Ki67, apoptosis, ER, VEGF-A, sVEGF, VEGFR2-Y951 or MVD. Expression of p53, 

HER2 or ER was 48%, 43% or 29%, consistent with the previous findings in studies with 

breast cancer and IBC (19,30,31). Baseline Ki67 proliferation index ranged from 5.5–84% 

(median 29.1%), and apoptosis index ranged from 0 to 12.8% (median 1.5%).
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Marker status and overall survival

In patients treated with bevacizumab and docetaxel-doxorubicin chemotherapy, the HRs for 

the likelihood of survival among patients with tumors containing low levels of apoptosis 

versus those containing high levels of apoptosis was 0.22 (p=0.011 by the log-rank test; 

Table II). The HR among patients with p53-negative tumors compared with p53-positive 

tumors was 0.27 (p=0.016; Table II). Patients with low baseline apoptosis or p53-negative 

tumors had significantly longer OS than those with high baseline apoptosis or p53-positive 

tumors (median 61.5 vs. 20.2 months; median 59.6 vs. 24.2 months; Table II; Fig. 1A and 

B). Patients with low tumor Ki67 versus high Ki67 exhibited a trend towards association 

with a longer survival (median 57.1 vs. 17.3 months; p=0.07; Table II). In addition, OS in 

patients with stage IIIA and IIIB was significantly longer than those with stage IIIC and 

stage IV (median 55.8 vs. 14.5 months; p=0.04). However, HER2, VEGF-A, sVEGF, ER, 

MVD, and VEGFR2(Y951) as well as age were not significantly associated with OS (Table 

II). Ki67 and apoptosis remained in the multivariable Cox proportional hazards model after 

eliminating other factors by a backward selection algorithm. When considered jointly, the 

HRs for the likelihood of survival among patients with low tumor apoptosis and Ki67 

compared with those with high tumor apoptosis and Ki67 were 0.075 (p=0.004) and 0.098 

(p=0.008), respectively (Table III).

Next, we performed an exploratory subset analysis for survival comparing patients with p53-

negative tumors to those with p53-positive tumors by stratifying according to HER2 status, 

given the well-established roles for HER2 and p53 in the regulation of tumor angiogenesis 

(17,20). In patients with HER2-negative tumors, those with p53-negative tumors In contrast, 

among patients with HER2-positive tumors, OS survived significantly longer than those with 

p53-positive was similar in both p53-negative tumors and p53-positive tumors (median not 

reached vs. 20 months; p=0.017; Fig. 2A). tumors (median 20.0 vs. 23.4 months; p=0.78; 

Fig. 2B).

Marker status and progression-free survival

We also assessed the marker status in relationship to disease progression. Table IV shows the 

HRs for the risk of progression according to the status of markers. Patients with HER2-

negative tumors had a significantly longer PFS than those with HER2-positive tumors 

(median 31.2 vs. 9.4 months; p=0.03; Table III; Fig. 1C). The other angiogenic or tumor 

factors studied were not significantly associated with PFS by univariate analysis (Table IV). 

By multivariable Cox proportional hazards regression analysis using a backward selection 

algorithm, HER2 and apoptosis were significantly associated with progression when 

considered jointly in the model. The HRs for progression in HER2-negative tumors 

compared with HER2-positive tumors was 0.088 (p=0.01), and in low apoptosis versus high 

apoptosis was 0.22 (p=0.04; Table III).

Discussion

In this study, we investigated the relationships between tumor and angiogenic factors that 

play important roles in angiogenesis and tumor progression, and clinical outcome. Our 

results demonstrate that baseline p53 and apoptosis are significantly associated with OS by 
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univariate analyses in patients who received neoadjuvant bevacizumab followed by 

bevacizumab plus doxorubicin-docetaxel chemotherapy. The data are substantiated by 

preclinical findings. p53 mediates inhibition of tumor angiogenesis through multiple 

mechanisms such as degradation of HIF-1α (17), up-regulation of a collagen prolyl 

hydroxylase, which releases the antiangiogenic fragments of collagen type 4 and 18 to the 

extracellular matrix (32), and induction of microRNA-107 that inhibits HIF-1 (33). On the 

other hand, p53 dysfunction has been associated with the increase in VEGF expression and 

decrease in expression of thrombospondin-1, a potent inhibitor of angiogenesis or 

neovascularization (34). In addition, p53-deficient animal models were less responsive than 

wild-type p53 models to anti-angiogenic and cytotoxic combination therapy (18). In a large 

study, node-positive breast cancer patients received adjuvant fluorouracil-doxorubicin-

cyclophosphamide or docetaxel-doxorubicin-cyclophosphamide chemotherapy; p53 was 

significantly associated with both DFS and OS for 1350 patients (16). In this pilot trial, p53 

in significant association with survival may reflect the profound and collective effects of p53 

on angiogenesis and responses to chemotherapy.

The low levels of baseline tumor apoptosis relative to high levels of baseline tumor apoptosis 

may represent a status of adequate versus inadequate tumor angiogenesis. The tumors with 

adequate angiogenesis status reflected by low levels of tumor apoptosis may be more 

sensitive to anti-angiogenesis therapy, and thus was associated with outcome in patients after 

bevacizumab in combination with chemotherapy. Moreover, we found that baseline tumor 

apoptosis and proliferation are jointly and independently associated with the treatment 

outcome after multivariable modeling which potentially took into account of classical 

prognostic factors. Patients whose tumors with low intrinsic proliferation rate, possibly 

representative of a subset of patients with relatively indolent tumors, and baseline adequate 

tumor angiogenesis status (low levels of apoptosis index) identify subgroups of patients who 

had a significantly longer survival after bevacizumab anti-angiogenic therapy plus 

chemotherapy. In addition, patients with HER2-negative tumors had a significantly longer 

PFS than those with HER-positive tumors. HER2 and apoptosis are independently and 

jointly associated with disease progression as demonstrated by multivariable analysis. In 

previous preclinical and clinical studies, it has been shown that HER2 associates with 

disease progression, and increases angiogenesis in breast cancer (21,35). The other markers 

examined were not significantly associated with PFS in this cohort.

However, there were no significant associations between some critical angiogenic factors 

(VEGF-A, sVEGF, VEGFR2-Y951 and MVD) and OS. Nor were these markers signifi- 

Since bevacizumab was initially approved for use in cantly associated with PFS. Instead, as 

discussed above, HER2-negative metastatic breast cancer, and the facts that some critical 

tumor factors were found to be significantly HER2 is associated with PFS and p53 is 

significant for OS associated with the treatment outcome.

Since bevacizumab was initially approved for use in HER2-negative metastatic breast 

cancer, and the facts that HER2 is associated with PFS and p53 is significant for OS by 

univariate analyses in this study, we performed an exploratory subset analysis of survival 

comparing patients with p53-negative tumors to those with p53-positive tumors by 

stratifying according to HER2 status. Interestingly, patients whose tumors were both HER2-
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negative and p53-negative survived significantly longer than those whose tumors were 

HER2-negative and p53-positive after the combination treatment (Fig. 2A). p53 negativity, 

possibly functioning as a negative regulator of tumor angiogenesis and as a tumor 

suppressor, and the lack of HER2 overexpression, a positive regulator of angiogenesis and 

tumor progression, are critical for survival in patients who received bevacizumab plus 

chemotherapy. However, these data are considered to be hypothesis-generating due to the 

small sample size, and warrants further validation by other studies. In a Phase III study, the 

addition of bevacizumab to first-line irinotecan, 5-flurouracil, and leucovorin (IFL) 

prolonged median survival in patients with metastatic colorectal cancer (36). With a 

retrospective analysis of biomarker status in association with the treatment effect of 

bevacizumab, patients with p53 protein-negative tumors had a prolonged survival in patients 

treated with IFL plus bevacizumab as compared with those treated IFL plus placebo (median 

25.07 vs. 16.26 months) (28).

Our results identified some potentially important markers which are associated with patient 

outcome after bevacizumab in combination with chemotherapy. However, the factors need to 

be investigated for their predictive roles in studies with larger sample sizes, especially in the 

context of randomized clinical trials in adjuvant, neoadjuvant and metastatic settings such as 

the National Surgical Adjuvant Breast and Bowel Project B40 and B46-I, and Eastern 

Cooperative Group E5103 and E2100. In these randomized studies, the biomarkers with 

regard to the treatment outcome with or without bevacizumab or treatment interactions can 

be assessed, and therefore their predictive value can be definitely determined.
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Figure 1. 
Overall survival comparing apoptosis-low group with apoptosishigh group (A) and p53-

negative group with p53-positive group (B), or progression-free survival comparing HER2-

negative group to HER2-positive group (C).

YANG et al. Page 10

Int J Oncol. Author manuscript; available in PMC 2020 June 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Overall survival (OS) in patients treated with bevacizumab plus chemotherapy according to 

HER2 and p53 status. OS comparing patients with p53-negative tumors to those with p53-

positive tumors in HER2-negative group (A) and HER2-positive group (B).
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