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Abstract.

BACKGROUND: Basic fibroblast growth factor (bFGF) is a potent angiogenic and mitogenic
factor that has been functionally predisposed to promote tumorigenesis, while literature data also
associate bFGF with a favorable outcome of breast cancer.

OBJECTIVE: In order to help resolve such controversy, this study set out to investigate the role
of bFGF in breast cancer for the first time by use of the node-negative patient group with
smaller tumors and without any systemic adjuvant therapy. This has allowed an increased
homogeneity of the group and a far more reliable interpretation of results.

METHODS: The study included 133 node-negative breast cancer patients with 33 distant
metastasis events. bFGF levels were determined by ELISA in primary tumor tissue homogenates.
RESULTS: The study demonstrated that bFGF in primary tumor tissue associated with
favorable breast cancer outcome. bFGF levels significantly and positively correlated with ER
levels.

CONCLUSIONS: The obtained results are relevant for the future prognostic research aimed at
surpassing the currently achievable prognostic accuracies which are by far inadequate to allow

reliable therapeutic decision making in breast cancer.
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1. Introduction

Inflammatory cytokines have been intensively examined in recent years as potential
prognostic biomarkers in different types of human cancer, as it is assumed that inflammation and
inflammatory cytokines may be the critical components of tumor development.

Basic fibroblast growth factor (bFGF, FGF2 or FGFp) is a cytokine with pleiotropic effects that
belongs to the family of fibroblast growth factors. The family is involved in several processes
including the cell proliferation, motility, differentiation, angiogenesis, wound healing and
tumorigenesis. It comprises 18 secreted FGF ligands, together with the four signaling tyrosine
kinase FGF receptors expressed in specific spatial and temporal patterns [1]. Binding of bFGF to
FGFR1, FGFR2 and FGFR3 results in auto-phosphorylation of intracellular tyrosine residues

which are involved in initiating tumor cell proliferation and invasion [2].

Several studies have indicated a potential prognostic value of bFGF in different types of
human cancers. As a potent angiogenic and mitogenic factor bFGF is often associated with a
promotion of tumorigenesis and metastasis, while literature data related to its prognostic

significance in early breast cancer remain contradictory [3].

The most reliable way to evaluate the prognostic significance of potential biomarkers is
by following the course of a disease that had not been interrupted by any adjuvant

(postoperative) therapy, the so-called “natural course of disease”. Literature investigating the



potential biomarkers for a natural course of disease is generally scarce and none exists for the

bFGF.

In this study, we have explored whether bFGF levels in breast carcinoma cytosols correlated
with the occurrence of distant metastases in a breast cancer patient group not treated with
systemic adjuvant therapy. We report that bFGF does exert an independent prognostic value by

associating with favourable disease outcome.



2. Materials and methods

2.1. Experimental subjects

For this type of retrospective study on archived histology samples, formal consent is not
required. Patient data were received by the pathology unit in a de-identified form, not including
direct and indirect identifiers which could enable reidentification, in adherence to the Safe-
Harbor methodology of the 2012 Health Insurance Portability and Accountability Act (HIPAA).
The study was approved by the Institutional Review Board. The study conforms with The Code
of Ethics of the World Medical Association (Declaration of Helsinki), printed in the British

Medical Journal (18 July 1964) and its 7th revision in 2013.

This report was written according to REMARK recommendations for tumor marker prognostic
studies [4]. Selection of invasive breast tumor histology specimens was retrospective in node-
negative breast cancer patients, based on the absence of hormonal, chemotherapeutic or any
other systemic treatment that could interfere with the natural course of metastasis occurrence.
We assembled this very specific patient group from a period of over 20 years ago when low
metastasis risk patients were not prescribed systemic therapy at our institution. This was in line
with recommendations valid in the year 1993 for the lower-risk pT1/2 and NOMO patients. The
prospective power calculation rested on a pilot experiment which included 30 patients. The
parameters for the sample size calculation were: target power of 0.8, the effect size by hazard
ratio (HR) of 0.40, alpha 0.05, the variability of 0.58 standard deviations (SD) and the event rate

of 23%. For clarification, the variability was calculated for bFGF as the distance in standard



deviations between the averages of the low- and high-risk groups stratified per actual metastasis
outcome. The required numbers were 121 patients with 28 events, as calculated by the stpower
cox function, a two-sided test (Stata/MP 13 software, StataCorp, College Station, TX). The final
sample size amounted to 133 patients with 32 events. The actual average SD distance between
groups with and without metastasis was 0.59, the event rate was 25% and effect size 0.35,
resulting in the actual power of 0.94. The median follow-up period for patients without
metastasis occurrence was 145 months, while the median time to distant metastasis occurrence
from the date of primary tumor removal surgery was 61 months. The average age £ SD at
diagnosis was 58 + 10 years. Based on the 11 fmol/mg and 20 fmol/mg respective cutpoints,
71% of patients were estrogen receptor (ER) positive (median of 31 fmol/ml) and 24% were
progesterone receptor positive (median of 6 fmol/ml). Estrogen and progesterone receptors were
determined by a dextran-coated charcoal method as described [5]. HER2 status was available for

84 out of the 133 patients, among which 23% were found to overexpress HER2.

2.2 Preparation of tumor extracts

Cytosol tumor extracts were prepared from frozen tumors in 10 mM Tris buffer pH 7.4,
containing 1.5 mM ethylenediamine tetraacetic, 10 mM monothioglycerol and 10 mM sodium
molybdate. The estrogen receptors, the progesterone receptors (PR) and bFGF were measured
from the same samples. Tumor extract protein concentrations were assayed using the Lowry

method. Aliquots were stored at -80°C until the measurement of bFGF.



2.3 bFGF assay

The bFGF assay system was based on a solid phase ELISA employing a highly specific
monoclonal antibody for FGF bound to the wells of a microtitre plate, together with a polyclonal
antibody to bFGF conjugated to horseradish peroxidase (Human FGF basic Quantikine ELISA
Immunoassay; R&D Systems, Minneapolis, MN). The bFGF immunoassay contains recombinant
human bFGF as the standard, and it has been shown to quantitate accurately both the natural
human bFGF and the recombinant human bFGF. Cytosol extracts were diluted to achieve a
protein concentration of 0.25 mg/ml and the assays were performed in duplicate. The linearity of
the assay (r = 0.99) was determined using biological samples with high concentrations of bFGF
diluted with the calibrator diluent. The bFGF amounts were normalized against cytosol protein

content as pg/mg of protein.

2.4 Data categorisation

Categorization of the continuous values was achieved by use of the outcome-oriented and data-
oriented approaches. The log-rank test was employed for the outcome-oriented optimal cutpoint
selection with the minimal P-value by use of the X-tile 3.6.1 software from Yale University,

New Haven, CT [6]. The data-oriented categorization was based on the median cutpoint.

2.5 Prognostic performance evaluation
The proportional hazards assumption was tested for each feature by use of the Cox proportional
hazards test for the time-dependent covariates (SPSS version 20, Chicago, IL). The assumption

was satisfied if the interaction of the feature (F) with its product with time (F*T) revealed p>0.05



for F*T. Proportionality assumption was further confirmed based on the Schoenfeld residuals
and graphical evaluation as the second opinion tests, etat phtest and stphplot, respectively, in
Stata/MP 13.

Univariate Cox proportional hazards regression test was subsequently employed for statistical
comparison of the prognosticated and actual metastasis outcomes. The hazard ratio (HR)
designates the effect size of the Cox proportional hazards regression, corresponding to metastasis
rates in the high- and low-risk groups of patients (SPSS).

Multivariate Cox proportional hazards regression analysis was performed to test for
independence of each prognostic factor. Variables categorized by outcome were added to a full
model using forward selection entry criterion of P<0.20 in univariate analysis and removed using
backwards elimination per selection stay criterion of P<0.05 (SPSS).

The Rate-of-Change (ROC) analysis by the area under the ROC curve (AUC) was employed as a
guantitative measure of discrimination efficiency. Discrimination is the capability to stratify
patients who experience the event and patients who do not experience the event. AUC ranges
from 0.5 (chance accuracy) to 1.0 (perfect accuracy), with the intermediate benchmarks of 0.6
(fair), 0.7 (good), 0.8 (excellent) and 0.9 (almost perfect). Accuracy was an additional prognostic
measure, representing the percentage of times that the predicted and observed outcomes match.
Kaplan—Meier analysis was executed for the period from tumor extraction surgery until the

occurrence of metastasis (SPSS).



2.6 Validation strategies
A bootstrap with 1000 random data resamples was performed to quantify the overoptimism [7]
by correction of the P-values and confidence intervals (95 % CI) of hazard risks (SPSS) and

AUCs (Stata/MP 13).



3. Results

Table 1 shows the prognostic evaluation of bFGF in comparison to clinicopathological
parameters: age, histological grade, pathological tumor size (pT) and estrogen receptor status
(ER). The evaluation was performed by the Cox proportional hazards regression, AUC and
accuracy criteria. Cox regression was performed by use of continuous and categorized values
while AUCs were calculated only by continuous data, both against the actual metastasis

outcome, as indicated in Table 1.

pT and ER significantly associated with the metastasis outcome already by their continuous
values (prior to any categorization) based on the Cox univariate regression P-values. On the
other hand, ROC analysis of the continuous values indicated the significance of pT and bFGF
(Table 1). The confidence intervals of hazard ratios (HRs) and AUCs were corrected for bias by

use of the bootstrap internal validation as indicated in Tables 1 and 2.

Categorization of data was necessary for the calculation of prognostic accuracy, multiparametric
Cox regression and Kaplan-Meier analyses (Tables 1 and 2, Fig. 1). pT was categorized by the
clinically established criteria for this parameter (<2cm, pT =1; 2-5 cm, pT = 2; Table 1, Fig. 1),
while histological grade is intrinsically a categorical variable. Other variables were categorized
by both the outcome- and data-oriented approaches. The outcome-oriented categorization of
continuous values resulted in improvement of the prognostic performance for all relevant

features (Table 1). In contrast, the data-oriented categorization only improved the prognostic
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performance of bFGF, while it had no effect on the age variable and it worsened the performance
of ER. The prognostic significance of bFGF was independent of the categorization approach
(data- or outcome-oriented) which additionally supported its prognostic value (Table 1). By the
criteria of prognostic accuracy, bFGF was the best performer, followed by pT, ER, age and

histological grade (Table 1).

To evaluate the relative prognostic value of bFGF, it was compared to pT which was chosen
based on its best prognostic performance among the clinicopathological variables. Kaplan-Meier
plots were produced for this purpose by use of data categorized by outcome for both pT and
bFGF (Fig. 1). The plots indicate a distinct separation between good and poor prognosis groups.
The metastasis incidence was 19% and 39% in the low- and high-risk groups for bFGF, while for
pT it was 15% and 37%, respectively. This figure together with the data presented in Table 1
indicates that the prognostic value of bFGF is comparable to pT as the established and the best-
performing clinicopathological parameter in terms of disease outcome prognosis. The association
of bFGF with the favorable disease outcome can also be illustrated by the bFGF median levels of

76 pg/mg in tumors of the high-risk group and 112 pg/mg measured in tumors of the low-risk

group.

Multivariate Cox regression analysis of the metastasis risk has highlighted bFGF as the

independent prognostic factor, after the adjustment for age, histological grade, pT and ER (Table

2). This was in line with the Spearman correlation analysis which for bFGF only indicated
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significant interaction with ER. The prognostic value of bFGF was also supported by its most

pronounced HR in the multivariate test which narrowly surpassed the ER (Table 2).

4. Discussion

Our results for the first time establish the association of bFGF with good prognosis in the group
of patients who did not receive any kind of adjuvant systemic therapy. This result is important as
it effectively resolves the lasting controversy on whether bFGF associates with favorable or

unfavorable breast cancer outcome.

Several previous studies equally indicate the association of bFGF with the favorable disease
outcome in breast cancer. Analyses of the bFGF levels in breast tumor cytosols showed that
patients with higher levels of bFGF had smaller tumors, an absence of axillary metastasis, low S-
phase incidence, longer recurrence-free and overall survival [8, 9]. The immunohistochemical
study of the breast tumors has come to the similar conclusion [10], while the study investigating
levels of bFGF in the serum of patients with metastatic breast cancer also showed that median
time to progression was worse in patients with low bFGF expression [11]. The in vitro study
likewise demonstrated that bFGF expression can cause a less malignant phenotype in breast
cancer cells, possibly as a result of decreased motility and invasion and that bFGF expression in
breast cancer cells in vivo can reverse phenotypic features of malignancy, including migration,

invasion, and tumor formation [12]. bEGF was also indicated as a positive prognostic factor for

the pre-invasive ductal carcinoma in situ (DCIS) where it was expressed in 12% of subjects

[13].
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Such association of bFGF with a favorable outcome is somewhat surprising since it is generally
considered as a factor promoting endothelial cell motility and proliferation. A number of studies
are in line with this tumor-promoting role of bFGF showing that increased bFGF expression is a
marker for worse prognosis in nodal-negative breast cancer patients [3] and operable lung cancer
[14]. Besides, many FGF receptor inhibitors have been developed as candidates for anti-tumor

therapy [15].

Loss of bFGF expression may not actively contribute to increased metastatic potential of breast
cancer cells but rather only present a marker of less differentiated cancers in view of the report
that breast cancer cells with lower epithelial markers exert higher invasiveness as they might
have lost their dependence on bFGF for survival [16]. This is consistent with immunochemical
studies showing that bFGF is produced by malignant cells in early breast cancer, while it

gradually disappears at more advanced stages [17].

On the other hand, bFGF expression in a tumor might reflect its active inhibitory role in tumor
progression as it was shown that bFGF inhibits proliferation in a dose-dependent manner [18]
and promotes apoptosis [19] in several human breast cancer cell lines, such as MCF-7 and MB-
134. Moreover, the tumor-protective role of bFGF also fits the current knowledge in view of its
pleiotropic effects derived from binding to three types of FGF receptors [1]. The multimodality

of bFGF functionality is also based on the fact that intermediate concentrations induce the
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maximal stimulation of migration and growth while high levels of bFGF elicit weak responses
[20]. bFGF within the tumor microenvironment has been accordingly reported to exert inhibitory
as well as stimulatory effects, depending on the cell type evaluated, the experimental design used
and the context in which it was tested [21]. The phenomenon of bFGF correlating either
positively or negatively with disease outcome could be further based on the immunomodulatory
effects, because the expression of endothelial cell adhesion molecules is up-regulated in the
inflamed tissues by bFGF, thus potentiating leukocyte recruitment [22]. This scenario is
consistent with the hypothesis that one of the major escape mechanisms of tumors is the
avoidance of an effective immune infiltrate by downregulation of endothelial adhesion molecules
[23]. Accordingly, the functional result of the action of bFGF in cancer could be dependent on
the balance between its opposite roles in tumors including the promotion of angiogenesis and
formation of an efficient leukocyte infiltrate in tumors. It was even postulated that the observed
conflicting effects of a bFGF ligand might derive from a differential expression of its isoforms
within breast cancer cells, resulting in either growth-promoting or growth-inhibitory outcomes,

depending on the individual isoforms expressed [24].

The observed conflict in the prognostic association of tumor bFGF levels with the cancer
outcome may be also caused by the heterogeneity of patient groups used and their insufficient
size. Our study thus boasts improved homogeneity and size of the patient group in comparison to
previous studies and accordingly provides a more dependable insight into the prognostic

relevance of bFGF.
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Although there is strong evidence that invasive breast cancer is promoted by angiogenesis [25],

several studies question the angiogenic role of bFGF in tumors as its expression was found

dissociated or even inversely associated with microvessel density (MVD) [26]. Visscher et al.

proposed that biologic significance of elevated bFGF expression may be related to extracellular

matrix remodeling rather than to induction of prominent neovascularization [27]. These

observations are consistent with bFGF association with good rather than poor prognosis in

patients with invasive breast cancer.

Except for ER, no correlation was found between the extent of bFGF tumor tissue levels and
prognostic parameters. In line with this observation is the previous study indicating that bFGF
levels in breast tumor tissue positively correlated with a high expression of the estrogen receptor
[17]. Furthermore, the recent study demonstrated that treatment of the ER+ breast cancer cell line
MCF-7 with estrogen led to an increased production of numerous FGF ligands including bFGF

[28].

Improved screening and increased use of adjuvant systemic therapy are considered as the main
factors responsible for the observed improvements in breast cancer overall survival over the last
two decades [29]. The current clinical significance of the prognosis of disease risk derives from
the fact that despite such significant benefit of the adjuvant cytotoxic therapy, almost two-thirds
of the patients would have survived without it, thus avoiding unnecessary harsh toxic side effects
which decrease the quality of life. Therefore, the therapeutic concept for the breast cancer has

been shifting from “maximally tolerated treatment” to the “minimally necessary treatment”
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considering that systemic therapy should be administered only to patients who would surely
benefit from it [30, 31]. Such individual therapeutic optimization may become a reality once the
elusive goal of highly accurate individual prognosis of disease outcome becomes available.
Unfortunately, the current clinical pathologic and molecular prognostic approaches do not
deliver sufficient accuracy to achieve this goal [32, 33]. The prognostic independence of bFGF
demonstrated in this study indicates the possibility that bFGF indeed meets the requirements for
the multi-marker protein prognostic score which may be the most promising strategy to

sufficiently exceed the currently achievable prognostic accuracies.

In conclusion, the prognostic significance of bFGF in cancer was here investigated for the first
time by use of the optimized patient group which was larger in comparison to the previous
prognostic studies of bFGF, node-negative, had smaller tumors (pT1/2) and did not receive any
systemic therapy. This has allowed an increased group homogeneity and a far more reliable
interpretation of results. The study demonstrated that bFGF associates with favorable breast
cancer outcome. This may be explained by the active role of bFGF within the tumor
microenvironment, or alternatively, bFGF could be only a passive marker reflecting the changes
in the malignant potential of a tumor. By use of the optimal patient group, the current report
resolves the long-standing controversy on whether bFGF is a marker of high- or low- risk in the
early breast cancer. The obtained results are highly relevant for the future prognostic research
involving the development of composite prognostic scores which seem to be the most substantial
approach to surpass the obtainable prognostic accuracies which are currently by far inadequate to

allow reliable therapeutic decision making.
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Parameter c Meta Cox Hazard a AUC / a Accuracy
" (%) P-value  Ratio® 95% Cl P-value 95%Cl (%)
Age
Under CP 19 5 0.16° - - -0
0.06°¢ 53 1.5-28.8 0.57/0.22" 0.47 - 0.68 37°¢
Above CP 114 28 0.16¢ 16 0.80-3.7 56¢
Tables
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Histologic grade

1 58 14
2 39 32 0.11° 1.4 0.92-2.0 0.59/0.15° 0.48-0.70 54¢
3 36 26
pT
75 15 0.002° - - -
0.001 ¢ 3.9 19-7.8 0.65/0.003* 0.56-0.76 71¢
58 37 0.005 ¢ 2.7 1.4-59 62 ¢
ER
Under CP 4040 - Ao > “a - _ _b
P-value* HR  95%Cl 2.7 1.2-61  058/0.20"  0.45-0.70 69 ©
Above CP  ER 0.001 33 17-74 15 0.72-35 544
bFGF 0.001 0.32 0.14-0.63
bFGF
Under CP 41 39 0.15° - - - b
0.003°¢ 0.35 0.18-0.74 0.64/0.02° 0.52-0.76 72¢
Above CP 92 19 0.03¢ 0.46 0.19-0.96 574

Table 1 The prognostic performance of clinicopathological, ER and bFGF features

apootstrap corrected

b.c.d type of data: “continuous, categorized by outcome, 9categorized by data

Abbreviations: n = number of patients; CP = cutpoint; pT = pathological tumour size; meta = with an actual metastasis
occurrence; Cl = confidence interval.
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Table 2. Multivariable Cox proportional
hazards regression analysis

2hootstrap corrected
Abbreviations: HR = hazard ratio; Cl =
confidence interval; ER estrogen receptor.

Figure caption

Fig. 1. Kaplan-Meier analysis of the prognostic performance of pT and bFGF. (A) pT

categorized by the clinical criteria of pT = 1 for tumor size <2cm and pT = 2 for tumor sizes 2-5
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cm. This categorization almost ideally overlapped with the outcome-based cutpoint of 19 mm.
(B) bFGF values categorized by the outcome-oriented approach. Cases classified as the low-risk
are plotted on the black solid line and the high-risk on the dotted line. The numbers of patients
and incidence of metastasis occurrence in the high- and low-risk groups are listed beneath the
curves. The time in months refers to the interval from primary breast tumor surgery until the
occurrence of the first distant metastasis; P-values were calculated by the log-rank test (Mantel—

Cox).
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