
REVIEW

Flaxseed and its lignan and oil components: can they play a
role in reducing the risk of and improving the treatment of
breast cancer?1

Julie K. Mason and Lilian U. Thompson

Abstract: Flaxseed (FS), rich in the phytoestrogen lignans and �-linolenic acid-rich oil, has been suggested to have an anticancer
effect. Questions remain whether FS and its lignan and oil components are effective in reducing breast cancer risk and tumour
growth, and can interact beneficially with breast cancer drugs. To find answers, in vitro, animal, observational, and clinical
studies on FS and its lignan and oil components were reviewed. The majority of studies in various rodent models show that
2.5%–10% FS diet or the equivalent amount of lignan or oil reduces tumour growth. Ten percent FS and equivalent lignans do not
interfere with but rather increase the effectiveness of tamoxifen (80 mg/day) while the 4% FS oil increases trastuzumab/Herceptin
(2.5 mg/kg) effectiveness. Observational studies show that FS and lignan intake, urinary excretion, or serum levels are associated
with reduced risk, particularly in postmenopausal women. Lignans reduce breast cancer and all-cause mortality by 33%–70% and
40%–53%, respectively, without reducing tamoxifen effectiveness. Clinical trials show that FS (25 g/day with 50 mg lignans;
32 days) reduces tumour growth in breast cancer patients and lignans (50 mg/day; 1 year) reduces risk in premenopausal women.
Mechanisms include decreased cell proliferation and angiogenesis and increased apoptosis through modulation of estrogen
metabolism and estrogen receptor and growth factor receptor signalling pathways. More clinical trials are needed but current
overall evidence indicates that FS and its components are effective in the risk reduction and treatment of breast cancer and safe
for consumption by breast cancer patients.

Key words: flaxseed, lignan, flaxseed oil, �-linolenic acid, breast cancer, chemoprevention, drug–diet interaction.

Résumé : La graine de lin (« FS ») posséderait des propriétés anticancéreuses : elle est riche en lignanes, des phytoestrogènes, et
en huile renfermant de l’acide linolénique. On ne sait cependant pas si la FS, ses lignanes et les constituants de son huile peuvent
efficacement diminuer le risque de cancer du sein et la croissance de la tumeur en plus de bien interagir avec les médicaments
pour le cancer du sein. On effectue une analyse documentaire, des études in vitro, animales, observationnelles et cliniques
portant sur la FS, ses lignanes et son huile. La majorité des études réalisées sur divers modèles de rongeurs révèlent qu’un régime
comportant de 2,5 à 10 % de FS ou l’équivalent en lignanes ou en huile diminue la croissance de la tumeur. Un taux de 10 % de FS
et l’équivalent en lignanes n’entravent pas seulement l’efficacité du tamoxifène (80 mg/jour), ils l’améliorent; un taux de 4 %
d’huile de FS améliore aussi l’efficacité du trastuzumab/Herceptin (2,5 mg/kg). Les études observationnelles révèlent que
l’apport, l’excrétion urinaire et les niveaux sériques de FS et de lignanes sont associés à une diminution du risque, particulière-
ment chez les femmes postménopausées. Les lignanes diminuent la mortalité due au cancer du sein et toutes causes confondues
de 33 à 70 % et de 40 à 53 %, respectivement, et ce, sans diminuer l’efficacité du tamoxifène. Les essais cliniques révèlent que la
FS (25 g/jour plus 50 mg de lignanes; 32 jours) diminue la croissance de la tumeur chez les femmes aux prises avec un cancer du
sein et les lignanes (50 mg/jour; un an) diminuent le risque de cancer chez les femmes préménopausées. Parmi les multiples
mécanismes proposés, il y a la diminution de la prolifération cellulaire et de l’angiogenèse, l’augmentation de l’apoptose médiée
par la modulation du métabolisme des œstrogènes et des récepteurs d’œstrogènes et des voies de signalisation des récepteurs du
facteur de croissance. Il faut effectuer d’autres essais cliniques; néanmoins, l’ensemble des données probantes actuelles indique
que la FS et ses constituants sont efficaces pour diminuer le risque et contribuer au traitement du cancer du sein tout en étant
sécuritaire sur le plan alimentaire pour les patientes aux prises avec le cancer du sein. [Traduit par la Rédaction]

Mots-clés : graine de lin, lignanes, huile de graine de lin, acide �-linolénique, cancer du sein, chimioprévention, interaction
médicament-aliment.

Introduction
Flaxseed (FS), an oilseed rich in the n-3 polyunsaturated fatty

acid (PUFA) �-linolenic acid (ALA, 18:3n-3) and phytoestrogens
called lignans, is widely available in the food supply and is often
used by consumers for their potential health benefits and by
breast cancer patients to improve treatment and to prevent recur-
rence (Boon et al. 2007; Boucher et al. 2012; Rausch et al. 2011).

There is an interest in the healthcare, research, and patient com-
munities to answer the questions of whether FS consumption is
effective and safe for breast cancer risk reduction and for breast
cancer patients, whether FS promotes or reduces tumour growth,
and if and how it interacts with drugs used in the treatment of
breast cancer (Patterson 2011). This paper aims to address these
questions by reviewing the current evidence from in vitro, ani-
mal, observational, and clinical studies. A brief overview of
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breast cancer, which focuses on statistics, risk factors, and patho-
physiology, including molecular subtypes and current treatment
approaches, is initially provided. Information on FS composition
and the results from studies on FS and its lignan and oil compo-
nents from various designs, including animal, observational, and
clinical studies are then described. These results are integrated
with those from in vitro studies to give an overview of proposed
mechanisms of action. The safety and current regulatory status of
FS are also included. Finally, a general discussion of the limita-
tions and conclusions of the studies are provided.

Breast cancer

Statistics and risk factors
In the western world, breast cancer is the most commonly diag-

nosed cancer site in women. With major improvements in screen-
ing, early detection, and treatment, breast cancer mortality rates
have declined. Despite this promising survival trend, breast cancer
remains the second-leading cause of a cancer-related death in
women (American Cancer Society 2013; Canadian Cancer Society’s
Advisory Committee on Cancer Statistics 2013; World Cancer
Research Fund/American Institute for Cancer Research 2007). The
high personal, societal, and economic burdens of breast cancer
render research into strategies for prevention and treatment a
high priority.

Like all cancers, breast cancer is a multifactorial disease. Established
nonmodifiable risk factors include early menarche, late menopause,
and family history/genetics. Several modifiable factors, including di-
etary factors, alcohol consumption, hormone replacement therapy
use, radiation exposure, physical activity, and lactation, have all
been suggested to influence breast cancer risk. This review will focus
on FS as a potential dietary factor used to prevent and treat cancer.

Breast cancer pathophysiology, molecular subtypes, and
treatment

Breast cancer is characterized by uncontrolled proliferation of
breast epithelial cells, a loss of cellular differentiation, and the ability
of cells to migrate/metastasize to other parts of the body. This com-
plex process consists of 3 stages: initiation, promotion, and progres-
sion/metastasis (Fig. 1) and has been previously reviewed elsewhere
(Pitot 1993; Russo et al. 2000; Welsh 2007). This paper will review the
evidence from preclinical studies of FS and its components during all
stages of carcinogenesis.

While the carcinogenic process is similar among subtypes,
breast cancer is not one disease. Tumours vary in expression levels
of the estrogen receptor (ER), progesterone receptor (PR), and hu-
man epidermal growth factor receptor 2 (HER2). ER and PR influ-
ence cell growth through transcriptional regulation of genes
involved in cell cycle regulation and through activation of signal-
ling pathways both directly and indirectly through cross-talk
with growth factor signalling pathways. HER2, a member of the
epidermal growth factor receptor family, signals through the pro-
proliferative and anti-apoptotic PI3K-Akt and MAPK pathways.
On the basis of ER, PR, and HER2 status, a number of molecular
subtype classifications for breast cancer have been proposed (Carlson
et al. 2011; Sorlie et al. 2003; Yang et al. 2007). The National Com-
prehensive Cancer Network (NCCN) uses the following classifica-
tions: Luminal A and B (ER+/PR+/HER2–), HER2-overexpressing
(ER/PR+ or –/HER2+), basal (ER–/PR–/HER2–), and normal breast-
like (have characteristics similar to normal breast tissue) (Carlson
et al. 2011). Progression beyond the “one size fits all” approach to
treatment has significantly improved care.

Treatment of breast cancer is complex and varies based on tu-
mour stage and molecular subtype and approaches are outlined in
the NCCN guidelines (Carlson et al. 2011; Theriault et al. 2013). In
general, approaches considered include surgery and (or) radiation
along with or followed by single agent or combination systemic
therapies (i.e., chemotherapy, endocrine therapy, and biologic

agents). Molecular subtype dictates the systemic therapies selected;
ER+ tumours are treated with the ER antagonist tamoxifen (TAM);
and HER2-overexpressing tumours are treated with the HER2-
targeted agents trastuzumab (TRAS; Herceptin (Genentech, San
Francisco, Calif., USA)) and pertuzumab. As breast cancer is fur-
ther characterized, novel strategies can be developed. Like tar-
geted pharmaceuticals, dietary agents may behave differently
depending on the molecular subtype. How and if dietary agents
interact with these systemic therapies is an area of research inter-
est. Thus this paper will discuss the existing preclinical evidence
for the effect of FS and its components in different subtypes of
breast cancer and for the interactions between FS and its compo-
nents with both TAM and TRAS.

Flaxseed and breast cancer

Flaxseed composition
FS composition has previously been reviewed (Daun et al. 2003;

Hall et al. 2006). Briefly, the composition of FS varies by growth
location, year, environmental conditions, and cultivar, but typi-
cally its composition by dry weight is approximately 30% fiber,
20% protein, 40% fat, 4% ash, and 6% moisture (Daun et al. 2003),
and 4% lignan, which is a type of phytoestrogen (Thompson et al.
2006).

Two components of FS that may play a role in breast cancer are
the lignans and oil, which is rich in the n-3 PUFA ALA. FS is the
richest dietary source of lignans. The predominant lignan in FS
is secoisolariciresinol diglucoside (SDG; approximately 95%), al-
though matairesinol, pinoresinol, and lariciresinol are also found
in FS (Thompson et al. 2006). Upon consumption, SDG is metabo-
lized by colonic bacteria to the enterolignans, enterodiol (ED) and
enterolactone (EL), which are then absorbed in the colon, undergo
enterohepatic circulation, and are excreted in the urine or are
directly excreted in the feces. Urinary and serum levels of enteroli-
gnans (or their glucoronic and sulfate conjugates) are related to
dietary plant food intake and have been used in epidemiological
studies as indicators of lignan intake. Lignans are structurally
similar to 17�-estradiol (E2) and are suggested to have estrogenic
or anti-estrogenic effects in the body and thus have been studied
in hormone-related diseases such as breast cancer (Adlercreutz
2007; Hall et al. 2006; Thompson 2003). Lignans have been shown
to be incorporated into breast cancer tissues (Saarinen et al. 2008).

FS oil contributes approximately 40% of FS by weight. The ap-
proximate fatty acid profile of FS oil is 9% saturated fatty acids, 18%
monounsaturated fatty acids, and 73% PUFA (Hall et al. 2006).
The predominant PUFA is ALA (approximately 57%), followed by the
n-6 PUFA linoleic acid (LA) (approximately 16%). ALA and LA, the
parent n-3 and n-6 PUFA, respectively, can be converted by desatu-
rase and elongase enzymes to their longer chain metabolites. The
major long-chain n-3 PUFAs are eicosapentaenoic acid (EPA; 20:
5n-3) and docosahexaenoic acid (DHA; 22:6n-3), which are found at
high levels in fatty fish and have been suggested to have many
health benefits including anticancer effects. The major long-chain
n-6 PUFA is arachidonic acid (20:4n-6), which is found in animal-
based foods such as red meat, eggs, dairy, and some type of fish
(e.g., tilapia and mackerel). The extent of conversion of parent
PUFA to their downstream metabolites is controversial and occurs
to varying degrees in different tissues and depends on the level of
n-3 PUFA in the diet. Kinetic studies in humans and rodents sug-
gest that the conversion is low and we refer readers to the state-
ment from the International Society for the Study of Fatty Acids
and Lipids for details on this conversion (Brenna et al. 2009). How-
ever, we have previously demonstrated that consumption of a diet
rich in FS results in higher ALA, EPA, and DHA levels in human
breast tumour xenografts compared with a corn oil-rich basal
diet, suggesting that tumour tissue may readily convert ALA to
long-chain PUFA or preferentially take up n-3 PUFA (Mason et al.
2013). The health benefits and antitumour effects of FS may be
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related to ALA specifically, the ALA metabolites EPA and DHA, or
the overall fatty acid profile of the oil. Research is being done to
further elucidate this point.

Other FS components may also contribute to its health effects.
These include soluble and insoluble fiber and phenolic com-
pounds. Of some concern is the presence of antinutritional com-
pounds such as cyanogenic glycosides, phytic acid, and cadmium
(Cd), which are present in raw FS. These antinutritional com-
pounds will be further discussed in the Safety and regulatory
status section.

Flaxseed in the diet of breast cancer patients
Research suggests that breast cancer patients change their diet

and lifestyle upon diagnosis (Boon et al. 2007; Boucher et al. 2012).
Several studies have assessed FS intake in breast cancer patients
and found that 12%–50% of breast cancer patients consume FS
(Boon et al. 2007; Boucher et al. 2012; Greenlee et al. 2009; Rausch
et al. 2011). One study showed that 70% of recently diagnosed
breast cancer patients consume high lignan foods, 52% consume
flax bread, and 33% consume 1 tablespoon of FS at least once per
week (Boucher et al. 2012). Hence there is a large interest in find-
ing the scientific evidence for the use of FS in the prevention and
treatment of breast cancer (Patterson 2011).

Flaxseed and the risk reduction and treatment of breast
cancer

Animal studies
Rodent models have allowed for the study of the role of FS at

various stages of the life cycle and carcinogenesis pathway. These
studies can be divided into 3 general categories: (i) early life expo-
sures and risk of breast cancer in later life, (ii) adulthood expo-
sures and risk of breast cancer, and (iii) exposures once breast
cancer is established.

(i) Early life exposures and risk of breast cancer in later life
It has been hypothesized that early life exposures may affect the

development of the mammary gland, which then alters breast
cancer risk during adulthood (Hilakivi-Clarke et al. 2001). Mam-

mary gland development has been reviewed elsewhere (Russo
et al. 1982, 2000; Russo and Russo 2004). Two important structures
that relate to breast cancer risk are the terminal end buds (TEB)
and the alveolar buds (AB), which show differences in susceptibil-
ity to carcinogen-induced transformation: TEB are highly suscep-
tible while AB are not susceptible. Thus, agents that can promote
the transformation of TEB to AB may result in a mammary gland
that is less susceptible to cancer development during adulthood
(Hilakivi-Clarke et al. 2001; Russo et al. 1982) and research has
been conducted to determine whether FS is such an agent.

The existing literature that relates early life exposure to FS with
breast cancer risk is variable (Table 1). Several studies suggest that
10% FS exposure in utero (Tou and Thompson 1999), during suck-
ling (Tan et al. 2004; Ward et al. 2000), from suckling until post-
natal day 50 (Ward et al. 2000), and throughout life (Tou and
Thompson 1999) may enhance mammary gland differentiation/
morphogenesis, which is suggested to prevent carcinogenesis.
Furthermore, exposure to 10% FS during suckling has been shown
to result in significantly lower tumourigenesis after exposure to
the mammary carcinogen dimethylbenz(�)anthracene (DMBA)
(Chen et al. 2003), suggesting that the results observed on mam-
mary gland morphology translate to protection against carcino-
genesis. However, others have shown that exposure to 10% FS in
utero or during suckling (Khan et al. 2007) or 15% defatted FS
in utero (Yu et al. 2006) increases susceptibility to carcinogen-
induced mammary tumourigenesis as indicated by increased tu-
mour incidence and multiplicity and reduced tumour latency. The
reason for this discrepancy is unclear but a potential explanation
is the FS source: studies showing a cancer-promoting effect of FS
used FS from the United States, whereas those showing a protec-
tive effect used the Linnott variety of FS from Canada. The differ-
ent growth locations may lead to differences in the level of Cd in
the seed and Cd is known to have estrogenic effects (Daun et al.
2003; Johnson et al. 2003; Khan et al. 2007; Kolodziejczk and Fedec
1993). Because of the discrepancies, caution should be taken when
FS is consumed during pregnancy and (or) lactation.

Fig. 1. The effects of adulthood exposure to flaxseed, secoisolariciresinol diglucoside and flaxseed oil on carcinogenesis in the carcinogen-
induced rodent model. (1) Serraino and Thompson 1991; (2) Serraino and Thompson 1992; (3) Rickard et al. 1999; (4) Thompson et al. 1996a;
(5) Thompson et al. 1996b; (6) Saarinen et al. 2002; (7) Cameron et al. 1989. EL, enterolactone; SDG, secoisolariciresinol diglucoside. *, Trend.
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(ii) Adulthood exposures and risk of breast cancer
Many studies have investigated the effect of whole ground FS

fed later in life in rodent models of breast carcinogenesis. Figure 1
outlines the general study designs that use the carcinogen-treated
rodent model to look at FS effect in the different stages of carci-
nogenesis. To assess the role of FS in the initiation stage, 5% and
10% FS diets were fed to rats for 4 weeks before DMBA administra-
tion and markers of carcinogenesis were measured 24 h after.
Mitotic index, cell proliferation, and nuclear aberrations in the
TEB were all significantly lower in the animals fed FS compared
with those fed the control diet (Serraino and Thompson 1991).
Next, the same model was used to determine the effect of a 5% FS
diet fed at (i) initiation only, (ii) promotion only, and (iii) both
initiation and promotion on tumour size and burden at 19 weeks
after carcinogen administration and the results were complex. FS
fed during initiation stage only tended to reduce tumour burden
(number of tumours/tumour-bearing rat) but did not affect final
tumour size compared with control while FS fed during the pro-
motion stage only reduced tumour size compared with control
but did not affect tumour burden. Interestingly, the tumours

from rats fed at both initiation and promotion did not result in a
difference in tumour burden or size compared with control but
did result in a significantly lower tumour burden compared with
the group fed FS at promotion stage only (Serraino and Thompson
1992). Next, the effect of 2.5% and 5% FS diets fed starting 13 weeks
after DMBA administration during the tumour development and
progression stage of carcinogenesis was determined. Tumours
that were already established at the start of the dietary treatment
significantly regressed in the FS groups compared with control
and there was significantly lower total tumour volume (estab-
lished at start of treatment + newly developed) with FS treatment.
Interestingly, there were no effects of the FS diets on the inci-
dence or volume of newly developed tumours (Thompson et al.
1996a). Finally, Rickard et al. (1999) observed significantly lower
tumour invasiveness and grade but no effect on tumour weight,
volume, multiplicity, and incidence when Sprague–Dawley rats
were fed 2.5% and 5% FS diets for 22 weeks starting 2 days after
administration of the mammary carcinogen N-nitrosomethyl-urea
(NMU) (Rickard et al. 1999).

Table 1. Studies investigating the role of FS exposures in early life and risk of breast cancer in later life.

Reference Developmental stage Diets Major results

Khan et al. 2007 (i) In utero and lactation;
(ii) lactation alone

BD, 5% or 10% FS (American,
Finnish FS)

• 1 Tumourigenesis after DMBA administration
(2 latency,1multiplicity) with 10% FS (in utero
and lactation and lactation alone)

• ↔ No. of TEB or cell proliferation and apoptosis in
mammary epithelial structures with 5% and 10% FS
(in utero and lactation and lactation alone)

Yu et al. 2006 In utero BD, 15% defatted FS (American FS) • 1 Tumourigenesis after DMBA administration
(1 incidence,1multiplicity) with 15% defatted FS

• ↔ No. of TEB or cell proliferation in mammary
epithelial structures with 15% defatted FS

• 1 Apoptosis in mammary epithelial cells with 15%
defatted FS

Chen et al. 2003 Lactation BD, 10% FS, SDG (at levels present
in 10% FS) (Canadian, Linnott
variety FS)

• 2 Tumourigenesis after DMBA administration with
both FS and SDG (2 tumour incidence,2 no. of
tumours/rat,2 tumour load,2 tumour size)

Tan et al. 2004 Lactation BD, 10% FS, SDG (at levels present
in 10% FS) (Canadian, Linnott
Variety FS)

• No. of TEB: PND211 in FS group, ↔ in SDG group;
PND49-512 in FS and SDG groups

• No. of TD: PND211 in FS group, ↔ in SDG group
• No. of LOB: PND49-51 ↔ in FS and SDG groups
• Ratio of LOB/TEB: PND49-511 in FS and SDG

groups
• Mammary epithelial cell proliferation (PCNA and

%G1/S): PND211 in FS and SDG groups; PND49-51
↔ in FS and SDG groups

Ward et al. 2000 (i) Lactation only;
(ii) lactation to PND 50

BD, 10% FS, SDG (at levels present
in 10% FS) (Canadian, Linnott
Variety FS)

• TEB density:2 in FS and SDG groups (lactation only
and lactation to PND 50)

• AB density:1 in FS (lactation to PND 50) and SDG
(lactation only and lactation to PND 50); ↔ in FS
(lactation only)

• LOB density:1 in SDG (lactation to PND 50); ↔ in
FS (lactation only and lactation to PND 50) and SDG
(lactation only)

Tou and Thompson
1999

(i) In utero and
(ii) lactation after
weaning (PND 21−50);
(iii) lifetime (gestation
to PND 50)

BD, 5% FS, 10% FS, FS oil, SDG (FS
oil and SDG at levels present in
5% FS) (Canadian, Linnott
variety FS)

• TEB density:2 with 5% and 10% FS fed during
gestation and lactation or throughout the lifetime
and with SDG fed during gestation; ↔ with 5% and
10% FS started after weaning and with FS oil fed
during gestation

• AB density:1 with 10% FS fed during gestation and
lactation or throughout the lifetime;2 with SDG
fed during gestation; ↔ with 5% FS at any timing,
10% FS started after weaning and with FS oil fed
during gestation

Note: AB, alveolar bud; BD, basal diet (control); DMBA, 9,10 dimethyl-1,2-benzanthracene; FS, flaxseed; LOB, lobules; PCNA, proliferating cell nuclear antigen; PND,
postnatal day; SDG, secoisolariciresinol diglycoside; TD, terminal ducts; TEB, terminal end buds.
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Transgenic mice present another useful model for investigat-
ing treatment effects on cancer prevention. The MMTV/c-neu
transgenic mouse model, which spontaneously develops HER2+
tumours, has been used to investigate the role of FS in the preven-
tion of HER2-overexpressing breast cancer (Birkved et al. 2011).
Increasing levels of FS were incorporated into the diets and fed for
23 weeks and tumour incidence, burden, and number of large
tumours were lower in mice fed the highest FS diet (0.054%) com-
pared with control. None of the FS diets affected tumour multi-
plicity or number of tumour-bearing mice compared with control.
The levels of FS used in this study were almost 100-fold lower than
the previously outlined studies. It is possible that a greater FS
effect would have been achieved with higher levels of FS in the
diet. Together the results from studies using carcinogen-treated
and transgenic rodent models suggest that FS reduces carcinogen-
esis and may be particularly effective at reducing the growth of
established tumours.

(iii) Exposures once breast cancer is established
The next series of experiments evaluated the effect of FS on the

growth of established human breast tumours using the ovariecto-
mized athymic mouse model. This is a useful model for preclinical
cancer studies because immunodeficient animals can accept
xenografts without rejection and thus act as a vehicle for observ-
ing effects of dietary and drug treatments on the growth of hu-
man breast tumours representative of the different molecular
subtypesofbreastcancer.Italsohasanadvantageoverthecarcinogen-
treated rat model as human tumours are being tested rather than
rat tumours. Furthermore, ovariectomy eliminates the produc-
tion of endogenous E2 and allows for experimental manipulation
of E2 levels to achieve levels that fall within the range of pre- and
postmenopausal women. The effect of FS in this model is outlined
in Fig. 2.

A series of experiments has shown that 10% dietary FS reduces
the growth of established MCF-7 tumours, representative of lumi-
nal breast cancer (ER+/PR+/low HER2), when fed for 5–8 weeks
with an E2 implant so circulating levels of E2 are high (Bergman
Jungestrom et al. 2007; Chen et al. 2004; Chen et al. 2007b). Estab-
lished MCF-7 tumours normally regress when circulating levels of
E2 drop unless an estrogenic compound is introduced. After E2
pellet removal, dietary FS resulted in a greater regression com-
pared with control in the short term (7 weeks) (Chen et al. 2009)

although no differences in regression were observed between con-
trol and FS groups in longer term studies where tumour area was
followed for 16 weeks (Chen et al. 2007a) and 25 weeks (Power et al.
2008; Saarinen et al. 2006). This indicates that FS has no estrogenic
tumour-promoting effect under low E2 conditions typical of post-
menopausal situations. One study has shown that feeding 10%
dietary FS for 5 weeks does not affect the growth of BT-474 tu-
mours, which represent the HER2-overexpressing subtype of
breast cancer (ER+/HER2+) (Mason et al. 2013). Together these data
suggest that FS has no estrogenic effect and can reduce the growth
of human breast cancer; however, this is dependent on molecular
subtype.

Rodent studies have also been useful for studying potential
FS-drug interactions. One area of particular interest has been the
interaction between FS and TAM. Several studies have shown that
combining TAM treatment (5 mg, 60-day release pellet; 80 mg/day)
with dietary 10% FS significantly enhances the antitumour effect
of TAM in MCF-7 xenografts under both low and high circulating
levels of E2 (Chen et al. 2004, 2007a, 2007b). These data suggest that
FS does not interfere with TAM effect, it rather enhances TAM effect.
Further, 1 study evaluated the potential interaction between FS (10%)
and TRAS (2.5 mg/kg) (Mason et al. 2013). While no beneficial inter-
action was observed, dietary FS did not interfere with the action of
TRAS in reducing the growth of HER2-overexpressing BT-474 tu-
mours (Mason et al. 2013). Further studies are needed in breast cancer
patients; however, the preclinical evidence supports the notion that
dietary FS does not negatively affect breast cancer drugs.

Observational studies
The Ontario Women’s Diet and Health Study, a case-control

study, was the first to evaluate the association between FS intake
and breast cancer risk (Lowcock et al. 2013). As shown in Table 2,
both monthly and daily/weekly consumption of FS (1/4 cup serv-
ing, approximately 32.5 g) and flax bread (1 slice, approximately
2.5–5.0 g FS) consumption were both associated with significant
reductions (18%–24%) in breast cancer risk in all women. Stratifi-
cation by menopausal status showed that FS reduced breast can-
cer risk in postmenopausal women only while flax bread reduced
risk in both pre- and postmenopausal women. The relationship
between breast cancer risk and FS or flax bread intake is not
associated with hormone receptor (ER, PR) expression. These re-
sults are supportive of findings from animal models of cancer

Fig. 2. The effects of adulthood exposure to flaxseed, secoisolariciresinol diglucoside and flaxseed oil on the growth of established human
breast tumours in the athymic mouse model. (1) Chen et al. 2009; (2) Chen et al. 2007a; (3) Power et al. 2008; (4) Saarinen et al. 2006;
(5) Bergman et al. 2007; (6) Chen et al. 2007b; (7) Chen et al. 2004; (8) Mason et al. 2013; (9) Saggar et al. 2010b; (10) Saggar et al. 2010a; (11) Truan
et al. 2012; (12) Chen et al. 2011; (13) Truan et al. 2010; (14) Mason et al. 2010b; (15) Mason et al. 2010a. E2, estrogen; HER2, human epidermal
growth factor receptor 2; SDG, secoisolariciresinol diglucoside; TAM, tamoxifen; TRAS, trastuzumab. *, Results related to FS cotyledon.
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Table 2. Observational and clinical studies examining the relationship between FS, lignan, and ALA and breast cancer risk.

Reference Study design Population Exposure/treatment Results

Flaxseed
Lowcock et al. 2013 Case-control 2999 breast cancer cases,

3370 controls
FS intake measured by FFQ (frequency of

consuming a 1/4 cup serving of FS or 1 slice of
flax bread)

• FS2 risk of breast cancer when consumed daily/weekly (OR =
0.82, CI = 0.69−0.97) and monthly or less (OR = 0.76,
CI = 0.67−0.87) in all women

• Flax bread2 risk of breast cancer when consumed daily/weekly
(OR = 0.77, CI = 0.67−0.89) and monthly or less (OR = 0.76,
CI = 0.67−0.86) in all women

Thompson et al.
2005

Randomized
control
trial

32 postmenopausal breast
cancer patients

25 g FS/d (Canadian; Linnott variety) (n = 19;
mean treatment duration = 32 d) vs. placebo
(n = 13; mean treatment duration = 39 d)

• FS2 cell proliferation (Ki-67) by 34% and HER2 by 71% and
1 apoptosis by 31%

• No changes in placebo group

Lignans
Fabian et al. 2010 Clinical trial

(1 arm)
45 premenopausal women

at high risk of breast
cancer

50 mg SDG/d (Brevail (Barleans Organic Oils
Co., Ferndale Wash., USA)) for 12 mo

• SDG2median cell proliferation (Ki-67) by 50%, tumour cell
number, proportion of subjects with atypical cytomorphology.
No effect on MBD.

Buck et al. 2010 Meta-analysis 11 prospective cohort/
nested case-control
studies; 10 case-control
studies

• Total lignan exposure;
• Plant lignan intake;
• Enterolignan exposure;
• Blood or urine concentrations of EL

• Total lignan exposure − overall: no significant association (RE =
0.92 (0.81−1.02)); premenopausal: no significant association (RE =
0.87 (0.66−1.08)); postmenopausal:2 breast cancer risk (RE =
0.86 (0.78−0.94))

• Dietary plant lignans − overall: no significant association (RE =
0.94 (0.82−1.05)); premenopausal: no significant association (RE =
1.01 (0.87−1.15)); postmenopausal:2 breast cancer risk (RE =
0.86 (0.77−0.94))

• Calculated dietary enterolignans − overall:2 breast cancer
risk (RE = 0.84 (0.71−0.91))

• Blood and urinary EL − overall: no significant association (RE =
0.90 (0.69−1.10)); premenopausal: no significant association (RE =
0.70 (0.32−1.07)); postmenopausal: no significant association (RE =
0.85 (0.63−1.07))

Velentzis et al.
2009

Meta-analysis 6 prospective cohort
studies; 6 nested
case-control studies;
10 case-control studies

• Plant lignan intake;
• Enterolignan exposure;
• Blood concentrations of EL

• Dietary plant lignans − overall: no significant association (OR =
0.93 (0.83−1.03)); premenopausal: no significant association (OR =
0.97 (0.82−1.15)); postmenopausal:2 breast cancer risk (OR =
0.85 (0.78−0.93))

• Calculated dietary enterolignans − overall:2 breast cancer
risk (OR = 0.73 (0.57−0.92)); premenopausal: no significant
association (OR = 0.67 (0.44−1.02)); postmenopausal: no significant
association (RE = 0.85 (0.72−1.01))

• Blood EL − overall: no significant association (OR = 0.82 (0.59−1.14));
premenopausal: no significant association (OR = 0.85 (0.45−1.59));
postmenopausal: no significant association (RE = 0.86 (0.66−1.14))

Zaineddin et al.
2012

Meta-analysis 8 prospective cohort/nested
case-control studies;
5 case-control studies

• Blood or urine EL concentrations • Blood and urinary EL − overall:2 breast cancer risk (RE = 0.72 (0.55−
0.88)); postmenopausal:2 breast cancer risk (RE = 0.66 (0.55−0.77))
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prevention, which suggest that FS has anticancer effects particu-
larly in postmenopausal women.

Clinical trials
Only 1 randomized double-blind placebo-controlled trial has

investigated the role of FS on markers of tumour biological mark-
ers in postmenopausal women (Table 2) (Thompson et al. 2005).
Patients diagnosed with breast cancer for the first time were di-
vided between 2 arms: 13 women consumed a placebo muffin
daily for 39 days and 19 women consumed a muffin containing
25 g of ground flax (containing approximately 50 mg of SDG and
10 g of FS oil) for 32 days. At the beginning and end of the treat-
ment, tumour biopsy tissue was taken and analyzed for tumour
growth biomarkers. Cell proliferation, as measured by Ki-67 label-
ling index, and HER2 protein expression were significantly lower
by 34% and 71%, respectively, and apoptosis was significantly
higher by 31% at the end of the treatment in the FS group. There
were no changes in the placebo group for any of these biomarkers.
These results indicate that tumour growth is slowed by dietary FS
in agreement with the results from animal models.

Lignans and the risk reduction and treatment of breast
cancer

Animal studies

(i) Early life exposures and risk of breast cancer in later life
Studies suggest that SDG may affect the developing mammary

gland (Table 1). SDG exposure at levels present in a 5%–10% FS diet
in utero (Tou and Thompson 1999), during suckling (Chen et al.
2003; Tan et al. 2004; Ward et al. 2000) and from suckling to
postnatal day 50 (Ward et al. 2000) have been shown to result in
mammary glands that are less susceptible to carcinogenesis (i.e.,
fewer TEB and more AB) at time of carcinogen induction. Tou and
Thompson (1999) found that both TEB and AB density were signif-
icantly lower in pups born to dams fed an SDG-containing diet
during pregnancy and lactation suggesting that the SDG effect
may be more related to TEB atrophy than differentiation to AB.
Importantly, Chen et al. (2003) showed that exposure to SDG dur-
ing suckling reduced tumourigenesis after DMBA administration
providing greater support for the protective effects of SDG during
mammary gland development. Overall, compared with FS which
was discussed above, SDG has a more consistent effect on mam-
mary gland development that is suggestive of protection from
carcinogenesis.

(ii) Adulthood exposures and risk of breast cancer
Studies using the carcinogen-treated rodent model suggest that

SDG has antitumour effects (Fig. 1). Thompson et al. (1996b) dem-
onstrated that a gavage of 1.5 mg SDG/day (equivalent intake level
from 5% FS) starting 1 week after DMBA administration resulted in
significantly lower tumour multiplicity and total number of tu-
mours per group compared with control but did not affect tumour
volume after 20 weeks. To evaluate the effect of SDG during the
early promotion stage, Sprague–Dawley rats were fed diets that
contained 0.25% and 0.5% SDG (levels present in 2.5% and 5% FS)
for 22 weeks starting 2 days after NMU administration. Both diets
resulted in significantly lower tumour invasiveness and grade
while 0.25% SDG promoted and 0.5% SDG reduced tumour multi-
plicity. Neither diet had effects on tumour weight, volume, or
incidence (Rickard et al. 1999). Daily gavage of 1.5 mg of SDG
(equivalent intake levels from 5% FS) starting 13 weeks after DMBA
administration during the tumour development and progression
stage of carcinogenesis significantly reduced the volume of new
tumours that grew after the start of the treatment. However, SDG
had no effect on tumour incidence or multiplicity or on the
growth of tumours that were already established at the start of the
dietary treatment (Thompson et al. 1996a). The SDG metabolite EL
has also been tested for its effects in reducing the promotion stageT
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of carcinogenesis: treatment with 10 mg/kg of body weight of EL
(similar to intake levels in a 10% FS diet) daily for 7 weeks com-
mencing 9 weeks after DMBA administration resulted in signifi-
cantly lower tumour volume compared with control with more
pronounced reductions in the newly formed tumour growth
(Saarinen et al. 2002). The tested lower dose of EL (1 mg/kg of body
weight; similar to levels in a 1% FS diet) did not result in any
significant differences in tumourigenesis, highlighting the impor-
tance of dose. Together these studies suggest that SDG can atten-
uate the development of tumours but has less effect in reducing
established tumours.

The athymic mouse model has been useful in exploring the
effect of SDG on the growth of established human breast tumours
(Fig. 2). A comprehensive series of experiments have shown that
compared with control, 0.1% SDG diets (level present in 10% FS
diet) fed to mice for 7–8 weeks caused a 54% greater regression of
ER+ MCF-7 tumours, representative of luminal breast cancer, with
low circulating levels of E2 (Chen et al. 2009; Saggar et al. 2010b)
but had no effect on tumour growth with high circulating levels of
E2 (Truan et al. 2012). Interestingly, compared with control, FS
hull, which is rich in SDG, did not significantly reduce the growth
of MCF-7 tumours in athymic mice at low circulating levels of E2.
SDG alone reduced tumour growth compared with control; how-
ever, there was no significant difference between the SDG and FS
hull groups (Chen et al. 2009). As the level of SDG (0.076%) in the FS
hull diet in this study was lower than in the SDG alone diet (0.1%),
this suggests that the level of SDG in the diet is important to
achieve maximal tumour reducing effect. To determine whether
it is the mammalian lignan metabolites that are responsible for
the tumour-reducing effect of SDG, ED, or EL (15 mg/kg of body
weight; similar to intake levels in a 15% FS diet) were directly
injected for 5 weeks in the presence of high circulating levels of E2
(Bergman Jungestrom et al. 2007). Both ED and EL showed signif-
icant reductions in the growth of MCF-7 tumours compared with
control, suggesting that both ED and EL are responsible for the
antitumour effect of SDG. Together these data strongly support
the role of SDG in reducing the growth of ER + breast cancer.

Regarding drug interactions, under low circulating levels of E2,
when TAM treatment (80 mg/day) was combined with 0.1% SDG
diet in the athymic mouse model with ER+ MCF-7 xenografts,
tumour area and cell proliferation were significantly reduced and
apoptosis was significantly increased compared with TAM treat-
ment alone, indicating that SDG does not interfere with TAM but
rather increases its effectiveness (Saggar et al. 2010a).

Observational studies
Several observational studies relating lignan exposure to breast

cancer risk have been conducted. Lignan exposures were esti-
mated from the intake of dietary plant lignan or the equivalent
amount of enterolignans produced from those plant lignans re-
corded in dietary questionnaires, and measurements of enteroli-
gnan concentration in the urine or blood. Three meta-analyses of
observational studies on the relationship between lignan or en-
terolignan exposure and breast cancer risk are summarized in
Table 2 (Buck et al. 2010; Velentzis et al. 2009; Zaineddin et al.
2012). Velentzis and colleagues (2009) published the earliest meta-
analysis of 22 observational studies, which showed no overall
association between dietary plant lignan intake and breast cancer
risk. However, when pre- and postmenopausal women were ana-
lyzed separately, a significant inverse association between dietary
plant lignan intake and breast cancer risk was seen for postmeno-
pausal women. A significant inverse association between enteroli-
gnan exposure and overall breast cancer risk was also seen. Buck
and colleagues (2010) applied different inclusion criteria in their
meta-analyses of 21 observational studies and only observed sig-
nificant association of reduced breast cancer risk with total lignan
exposure (i.e., all lignan exposure measurements combined) and
intake of dietary plant lignan in subgroup analysis of postmeno-

pausal women. The reduced risk of breast cancer with higher total
lignan exposure did not differ based on ER status. Zaineddin and
colleagues (2012) published an updated meta-analysis of 13 obser-
vational studies relating urinary and blood EL concentration with
breast cancer risk. A significant 28% reduction in breast cancer
risk was found when comparing the highest to lowest quantiles
of EL and this reduction was most pronounced in postmeno-
pausal women (44%). Interestingly, although the relationship was
observed in ER+PR+ and ER–PR– tumours, the relationship was
stronger for ER–PR–. Overall, the results from observational stud-
ies suggest that lignan exposure is associated with reduced risk of
breast cancer and this relationship is particularly strong for post-
menopausal women.

Another question that has been addressed in observational
studies is whether lignans prolong the survival of breast cancer
patients (Table 3). Five studies published between 2010 and 2011
that followed breast cancer patients from 6.1 to 10 years have all
shown significant reductions in mortality (40%–53% reduction in
all-cause mortality, 33%–70% reduction in breast cancer mortality)
with increased lignan exposure measured by diet record or serum
lignan level in postmenopausal women (Buck et al. 2011a, 2011b;
Guglielmini et al. 2012; McCann et al. 2010; Olsen et al. 2011).
Importantly, the protective association between lignan intake
and survival was observed in populations with comparatively low
(e.g., McCann et al. 2010; mean intakes of approximately 250 �g/day)
and high (e.g., Olsen et al. 2011; mean intakes of approximately
730 �g/day) lignan intakes. Of particular interest is that in the
study by Guglielmini and colleagues (2012) no interaction or inter-
ference was observed between lignans and TAM effect. Together,
the consistent and strong associations suggest that dietary lignans
are safe and beneficial for breast cancer patients.

There is a high level of heterogeneity in the observational stud-
ies. Sources of heterogeneity include exposure measurement (re-
ported intakes, urine and blood biomarkers), menopausal status
and tumour ER status. Urinary and blood enterolignan levels have
been measured by different methods (chromatographic vs. time-
resolved fluoroimmunoassay) with different sensitivities across
the studies (Saarinen et al. 2010b). The level of exposure in the
different populations studied varies widely and the range of
intake/biomarker within a population is often very narrow. More-
over, an important limitation noted in the observational studies
to date is the potential for confounding. Although lignans are the
richest in FS, they are also found in many plant foods, including
nuts, grains, fruits and vegetables (Thompson et al. 2006); there-
fore, it cannot be concluded that the significant association be-
tween lignans and breast cancer risk/survival is specifically due to
FS. Rather, high lignan intake may be closely related to high plant
food intake and the overall dietary pattern of high lignan consum-
ers may be related to reduced risk and increased survival. The
lignans may be acting synergistically with other healthful plant
food components.

Clinical trials
Although the beneficial association of lignans to breast cancer

in observational studies cannot conclusively be attributed to FS,
the specific beneficial effect of SDG, the main FS lignan, on bio-
markers of breast cancer risk has been demonstrated in a single-
armed clinical trial (Fabian et al. 2010). Forty-five premenopausal
women with high breast cancer risk consumed 50 mg of SDG
per day for 12 months. The SDG level (50 mg/day) was similar to
the randomized controlled trial by Thompson et al. (2005) on the
effect of FS described above. Results showed that median cell
proliferation (Ki-67 expression) was significantly reduced by
50% by the end of the study. Furthermore, favourable changes in
histological measures, including cell number and cytomorphol-
ogy, were also seen. All these indicate that SDG may reduce the
risk of breast cancer. No changes in mammographic breast den-
sity were seen, suggesting that in the short term it may not be the
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best indicator of cancer protective effect of lignans. The same
research group is currently conducting a clinical trial including a
placebo arm to confirm the results of this study (Trial NCT01276704).

FS oil and risk reduction and treatment of breast cancer

Animal studies

(i) Early life exposures and risk of breast cancer in later life
Few studies have investigated the role of FS oil specifically in

mammary gland development and subsequent risk of breast can-
cer (Table 1). Exposure to FS oil (at levels present in 5% FS) during
gestation does not appear to modify markers of breast cancer risk
as indicated by TEB and AB density (Tou and Thompson 1999). One
recent study showed that exposure to a FS oil diet from precon-
ception to 6 weeks of age results in differential expression of
genes involved in energy metabolism, immune response, and in-
flammation in the mammary gland compared with a corn oil
control diet (Luijten et al. 2013). No measures of breast cancer risk
(i.e., TEB number or response to carcinogen) were included and
therefore it is difficult to associate the gene changes to breast
cancer risk; however, these results support the idea that early life
exposure to ALA-rich FS oil has lasting effects on the mammary
gland at the gene level.

(ii) Adulthood exposures and risk of breast cancer
Studies suggest that FS oil-rich diets may inhibit breast carcino-

genesis (Fig. 1). In a study comparing the effect of diets rich in
various oils (all at 3% level) on mammary tumour growth in DMBA-
treated C3H/Heston mice, n-3 PUFA-rich FS and fish oils reduced
tumour incidence compared with n-6 PUFA-rich corn and saf-
flower oils (Cameron et al. 1989). Thompson and colleagues (1996a)
showed that a 2% FS oil diet (level found in 5% FS diet) fed to
Sprague–Dawley rats 13 weeks after DMBA was administered re-

duced the growth of established tumours but had no effect on new
tumour formation.

The MMTV-c-neu transgenic mouse model has also been used
to investigate the role of FS oil in the prevention of HER2-
overexpressing breast cancer. Mice were gavaged with 0.2 mL of
oil that contained increased proportion of FS oil mixed into corn
oil (0.05, 0.1, and 0.2 mL of FS oil) for 30 weeks. Interestingly,
low-dose FS oil resulted in a nonsignificant increase in tumour
incidence and number of tumours per mouse while there was a
trend toward reduced tumour incidence with higher dose of FS
oil. The high-dose FS oil-treated mice had lower overall weight of
tumours per mouse compared with control (Rao et al. 2000). These
results suggest that the n-6:n-3 ratio plays an important role in
mediating the effect of flaxseed oil on HER2-overexpressing mam-
mary tumourigenesis.

Studies using mouse models with implanted tumours have
been valuable in determining the effect of FS oil in reducing es-
tablished tumours. One study compared the effect of diets rich in
various oils (from corn, FS, and fish) at 10% level on the growth
of implanted tumours derived from mouse mammary tumours
(410 and 410.1) (Fritsche and Johnston 1990). No differences were
observed among diets on the growth of 410 tumours; however, FS
oil had the greatest effect at reducing the growth and metastasis
of 410.1 tumours. Xenograft studies have also determined the ef-
fect of ALA-rich FS oil diets on the growth of human breast tu-
mours (Fig. 2). Four percent FS oil diets (level in 10% FS diet) fed for
7–8 weeks reduced the growth of ER+ MCF-7 tumours under both
low (Saggar et al. 2010b) and high (Truan et al. 2010) E2 conditions.
These results are further supported by results from Chen and
colleagues (2011), where diets rich in FS cotyledon (level in 10% FS
diet), which is the primary location of FS oil in the seed, were
shown to reduce the growth of MCF-7 tumours at low circulating
levels of E2. Finally, studies suggest that both 4% and 8% FS oil

Table 3. Observational studies relating lignan measures with mortality in breast cancer patients.

Reference Location Population Exposure Outcome
Median
follow up Resultsa

McCann et al. 2010 USA 1122 women with
breast cancer

• Dietary lignan
intake

• Q4 (>257 �g/d) vs.
Q1 (<128 �g/d)

• Breast cancer
mortality

• All-cause
mortality

7 y • Premenopausal women:
no associations

• Postmenopausal women:
breast cancer HR = 0.29
(0.11–0.76); all-cause HR =
0.49 (0.26–0.91)

Buck et al. 2011b Germany 2653 postmenopausal
women with breast
cancer

• Dietary lignan
intake

• ED: Q5 (857.5 �g/d)
vs. Q1 (186.9 �g/d)

• EL: Q5 (502.0 �g/d)
vs. Q1 (146.0 �g/d)

• Breast cancer
mortality

• All-cause
mortality

6.4 y • ED: breast cancer
HR = 0.81 (0.51−1.29);
all-cause HR = 0.63 (0.42−
0.95)

• EL: breast cancer
HR = 0.69−1.10); all-cause
HR = 0.60 (0.40−0.89)

Buck et al. 2011a Germany 1140 postmenopausal
women with breast
cancer

• Serum EL
• Q5 (>64.1 nmol/L)

vs. Q1 (<3.4 nmol/L)

• All-cause
mortality

6.1 y • HR = 0.58 (0.34−0.99)

Olsen et al. 2011 Denmark 424 postmenopausal
women with breast
cancer

• Plasma EL
• ≤20.5 nmol/L

vs. >20.5 nmol/L

• Breast cancer
mortality

• All-cause
mortality

10 y • Breast cancer HR = 0.56
(0.36−0.87); all-cause
HR = 0.47 (0.32−0.68)

Guglielmi et al. 2012 Italy 300 women with
breast cancer

• Serum EL
• <10 nmol/L vs.

≥10 nmol/L

• Breast cancer
mortality

• Breast cancer-
unrelated
mortality

23 y • Breast cancer HR:
5-y HR = 0.42 (0.22−0.81);
10-y 0.67 (0.39−1.14)

• Breast cancer-unrelated:
5-y HR = 0.49 (0.27−0.91);
10-y HR = 0.65 (0.40−1.03)

• Above vs. below median

Note: ED, enterodiol; EL, enterolactone; HR, hazard ratio; T1, T3, tertile 1 and 3, respectively; Q1, quartile or quintile 1; Q4, quartile 1; Q5, quintile 5.
aResults format: HR (95% confidence interval)
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(levels in 10% and 20% FS diets) do not affect the growth of
HER2-overexpressing BT-474 tumours in athymic mice at high
circulating levels of E2 (Mason et al. 2010b). Together these data
suggest that FS oil is effective in reducing the growth of human
breast tumours in the athymic mouse model; however, the results
are dependent on the molecular subtype.

Regarding drug interactions, under low circulating levels of E2,
when TAM treatment (80 mg/day) was combined with 4% FS oil
diet (level in 10% FS diet), tumour area and cell proliferation were
significantly reduced by 44% and 35%, respectively, and apoptosis
was significantly increased by 76% compared with TAM treatment
alone (Saggar et al. 2010a). Similarly, the combination of TAM with
FS oil-rich cotyledon at level equivalent to amount present in 10%
FS diet resulted in greater reduction in tumour cell proliferation
compared with TAM treatment alone (Chen et al. 2011). Further-
more, under high circulating level of E2, when TRAS treatment
(2.5 mg/kg) was combined with 8% FS oil diet (level in 20% FS),
tumour area was 87% lower than TRAS treatment alone and cell
proliferation was significantly reduced and apoptosis was signifi-
cantly increased (Mason et al. 2010a). Together these studies sup-
port the role of FS oil in enhancing TAM and TRAS effect and the
safety of consuming FS oil alongside cancer drug therapies.
However, further research is needed in a clinical setting before
recommendations can be made regarding the use of FS oil as a
complementary treatment.

Observational studies
There is a large body of literature on the association between

breast cancer and total n-3 PUFA and long-chain n-3 PUFA (EPA and
DHA), which can be read in several reviews (Gerber 2012; Sala-Vila
and Calder 2011) and meta-analysis (Zheng et al. 2013). This paper
will only review observational studies where ALA was used as an
exposure.

Table 2 shows the results of 2 meta-analyses (Saadatian-Elahi
et al. 2004; Zheng et al. 2013) and additional observational studies
that were not included in the meta-analyses. Zheng and col-
leagues (2013) showed that ALA exposure estimated from dietary
intake and tissue or blood biomarkers had no significant associa-
tion with breast cancer risk while an earlier meta-analysis by
Saadatian-Elahi and colleagues (2004) showed that breast adipose
tissue and blood levels of ALA were associated with a significant
reduction in breast cancer risk in case-control studies but not in
cohort studies. In fact, there was a significant increase in risk in
postmenopausal women in cohort studies. There are a number of
limitations that have been identified in the observational studies
to date, including (i) measurement error of ALA exposure; (ii) dif-
ferences in effect depending on food sources of ALAO for exam-
ple, ALA intake from fruits, vegetables, and vegetable oils has
been associated with reduced breast cancer risk while ALA from
nuts and processed foods has been associated with increased risk
(Thiebaut et al. 2009); and (iii) differences in effect depending on
menopausal status. Overall, the research to date has generally
shown a lack of effect or small risk-reduction associated with ALA
with only 1 study showing an increased risk. It should be noted
that this latter study was conducted in Uruguay where intake of
red meat is very high and may be accounting for a high proportion
of ALA intake rather than plant sources (Bougnoux and Chajes
2003). To our knowledge, no clinical trials have been completed
investigating the effect of FS oil and ALA on breast cancer risk or
treatment.

Potential mechanisms of effect
A number of potential mechanisms of effect have been pro-

posed for the anticancer effects of FS and its components and
some are illustrated in Fig. 3. In vitro and animal studies have
provided a great deal of insight into potential mechanisms of FS,
SDG, and its metabolites ED and EL as well as ALA. Tumour anal-
yses from the xenograft studies outlined above have suggested

that the anticancer effects of FS and its components are related to
reduced cell proliferation and increased apoptosis (Chen et al.
2004, 2007a, 2007b, 2009, 2011; Saggar et al. 2010a, 2010b; Truan
et al. 2010), and reduced angiogenesis (Bergman Jungestrom et al.
2007; Dabrosin et al. 2002). While it is likely that the effect of FS is
related to both the lignan and oil components, studies comparing
the effect of SDG and FS oil suggest that the component most
responsible for the observed tumour growth reduction may de-
pend on the E2 environment and presence or absence of drugs.
For example, SDG is more effective than FS oil in reducing the
growth of ER+ MCF-7 tumours at low levels of E2 (Saggar et al.
2010b) while FS oil is more effective than SDG in reducing MCF-7
tumour growth at high levels of E2 (Thompson et al. 2010) and
when fed in combination with TAM treatment (Saggar et al.
2010a). These findings can be interpreted a number of ways. First,
SDG is likely acting through E2-related mechanisms since it is
most effective in conditions where there is less E2 to compete for
the ER. Second, FS oil may be acting through modulation of
growth factor receptor signalling pathways such as through
HER2. Prolonged treatment with TAM has been shown to result in
upregulation of HER2 (Dowsett 2001). That FS oil was more effec-
tive when fed in combination with TAM treatment suggests that it
may be reducing HER2 expression or signalling. These potential
mechanisms, the anti-estrogenic effects of SDG in breast cancer
and the growth-factor signalling reducing effects of FS oil, and
others are further discussed below.

It is thought that SDG may affect breast cancer growth through
its modulation of hormone levels, metabolism, and activity. FS
lignans have been shown in vitro to inhibit the activity of several
enzymes involved in hormone regulation and metabolism, in-
cluding aromatase, 5� reductase, and 17�-hydroxysteroid dehy-
drogenase, suggesting that they may lower the levels of serum
hormones and their metabolites (Adlercreutz et al. 1993; Brooks
and Thompson 2005; Evans et al. 1995; Wang et al. 1994). Several
clinical trials have determined the effect of FS consumption (5–
25 g/day) on serum hormone levels. The majority of studies found
no changes (Brooks et al. 2004; Frische et al. 2003; Sturgeon et al.
2008) with only 1 study showing a reduction in serum E2 and
estrone sulfate but no changes in other hormone measures with
dietary FS fed for 7 weeks (Hutchins et al. 2001). Clinical studies
have also investigated the effect of FS lignans on circulating levels
of E2 metabolites, 2-hydroxyestrone (2OHE1) which has little bio-
logical activity with some anti-estrogenic activity (Bradlow et al.
1996; Schneider et al. 1982) and 16�-hydroxyestrone (16�OHE1),
which is known to have estrogenic agonistic and increased cell
proliferation activities (Bradlow et al. 1996; Gupta et al. 1998).
Higher 2OHE1:16�OHE1 is suggested to be protective against the
development of breast cancer (Osborne et al. 1993; Schneider et al.
1982). Daily FS consumption (5–25 g/day) by both premenopausal
(Haggans et al. 2000) and postmenopausal women (Brooks et al.
2004; Haggans et al. 1999; McCann et al. 2007) for 10 days to
3 months resulted in elevated 2OHE1:16�OHE1 in 3 studies while
1 study, where FS consumption (7.5 g/day for 6 weeks followed by
15 g/day for 6 weeks) by postmenopausal women, resulted in a
reduction in 2OHE1:16�OHE1 (Sturgeon et al. 2010). In vitro work
suggests that EL can bind to ER� and ER� although with low
affinity and preference for ER� (Penttinen et al. 2007). As observed
in animal studies, this has led to a number of downstream effects,
such as the modulation of E2-sensitive genes, including cyclin D1,
pS2, PR, ER� and ER� (Chen et al. 2009; Saggar et al. 2010b).
Growth factor signalling was also involved in the effect of lignans
as indicated by reduced expression of growth factor receptors,
such as epidermal growth factor receptor (EGFR), insulin-like
growth factor I receptor (IGF-IR), and HER2 (Chen et al. 2007a,
2009; Saggar et al. 2010a, 2010b; Truan et al. 2012). Processes in-
volved in angiogenesis (Aberg et al. 2011; Bergman Jungestrom
et al. 2007; Dabrosin et al. 2002; Lindahl et al. 2011; Saarinen et al.
2010a) and inflammation (Abrahamsson et al. 2012; Lindahl et al.
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2011) were also reduced. Together, this suggests that FS lignans
may influence breast cancer risk and progression through many
mechanisms, including modulation of E2 metabolism and ER and
growth factor cell signalling, which has pleiotropic downstream
effects.

A number of potential mechanisms have been suggested for the
anticancer effects of FS oil and ALA. ALA can be metabolized to a
limited extent to the long-chain n-3 PUFA EPA and DHA. There-
fore, the antitumour effects of FS oil may be related directly to
ALA or indirectly to its metabolites EPA and DHA (Anderson and
Ma 2009). A number of reviews have focused on the potential
mechanisms of n-3 PUFA in breast cancer and we refer the reader
to them for in-depth review (Calder 2012; Larsson et al. 2004;
Wiggins et al. 2013). Proposed mechanisms of effect relate to
(1) regulation of transcription factors; (2) alterations in the mem-

brane phospholipid fatty acid profile and the downstream effects
on growth factor receptor expression and activity and on eico-
sanoid biosynthesis; and (3) lipid peroxidation.

Altered activity of transcription factors including peroxisome
proliferator-activated receptors (PPARs) and nuclear factor-kappa
B (NF-�B) has been shown following treatment with fatty acids
including ALA (Jump 2004). PPARs regulate the expression of
genes implicated in cancer processes, such as cellular differentia-
tion, proliferation, and inflammation, and as such have been stud-
ied as targets for ALA (Berger and Moller 2002; Larsson et al. 2004).
Expression of NF-�B, a regulator of cell proliferation, apoptosis,
inflammation, and angiogenesis, has been shown to be reduced
with ALA treatment with a concomitant reduction in tumour ne-
crosis factor alpha and cyclooxygenase 2 expressions (Hassan et al.
2010). Few studies have evaluated the role of ALA and FS oil on

Fig. 3. Pathways and processes that may be influenced by flaxseed lignans and ALA-rich oil. Lignans have been shown to influence estrogen
synthesis and metabolism (2OHE1:16�OHE1 ratio) and activity through binding to the ER. Altered ER activation alters cell proliferation and
apoptosis through direct modulation of E2-sensitive genes and through cross-talk with the growth factor receptor signalling pathways.
Lignans have also been shown to modulate angiogenesis. ALA is suggested to exert effects through regulation of transcription factors,
alterations in the membrane phospholipid fatty acid profile and the downstream effects on eicosanoid biosynthesis and growth factor
receptor expression and activity and lipid peroxidation. 2OHE1, 2-hydroxyestrone; 16OHE1, 16�-hydroxyestrone; ALA, �-linolenic acid; E2,
estrogen; EGFR, epidermal growth factor receptor; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; IGFIR, insulin-
like growth factor I receptor; MAPK, mitogen-activated protein kinase; NF-�B, nuclear factor kappa B; PPAR: peroxisome proliferator-activated
receptor; P, phosphate; PR, progesterone receptor; VEGF, vascular endothelial growth factor; VEGFR, vascular endothelial growth factor
receptor.
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regulation of transcription factors in breast cancer and research is
warranted in this area.

Alterations in the phospholipid fatty acid profile influence cel-
lular properties and functions, including growth factor signalling
pathways and eicosanoid biosynthesis (Wang et al. 1994). Dietary
FS and FS oil have been shown to increase the level of ALA, EPA,
and DHA, and reduce n-6 PUFA content of serum and human
breast tumours in the athymic mouse model (Mason et al. 2013;
Truan et al. 2010). Changes in the membrane phospholipid fatty
acid profile, specifically within the lipid raft microdomain, have
been shown to alter the expression, localization, and activity of
membrane bound receptors such as EGFR (Schley et al. 2007).
Others have shown using in vitro and in vivo models of breast
cancer that ALA and ALA-rich FS and FS oil have decreased the
total expression of membrane-bound growth factor receptors, in-
cluding HER2, IGF-IR, and EGFR (Chen et al. 2002; Menendez et al.
2006; Saggar et al. 2010a, 2010b; Truan et al. 2010). These changes
are suggested to affect downstream signalling pathways as indi-
cated by changes in total or phosphorylated Akt and MAPK
(Saggar et al. 2010b; Truan et al. 2010). Additionally, membrane
fatty acid profile changes are suggested to alter the synthesis of
eicosanoids, which are synthesized from PUFA cleaved from
membrane phospholipids. n-3-derived eicosanoids have anti-
inflammatory or less potent inflammatory actions compared
with n-6-derived eicosanoids (Wang and Dubois 2010). Few studies
have directly linked dietary FS and FS oil to eicosanoid produc-
tion; however, an early study demonstrated that n-6-derived
prostaglandin-E2 was suppressed in rats fed a diet rich in FS oil
(Marshall and Johnston 1982). This provides support for the idea
that the enrichment of tumours with n-3 PUFA seen with FS sup-
presses n-6-derived and increases n-3-derived eicosanoid synthesis.

ALA is unsaturated and therefore is susceptible to oxidation.
Oxidation of ALA produces free radicals and reactive oxygen spe-
cies (Larsson et al. 2004). It has been suggested that the anti-
cancer effect of ALA and n-3 PUFA is related to lipid peroxidation
(Cognault et al. 2000; Gonzalez et al. 1991). The tumour-reducing
effect of FS oil is lower in the presence of antioxidants and greater
in the presence of pro-oxidants (Cognault et al. 2000), which fur-
ther supports this idea.

Evidently, there are a number of potential mechanisms that
may contribute to the anticancer effects of FS and its components.
Further research is needed to more completely understand these
mechanisms to support the use of FS as an anticancer agent.

Safety and regulatory status
In addition to the many beneficial components of FS, it also

contains some antinutritional factors (mentioned in the Flaxseed
and breast cancer section), which may affect the safe use of FS for
breast cancer prevention and treatment. However, very high lev-
els of FS would need to be consumed in order for these factors to
be of concern. For example, FS contains cyanogenic glycosides,
which can produce toxic hydrogen cyanide. However, FS has
been estimated to contain cyanide equivalents between 190 to
1000 mg HCN/kg and it has been suggested that adults can detox-
ify between 30 and 100 mg of cyanide per day (Daun et al. 2003).
Furthermore, heat treatment can destroy cyanogens; thus, the
amount present in baked or toasted products may be negligible.
FS also contains approximately 0.8%–1.5% (w/w) phytic acid, which
is known to affect the bioavailability of minerals such as zinc. The
levels in FS are comparable to those found in peanuts and soybean
(Daun et al. 2003) and consumption of a 40% FS diet did not affect
zinc status in rats (Ratnayake et al. 1992). The presence of Cd is also
a concern and the majority of published data on FS Cd content
have levels (0.02–1.70 mg/kg FS) higher than the limit set by the
Codex Alimentarius Commission (0.1 mg/kg dry weight of cereals)
(Kymalainen and Sjoberg 2006). National studies show that esti-
mated intakes of Cd are 40%–60% of the provisional tolerable

weekly intake, which is 7 �g/kg of body weight (Joint FAO/WHO
Expert Committee on Food Additives 2003). Kymäläinen and
Sjöberg (2006) analyzed the Cd content of 85 Finnish FS samples
(mean = 0.61 mg/kg of FS) and, using estimated daily intakes mea-
sured in various European countries and towns, estimated that
greater than 30 g of FS could be safely consumed with the excep-
tion of those with low body weight (<50 kg). Canadian FS samples
have Cd in the range of 0.2–0.6 mg/kg (Daun et al. 2003), which are
values lower than those found in the Finnish study. Adverse reac-
tions to FS are rare and the reported gastrointestinal discomfort is
likely related to the high dietary fiber when a large amount of FS
is consumed (Demark-Wahnefried et al. 2001; Thompson et al.
2005). The FS interventions in breast cancer studies have used
25 g/day, which is evidently a safe level in terms of antinutritional
factors.

Flax 2015 and the Flax Council of Canada made a request to the
United States Food and Drug Administration (FDA) to consider
whole and milled FS for Generally Recognized as Safe status
and the FDA provided a no objections letter (Cheeseman 2009).
Furthermore, Health Canada’s Food Directorate has recently rec-
ommended the approval of a health claim for the cholesterol-
lowering effect associated with the consumption of 30 g of FS/day
(Flax Council of Canada, Personal Communications). These fur-
ther attest to the safe intake of reasonable levels of FS. Currently
in North America, there is no specific regulation in place regard-
ing the level of FS that can be added to foods.

General discussion and conclusions
Animal models have provided a great deal of insight into the

role of FS, SDG, and FS oil exposure during early life and adult-
hood. There is heterogeneity in the design of animal studies, in-
cluding the cancer stage, model (carcinogen-induced, xenograft
with various cell lines), dose used (2.5%–20% FS or equivalent lev-
els of FS oil or SDG), cultivar of FS, study duration, and outcomes
that have been evaluated. Despite this heterogeneity, the majority
of studies suggest that FS and its components at the above levels
may prevent and reduce the growth of breast tumours. In fact, of
the 18 studies describing the effect of FS on various stages of
breast tumourigenesis, 13 showed beneficial effects on some mea-
sure of tumour growth (Birkved et al. 2011; Bergman Jungestrom
et al. 2007; Chen et al. 2003; Chen et al. 2004, 2007b, 2009; Rickard
et al. 1999; Serraino and Thompson 1991, 1992; Tan et al.
2004;Thompson et al. 1996a; Tou and Thompson 1999; Ward et al.
2000), 3 showed no effect (Chen et al. 2007a; Mason et al. 2013;
Power et al. 2008), and only 2 showed negative effects (Khan et al.
2007; Yu et al. 2006). Similarly 11 of the 12 studies looking at the
role of SDG showed beneficial effects (Bergman Jungestrom et al.
2007; Chen et al. 2003, 2009; Rickard et al. 1999; Saarinen et al.
2002; Saggar et al. 2010b; Tan et al. 2004; Thompson et al. 1996a,
1996b; Tou and Thompson 1999; Ward et al. 2000) while 1 showed
no effect (Truan et al. 2012). Seven studies showed beneficial ef-
fects of FS oil (Cameron et al. 1989; Chen et al. 2011; Fritsche and
Johnston 1990; Rao et al. 2000; Saggar et al. 2010b; Thompson et al.
1996a; Truan et al. 2010) and 3 showed no effect (Mason et al.
2010a, 2010b; Tou and Thompson 1999). Of note, the beneficial
effect of FS, SDG, and FS oil appear to be more specific to ER+
tumours with low HER2 expression (MCF-7) as the 2 studies con-
ducted in HER2-overexpressing breast cancer (BT-474) have all
shown no effect of FS or FS oil alone. Studies have consistently
shown that FS, SDG, and FS oil all enhance the effectiveness of
TAM in ER+ tumours (Chen et al. 2004, 2007a, 2007b, 2011; Saggar
et al. 2010a). In contrast, only FS oil and not FS has been shown to
enhance the effectiveness of TRAS in the treatment of HER2-
overexpressing breast cancer (Mason et al. 2010a, 2013). Ten per-
cent FS, or equivalent levels of FS oil (4%) and SDG (0.1%), was the
dose shown to be most efficacious and was used most consistently
in animal models. These intakes in the animal diet have been
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estimated to be equivalent to intake of 25–50 g of FS, 10–20 g of FS
oil, and 25–50 mg of SDG by humans depending on how much
other food they eat.

The few clinical studies on FS and SDG conducted to date agreed
with the results seen in animal models; however, more studies are
needed. Daily consumption of 25 g of FS (containing 50 mg SDG)
for 32 days by postmenopausal breast cancer patients and 50 mg
of SDG for 12 months by premenopausal women at high risk of
breast cancer have both been shown to have beneficial effect on
biomarkers of tumour cell growth (Fabian et al. 2010; Thompson
et al. 2005). Both of these studies were relatively small and the
study by Fabian and colleagues did not include a placebo compar-
ison group. Despite these limitations, they provide promising sup-
port for the potential of the many observations seen in animal
studies to be translated to humans. To our knowledge, no clinical
studies have evaluated the role of FS oil in women at high risk of
breast cancer or in breast cancer patients; this merits future work.

Observational studies are also generally supportive of the role
of FS and lignans in breast cancer. One study has shown a signif-
icant association between FS and flax bread intake and reduced
risk of breast cancer risk (Lowcock et al. 2013). However, the levels
of intake associated with reduced risk of breast cancer in this
study (e.g., monthly intake of a minimum of 1/4 cup of FS, approx-
imately 32.5 g) were much lower than those used in animal (esti-
mated human equivalent at 25–50 g/day) and clinical studies
(25 g/day). Despite the limitations of observational studies of the
association between lignans and breast cancer risk discussed in
the Lignans and the risk reduction and treatment of breast cancer –
Observational studies section, the overall findings are suggestive
of a protective effect of FS and lignan intake, particularly for
postmenopausal women. The consistency in the observational
studies associating lignan intake to longer survival in breast can-
cer patients is very promising. In contrast, the observational stud-
ies on the association between ALA intake and breast cancer risk
are much more variable and inconclusive as 1 meta-analyses showed
no associations (Zheng et al. 2013) while another showed an inverse
association in case-control studies and a positive association in co-
hort studies of postmenopausal women (Saadatian-Elahi et al. 2004).

In conclusion, current overall evidence from animal, observa-
tional, and clinical studies suggest that FS with its lignan and oil
components is safe for consumption by healthy individuals to
reduce the risk of breast cancer and by breast cancer patients to
potentially reduce tumour growth, prevent recurrence, and im-
prove outcomes. A daily dose of 25 g of FS and 50 mg of SDG
appears effective in clinical trials. However, more and larger clin-
ical studies need to be conducted to further substantiate these
results and particularly the observed beneficial interaction of FS,
lignans, or its oil with breast cancer drugs, such as tamoxifen and
trastuzumab, and the effect of FS oil, where to our knowledge
none has been conducted on breast cancer patients. Although
many mechanisms of action, including ability to reduce cell
proliferation and angiogenesis and increase apoptosis in part
through reduced ER and HER2 cell signalling pathways have been
suggested from animal, in vitro, and limited clinical studies, other
molecular mechanisms of action, including those related to regu-
lation of transcription factors, lipid peroxidation, and inflamma-
tion, should further be investigated in future clinical trials.
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