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ABSTRACT
Linseed, commonly known as flaxseed, is a fibre-rich food product. According to the recent study prepared by the American 
Institute for Cancer Research (AICR), an adequate intake of dietary fiber contributes to reducing the risk of colorectal 
cancer. In addition, the flaxseed and the oil extracted from it are considered to be food products with a high content of 
anti-inflammatory, unsaturated α-linolenic acid (ALA). However, the authors of the most recent scientific research have 
assigned the anticancer significance of flax seeds to plant lignan - secoisolariciresinol diglycoside (SDG), of which flaxseed 
is the main food source. This article provides a review of the world scientific literature together with an assessment of 
the validity of dietary supplementation with SDG from flaxseeds in cancer and during chemotherapeutic treatment.  The 
paper also presents the European Food Safety Authority (EFSA) and the US Food and Drug Administration (FDA) view 
on dietary supplementation with flax seeds and its lignans. Additionally, selected dietary supplements available on the 
Polish market containing SDGs, linseed oil or linseed were analysed, together with a description of their intended use 
suggested by the manufacturers.
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STRESZCZENIE
Nasiona lnu, powszechnie zwane siemieniem lnianym, należą do produktów spożywczych obfitujących we włókno 
pokarmowe. Zgodnie z najnowszymi badaniami przygotowanymi przez  American Institute for Cancer Research 
(AICR) odpowiednia podaż błonnika pokarmowego przyczynia się do zmniejszenia ryzyka zachorowania na 
nowotwór złośliwy jelita grubego. Dodatkowo siemię lniane, oraz powstający z nich olej, zaliczane są do produktów 
spożywczych zawierających dużą zawartość przeciwzapalnego, nienasyconego kwasu α-linolenowego (ALA). Jednak 
autorzy najnowszych badań naukowych przeciwnowotworowe znaczenie nasion lnu, przypisują lignanowi roślinnemu 
- diglikozydowi secoisolariciresinolu (SDG), którego głównym źródłem spożywczym jest siemię lniane. W artykule 
dokonano przeglądu światowego piśmiennictwa naukowego wraz z oceną zasadności stosowania suplementacji diety 
SDG z nasion lnu w chorobie nowotworowej oraz w trakcie leczenia chemioterapeutycznego. W pracy przedstawiono 
również stanowisko Europejskiego Urzędu ds. Bezpieczeństwa Żywności (EFSA) oraz amerykańskiej Agencji Żywności 
i Leków (FDA) dotyczące suplementacji diety nasionami lnu oraz jego lignanami. Dodatkowo przeanalizowano wybrane, 
dostępne na polskim rynku suplementy diety, zawierające w swoim składzie SDG, olej lniany lub nasiona lnu wraz 
z opisem ich przeznaczenia sugerowanych przez producentów.

Słowa kluczowe: nasiona lnu, diglikozyd secoisolariciresinolu, SDG, suplementacja diety, choroby nowotworowe, 
leczenie niekonwencjonalne

INTRODUCTION

Nowadays, dietary supplements are a products 
desirable by consumers. The reason is the dominance 
of their advertisements in the media and their wide 
availability, both in pharmacies and markets. Dietary 
supplements, to some extent, are classified as food in 
a very specific form, analogous to pharmaceuticals. 

This involves some misunderstanding of their 
function and role in the patient’s body. International 
researches have shown that the society considers 
dietary supplements as medicines and uses them to 
treat illnesses or body dysfunctions [6, 51, 53, 59]. 
The increasing popularity of these products may be 
related to several factors, such as: increased public 
awareness of the association between nutrition and 
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angiogenesis and disease progression [5, 33]. Lignans 
from linseed demonstrate the ability to interfere with 
the phenotype of the malignant tumor, which affects 
its cellular characteristics. These compounds affect 
the connections between the molecular signalling 
networks, which means that they can modulate many 
signalling cascades at different stages of oncological 
disease. As a result of these properties, linseed 
lignans participate in inhibiting the progress of the 
disease in the patient’s body [55].

A pilot scientific study, conducted by Fabian et 
al. [24], concerned the modulation of biomarkers 
of breast cancer risk in premenopausal women 
after administration of plant-diglycoside 
secoisolariciresinol. In the study, 45 premenopausal 
women, with regular menstrual cycles, who did 
not use oral contraceptives for at least 6 months 
participated. The median age was 49 years, 73% of 
women had one or more first-degree relatives with 
diagnosed breast cancer. 22% of the participants 
had previously a biopsy with atypical ductal 
hypertrophy or lobular carcinoma. Women could 
be qualified for a random perioperative thin needle 
aspiration (RPFNA) tissue test if they met the 
malignant tumor risk criteria. To the risk criteria in 
the conducted study were considered: 5-year Gail 
risk ≥ 1.7%, 3 times the average risk determined 
by Surveillance, Epidemiology, and End Results 
(SEER) for the relevant age group, biopsy with 
atypical growth or lobular cancer, or breast cancer 
diagnosed and treated in the past. Additionally, the 
qualified patients had to have proper kidney and liver 
function and no hematological problems. During the 
6 weeks before the blood serum samples were taken, 
participants were required not to use antibiotics or 
linseed supplements to determine the initial lignan 
concentration in the patients’ blood. The women took 
50 mg of SDG daily for 12 months [24].

The concentration of lignans in the patients’ blood 
serum has increased 16 fold in total. The percentage 
of evaluated women with abnormal cytomorphology 
was higher at the beginning than at the end of the 
study (62% vs. 42%). Also the authors of the study 
noticed a significant change in the category of number 
of cancer cells with a decrease in their proliferation in 
80% of the participants. Fabian et al. [24] additionally 
observed a decrease in the percentage of women with 
cytological types [24].

SDG in physiological solutions provides protection 
against DNA irradiation by capturing active chlorine 
types and reducing chlorinated nucleic bases [38]. 
This property suggests that SDG can be effective 
in protecting the healthy tissues of an oncological 
patient during radiotherapy [37]. The molecular 
pathways associated with the antioxidant properties 
of flaxseed lignans contribute to the control of many 
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health, increased diagnosis of diet-related diseases, 
and difficult access to doctors [59].

It is estimated that 50-73% of patients, 
diagnosed with oncological disease, decide to use 
unconventional methods to support their organism 
in the cancer treatment. Patients often use dietary 
supplements and other non-conventional preparations 
that they recommend among themselves [27, 50, 59]. 
Even about 75% of doctors do not know about the 
additional substances used by patients on their own 
[27, 59].

COMMON FLAX  
(LINUM USITATISSIMUM L.)

Common flax (Linum usitatissimum L.) belongs 
to the plants widely grown in the 60’s, 70’s and 
80’s in Poland. At that time, it was grown for fibre, 
but nowadays, it is increasing in importance as 
a raw material for seeds and oil. Common flax is 
characterized by a rare content of unsaturated fatty 
acids, in which α-linolenic acid (ALA) prevails. 
Flax seeds (or linseeds) are a valuable therapeutic 
raw material, they are characterized by the content 
of ingredients with anticancer and antithrombotic 
effects. Linseed has bioactive components: essential 
unsaturated fatty acids, mainly ALA, antioxidants, 
microelements (mainly selenium), lignans [54] and 
fiber [9]. In cancer diseases, flaxseed is used for both 
preventive and therapeutic purposes [16].

SECOISOLARICIRESINOL 
DIGLYCOSIDE (SDG)

Secoisolariciresinol diglycoside (SDG) belongs 
to polyphenolic plant lignans, which after oral use 
is hydrolysed to ecoisolariciresinol (SECO). In the 
gastrointestinal tract it is metabolized by intestinal 
bacteria to lignans, biologically active in mammals 
– enterodiol (END) and enterolactone (ENL) [24]. 
In an estrogenic environment, lignans act as partial 
antagonists of this hormone in a tissue-specific 
manner [10, 24, 39]. The highest SDG concentration 
is found in linseed, but it is also found in other 
oilseeds, nuts, full-fat products, pulses, as well as in 
some vegetables and fruits [24, 56]. These days, the 
most common dietary pattern (the so-called western 
diet) provides < 10 mg/day of lignans [7, 15, 24, 56].

IMPORTANCE OF SDG IN CANCER

The authors of available preclinical studies 
emphasize clear therapeutic benefits of a lignan-rich 
diet with demonstrated reduction of early stages of 
cancer, as well as inhibition of tumor growth [8, 32], 
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cancer characteristics, such as cell death resistance, 
genome instability and mutation, as well as cell 
energy deregulation [16].

In addition, the anti-inflammatory properties 
of flaxseed lignans are well known, which are 
also effective in cancer. These compounds can 
modulate the inflammatory process by means of 
several mechanisms, which include: modulation 
of immune cell activation through interference 
with NF-kB pathway signalling [13], reduction in 
number of proinflammatory cytokines (IL-1β, IL-6, 
TNFα, HMGB1 and TGFβ1) and cytokine receptors 
(TNFαR1 and TGFβR1) [44], as well as reduction of 
cyclooxygenase enzyme activity [19]. Furthermore, 
the ingredients present in linseed are regulated by 
miRNA, including miR-150, which is integrated into 
the intermediary networks with immune response 
[12]. Linseed lignans play an important role in 
inhibiting the spread of cancer-induced inflammation 
in the patient’s body [16].

Lignans also have an effect on signal glasses, 
which are involved in anticancer and antimutagenic 
processes [1, 42, 46, 47, 57, 61]. Ingredients present 
in flax seeds are able to positively modulate lipid 
and glucose homeostasis in the human body. High 
cholesterol, lipid and glucose levels in the patient’s 
blood serum increase the risk of malignant cancer 
[14, 20, 30, 35, 48, 52, 58]. Changed cholesterol 
metabolism and its accumulation in the mitochondria 
of cancer cells can promote continuous cell growth, 
increase their survival and progression [4, 16, 31, 
45, 49]. Lignans have a significant role in cellular 
energy pathways and lipid homeostasis, which 
includes the ability to reduce the expression and 
activity of carnitine palmitoyltransfer 1 (CPT 1), as 
well as modulation of protein kinase activated by 
5’adenosine monophosphate (pAMPK), proliferator-
activated peroxisome α receptor (PPARα), fatty acid 
synthase (FASN), expression and activity of sterol 
binding protein (SREBP1c). Additionally, lignans 
have an importance in the expression and activity 
of adipogenesis-related genes present in leptin, 
adiponectin, glucose 4 transporter (GLUT-4) and 
γ receptor, activated by peroxisome proliferator 
(PPARγ) [17, 21, 26, 40, 60].

Lignans contained in linseed also have the ability 
to chemically reduce the factors contributing to breast 
and colon cancer. Flaxseed compounds are considered 
as phytoestrogens capable of modulating estrogen 
receptors and other hormonal functions. The authors 
of the conducted research suggest that linseed lignans, 
formed as a result of their metabolism by intestinal 
bacteria (END and ENL), are able to inhibit hormone-
dependent proliferation of cancer cells, tumor growth 
and development of breast, uterus and prostate cancer. 
This is associated with their similar to estrogen form, 

which results in the combination of lignans with 
the same receptors on the surface of cancer cells as 
estrogen [9, 16, 18, 34].

The authors of scientific studies conducted so far 
suggest that dietary supplementation with linseed 
can inhibit the proliferation of cancer and prevent the 
cancer process initiation [3].

The main drugs used to treat prostate cancer are 
docetaxel and doxorubicin. Both drugs inhibited 
PC3 tumour cell growth with an IC50 value of 0.9 
nM and 0.2 µM, respectively. Di [18] in his PhD 
thesis observed that at a concentration of 50 µM of 
secoisolariciresino, the IC50 value of docetaxel was 
reduced by 60% (to 0.37 nM). Whereas enterolactone 
reduced the IC50 value of docetaxel to 0.09 nM with a 
90% growth inhibition at a concentration of 50 µM. 
The study reported no significant difference between 
50 µM of secoisolariciresinol or enterolactone with 
doxorubicin in PC3 cancer cells. Di [18] considers 
that the results obtained in his scientific study 
indicate that the linseed metabolites SECO and ENL, 
significantly increase the sensitivity of prostate cancer 
cells to many of the chemotherapeutic agents used 
in its treatment. However, he highlights that ENL 
lignan causes greater cytotoxicity to prostate cancer 
cells, either when used alone or in combination with 
chemotherapy, compared to the minor therapeutic 
effect of SECO observed in the study [18].

In the meta-analysis by Perez-Cornago et al. 
[43], a total of 241 cases and 503 controls from two 
Japanese prospective studies and 2828 cases and 
5593 controls from five European prospective studies 
were analysed. The studies considered for the meta-
analysis included data on serum phytoestrogen 
concentrations in participants prior to diagnosis of 
malignant prostate cancer. Five studies, eligible for 
meta-analysis, were concerned with enterolactone 
levels (2828 cases and 5593 controls) and 2 studies 
analysed with serum enterodiol levels (1002 cases 
and 1197 controls) in participants. Perez-Cornago 
et al. on the basis of their analysis of scientific 
studies did not note existing strong evidence 
supporting the importance of lignan concentrations 
in prediagnosis with prostate malignancy risk [43]. 
Additionally, Eriksen et al. in a cohort study reported 
no association between prediagnostic enterolactone 
levels and mortality among men diagnosed with 
prostate malignancy [23].

DIETARY LINSEED 
SUPPLEMENTATION 

– IS IT ABSOLUTELY SAFE?

In scientific studies with oncological patients, the 
benefits of linseed consumption are unclear. There is 
a confusion as to the most appropriate lignan intake, 
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which is associated with the problem of determining 
the lignan serum levels in patients’ blood [16]. It 
should be highlighted that an excessive dietary 
supplementation of omega-3 acids may increase 
the risk of hemorrhagic complications [29]. Some 
scientific reports have emerged about the possibility 
of reducing the anti-cancer drug tamoxyphene, 
whose action was to inhibit the estrogen activity 
on cancer cells in the patients’ organisms, during 
the pharmacological therapy of breast cancer. Their 
authors carried out studies with laboratory animals, 
in which they noted that flax seeds can reduce the 
absorption of drugs. Therefore, it is necessary to 
consume linseed at least 1 hour before or 2 hours 
after taking the pharmaceuticals [2]. 

Tamoxifen is cancer, particularly in estrogen 
receptor positive (ER+) women. According to Calado 
et al. [36] flaxseed does not interact with drugs 
used in the treatment of malignant breast cancer. 
Additionally, flaxseed supplementation may provide 
an additional protective effect during the course of 
treatment [36].

In a scientific study with laboratory animals, the 
authors observed that supplementation with flaxseed, 
linseed oil or SDG, combined with tamoxifen 
treatment reduced tumour size to a greater extent 
than chemotherapy alone [25].

Similar results were also obtained by researchers 
at the University of Toronto. In their study, mice were 
injected with MCF-7 breast tumours. The animals 
were divided into 3 groups, one taking 20-25 g of 
ground flaxseed, another tamoxifen (5 mg) and the 
third a combination of both methods. The authors 
of the study observed that combined treatment with 
the chemotherapeutic agent and flaxseed inhibited 
malignant tumour growth 53% more effectively than 
treatment with tamoxifen alone [11].

However, the efficacy of dietary flaxseed 
supplementation in combination with conventional 
therapies is not clear. A pilot scientific study 
involving 24 postmenopausal women diagnosed with 
ER+ breast cancer analysed the efficacy of flaxseed 
and the aromatase inhibitor anastrozole (one of 
the drugs used to treat breast cancer) and possible 
interactions between them. The women were divided 
into 4 groups. The first took 25 g of ground flax 
seeds and 1 placebo tablet per day, the second took 
1 mg of anastrozole per day, the third took 25 g of 
ground flax seeds and 1 mg of anastrozole per day, 
while group 4 took only 1 placebo pill per day. The 
authors of the study reported no effect of flaxseed on 
aromatase inhibitor activity in selected breast cancer 
characteristics and serum steroid hormone levels of 
the participants [36]. 

Nevertheless, a scientific study by Di et al. 
[17] examined whether linseed lignans increased 

the cytotoxicity of chemotherapeutic agents on 
selected groups of breast cancer cells. The authors 
observed that the combination of linseed lignans 
(secoisolaciresinol and enterolactone), with 
commonly used chemotherapeutic drugs (docetaxel, 
doxorubicin and carboplatin), exhibiting different 
mechanisms of therapeutic action, significantly 
increased the ability of chemotherapy to induce 
cytotoxicity in SKBR3 and MDA-MB-231 cancer 
cells. Di et al. claim that the in vitro results they 
received suggest a future direction for improving 
the efficacy of chemotherapy in the treatment of 
malignant breast cancer by introducing adjuvant 
therapy with flaxseed lignans [17].

The American Institute for Cancer Research 
recommends consultation with a doctor or health 
care professional regarding the possibility of 
consuming flax seeds while taking supplements or 
anticoagulants. The AICR, due to contradictory 
clinical evidences, also concludes that further 
scientific research is needed to confirm whether there 
is an benefit from flaxseed consumption as part of the 
prevention or treatment of specific types of diagnosed 
prostate malignant tumors [2].

Based on the available information, European 
Food Safety Authority (EFSA) concludes that the 
effects of flaxseeds and lignans on hormone secretion, 
as observed in in vitro studies and in laboratory 
animals on tumour cell growth and reproduction, 
may be beneficial or detrimental depending on the 
dose, duration and time of exposure to lignans. 
EFSA considers that not only the potential beneficial 
health effects, but also the possible adverse effects 
that consumption of lignans may cause at a certain 
stage of human development should be taken into 
account. EFSA also concludes that lignans present in 
flax seeds do not exhibit genotoxicity, but highlights 
that there are no scientific studies available on the 
carcinogenicity of lignans. According to the scientific 
studies reviewed, EFSA estimated the intake of 
lignans from food supplements to be in the range of 
35-312 mg/day. This equates to an intake of 0.58 to 
5.2 mg/kg/day by a person of 60 kg body weight [28].

In contrast, the safety range for the intake of 
lignans contained in food is from 31 to 275 mg/
day. EFSA also emphasises that the safety of use 
of dietary supplements whose main ingredient is 
lignans in pregnant or lactating women has not been 
established. It also recommends caution in the use 
of these supplements in women with a physiological, 
hormone-sensitive condition (e.g. endometriosis, 
polycystic ovarian syndrome, uterine fibroids, breast, 
uterine or ovarian cancer). EFSA also underlines that 
women diagnosed with hormone-dependent breast 
cancer should avoid lignans [28]. 

The legitimacy of using dietary supplement SDG from flaxseed in cancer
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In addition, long-term consumption of flaxseed 
has been shown to increase the concentration of 
thiocyanates in plasma and excreted in urine. Regular 
consumption of flaxseeds induces an accumulation 
of thiocyanates comparable to their concentration in 
the blood serum of compulsive smokers. However, 
consumption of up to 100 g of flaxseed per day 
does not cause any change in the concentration of 
cyanides in human blood serum. However, EFSA 
emphasises that the available scientific data on the 
cyanide content of flaxseeds and its potential risks for 
human health are insufficient and require additional 
scientific evidence [28].

EFSA has also published health claims for linseed 
oil and linseed. The health relationship and suggested 
wording of the claim for the individual food or its 
ingredients are shown in Table 1 [22]. 

COMMERCIALLY AVAILABLE 
DIETARY SUPPLEMENTS WITH SDG

The most available dietary supplements on the 
market, containing linseed lignans, are designed 
to regulate the concentration of sex hormones. In 
women’s hormone management, flaxseed lignans 
are supposed to contribute to alleviate the effects of 
the menopause and demonstrate antioxidant effects. 
Whereas manufacturers of dietary supplements for 
men, declare the protective effect of the prostate, 
increase in libido, free testosterone and also increase 
in strength and muscle mass. In the pharmaceuticals’ 
intended use descriptions, manufacturers also declare 
beneficial effects on patients’ cardiovascular system 
and removal of free radicals from their organisms.

In turn supplements, of which flax seeds are a 
component, are intended to improve the digestive 
tract function, by complementing the diet with 
dietary fiber. 

In case of using products made of linseed oil, it 
is intended to complement the diet with essential 
unsaturated fatty acids (mainly α-linolenic acid), 
support the immune and cardiovascular system 
as well as have a positive effect on the patient’s 
lipid profile. The dietary supplements selected and 
analysed in this study are presented in Table 2.

It should also be highlighted that one of the 
manufacturers, which declares on its website that the 
health claims it has made regarding the effectiveness 
of the food supplement have not been evaluated by 
the Food and Drug Administration (FDA). FDA 
also emphasizes that this product is not intended to 
diagnose, treat or prevent any disease. The website 
also contains information about differences in lignan 
content in the dietary supplement, by 3-5% [41].

CONCLUSIONS

From the review of the world’s scientific literature 
it is not possible to unequivocally confirm the 
effectiveness and validity of supplementation with 
flax seeds or their lignans alone, as monotherapy or 
in support of conventional therapies - chemotherapy 
or radiotherapy.

There are scientific evidence of their efficacy 
in oncological diseases, but the therapeutic effects 
of linseed in oncology are closely related to the 
type of malignant tumour and the specific cancer 
cells. Further clinical studies are needed to clearly 
establish the validity of dietary supplementation with 
SDG from flaxseed in cancer.

Examined pharmaceutical products available 
in pharmacies and e-stores, containing in their 
composition linseed lignans, linseed oil or linseed, 
are characterized by different therapeutic effects 
declared by the manufacturers. Most of the available 
dietary supplements, containing SDGs in their 
composition, were designed to alleviate menopausal 
symptoms, support the immune and the endocrine 
system. Pharmaceutical manufacturers of food 
supplements containing linseed lignans declared 
that the use of the supplement by men would have 
a beneficial effect on prostate function, libido and 
serum testosterone levels.

None of the pharmaceutical supplements analysed 
and found were directly intended for people with 
oncological disease. The only information that could 
suggest a benefit of using a dietary supplement by 
patients with malignant tumours is the claimed 
protection of cells against oxidative stress that occurs 
during the disease.

K. Dobrowolska, B. Regulska-Ilow
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