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Abstract
Silybin-phosphatidylcholine is an orally bioavailable complex
of silybin, a polyphenolic ﬂavonolignan derived from milk thistle,
endowed with potential anticancer activity in preclinical models.
The purpose of this window of opportunity trial was to determine,
for the ﬁrst time in early breast cancer patients, the breast tissue
distribution of silybin. Twelve breast cancer patients received
silybin-phosphatidylcholine, 2.8 g daily for 4 weeks prior to
surgery. Silybin levels were measured before (SIL) and after
(TOT-SIL) enzymatic hydrolysis by high-performance liquid
chromatography (HPLC)-MS/MS in biologic samples (plasma,
urine, breast cancer, and surrounding normal tissue). Fasting
blood samples were taken at baseline, before the last administration, and 2 hours later. All patients were fully compliant and
completed the treatment program. No toxicity was observed. SIL

and TOT-SIL were undetectable in baseline samples. Despite a
high between-subject variability, repeated administration of Siliphos achieved levels of TOT-SIL of 31,121 to 7,654 ng/mL in the
plasma and up to 1,375 ng/g in breast cancer tissue. SIL concentrations ranged from 10,861 to 1,818 ng/mL in plasma and up to
177 ng/g in breast cancer tissue. Median TOT-SIL concentration
was higher in the tumor as compared with the adjacent normal
tissue (P ¼ 0.018). No signiﬁcant change in either blood levels of
IGF-I and nitric oxide or Ki-67 in tumors was noted. Silybinphosphatidylcholine, taken orally, can deliver high blood concentrations of silybin, which selectively accumulates in breast
tumor tissue. These ﬁndings provide the basis for a future phase II
biomarker trial in breast cancer prevention. Cancer Prev Res; 9(1);

Introduction

breast (2, 3). Dietary Silymarin administered for 2 years
decreased the incidence of mammary gland neoplasms in rats
(2). Silybin also delayed the development of spontaneous
mammary tumors, reduced the number and size of mammary
tumor masses, and diminished lung metastasis in HER-2/neu
transgenic mice (3).
Studies in healthy humans have shown that silybin when
formulated with phosphatidylcholine (Siliphos; Indena SpA)
improves its systemic availability compared with silymarin
(4).
Several mechanisms have been proposed to explain how
silybin may interfere with breast carcinogenesis (5), including the modulation of the insulin-like growth factor (IGF)
system, which is a potent mitogen for mammary epithelial
cells (6, 7).
Silybin is also a powerful antioxidant as a consequence of its
polyphenolic structure. A case–control study has shown that
serum nitric oxide (NO) levels were signiﬁcantly higher in breast
cancer patients compared with healthy subjects (8). NO levels
may therefore be a potential marker of chemopreventive activity
of antioxidants, such as silybin.
Since no clinical data of silybin in breast cancer patients have so
far been obtained, we carried out a pilot presurgical study in breast
cancer patients to characterize its pharmacokinetic proﬁle and
explore its pharmacodynamic effects on malignant as well as
surrounding normal tissue.

The ﬂavonolignan silybin is the major constituent of the
seeds of milk thistle (Silybum marianum), a plant that has been
used as hepatoprotective remedy for more than 2,000 years.
Silymarin, a standardized milk thistle extract of which silybin is
the main component, has been evaluated clinically in many
types of liver diseases as hepatoprotective therapy (1). Recent
data in rodents suggest that silymarin and silybin may be useful
in the chemoprevention of several cancer types, including
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Materials and Methods
Patient characteristics
Twelve consecutive patients with newly diagnosed breast cancer not eligible for neoadjuvant treatment and candidate to
surgical lumpectomy or mastectomy were recruited into the trial.
This protocol (R621-IEO661/511) was approved by the local
Institutional Review Board and conducted in accordance with
the Declaration of Helsinki. All patients provided written
informed consent prior to participation. Women had to be 18
years or older, have histologic conﬁrmation of breast cancer on
tru-cut biopsy, ECOG performance status of 0, and adequate
normal function test.
Silybin formulation and dose
Silybin was formulated in granules to be suspended in drinkable water provided by Indena S.p.A. Each sachet contained 2.8 g
of Siliphos, the soy lecithin delivery form standardized to contain
 29.7%  36.3% silybin by high-performance liquid chromatography (HPLC). Patients took a single sachet once daily for 4
weeks prior to surgery, in an empty stomach (30 minutes before
eating, at least 2 hours after the previous meal). Supplementation
was continued until the day of surgery. Date and time of last intake
were recorded. The dose was chosen based on the high tolerability
observed in clinical studies following repeated administration to
healthy volunteers (9).
Specimen collection
Morning fasting blood for serum and plasma analysis was
drawn at baseline, the day of surgery immediately before the last
administration of Siliphos, and two hours later. Samples were
stored at 80 C. Urine samples were taken at baseline and the day
of surgery, before the last administration of Siliphos. Breast cancer
tissue was collected by tru-cut biopsy at baseline and from surgical
resections at treatment conclusion (tumor and distant surrounding noncancerous tissue), rapidly frozen in liquid nitrogen, and
stored at 80 C.
Analysis of silybin
The milk thistle ﬂavonolignans are extensively modiﬁed by
phase II human enzymes. Silybin levels were ﬁrst measured as free
(unconjugated) silybin (SIL), and thereafter through enzymatic
hydrolysis as total (free þ conjugated) silybin (TOT-SIL), by
HPLC-MS/MS in all types of biologic specimens (plasma, urine,
breast cancer, and surrounding normal tissue). The methodology
was developed by Kymos Pharma Services and proven to be
accurate. The details, characterization, and validation of the
method will be the subject of a future publication.
Silybin from lithium heparin plasma (0.2 mL) and urine
samples (0.1 mL) was determined by HPLC-MS/MS after liquid–liquid extraction with methyl tert-butyl ether (MTBE;
Scharlau). Naringenin for plasma and naproxen for urine
(Sigma-Aldrich) were used as internal standards. The calibration ranges for plasma and urine were 0.5 to 500 ng/mL and 1
to 1,000 ng/mL, respectively. To determine TOT-SIL, an enzymatic hydrolysis step with b-glucuronidase (Helixpomatia, BBI
Solutions) was added prior to run. Samples were analyzed in
batches: two for plasma SIL, two for urine SIL, one for plasma
TOT-SIL, and one for urine TOT-SIL. Each batch included
standards and human plasma or urine controls. The concentrations of three plasma controls were 1.5, 15, and 400 ng/mL; and
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the concentrations of three urine controls were 3, 30, and
800 ng/mL, respectively. The chromatographic method API4000
(A177-MS/A176-LC) was applied for plasma and API3200
(A235-MS/A237-LC) for urine.
Silybin from breast tissue (50 mg) was determined by HPLCMS/MS after liquid–liquid extraction with MTBE. Naringenin
was used as internal standard. As for plasma and urine, the
enzymatic hydrolysis step was added to determinate TOT-SIL.
Tissue samples were analyzed in one batch for SIL and in two
batches for TOT-SIL determination. Each batch included standards (range, 2–500 ng/g) and controls (6, 24, and 400 ng/g).
We used a subrogate matrix of pig muscle (Clinobs) for the
preparation of standards and controls. The chromatographic
method API3000 (A090-MS/A089-LC) was used.
Biomarkers
Serum concentrations of IGF-I (ng/mL) were determined by a
chemiluminescent immunometric assay (Diasorin SpA) with the
automatic instrument LIAISON. The sensitivity of the test was
0.8 nmol/L; intra- and interassay coefﬁcients of variation of our
in-house pooled serum control sample were 4.1% and 7.8%,
respectively.
Urine concentrations of NO were determined by an ELISA assay
(R&D Systems, Inc.) according to the manufacturer's instructions.
The sensitivity was 0.25 mmol/L, and intra- and interassay coefﬁcients of variation of a control sample of 30 mmol/L were 2.5%
and 4.6%, respectively. The results were normalized by urinary
creatinine concentrations.
Histology
Following histologic diagnosis and IHC proﬁling, 5-mm-thick
sections of the invasive tumors were prepared from each formalinﬁxed and parafﬁn-embedded block of interest, i.e., those obtained
upon diagnostic biopsy procedures and after surgical interventions. For invasive tumors, the histologic subtype and grade, as
well as the presence of peritumoral vascular invasion, were
annotated. Immunostaining was performed using anti-ER, PgR,
(PharmDX) HER2 (Herceptest), and Ki-67 labeling index (LI;
MIB1) antibodies, as previously reported (10–12).
Statistical methods
Correlations between biomarkers were investigated with Spearman partial correlations. We presented median values and interquartile ranges of SIL and TOT-SIL in plasma, urine, breast cancer
tissue, and surrounding normal tissue. We evaluated changes in
time and differences between types of tissue using nonparametric
tests (Wilcoxon-rank tests).
We reported two-sided P values. We set the criterion for statistical signiﬁcance at 5%. Data were analyzed using the SAS System
Software for Windows, release 9.2. (SAS Institute).

Results
Twelve consecutive breast cancer patients were enrolled in this
study. Table 1 describes the patient and the tumor characteristics
at surgery. Women were mostly postmenopausal (58%) and
moderately overweight (66% had body mass index  25). All
breast cancers were hormone receptor positive (mainly luminal-B
phenotype), and no one had vascular invasion or multifocality.
All patients were fully compliant and completed the treatment
program. No adverse events were observed.
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Table 1. Main patient and tumor characteristics (at surgery)
Patients characteristics
N
Age (years)
<50
5
50
7
Menopausal status
Premenopausal
5
Postmenopausal
7
Body mass index (kg/m2)
<25
4
25–29.9
7
30
1
Tumor characteristics
N
In situ (LCIS)
1
Invasive
11
Molecular phenotype
Luminal A
5
Luminal B
7
TN stage
Tis
1
T1
5
T2
6
N0-Nx
9
N1
2
N3
1
Vascular invasion
Yes
2
No
10
Focality
Unifocal
9
Multifocal
1
Multicentric
2

%
42%
58%
42%
58%
33%
58%
8%
%
8%
92%
42%
58%
8%
42%
50%
75%
17%
8%
17%
83%
75%
8%
17%

SIL and TOT-SIL were undetectable in all compartments (plasma, urine, breast tissue) at baseline. A large degree of interpatient
variability in the silybin blood levels was noted at all timepoints.
The median (interquartile range, IQR) SIL and TOT-SIL concentrations after supplementation are shown in Table 2 and illustrated in Fig. 1. The median TOT-SIL plasma level was 901 ng/mL
(IQR, 651–1,481) before the last administration (13–27 hours
from the penultimate intake, depending on time of hospitalization) and 14,538 ng/mL (IQR, 13,147–16,828) 2 hours after the

last intake of silybin-phytosome. The median concentrations of
SIL in plasma were 69 ng/mL (IQR, 13–159) and 5,847 ng/mL
(IQR, 4,526–6,454), respectively (Fig. 1A).
Urine samples were also obtained at the beginning and at the
end of the trial. The urine Silybin levels were higher than the
plasma levels and also showed a large interpatient variability
(Fig. 1B).
After 4 weeks of Siliphos administration, silybin reached the
target organ and was detectable in human breast tissue. The
median time interval between the last administration of silybin-phytosome and surgery was 7 hours. TOT-SIL concentration
was higher in the tumor as compared with the adjacent normal
tissue (P ¼ 0.018). Median TOT-SIL concentration in tumors was
131 ng/mL (IQR, 35–869). Median concentration of SIL in breast
cancer tissue was 33 ng/g (IQR, 4–158; Fig. 1C). Despite a high
between-subject variability, plasma SIL levels showed a signiﬁcant
correlation with the concentration in normal tissue (Spearman
coefﬁcient ¼ 0.690; P ¼ 0.027).
The secondary endpoints consisted of an exploratory analysis
of circulating and tissue biomarkers of activity. Serum and urine
NO concentration, serum IGF-I level, and tissue Ki-67 LI were
assessed before the agent supplementation and at the end of the
trial. One patient was excluded from Ki-67 LI analysis because of
the diagnosis of in situ disease at biopsy and an invasive breast
cancer at surgery. As demonstrated in Fig. 2, there was no clear
trend to a change in either the NO, IGF-I, or tissue Ki-67 LI
between baseline and the end of supplementation with a notable
interpatient variability (Fig. 2).

Discussion
The poor bioavailability of polyphenols is the major drawback
for the development of preventive agents in the clinical setting
(13). In recent years several preclinical studies concerning the
effects of silybin on breast carcinogenesis (14) have been carried
out. Silybin modulates imbalance in cellular homeostasis
through interference with the expressions of cell-cycle regulators
and proteins involved in apoptosis (15). Silybin also showed antiinﬂammatory (16) as well as antimetastatic activity (17), and

Table 2. Total and free silybin levels in plasma, urine, breast cancer, and adjacent unaffected breast tissue in patients who received silybin for 28 days
TOT-SIL (plasma) ng/mL
Baseline
Before last administration
2 hours after last administration
SIL (plasma) ng/mL
Baseline
Before last administration
2 hours after last administration
TOT-SIL (urine) ng/mLb
Baseline
At surgery
SIL (urine) ng/mLb
Baseline
At surgery
TOT-SIL (tissue) ng/g
Tumor
Normal breast tissue
SIL (tissue) ng/g
Tumor
Normal breast tissue

Median

Q1

Q3

Min

Max

P value

0
901
14,538

0
651
13,147

0
1,481
16,828

0
214
7,654

0
4,574
31,121

0.0004a

0
69
5,847

0
13
4,526

0
159
6,454

0
1
1,818

0
523
10,861

0.0004a

0
7,131

0
2,015

0
21,095

0
90

0
26,573

0
212

0
71

0
359

0
7

0
747

131
11

35
0

869
34

0
0

1,375
48

33
0

4
0

158
3.79

0
0

177
19

0.018
0.013

P for the difference between before last administration and 2 hours after last administration.
Creatinine normalization.

a

b
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Figure 1.
Median silybin level in plasma (A), urine (B), and tumor/normal breast tissue (C) before and after Siliphos supplementation.

synergistic effects with doxorubicin and cisplatin in both estrogen-dependent and independent human breast carcinoma cells
(18). However, quantitative data on human breast tissue levels of
silybin are absent, thus hampering the understanding of the
biologic activities of this compound in breast cancer prevention
and treatment.
The most interesting result of the present study is that oral
silybin-phosphatidylcholine selectively accumulates in breast
tumor tissue. In addition, the absence of relevant adverse events
at 2.8 g daily dose for 4 weeks is consistent with a previous study in
human volunteers (4) and with a clinical trial in patients with
localized prostate cancer in which 13 g silybin was administered
orally daily for 14 to 31 days (19).
In our study, the presence of metabolic conjugates of silybin has
been shown indirectly. Silybin metabolites were calculated as
silybin after enzymatic hydrolysis. Raised levels of the parent
molecule after enzymatic hydrolysis suggested the presence of
metabolites. A previous study in colorectal cancer patients demonstrated that silybin undergoes multiple conjugation reaction in
humans (20). Hoh and colleagues identiﬁed conjugate species,
such as silybin-monoglucuronide and silybin-monosulfate. These
two metabolites have at least two intact phenol moieties. On the
assumption that the antioxidant activity of silybin is a function of
its polyphenolic chemical structure, the presence of these two
conjugate species suggests that signiﬁcant amounts of circulating
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silybin metabolites may maintain the same antioxidant potency
of the parent molecule (20).
The plasma levels of silybin described in our study can be
compared with those reported previously in healthy volunteers
and cancer patients. In a study on 9 healthy subjects, a form of
silybin-phosphatidylcholine (Silipide) at 720 mg given daily for
8 consecutive days provided a mean peak plasma level of 180
ng/mL (0.18 mg/mL) reached 1 hour after administration of the
last dose. Repeated administration of the same supplement given
at the dose of 1,440 mg daily for 7 days in colorectal cancer
patients achieved levels of SIL of 145 to 1,930 ng/mL (0.3 to
4.0 mmol/L) 1 to 4 hours after the last Silipide administration and
was dependent on Silipide dose. In our study with 2.8 g/day
Siliphos ( 900 mg of silybin) for 4 weeks, the median plasma
concentration for SIL was 5,847 ng/mL 2 hours after the last
administration and 69 ng/mL before the last dose. Median plasma
concentrations for TOT-SIL were 14,538 ng/mL and 901 ng/mL,
respectively, indicating that the vast majority of circulating silybin
during the 24 hours was present as metabolites.
Levels of silybin in human breast cancer and normal breast
tissue have not been described previously. In our study, the breast
tissue levels of silybin were highly variable, which may, at least to
some extent, be the consequence of the variability in the time
period (2–12 hours) between the last dose and surgery. Median
TOT-SIL concentration was higher in the tumor as compared with
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Figure 2.
Median concentration and median change of serum IGF-I, tissue Ki-67 LI, and NO in serum/urine before, after Siliphos supplementation.

the adjacent normal tissue. Possible explanations of this different
retention effect might be related to variances between physiologic
and tumor vascularization, nonspeciﬁc interactions with the
tumor microenvironment, and a lack of lymphatic drainage in
tumors.
If we consider the hepatoprotective effect of silybin, a tissue
concentration ranging from 290 to 482 ng/g (0.6–1 mmol/L) is
indicative of a biologic activity (20). In our study, the highest
concentration in breast cancer tissue was 1,375 ng/g (corresponding to 2.8 mmol/L) for TOT-SIL and 177 ng/g for SIL, a level that
is likely to exert potential pharmacologic effects also in the light of
the active concentrations reported in cultured DU-145 prostate
cancer cells, where treatment with 2 mmol/L silybin resulted in a
54% growth inhibition (21). However, to date, none of the in vitro
studies has investigated the bioactivity of silybin metabolites yet.
Moreover, we explored the tissue and blood marker changes
with respect to IGF pathway, oxidative stress, and cell proliferation. The results presented here suggest that the concentrations of
SIL and TOT-SIL achieved after consumption of Siliphos 2.8 g
daily for 4 weeks do not positively inﬂuence circulating levels of
IGF-I (Fig. 2). Similarly, no modulation was reported in a previous
study on colon cancer patients in which silybin was administered
for 7 days, although the authors postulated that their 1-week
treatment might have been too short to achieve a long-lasting

www.aacrjournals.org

effect on the IGF axis (20). In our pilot trial, Siliphos was
administered for a longer period and at higher doses compared
to that study, but seemed to be insufﬁcient to affect circulating
IGF-I. The same assumption might be applicable for tumor Ki-67
LI. The slight increase between biopsy and surgery is in line with
prior experience, indicating the need for a control group in these
biomarker trials (22).
Given the exploratory nature of the secondary endpoints, we
cannot draw deﬁnitive conclusions about the most appropriate
dose and treatment duration for efﬁcacy. Recently silybin has
shown to inhibit the phosphorylated signal transducer and activator of transcription protein-3 (pSTAT3; ref. 23), a marker of
poor prognosis for many cancers, including breast (24). In a
preclinical model of human gastric cancer, Wang and colleagues
reported that the mechanism of action of silybin was related to a
speciﬁc suppression of pSTAT3 and downregulation of STAT3
target genes, including Mcl-1, Bcl-xL, and survivin (25). A future
clinical trial might explore silybin activity as a pSTAT3 inhibitor in
breast cancer patients.
We ﬁnally studied NO concentration in serum and urine. NO
plays a dual role in specialized tissues and cells, possessing either
antioxidant or pro-oxidant properties (26). NO is an essential
physiologic signaling molecule, mediating various cell functions
in the nervous, immune, and cardiovascular systems but inducing
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cytotoxic and mutagenic effects when overexpressed (26). A case–
control study evaluating the diagnostic and prognostic values of
the angiogenic serum factors, including NO in breast cancer
patients, showed a signiﬁcant correlation between tumor microvessel density (associated with decreased overall survival in
patients with breast cancer) and serum NO compared with
healthy controls (27). In our study, breast cancer patients showed
a modest reduction in serum NO levels after Siliphos supplementation, providing the rationale for further investigations on its
potential beneﬁcial effects in cancer prevention.
Up to now there were no data showing that silybin was able
to penetrate human breast tissue. Repeated administration of
Siliphos achieved levels of silybin in breast cancer tissue similar
to those known to be pharmacologically active in other models. In
light of breast cancer chemopreventive activity of silybin in
rodents, the silybin levels achieved in human breast cancer tissue
after consumption of safe Siliphos doses support its further
exploration as a potential chemopreventive agent for breast
cancer. A randomized window of opportunity trial is justiﬁed.
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