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ABSTRACT

n cancer patients, hypercoagulability is a common finding. It has been

associated with an increased risk of venous thromboembolism, but

also to tumor proliferation and progression. In this prospective study
of alarge cohort of breast cancer patients, we aimed to evaluate whether
pre-chemotherapy abnormalities in hemostatic biomarkers levels: (i) are
associated with breast cancer-specific clinico-pathological features; and
(ii) can predict for disease recurrence. D-dimer, fibrinogen, prothrombin
fragment 142, and FVIla/antithrombin levels were measured in 701
early-stage resected breast cancer patients candidate to adjuvant
chemotherapy and prospectively enrolled in the HYPERCAN study.
Significant prognostic parameters for disease recurrence were identified
by Cox regression multivariate analysis and used for generating a risk
assessment model. Pre-chemotherapy D-dimer, fibrinogen, and pro-
thrombin fragment 142 levels were significantly associated with tumor
size and lymph node metastasis. After 3.4 years of follow up, 71 patients
experienced a recurrence. Cox multivariate analysis identified prothrom-
bin fragment 1+2, tumor size, and Luminal B HER2-negative or triple
negative molecular subtypes as independent risk factors for disease recur-
rence. Based on these variables, we generated a risk assessment model
that significantly differentiated patients at low- and high-risk of recur-
rence (cumulative incidence: 6.2 vs. 20.7 %; Hazard Ratio=3.5; P<0.001).
Our prospective clinical and laboratory data from the HYPERCAN study
were crucial for generating a scoring model for assessing risk of disease
recurrence in resected breast cancer patients, candidate to systemic
chemotherapy. This finding stimulates future investigations addressing
the role of plasma prothrombin fragment 1+2 in the management of
breast cancer patients to provide the rationale for new therapeutic strate-
gies. (The HYPERCAN study is registered at clinicaltrials.gov identifier
02622815.)
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Introduction

Cancer growth and dissemination is associated with the
development of a subclinical hypercoagulable state in the
host, detectable by coagulation laboratory tests."” The
pathogenesis of blood coagulation activation in cancer is
complex and multifactorial. Among other factors, the
expression of tumor cell clot-promoting properties, and
the inflammatory response of the normal host cells to the
tumor play a central role in the cancer-associated pro-
thrombotic diathesis by leading to the activation of the
blood clotting system.** Importantly, tumor cells of differ-
ent origin express different procoagulant profiles, and the
clotting system can be triggered to various extents accord-
ing to the type and stage of the malignant disease.’
Furthermore, the patient's hypercoagulable state worsens
with cancer progression and metastatic spread, which
supports the concept of a tight relationship between
tumor burden and hemostatic abnormalities.” All this con-
tributes to an increased risk of thrombosis, and also affects
the tumor biology by favoring tumor growth and metas-
tasis.”

Over the last three decades, several studies have evalu-
ated the role of clotting activation biomarkers in relation
to cancer outcomes, including disease progression,
response to chemotherapy, and mortality.”"" As recently
reviewed,? however, most of these studies were retro-
spective in nature and not always specifically designed to
address the impact of thrombotic biomarkers on cancer
outcomes. In addition, recruitment was often mono-insti-
tutional, and included small heterogeneous cohorts of
patients with different treatments. Therefore, despite the
encouraging results reported, new data coming from large
prospective cohorts are needed. In this respect, breast can-
cer patients with limited resected disease are an important
setting to test whether abnormal levels of circulating
thrombotic biomarkers may represent a novel non-inva-
sive factor for better prediction of disease recurrence (DR)
risk.

Breast cancer, the most common cancer in women, is a
highly heterogeneous disease presenting with a broad
range of clinical and molecular characteristics, as well as
variability in clinical progression. In recent years, informa-
tion campaigns and large-scale prevention screening pro-
grams have contributed to an increase in the rate of early
diagnosis,” with a consequent improved rate of patients
treated at an early stage of the disease." For the treatment
choice, patients are classified according to intrinsic biolog-
ical subtypes within the breast cancer spectrum, using
clinico-pathological criteria, i.e. the immunohistochemical
definition of estrogen receptor (ER) and progesterone
receptor (PR), the detection of overexpression and/or
amplification of the human epidermal growth factor
receptor 2 (HER2) oncogene, and Ki-67 labeling index.
This classification allows for a more personalized
approach to the medical treatments, with favorable
results. However, in spite of this, almost 10-15% of these
patients still experience local or distant recurrences in the
first five years from diagnosis,”*'*' mainly in the high-risk
category, characterized by worse prognostic factors in
which the use of adjuvant systemic chemotherapy is jus-
tified.”* In this category, the identification of patients at
the highest risk of relapse is an important area in which to
improve personalized treatments and, ultimately, cancer
care.

Hypercoagulation and relapse in breast cancer -

In the present study, we tested the predictive role of cir-
culating clotting biomarkers on DR risk in a large patient
cohort with resected high-risk breast cancer scheduled to
receive post-surgical adjuvant chemotherapy enrolled in
the ongoing prospective observational [talian multicenter
HYPERCAN (“HYPERcoagulation and CANcer”) study.”
Specifically, we investigated whether baseline levels of D-
dimer, fibrinogen, prothrombin fragment 1+2 (F1+2), and
FVIla/antithrombin (FVIIa-AT) complex were associated
with clinico-pathological characteristics of breast cancer,
and whether these biomarkers might be effective in pre-
dicting DR in patients at an early stage of the disease.

Methods

Study design and study population

For the present study, we considered patients of both genders
with a high-risk surgically treated breast cancer enrolled in the
ongoing HYPERCAN study” (Online Supplementary Appendix).
The study protocol was approved by the local ethics committee.
A data extraction from the HYPERCAN database was performed
in January 2018. Patients enrolled from March 2012 to
December 2015 were considered for the study. Of the 1,042
patients with resected breast cancer enrolled during this period,
953 had an adequate follow-up time. Data on ER/PR and HER2
positivity were available in 788 patients; in this subgroup, bio-
markers data were available for 701 patients (Ounline
Supplementary Figure S1). Median time of follow up at the time
of the present analysis is 3.4 years.

Patient classification

Patients were categorized in subtypes according to tumor
expression of ER, PR, ki67, and HER2 according to the American
Society of Clinical Oncology (ASCO) - College of American
Pathologist (CAP) guideline.” Data were derived from clinical
pathology reports. ER/PR positivity defined the luminal groups,
which included: Luminal A [i.e. HER2-negative (neg) and low
Ki67)]; Luminal B HER2-neg (i.e. HER2 negativity and high
Ki67), and Luminal B HER2-positive (pos) (i.e. HER2-pos and
any ki67). HER2-pos cancer subtype was defined by negativity
for ER/PR and positivity for HER2, while triple negative (TN)
cancer was defined by ER/PR and HER2 negativity.

Blood sampling and plasma preparation

Fasting peripheral venous blood was drawn at enrollment prior
to start of systemic adjuvant chemotherapy using a 21-gauge nee-
dle into 6 mL vacutainer tubes containing 0.109 M citrate (9:1
vol/vol; Becton Dickinson) after discarding the first 2-3 mL of
blood.” Within two hours from collection, plasma was isolated
by two sequential centrifugations at 2,600 rpm for 15 minutes
(min)” and stored at -80°C. All samples were anonymized and
tested in blind at the Laboratory of Hemostasis and Thrombosis
Center (Hospital Papa Giovanni XXIII, Bergamo, Italy).

Hypercoagulation biomarkers

Plasma levels of D-dimer (HemosIL D-dimerHS, Werfen
Group) and fibrinogen (QFA thrombin, Werfen Group) were
measured on an automated coagulometer analyzer (ACL
TOP500, Werfen Group). F1+2 (Siemens Healthcare
Diagnostics) and FVIIa-AT complex (Stago) were determined by
commercial ELISA. Reference intervals for coagulation biomark-
ers were internally generated from a group of 200 apparently
healthy controls (170 females; 30 males) with no chronic or
acute diseases. Median age was 49 years (range, 35-64 years).
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* Outcome Recurrences consisted of distant metastasis in 69% of
The primary outcome of the present analysis was DR, defined  cases, and loco-regional relapse in the remaining 31%.
as either loco-regional (limited to the ipsilateral breast or chest According to the molecular subtype, the majority of
wall and/or axillary, infraclavicular, or supraclavicular lymph
nodes) or distant metastasis.
L. . Table 1. Characteristics of patients with resected breast cancer.
Statistical analysis a
Categorical data are summarized as frequencies and propor- s LS oL >
s : : d prop 701 630 71
tions, while for continuous variables, data are summarized as
mean and standard deviation or median and 5"-95" percentile ~ Gender
range, depending on their distribution. Differences between Male 11 (1.6) 8(13) 3(42) 0.091
groups were tested by Pearson’s ¢ test, Student r-test or Mann- Female 690 (98.4) 622 (98.7) 68 (95.8)
Whitney U-test. Survival functions were estimated using the — Age
Kaplan-Meier method, assuming as baseline time the beginning of Median (5"-95") 52 (37-73) 52 (36-72) 52 (37-76) 0.893
chemotherapy, while survival analyses were performed using  Stage
Cox’s proportional hazard (PH) model. Statistical analysis was per- A 173 (24.7) 165 (26.2) 8 (113)
formed using SPSS v21.0 (IBM Corp). 1A 225 (32.1) 209 (33.2) 16 (22.5)
IIB 125 (17.8) 104 (165  21(296)
IIIA 85 (12.1) 75 (119) 10(141)  0.037
results e Wey  ®ey 60
Characteristics of study population Unknown 4067 31(4.9) 9(12.7)
Table 1 summarizes clinical and tumor histological char-  Tumor size
acteristics of study patients (median age 52; range, 29-79 <2cm 80 (11.3) 76 (12.1) 4 (5.6)
years). Breast-conserving resection was performed in 61% 2-5cm 245 (35.0) 227 (36.0) 18 (25.4) 0.011
and mastectomy in 39%. HER-2 expression was positive =5cm 342 (48.8) 295 (46.8) 47 (66.2)
in 203 and negative in 498 patient sample specimens, Unknown 34 (4.9) 32.6.D 2(28)
respectively. Most frequent molecular subtypes were N stage
Luminal B HER2-neg (33.4%) > Luminal A (22.7%) > NO 287 (40.9) 268 (42.5) 19 (26.8)
Luminal B HER2-pos (20.3%) > TN (14.4%) > HER2-pos NI 268 (38.3) 236 (37.5) 32 (45.1)
(8.6%) (4 missing data for ki67 =0.6%). According to his- N2 77 (11.0) 70 (11.1) 7(98) 0.020°
tological subtype, the largest proportion was classified as N3 43 (68) 40 (63) 8 (11.3)
invasive ductal carcinoma, diagnosed in 83% of patients. ~ Unknown 21(3.0) 16 (2.6) 5 (1.0)
Lymph node involvement was found in 56% of patients.  Histological type
Based on primary tumor characteristics, ER/PR and HER2 Ductal 580 (82.7) 526 (83.5) 54 (76.1)
status, age, and/or discretion of the treating physician, Lobular 56 (8.0) 49 (7.8) 7099
patients were candidates for systemic adjuvant  Mixed 4(0.6) 3(05) 1(14) 0.193
chemotherapy. An anthracycline-based regimen was indi- ~ Others 44 (6.3) 38 (6.0) 6(34)
cated for 35.1% of patients. The addition of taxane to an ~_Unknown 1724 1422) 3(42)
anthracycline regimen was considered in case of extensive  Grading
disease burden or TN disease (50.8% of patients). A tax- Gl 14 (2.0) 14 (2.2) -
ane-based regimen without anthracyclines was adminis- G2 264 (31.7) 238 (31.8) 26 (366)  0.550°
trated to 9.3% of patients. In case of comorbidities or ~ G3 409 (58.3) 365 (57.9) 44 (62.0)
patient preference, intravenous CMF (i.e. cyclophos- ~ Unknown 1420) 132D 119
phamide, methotrexate and 5-fluorouracil) was given  Molecular subtype
(4.8% of patients). All 203 HER-2 positive breast cancers Luminal A 159 (22.7) 149 (23.7) 10 (14.1)
received (in addition to chemotherapy) trastuzumab every ~  Luminal BHER2-neg 234 (33.4) 201 (31.9) 33 (46.5)
21 days for one year. Four hundred and seventy-five  Luminal BHER2-pos 142 (20.3) 137 (21.7) 5(10)  <0.001
patients with ER/PR positivity (n=535) received endocrine ~ HERZ-pos 61 (8.6) 58 (9.2) 3 (42)
therapy according to their premenopausal state (data Iiple negative 101 (144) 82 (13.0) 19 (2638)
missing in 48 patients). Unknown 4 (0.6) 3(0.5) 1(14)
Surgery 0.047
Disease recurrence Breast conserving 427 (61.0) 392 (62.2) 35 (49.3)
The Kaplan-Meier curve shown in Figure 1 describes the  pastectomy 273 (38.9) 238 (37.8) 35 (49.3)
cumulative incidence of DR during four years of follow Unk 101 1 (14
up. The incidence of DR in the group of patients was 2% nown 0.0 i (14
(95%CI: 1-3) at one year, 6% (95%Cl: 4.3-7.8) at two  ECOGPS
years, 9.5% (95%CI: 7.2-11.9) at three years, and 11.2% 0 634 (90.4) 569 (90.3) 65 (91.6) 0.402
(95%Cl:8.5-14) at four years. Specifically, 630 out of 701 ! i? (g‘g) gg (g'g) g(g'g)
patients included into the analysis remained disease-free, IO () ; A(“ ) — (&) —
while 71 relapsed. Demographics and clinical characteris- Eat;l are _}\)}\r;ﬁented as number (percentagfe).P is statistical s'lgmflc{cmce'by Pearson’s * test (or
. A y Mann-Whitney test for age) for comparison between patients with disease recurrence (DR)
tics of patients who deVeloped DR and of those who  andwithout relapse (no DR).%¢* test performed on clustered groups (stage 1/2/3)."’ test per
remained disease-free are shown in Table 1. The group of formed on CIU§teyed groups (NO vs.N1,N2,N3).“* test performed on clustered gyoups‘(ductal
patients who relapsed comprised 68 females and three v T K R e Oncology Group Perormance Satus
males, with a median age of 52 years (range, 34-78 years).  N:number: neg: negative: pos: positive.
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relapses occurred in Luminal B HER2-neg (n=33) and in
TN (n=19), while the remaining were in Luminal A (n=10),
in Luminal B HER2-pos (n=3), and in HER2-pos (n=3)
patients; for one patient, this information was not avail-
able. The risk of recurrence was increased 4-fold (P<0.01)
in patients with Luminal B HER2-neg and TN subtypes
(HR=4.2, 95%CI: 2.3-7.8) compared to the remaining
patients, with a DR cumulative incidence at four years of
17.6% (95%Cl: 12.9-22.4) and 4.9% (95%Cl: 2.4-7.5),
respectively. Finally, the group of patients with DR was
characterized by a higher proportion of subjects with
tumor size = 5 cm (P=0.011), infiltrated axillary lymph
nodes (P=0.020), mastectomy (P=0.047), and Luminal B
HER2-neg and TN molecular subtypes.

Hypercoagulation biomarkers and hematologic
parameters

Patients had significantly higher plasma levels (P<0.01)
of D-dimer, fibrinogen, and F1+2, compared to internal ref-
erence values obtained from a control group of healthy
subjects (Figure 2). To exclude any influence of surgery
[median time to blood sampling: 43 days (5*-95" range: 26-
72 days)] on coagulation, the levels of each hemostatic
marker were correlated with the time from surgery. The
results showed no statistically significant correlation
between time from surgery and each of the biomarkers
(data not shown), even after sex and gender correction.

At enrollment, 12 patients were on thromboprophylaxis
with anti-platelet agents (i.e. aspirin) and four with antico-
agulants. To exclude any influence of thromboprophylaxis
on thrombotic biomarker levels, we compared patients on
aspirin (n=12) with those who were not (n=689), and no
significant differences were found. The comparison of bio-
markers between the anticoagulated (n=4) versus non-anti-
coagulated (n= 697) subjects could not provide statistically
reliable results due to the very small number of subjects on
anticoagulants.

Disease recurrence

Hypercoagulation and relapse in breast cancer -

Hemochromocytometric tests showed most patients
had low red blood cell count and hemoglobin levels as
compared to the control reference range (Table 2).

Association of hypercoagulation biomarkers with tumor
characteristics

Multivariate analyses were performed to search for any
significant association between hypercoagulation bio-
marker levels, hematologic parameters and tumor charac-
teristics. According to tumor-node-metastasis classifica-
tion, tumor size was a significant determinant of D-dimer
($=0.134, P=0.001) and fibrinogen ($=0.110, P=0.006) lev-
els, while lymph node involvement positivity was a signif-
icant predictor of D-dimer ($=0.216, P<0.001) and F1+2
($=0.112, P=0.004) plasma levels. No significant associa-
tions were found between hypercoagulation biomarkers
and tumor histological subtype or grading. Similarly, no
significant associations were found between hematologic
parameters and tumor characteristics.

Association between hypercoagulation biomarker
abnormalities and disease recurrence

Plasma levels of hypercoagulation biomarkers and hema-
tologic parameters according to DR occurrence are shown
in Table 3. There was no statistical difference in levels of
the D-dimer, FVIla-AT and fibrinogen between patients
who experienced a relapse as compared to patients who
remained disease-free during follow up, while F1+2 levels
were significantly higher in the group of relapsed patients
(P<0.05). Interestingly, correlation analyses showed that
pre-chemotherapy levels of fibrinogen were significantly
and inversely associated with time to relapse (§ = -0.317;
P=0.012).

A receiver operating characteristic (ROC) curve analysis
was performed to evaluate the contribution of F1+2 levels
to predict DR at four years of follow up. The area under
the curve was 0.595. Cut-off value was set at 202.5
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0 1 2 3 4 Figure 1. Cumulative incidence of
Time (years) disease recurrence in patients with
\ resected breast cancer during four
years follow up.
Number at risk 701 670 576 414 249
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(pmol/L) (sensitivity=61%, specificity=53%). Kaplan-
Meier analysis showed that in patients with F1+2 levels
above the cut-off, cumulative incidence of DR was 14.7 %
(95%ClI:10.2-19.2) and was significantly (P<0.05) higher
than in patients with F1+2 levels = cut-off (8.7 %; 95%Cl:
5.4-12). A multivariate Cox regression analysis, stratified
for age, was carried out testing for clinico-pathological co-
variates (Body Mass Index, smoking habit, infection,
molecular subtype, tumor size, lymph node status, use of
anticoagulant/anti-platelet agents, and type of surgery).
After backward selection, only increased F1+2 value (HR 2;
95%ClI: 1.1-3.6; P=0.019), tumor size = 5cm (HR 2.6;
95%Cl:1.4-4.6; P=0.001), and having Luminal B HER2-neg
or TN molecular subtypes (HR 3.9; 95%CI: 2.1-7.5;
P<0.001) were identified as independent risk factors for
DR.

To exclude any influence of the pre-analytical phase on
biomarkers levels, we performed the multivariate Cox
regression analysis stratifying for recruiting centers. Results
confirmed F1+2, tumor size and molecular subtypes as sig-
nificant independent risk factors for DR.

The co-efficients of the multivariate analysis for each
independent co-variate were used to generate a risk assess-
ment score, as follows: F1+2 > 202.5 pmol/L = +1, tumor

F1+2
600
P<0.01
5001 g
8
400+ _s_
<
g 3001 o
g _
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100+
o
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D-dimer
1000
P<0.01 o
o
[
800 g
— 600
£
~
o0
o
400+

318
o
o

200+ 197
112
106
66
28
o

Controls

Patients

size = 5cm = +1.3, Luminal B HER2-neg and TN molecular
subtypes= +2. After score calculation, a ROC curve analy-
sis was performed to evaluate the contribution of score
value for DR (Online Supplementary Figure S2). The area
under the curve was 0.72. The risk groups were created
using a cut-off value of 2.65 points (sensitivity=66 %, speci-
ficity=67 %). Kaplan Meier curves according to risk groups
are shown in Figure 3. Cumulative incidence of DR was
6.2% (IC 95%: 8.6-8.7) and 20.7% (IC 95%: 14.8-26.6), in
the low-risk (score<3) and high-risk (score=3) groups,
respectively (HR 3.5; 95%CI: 2.1-6.0; P<0.001).

Discussion

In this large, prospective cohort study of 701 patients
with early stage, surgically resected, high-risk breast can-
cer, enrolled in the HYPERCAN study, we characterized
the baseline hypercoagulability status before starting sys-
temic chemotherapy and investigated the capacity of
plasma thrombotic biomarkers to predict DR. This repre-
sents the first large prospective study specifically designed
to assess hemostatic activation and its association with
recurrence risk in breast cancer patients.

FVila/AT
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Fibrinogen
800
P<0.01
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4001
° 357
302
262 256
233
2004 205
Controls Patients

Figure 2. Distribution of F1+2, FVIla-AT complex, D-dimer and fibrinogen values in patients compared to controls. The 25", 50" and 75" percentile values are indi-
cated for each biomarker and group. P-value calculated by Mann-Whitney test. AT: antithrombin; F1+2: prothrombin fragment 1+2.




In particular, we chose to study the role of fibrinogen,
FVIla-AT, F1+42, and D-dimer. Fibrinogen, a glycoprotein
synthesized by the liver, is enzymatically converted to fib-
rin by thrombin during the coagulation process. In normal
conditions, it circulates in plasma at high concentrations,
and its levels increase in inflammatory states as part of the
acute-phase response. Circulating levels of FVIIa-AT com-
plexes reflect the degree of exposure of cellular tissue fac-
tor to blood; increased FVIla-AT levels have been reported
in a number of prothrombotic conditions, including solid
and hematologic malignancies.” F1+2 is a peptide released
during the proteolytic activation of prothrombin into
active thrombin, and represents a parameter of in vivo
thrombin formation, while D-dimer is the primary degra-
dation product of cross-linked fibrin, representing an
index of both coagulation and fibrinolysis activation. It
has been suggested that fibrinogen is involved in several
stages of cancer progression.” In vivo, in breast cancer
patients, high fibrinogen levels have been associated with
poorer overall survival®* and poor response to therapy,”
while increase in D-dimer levels has been related to
growth rate, tumor burden, progression rate, and sur-
vival.”*

Table 2. Hematologic parameters in the study subjects.

Patients  Reference range Out of range

White blood cells (x107L) 6.8 (2.0) (42:94) 4% (<4.2)

99 (>9.4)

Red blood cells (x10%L) 447 (051)  (47-582) 6% (<4.7)
0.5% (>5.82)

Hemoglobin (g/dL) 13.1 (13) (14-17) 5% (<14)
Platelets (x107L) 267 (80) (150-400) 5% (>400)

Data of patients are shown as mean (standard deviation). Reference ranges are inter-
nally defined.

In the present prospective cohort of patients with
resected tumors and candidates to adjuvant therapy, we
found the occurrence of a moderate, but significant,
hypercoagulable state, as indicated by the increased plas-
ma levels of fibrinogen, F1+2, and D-dimer. The lack of
correlation between thrombotic biomarker levels and the
time from surgery suggests involvement of a tumor-relat-
ed mechanism in the hypercoagulability observed in these
patients. Indeed, levels of thrombotic biomarkers, and par-
ticularly D-dimer and fibrinogen, positively and signifi-
cantly correlated with tumor size and lymph node metas-
tasis. The association with tumor characteristics might
suggest an imprinting of the primary tumor on the coagu-
lation system after resection, and might also represent the
activity of residual occult circulating tumor cells on blood
coagulation. In fact, it is well known that breast cancer
cells can activate blood coagulation through several mech-
anisms,*”* and in vivo studies in breast cancer patients
show significant correlations between increased D-dimer
levels with circulating tumor cells and number of metasta-
sis,” as well as with lymphovascular invasion, clinical
stage, and lymph node involvement.”

To understand the relevance of our observation in rela-

Table 3. Plasma levels of coagulation biomarkers according to disease
recurrence.

No-DR DR P
D-dimer (ng/mL) 196 (49-647) 224 (30-653) 0270
FVIla-AT (pM) 120 (70-269) 110 (62-335) 0.382
F 142 (pmol/L) 197 (117-385) 219 (114-628) 0.024
Fibrinogen (mg/dL) 298 (211-489) 321 (209-455) 0.909

Data are shown as median and range (5"-95" percentiles). P-value calculated by
Mann-Whitney test. AT: antithrombin; F 1+2: prothrombin fragment 1+2; DR: disease
recurrence.

Disease recurrence
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tion to the primary outcome of the study, we analyzed the
patient thrombotic biomarkers according to DR. Relapses
occurred in 71 patients, with distant metastasis in 69%
and loco-regional metastasis in 31% of cases, respectively,
providing a 10.8% cumulative incidence of DR after four
years of follow up. As expected, most patients with DR
belong to the Luminal B HER2-neg (46.5%) and TN
(26.8%) subtypes. As regards thrombotic biomarkers,
patients who subsequently experienced DR showed sig-
nificantly (P<0.05) higher circulating levels of F1+2, com-
pared to disease-free subjects. Remarkably, high fibrino-
gen levels were significantly associated with shorter time
to DR, also after age and gender correction by multivariate
analysis. Recurrence can be considered to be the result of
cancer cells that persist in the host after treatments and
start to proliferate and disseminate after years of quies-
cence. Activation of the clotting system might represent
the first sign of tumor cell proliferation, and increased lev-
els of thrombotic biomarkers can be an echo of occult
tumor cell action on the hemostatic system. This is prob-
ably what is happening in our population, as detected by
hypercoagulability biomarkers. That blood clotting activa-
tion might be an overt sign of an occult cancer is support-
ed by clinical studies in cancer-free subjects, showing that
hypercoagulability is a risk factor for subsequent death
from cancer®* Analyses of hemostatic biomarkers in
19,303 male participants from three English cohorts fol-
lowed for up to 30 years identified elevated circulating
levels of fibrinogen and F1+2 as predictors of risk of smok-
ing-related cancers.” In the setting of breast cancer, in a
Scandinavian case-control study, high D-dimer and low
antithrombin significantly predicted for breast cancer
diagnosis,® while fibrinogen, in combination with cancer
antigen 15-3 and platelet distribution width, distinguished
breast cancer from benign breast disease in non-conclusive
mammography patients.”

Furthermore, we were able to combine a clotting bio-
marker with previously established breast cancer prognos-
tic factors in order to improve the individual prediction
recurrence in this high-risk population. In fact, we found
that higher F1+2 values, TN and Luminal B HER2-neg
molecular subtypes, and tumor size were independent risk
factors for DR. Therefore, F1+2 might be very helpful to
identify those subjects who deserve special attention and
those who can instead avoid the side effects of sustained
chemotherapy. Finally, the significant association between
fibrinogen levels and time to DR suggests the potential
utility of this marker in those subjects identified at greater
risk of DR as a parameter indicative of time to DR.

Other authors have reported different results as regards
the F1+2 prognostic role in breast cancer. Specifically, in a
recently published study including 235 patients with stage
[-IIA breast cancer, F1+2 was not predictive for disease-
free survival." This discrepancy may be due to different
characteristics of that study: a single center study, involv-
ing a smaller cohort of patients with stage I and Ila breast
cancer (whereas our study enrolls patients up to stage
IIIC). In addition, in that study, the disease-free survival
was evaluated in a subgroup of 62 patients and blood sam-
ples for biomarker testing were obtained before surgery,
while our samples were collected in tumor-resected condi-
tion before starting chemotherapy.

One limitation of our study is that some data on factors
which can have an impact on coagulation cascade, includ-
ing treatments with corticosteroids, oral contraceptives,

and hormone replacement therapy, were not collected at
the time of blood sampling. In any case, the hemostatic
assays performed in this study directly represent the in
vivo activity of the coagulation system, which already
reflects all possible factors. In addition, at the time of this
analysis, data on hormone therapy and radiotherapy were
not available for all patients, and therefore were not
included in the analysis. An evaluation of the contribution
of these data on prognosis in these patients should be a
subject of future study:.

Several patients relapsed after a relatively long period of
time and, therefore, the question may arise as to whether
the time elapsed between blood collection and cancer
relapse might be a source of uncontrolled confounding
bias. This is a common limitation of prognostic biomark-
ers which aim to predict the cancer patient outcomes in
order to decide on a best treatment option strategy.
Validated genetic and biochemical prognostic biomarkers
in early breast cancer provide a risk of DR for an event
that may occur up to ten years later. In this study, we
aimed to identify new prognostic biomarkers to help the
selection of patients at highest risk of relapse at presenta-
tion, before planning the antitumor strategy. In this sense,
we are consistent with the aim of the study, as our results
identify a prognostic score based on the F1+2 applicable at
presentation.

In conclusion, our prospective study is the first to
demonstrate the utility of F1+2 as a potential circulating
independent predictive biomarker for DR in a large cohort
of patients with high-risk early breast cancer. Having
reached this goal, we are now planning to validate the
results in an independent cohort of patients. Our findings
stimulate future investigations into the utility of longitudi-
nal measurement of plasma F1+2 in the surveillance of
women following surgery for primary breast cancer and to
provide the rationale for new therapeutic strategies.

Appendix 1

The members of the HYPERCAN Study Group (all in Italy)
are as follows: Investigators (by center) - Immunohematology and
Transfusion Medicine, Hospital Papa Giovanni XXIII,
Bergamo: Falanga A., Brevi S., Caldara G., Diani E., Gamba
S., Giaccherini C., Marchetti M., Russo L., Schieppati E, Tartari
CJ., Verzeroli C., Vignoli A.; Oncology Unit, IRCCS
Humanitas Institute, Rozzano: Santoro A., Masci G.; Oncology
Unit, IRCCS National Cancer Institute, Milan: De Braud E,
Celio L., Nichetti E, Martinetti A.; Oncology Unit, Hospital
Papa Giovanni XXII, Bergamo: Tondini C.; Oncology Unit,
Hospital San Filippo Neri, Rome: Gasparini G., Sarmiento R,
Gennaro E, Meoni G; Oncology Unit, Hospital San Giovanni,
Rome: Minelli M.; Oncology Unit, Hospital Treviglio-
Caravaggio, Treviglio: Barni S., Petrelli F,, Ghilardi M.; Dept. of
Management, Information and Production Engineering,
University of Bergamo: Malighetti P, Spinelli D.; Deprt.
Oncology Bergamo Province, Hospital Papa Giovanni XXIII,
Bergamo: Labianca R.; IRCCS Cancer Institute Giovanni Paolo
11, Bari: Giuliani E; Medical Oncology and Internal Medicine,
Policlinico San Marco, Zingonia-Bergamo: D’Alessio A.,
Cecchini S.
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