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Abstract: Osteopontin (OPN), a malignancy-associated secreted phosphoprotein, is a prognostic plasma biomarker 
for survival in metastatic breast cancer patients. We evaluated the role of OPN in Locally Advanced Breast Cancer 
(LABC) patients in predicting response to neoadjuvant chemotherapy and association with survival. Fifty-three pa-
tients with non-metastatic LABC were enrolled in this study and monitored serially for plasma OPN levels by ELISA 
during neoadjuvant chemotherapy prior to surgery. For fifty patients who had baseline OPN levels available for 
analysis, the median baseline OPN level was 63.6 ng/ml. Median patient follow up was 45 months and thirteen 
patients died from metastatic disease. Patients with baseline OPN levels ≥ 63.6 ng/ml were significantly more likely 
to die of their disease than those with baseline OPN < 63.6 ng/mL (Hazard Ratio = 3.4; 95% confidence interval 
1.4-11.3; P = 0.011), and overall, baseline OPN level was significantly associated with survival (P = 0.002). There 
was little support for value of serial OPN determination in monitoring response to therapy in this patient population. 
Although the percentage of patients with baseline OPN levels < 63.6 ng/ml was higher in patients with pathological 
complete response than in those with no response, the difference was not statistically significant (64% and 14%, 
respectively (P = 0.066)). Thus, baseline plasma OPN level is a prognostic biomarker in this group of LABC patients, 
and could also be helpful in identifying LABC patients who will respond to neoadjuvant chemotherapy. Our results 
call for validation of our findings in large prospective trial data sets.

Keywords: Locally advanced breast cancer, neoadjuvant therapy, osteopontin, prognostic biomarker, predictive 
biomarker

Introduction

Locally advanced breast cancer (LABC) is con-
sidered an aggressive and advanced stage of 
non-metastatic breast cancer, accounting for 
approximately 5-15% of all breast cancer cases 
[1-3], with a five year overall survival rate of 
~50% [3-6]. Current treatment for LABC is mul-
timodal, involving neoadjuvant chemotherapy, 
surgery and radiotherapy [7, 8]. Approximately 
10%-20% of patients will achieve a clinical 
complete response (CR) and 50%-60% will 
achieve a partial response (PR) to neoadjuvant 
therapy. However, only one half to two-thirds of 
clinical CRs will be confirmed pathologically 
(pathological complete response, pCR, defined 
as no residual invasive breast cancer in the sur-
gical specimen [1]). Response to neoadjuvant 
chemotherapy allows clinicians to identify 
patients who may have a good outcome, as 

pCR remains the best predictor for long-term 
survival [6, 9].

Osteopontin (OPN) is a secreted, integrin-bind-
ing phosphoprotein that is expressed by several 
normal tissues and cell types [10, 11]. OPN 
plays an important role in various aspects of 
malignancy, particularly those involved in tissue 
invasion and metastasis [10, 12-18], and OPN 
levels have been associated with aggressive-
ness in several cancer types, including breast 
cancer.

We, as well as other groups, have shown by 
immunohistochemistry that elevated levels of 
OPN found in primary tumors may be correlated 
with a poor patient prognosis and tumor stage 
[19-21]. OPN can also be detected in the blood 
of patients with various forms of cancer, includ-
ing breast, prostate, colon, lung, liver and stom-
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Table 1. Patient and tumor characteristics and sites of metastasis
OPN 
number

Age at 
baseline Gender Tstage Nstage ER PR HER2 Grade Site of metastases

01 53 F T3 N1 Pos Pos Pos 2 0
02 52 F T4a N0 Unk Unk Unk 1 0
03 68 F T4b N1 Pos Pos Neg 1 0
04 52 F NA NA Pos Pos Neg 3 0
05 50 F T4b N1 Pos Neg Pos 3 Liver
06 64 F T3 N1 Pos Neg Equiv 2 0
07 59 F T4b N1 Neg Neg Pos 3 Lung
08 47 F T4b N1 Pos Pos Neg 3 Liver
09 56 F T2 N1 Neg Neg Pos 3 0
10 44 F T3 N1 Neg Neg Pos 3 0
11 42 F T4b N1 Pos pos Neg 3 Lung/Liver/Bone
12 76 M T4b NX Unk Unk Unk 2 Unk
13 67 F T3 N0 Pos Pos Neg 1 0
14 64 F T4b N1 Pos Pos Pos 1 Liver
15 39 F T2 N1 Pos Pos Pos 2 Brain/Liver/Lung/Bone
16 46 F T3 N0 Pos Pos Neg 2 0
17 42 F T3 N1 Neg Neg Pos 3 Lung
18 48 F T3 N1 Pos Pos Neg 1 0
19 53 F T4b N0 Neg Neg Pos 3 0
20 47 F T4b N1 Neg Neg Neg 3 0
21 44 F T1c N2 Neg Neg Pos 3 0
22 38 F T2 N0 Neg Neg Pos 3 0
23 62 F T2 N1 Neg Neg Pos 3 Brain
24 26 F T2 N1 Neg Neg Neg 3 0
25 58 F T3 N2 Pos Pos Pos 3 0
26 43 F T2 N1 Pos Pos Pos 2 0
27 52 F T2 N2 Pos Pos Pos 2 0
28 49 F T3 N2a Pos Pos Pos 2 0
29 63 F T3 N1 Neg Neg Neg 3 0
30 48 F T3 N1 Pos Pos Neg 2 0
31 61 F T3 N1 Pos Pos Neg 3 0
32 39 F T3 N1 Pos Pos Neg 2 Lung
33 43 F T3 N0 Neg Neg Pos 2 0
34 47 F T3 N0 Pos Pos Neg 2 0
35 49 F T2 N0 Neg Neg Neg 3 Bone
36 64 F T3 N2 Pos Neg Neg 2 Bone
37 34 F T3 N3 Neg Neg Neg 3 0
38 40 F T2 N1 Pos Pos Neg 1 0
39 58 F T1 N3 Pos Pos Pos 3 0
40 42 F T2 N0 Pos Pos Neg 2 0
41 53 F T3 N0 Neg Neg Neg 3 0
42 44 F T3 N1 Pos Pos Pos 2 0
43 45 F T3 N0 Pos Neg Neg 2 0
44 57 F T2 N0 Pos Neg Pos 3 0
45 60 F T3 N0 Pos Pos Neg 2 bone
46 50 F T3 N2 Neg Neg Neg 3 lung
47 44 F T3 N1 Pos Pos Neg 1 0



Osteopontin as a biomarker in locally advanced breast cancer

725	 Am J Transl Res 2015;7(4):723-732

ach cancer and can be measured using an 
ELISA (enzyme-linked immunosorbent assay) 
[22-27]. Plasma OPN levels are found to be ele-
vated in a majority of metastatic breast cancer 
patients and increased baseline levels of plas-
ma OPN in metastatic breast cancer patients 
are associated with a worse prognosis and 
increased tumor burden [23, 25]. Additionally, 
in metastatic breast cancer patients monitored 
by serial OPN blood levels, survival decreases 
(despite treatment) as plasma OPN levels 
increase over time [23, 25]. Plasma OPN may 
thus have both a prognostic and a predictive 
role in metastatic breast cancer, making moni-
toring plasma OPN levels from metastatic 
breast cancer patients throughout treatment 
and over their disease course potentially useful 
to predict aggressive tumor behavior. In con-
trast, we recently reported data obtained for 
early breast cancer patients that failed to show 
prognostic value for baseline plasma levels in 
those patients, although we did find elevated 
plasma OPN in post-baseline samples from a 
subset of patients [26].

The present study is, to our knowledge, the first 
study to measure plasma OPN serially in LABC 
patients. Serial measurement of plasma OPN 
levels over treatment may potentially provide 
information with respect to patient response to 
neoadjuvant therapy and long-term survival. 
The ability to more accurately monitor response 
to neoadjuvant therapy may lead to better man-
agement of these patients. 

Methods

Patient enrollment and treatment course

Fifty-two female patients and one male patient 
diagnosed with LABC, being treated at the 
London Regional Cancer Program in London, 
Ontario, Canada, were enrolled during 2007-
2011 into this study, which was approved  
by the Western University Health Sciences 

Research Ethics Board. All patients had a histo-
logically confirmed clinical stage III breast can-
cer and were eligible for neoadjuvant therapy, 
excluding inflammatory breast cancer or 
patients with distant metastases. Patients with 
any prior history of invasive cancer or prior che-
motherapy or radiotherapy were excluded. All 
patients provided written informed consent to 
participate in this study and to its results being 
published. No eligible patients declined partici-
pation. Patients received one of two standard 
neoadjuvant chemotherapy regimens: AC-T 
(doxorubicin 60 mg/m2 and cyclophosphamide 
500 mg/m2 IV q3 weekly × 4 cycles followed by 
docetaxel 100 mg/m2 IV q3 weekly × 4 cycles) 
or FEC-D (5-fluorouracil 500 mg/m2, epirubicin 
100 mg/m2 and cyclophosphamide 500 mg/
m2 IV q3 weekly × 3 cycles followed by docetax-
el 35 mg/m2 q weekly × 9 cycles). The patients 
receiving FEC-D received their regional external 
beam conformal radiotherapy (45 Gy in 25 frac-
tions plus 5.4 Gy in 3 fractions or 9 Gy in 5 frac-
tions depending on disease burden) concurrent 
with docetaxel therapy in the neoadjuvant set-
ting versus identical radiotherapy in the adju-
vant setting for AC-T patients. Neoadjuvant 
therapy was followed by modified radical mas-
tectomy to remove the breast and axillary lymph 
nodes, which were examined pathologically. All 
surviving patients were followed for at least 2.5 
years. The male patient died unexpectedly fol-
lowing chemotherapy cycle 2. Three female 
patients became metastatic during neoadju-
vant therapy. Patient characteristics as well as 
tumor characteristics and subsequent occur-
rence of metastases during or after neoadju-
vant therapy are listed in Table 1. All patients 
were followed prospectively and none were lost 
to follow-up.

Plasma sample collection and OPN analysis

Blood samples for OPN measurement were col-
lected in tubes with EDTA anticoagulant and 

48 45 F T3 N1 Pos Pos Neg 2 0
49 62 F T3 N2a Pos Neg Pos 3 0
50 51 F T3 NX Pos Pos Pos 2 0
51 58 F T2 N1 Pos Pos Pos 3 0
52 31 F T2 N3 Pos Pos Pos 3 0
53 62 F T2 N3 Pos Pos Neg 2 0
ER, estrogen receptor; equiv, equivocal; NA, non available; neg, negative; pos, positive; PR, progesterone receptor; unk, un-
known.
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Figure 1. Plasma OPN levels (ng/ml) during neoadjuvant therapy with final response to treatment and survival for all 53 LABC patients. At every treatment cycle 
plasma samples were obtained and OPN was measured in triplicate by ELISA. Average OPN levels are shown in ng/ml. Final patient response is denoted as complete 
response (CR), partial response (PR), stable disease (SD) or progressive disease (PD). Patient numbers (see Table 1) in black (upper panel) indicate patients who 
are alive and red (lower panel) numbers indicate patients who have died. Patients in each panel are grouped according to increasing baseline OPN, except patients 
for which no baseline OPN was obtained in which case OPN at cycle 2 was used. Patient 12 is a male patient who died following 2 neoadjuvant cycles. The dotted 
lines indicate upper limit of OPN levels in a cohort of 90 healthy women (108.6 ng/mL) [26] and median value at baseline/cycle 1 (63.6 ng/mL), respectively.
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chemotherapy and response was evaluated 
using Fisher’s exact test. SAS 9.3 was used for 
all statistical analyses (SAS Institute Inc., Cary 
NC). P-values less than 0.05 were considered 
to be statistically significant.

Results

Plasma OPN levels in ng/ml for each patient 
over the course of neoadjuvant chemotherapy 
are shown in Figure 1. Patient 12, who was the 
only male in the study, died following the sec-
ond cycle of chemotherapy from what appeared 
to be treatment-related toxicity. A baseline OPN 
level of 69.7 ng/ml was measured and at cycle 
two, just prior to his death, OPN level was ele-
vated to 141.3 ng/ml. The two OPN values for 
this patient were not used for the following 
analyses. 

OPN values at baseline/cycle 1 were obtained 
for 50 patients. Mean OPN value was 70.3 ng/
ml at baseline/cycle 1, while median value was 
63.6 ng/mL (range 33.3-189.8). We have previ-
ously measured plasma OPN levels of 90 
healthy women and found a mean value of 32.0 
ng/mL (median value 26.3 ng/ml (range 11.8-
108.6 ng/ml) [26] (Figure 2). 

OPN levels across 7 cycles of neoadjuvant 
treatment were compared for the 34 patients 
for whom we had a complete set using repeat-
ed measures analysis of variance which was 
significant overall (P < 0.001). Although differ-
ences in patient plasma OPN levels between 
cycles 1 (baseline) and cycles 2 through 4 were 
non-significant, differences between cycles 1 
and 5, cycles 1 and 6, and between cycles 1 
and 7 were statistically significant (P < 0.05,  
P < 0.001, and P < 0.001, respectively, 
(Supplemental Figure 1). Overall, all but three 
baseline samples as well as the majority of 
samples from cycles 2-8 have OPN values  
within the normal range (i.e. ≤ 108.6 ng/ml) 
(Figure 1).

Association between baseline OPN values and 
overall survival

Baseline OPN, when treated as a continuous 
variable, was found to be significantly associ-
ated with overall survival (P = 0.002). To further 
evaluate the association of OPN values with 
overall survival, the LABC patients were divided 
into 2 groups: OPN < 63.6 ng/ml vs. OPN ≥ 
63.6 ng/ml, the median OPN value at baseline. 

processed as previously reported [22]. OPN 
was measured in plasma samples by ELISA 
(Human Osteopontin EIA Kit, catalogue #ADI-
900-142, Enzo Life Sciences, Ann Arbor, MI) as 
previously described [27]. Samples were col-
lected at baseline (just prior to the first cycle of 
chemotherapy) and again just prior to each 
subsequent chemotherapy cycle treatment or 
every three weeks throughout neoadjuvant 
treatment for patients receiving their docetaxel 
weekly, followed by one sample collected pre-
operatively. Plasma OPN values from 90 healthy 
women were as previously reported [26].

Pathological assessment 

Surgical specimens were sent for final patho-
logical assessment. Tumor response to neoad-
juvant chemotherapy was substratified as fol-
lows [28]: 

i) Complete pathological response (pCR) (No 
evidence of residual invasive tumor in breast or 
axilla).

ii) Partial response (PR) (at least a 30% 
decrease in residual tumor volume).

iii) No evidence of response (stable disease) 
(SD).

iv) Progression of disease (PD) (at least a 20% 
increase in residual tumor volume).

Statistical analysis

Population OPN levels were characterized with 
Box plots for OPN in healthy women and LABC 
patients at baseline. Repeated measures anal-
ysis of variance was used to compare OPN lev-
els across cycles of treatment, with Dunnet’s 
multiple comparisons test used to make pair-
wise comparisons between cycle 1 and subse-
quent cycles. The effect of baseline OPN on 
overall survival was evaluated using Cox regres-
sion. Patients were categorized according to 
the median baseline OPN and the Kaplan-Meier 
technique was used to estimate survival. The 
two groups were compared using the log-rank 
statistic and hazard ratios were estimated 
using Cox regression. The relationship between 
baseline OPN levels and response to chemo-
therapy was evaluated using Fisher’s exact test 
and the Mann-Whitney-test. The relationship 
between serial OPN levels during neoadjuvant 
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We noted that by comparison, the majority 
(92%) of healthy women had OPN values < 63.6 
ng/ml. The Kaplan-Meier survival curve indi-
cates that patients with baseline OPN ≥ 63.6 
ng/ml were more likely to die of their disease 
than patients with baseline OPN < 63.6 (Figure 
3). The log rank test showed that this difference 
was statistically significant (P = 0.011; Hazard 
Ratio 3.4; 95% confidence interval: 1.4-11.3). 

Association of OPN values with response to 
neoadjuvant therapy 

The majority of the female LABC patients (62% 
or 32 out of 52) had a PR to neoadjuvant thera-
py; eleven patients (21%) had a CR, four 
patients (8%) had PD and four individuals (8%) 
had SD (Figure 1). Plasma OPN levels at base-
line were compared with the final pathologic 
response to neoadjuvant chemotherapy. The 
median OPN value at baseline/cycle 1 for 
patients with CR was 55.5 ng/ml, while for 
patients with no response to neoadjuvant ther-
apy (SD or PD), the median OPN value was high-
er at 75.8 ng/ml (Figure 4), however this differ-

ence was not statistically significant (P = 
0.057). Mean OPN values at baseline were also 
higher for non-responders than for patients 
with complete response (75.1 ng/mL vs 60.0 
ng/mL). Although the percentage of patients 
with baseline OPN levels < 63.6 ng/ml was 
higher for patients with pCR (seven out of elev-
en, 64%) than for those with no response (one 
out of seven, 14%), the difference was not sta-
tistically significant (P = 0.066). As noted above, 
serial OPN measurements showed an increase 
in OPN levels during successive cycles of neo-
adjuvant chemotherapy. There was no relation-
ship between variations in OPN levels during 
neoadjuvant therapy and patient response (P = 
0.586).

Association of response to neoadjuvant 
therapy and survival

Patients that were responders (pCR or PR) did 
not differ from non-responders (SD or PD) in 
terms of survival (P = 0.518). We also com-
pared survival of the eight patients that did not 
respond to neoadjuvant treatment to the sur-
vival of the eleven patients that had pCR 
(Supplemental Figure 2). Although the median 
survival rate of patients with pCR was higher, 
the difference was not significant (P = 0.083). 

Discussion

Tumor response to neoadjuvant treatment is a 
predictor of prognosis and overall survival for 
the LABC patient population. In the current 
study, both baseline plasma OPN and serial 
plasma OPN levels were evaluated as a novel 
method for determining prognosis and monitor-
ing tumor response to neoadjuvant chemother-
apy of LABC patients. We found that baseline 
OPN was valuable prognostically in terms of 
relationship with overall survival, and there was 
a trend towards association between plasma 
OPN at baseline and response to neoadjuvant 
therapy. In contrast, there was little support for 
value of serial OPN determination in monitoring 
response to therapy in this patient population. 

Our results show that during the course of neo-
adjuvant treatment, as the patients receive 
additional cycles of chemotherapy, a statisti-
cally significant increase is seen in OPN levels 
at later cycles (5-7) compared to earlier cycles 
(1-4). This increase in plasma OPN levels during 
neoadjuvant chemotherapy occurred for most 
patients, regardless of response. Thus serial 

Figure 2. Plasma OPN levels at baseline of 50 
patients with LABC compared to OPN levels of 90 
healthy women. The boxes show OPN values between 
the 25th and 75th percentiles, with whiskers showing 
ranges; lines within the boxes mark the median 
values. OPN values from healthy women were as 
reported [26].
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plasma OPN levels observed in patients over 
the course of neoadjuvant chemotherapy is 
from two different sources: OPN expressed by 
immune cells as a component of the inflamma-
tory response, and that secreted by the primary 
tumor itself [14, 19, 26]. Further work is 
required in order to determine the exact source 
of plasma OPN detected during treatment. 

We have recently reported that, in a group of 
90 healthy women, plasma OPN levels ranged 
from 11.8-108.6 ng/ml [26]. Based on this, a 
level of 108.6 ng/ml has been used as the 
upper limit of normal in the present study and 
OPN levels above this value were considered 
elevated. We have previously shown that in a 
cohort of 70 patients with metastatic breast 
cancer, 70% had elevated levels of OPN [23] 
and that patients with increased plasma OPN 
levels had significantly shorter survival times. 
In line with this, Bramwell et al. [25] reported 
that in a larger cohort of women with metastat-
ic breast cancer, 66% had elevated baseline 
OPN levels that were inversely and significantly 
associated with survival. In addition, serial 
monitoring of OPN levels revealed that in that 
cohort of patients an increase of > 250 ng/ml 
at any time was the most prognostic variable 

measurements may be of  
limited value in determining 
response of LABC patients  
to neoadjuvant chemothera-
py. Cytotoxic chemotherapies 
that are used for cancer treat-
ment can stimulate the im- 
mune system. Up-regulation 
of OPN expression in immune 
cells allows for increased 
macrophage adhesion, migra-
tion, cytokine release and 
phagocytosis, all of which are 
important events of the 
immune and inflammatory re- 
sponse [29, 30]. Therefore, it 
is possible that the increased 

Figure 3. Association of plasma OPN concentrations at baseline with LABC 
patient survival. Kaplan-Meier survival curves were constructed after divid-
ing the patients into two groups according to the median OPN value at base-
line/cycle 1 (63.6 ng/mL). (log-rank test; P = 0.011).

Figure 4. OPN levels at baseline for complete re-
sponders and non-responders to neoadjuvant treat-

ment. Lines indicate median OPN 
value for eleven patients with 
pCR (55.5 ng/ml) and median 
OPN value for seven patients with 
SD or PD was (75.8 ng/ml) (P = 
0.054). Dashed line indicates the 
median OPN value at baseline 
(63.6 ng/mL) of the entire group 
of patients.
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for poor survival. This association of increasing 
OPN levels over time with poor prognosis sup-
ported the use of serial monitoring of OPN lev-
els in order to help make treatment decisions 
by determining response. The majority (73%) of 
that group of metastatic patients was not 
receiving systemic chemotherapy. We suggest 
that one reason we were able to see prognostic 
value for increasing OPN levels in the metastat-
ic patients but not for the LABC patients is that 
there was not the confounding variable of host 
response to systemic therapy at the same time. 
In a cohort of postmenopausal women with 
early breast cancer, only 4 women out of 314 
(1.2%) had elevated OPN (> 108.6 ng/ml) at 
baseline (Supplemental Figure 2) [26]. It indi-
cated that a mean baseline plasma OPN of 46 
ng/ml (range 22.6-290), which did not differ 
statistically from normal levels [26], did not 
support a prognostic value of plasma OPN for 
early breast cancer patients. There was, how-
ever, evidence of higher mean OPN plasma lev-
els in some patients post-baseline, compared 
to baseline OPN levels for those patients, sug-
gesting a utility for obtaining serial plasma 
samples. While plasma OPN levels have thus 
been reported to be elevated in women with 
metastatic disease but not with early breast 
cancer, levels for patients with locally advanced 
disease had not been previously studied. Our 
results presented here show that most LABC 
patients have plasma OPN levels that are not 
elevated above the normal range at baseline. 

When comparing baseline OPN levels to final 
pathologic response, we found a trend towards 
a higher median OPN level (75.8 ng/ml) for 
patients who did not respond to treatment 
compared to the group of eleven patients who 
had pCR to treatment (55.5 ng/ml) (P = 0.057). 
The majority of non-responders also had OPN 
values ≥ 63.6 ng/ml at baseline, while the 
majority of patients with pCR had OPN values < 
63.6 ng/ml at baseline (P = 0.066). These dif-
ferences, although not reaching statistical sig-
nificance in this group of patients, are clinically 
interesting as they may help identify which 
patients are likely to respond to neoadjuvant 
chemotherapy, and are worthy of further study. 
Although there is evidence in the literature for 
an association between achievement of pCR to 
neoadjuvant chemotherapy and molecular sub-
type [31], our present study is not designed to 
assess this. Nevertheless, the surrogate for 
outcome (pCR) is less relevant given the rela-

tionship that was identified between baseline 
OPN and survival. Future studies with larger 
sample sizes will be able to examine any rela-
tionships between OPN levels and molecular 
subtype, which could be clinically useful when 
determining patient prognosis at baseline.

Importantly, our results show a clear associa-
tion between baseline OPN levels and survival. 
Log-rank test and Cox proportional hazards 
regression revealed that patients with baseline 
OPN levels above the median were significantly 
more likely to die of their disease than those 
with baseline OPN levels below the median 
(hazard ratio = 3.4; 95% confidence interval 
1.4 - 11.3; P = 0.011), and that overall, base-
line OPN level was significantly associated with 
survival (P = 0.002). Therefore, OPN represents 
the first known prognostic plasma tumor bio-
marker for overall survival in both locally 
advanced and metastatic breast cancer 
patients. 

Conclusions

LABC patients have a poor overall prognosis, 
due to their high risk of tumor recurrence and 
development of future metastases. The study 
reported here demonstrates a statistically sig-
nificant difference in survival between patients 
according to baseline plasma OPN levels, and a 
trend towards association of baseline OPN lev-
els and response to neoadjuvant therapy. In 
this group of patients, baseline OPN is superior 
over response to neoadjuvant therapy as a 
prognostic biomarker. Our results strongly sup-
port the need for prospective clinical trials to 
further validate the utility of measuring plasma 
OPN levels in LABC patients.
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Supplemental Figure 1. OPN levels across 7 cycles of neoadjuvant treatment. Each point represents the average 
OPN concentration measured for 1 patient or healthy woman; lines mark the median values. Dashed lines indicate 
upper limit of OPN in a group of 90 healthy women (108.6 ng/ml) (from [26]).

Supplemental Figure 2. Association of response to neoadjuvant chemotherapy with LABC patient survival. Kaplan-
Meier survival curves were constructed after dividing the patients into two groups according to response to therapy: 
complete responders (CR, 11 patients) vs non-responders (SD or PD, 8 patients). Hazard Ratio = 5.7; 95% confi-
dence interval 0.8-50.7; P = 0.083.


