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The Take-Home
General Summary
• Because human studies are extreme-
ly limited, research does not provide a 
basis to recommend use of flaxseed for 
the explicit purpose of cancer protec-
tion at this time.

• For people who wish to consume 
flaxseed as a source of omega-3 fat or 
dietary fiber, studies do not support 
fears that flaxseed could increase inci-
dence or recurrence of breast cancer.

• Because there are no studies regard-
ing the effects of flaxseed in children 
or women who are pregnant or breast-
feeding, researchers suggest caution.  

Research Specifics
• Animal studies suggest that flaxseed 
may decrease growth of both estrogen 
receptor-negative and estrogen recep-
tor-positive breast cancers. 

• In animal studies, flaxseed did not 
interfere with tamoxifen’s actions and 
may have enhanced effectiveness. 
However, with no results of clinical 
trials of flaxseed use during tamoxifen 

or aromatase inhibitor treatment, deci-
sions about flaxseed use should be dis-
cussed carefully with a patient’s physi-
cian. 

• Flaxseed’s effects vary with individual 
differences including diet, hormones 
and genetics. 

• In limited short-term human studies 
using 10 to 30 g flaxseed per day (corre-
sponding to approximately 1 to 4 level 
tablespoons of ground flaxseed), con-
sumption altered estrogen metabolism 
in ways that may protect against breast 
cancer.  

Research Background
Most research in flaxseed and cancer 
has focused on flaxseed’s relationship 
to breast cancer, though emerging re-
search addresses its role in cancers of 
the prostate and colon. Research has 
primarily focused on the potential for 
flaxseed (also known as linseed) to 
reduce cancer risk through its lignan 
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compounds and its alpha-linolenic acid (ALA, an 
omega-3 fatty acid) content, and these will be the 
focus of this review, although its concentrated di-
etary fiber and other nutritional components may 
also influence cancer risk.  The impact of flaxseed 
needs to be distinguished from that of flaxseed oil, 
which does not naturally contain lignans.  

Few human intervention trials using flaxseed are 
available. Compared to a control group of post-
menopausal women with newly diagnosed breast 
cancer, those who consumed 25 g ground flaxseed 
per day for approximately 32 days showed de-
creased tumor cell proliferation, decreased HER2 
(c-erbB2) expression and increased apoptosis at the 
time of surgery. (HER2 leads to growth factor signal-
ing pathways that play a role in cell proliferation, 
differentiation, apoptosis and metastasis.) Estrogen 
and progesterone levels and receptor activity did 
not change.1  

In early animal studies, flaxseed reduced tumor 
incidence, number and size when fed to carcino-
gen-treated rats at initiation, promotion or later 
stages of cancer development.2,3 More recently, di-
ets with 5 percent or 10 percent flaxseed (compa-
rable to 25 to 30 grams of flaxseed daily in humans) 
inhibited the growth of both estrogen receptor 
(ER)-positive4,5,6,7,8,9,10 and ER-negative11,12,13 human 
breast cancer cells injected in mice. It also reduced 
metastasis of ER-negative breast tumors.11,12,14 These 
studies maintained either high estrogen levels as a 
model for pre-menopausal breast cancer or low es-
trogen levels as a model of postmenopausal breast 
cancer.  Decreased cell proliferation rates, decreased 
angiogenesis and increased apoptosis seem to ac-
count for the decreased tumor growth.

Lignans in Depth
Lignans occur in a number of plant foods, but flax-
seed is a particularly rich source (lignans are not to 
be confused with lignins, a type of insoluble fiber).   
Lignans, along with isoflavones and coumestans, 
comprise the three major classes of phytoestrogens 
(plant estrogens). When plant lignans are con-
sumed, intestinal bacteria convert some into two 
mammalian lignans, enterolactone and enterodiol. 
(Fig.1) These compounds are absorbed from the 
digestive tract, circulate and are excreted in the 
urine.  
  
In some population studies, greater serum15 or uri-
nary16 levels of enterolactone are associated with 
decreased breast cancer risk. In others, however, se-
rum enterolactone showed no link to breast cancer 
risk,17, 18 and one nested case-control study showed 
a U-shaped relationship with increased risk at very 
low and very high levels of serum enterolactone.19

In a series of case-control studies, women with 
highest estimated lignan consumption showed 28 
percent to 51 percent lower risk of breast cancer, 
though impact varied according to menopausal and 
estrogen receptor status,20, 21, 22, and was not seen in 
all such studies.23, 24. A meta-analysis of seven case-
control and four cohort studies found no significant 
association of total lignan intake and overall breast 
cancer risk.25 Separating analysis by menopausal 
status showed no significant link to premenopausal 
breast cancer, but a significant 15 percent lower risk 
of postmenopausal breast cancer in women with 
highest lignan consumption.
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In studies such as these, it’s important to 
note that dietary and body levels of 

lignans do not represent flaxseed 
consumption alone.

Another case-control study published since this 
meta-analysis showed highest estimated lignan 
consumption was associated with significantly 
lower postmenopausal breast cancer mortality, but 
showed no significant association with premeno-
pausal breast cancer mortality.26  
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In studies such as these, it’s important to note that 
dietary and body levels of lignans do not represent 
flaxseed consumption alone.  In most Western diets, 
vegetables, grains, fruit, tea, coffee, legumes, nuts 
and seeds provide much larger amounts of lignans.  
Flaxseed is by far the most concentrated source of 
lignans, however, so including it in a diet changes 
lignan consumption dramatically.

Figure 1
Lignans

• A type of 
phytoestrogen 

in flaxseed

Enterolactone Enterodiol

Reacts with intestinal bacteria

The breakdown of flaxseed lignans into 
mammalian lignans.



The top quartile of lignan consumption in these 
studies is substantially lower than amounts pro-
vided by the two to four tablespoons of ground 
flaxseed per day typically used in human studies.  
So the effects, or lack of effects, of lignan consump-
tion in these studies does not necessarily predict 
the effect of flaxseed consumption because flaxseed 
provides different types of lignans. In addition, the 
omega-3 fat in flaxseed is not likely obtained from 
other sources of lignans.

Lignans & Estrogen
Human estrogen occurs in two major forms: estra-
diol (E2) and estrone (E1). Estradiol is oxidized in 
the liver to estrone, which can then be hydroxy-
lated to one of several forms of widely differing 
estrogenic power.(Fig. 2) The two major forms are 
2-hydroxyestrone (2OHE1), a relatively weak es-
trogen, and 16 -hydroxyestrone (16OHE1), which 
increases cell proliferation of human breast cancer 
cell lines in vitro and increases uterine growth in 
animal studies. Research suggests that women with 
a low ratio of urinary 2OHE1 to 16OHE1 have an 
increased risk of both pre- and postmenopausal  
breast cancer. 27,28, 29

Among healthy postmenopausal  women, ground 
flaxseed in amounts from 5 to 40 grams daily may30 
or may not31 reduce serum estrone and estradi-
ol, but 5 to 25 grams of ground flaxseed per day 
has consistently shown a shift toward the weak-
er (2OHE1) form of estrogen.32, 33, 34 Flaxseed also 
showed a significant shift to the weaker estrogen 
(increased 2OHE1:16OHE1 ratio) in premenopaus-
al women.35

One trial that worked up to 15 grams of flaxseed per 
day suggests that flaxseed’s impact on serum estro-
gens may be greater among overweight and obese 
postmenopausal women than those of normal 
weight;36 these women generally have higher levels 
of circulating estrogen.  The range in response to 
lignans may also reflect polymorphisms in genes 
related to hormone metabolism.34
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The range in response to lignans may 
also reflect polymorphisms in genes 

related to hormone metabolism
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Another way lignans may alter estrogen metabolism 
in postmenopausal  women is through decreasing 
estrogen levels by moderately inhibiting the aro-
matase enzyme responsible for the conversion of 
androstenedione to estrone in adipose tissue (the 
major source of estrogen after menopause).  Some 
research suggests that lignans could also reduce 
bioavailable estrogen by increasing synthesis of sex 
hormone-binding globulin (SHBG), which binds 
androgens and estrogens, but results have not been 
consistent.

Lignans and Growth Factors
Lignans could influence ER-negative and ER-pos-
itive tumors by decreasing insulin-like growth 
factor-1 (IGF-1), epidermal growth factor receptor 
(EGFR), HER2 and the vascular endothelial growth 
factor (VEGF) which supports angiogenesis.12, 6, 5, 

13, 9 Most of the studies showing effects on these 
growth factors involve xenografts of human breast 
cancer in mice. However, Thompson1 also found 
decreased HER2 (c-erbB2) expression in breast tu-
mor tissue at time of surgery compared with time 
of diagnosis in postmenopausal women given 25 
grams of flaxseed daily for about 32 days. 
 
Flaxseed as a Source of Omega-3 Fat
Flaxseed’s omega-3 fat provides both hope for po-
tential benefits and concerns of potential risks for 
some people. Alpha-linolenic acid (ALA, 18:3) com-
prises almost half of the fat in flaxseed.  Each table-
spoon of ground flaxseed provides 1.6 g ALA and 
each tablespoon of flaxseed oil has 7.3 g ALA, about 
four times the content of linoleic acid (LA, 18:2), 
an essential omega-6 fatty acid.  

Figure 2Human estrogen
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Role of ALA and LA in cancer cell growth
Humans can use ALA to synthesize eicosapen-
taenoic acid (EPA), the source of anti-inflammatory 
eicosanoids. Eicosanoids are signaling compounds 
involved in balancing and controlling inflamma-
tion and immunity. Emerging research suggests 
that EPA could influence cell-signaling pathways 
in ways that decrease cancer growth.37 In contrast, 
LA leads to production of pro-inflammatory eico-
sanoids, which in vitro and animal studies suggest 
could increase cancer cell proliferation and angio-
genesis. 

Conversion of ALA to EPA and DHA
When considering omega-3 fat’s impact on cancer, 
it’s important to note that effects seen with a par-
ticular amount of EPA and DHA (another omega-3 
fatty acid present in fish) should not be expected 
from an equal amount of ALA.  Conversion of ALA 
to DHA is particularly inefficient, estimated at less 
than four percent in men and up to nine percent in 
women of reproductive age.38, 37 Estimates of ALA 
conversion to EPA, the source of anti-inflamma-
tory and other potentially cancer-inhibiting com-
pounds, range from 0.3 to 8 percent in men and 
up to 21 percent in women of childbearing age.  
Overall diet, including consumption of ALA, LA, 
DHA and EPA, affects rates of conversion as well.

adequate to support recommending alpha-linolen-
ic acid as a way to reduce risk of breast or prostate 
cancer.41 Food, Nutrition, Physical Activity and the 
Prevention of Cancer, AICR’s second expert report42 
notes biological plausibility of a relationship of 
omega-3 fat intake and reduced risk of breast and 
possibly other cancers, but found evidence was too 
limited to draw any conclusions.

Flaxseed and Special Populations
People at Bleeding Risk
The ALA in flaxseed is converted to EPA, which 
forms compounds that decrease blood clotting and 
this raises questions about its safety for people at 
risk of bleeding.  EPA and DHA in amounts less than 
3 g per day are unlikely to increase bleeding ten-
dencies.43 Therefore, because of the inefficient con-
version of ALA to EPA, flaxseed in typical amounts 
(two to four tablespoons of ground flaxseed or one 
tablespoon of flaxseed oil per day) poses little risk of 
bleeding in healthy people. People who take high-
dose EPA and DHA supplements or medications 
with anticoagulant effects,  such as aspirin, clopi-
dogrel (Plavix), dipyridamole (Persantine), enox-
aparin (Lovenox), heparin, ticlopidine (Ticlid), and 
warfarin (Coumadin), should talk with their doctor 
before beginning daily flaxseed use and have their 
coagulation status monitored.  

Women on Adjuvant Breast Therapy
Tamoxifen is an adjuvant therapy for breast can-
cer that seems to work principally by competing 
with estrogen for binding to estrogen receptors. 
Health professionals often question whether the 
lignans in flaxseeds could interfere with tamoxifen.  
However, studies of mice injected with ER+ human 
breast cancer suggest that in both high- and low-
estrogen conditions (modeling pre- and postmeno-
pausal  breast cancer), flaxseed either enhanced or 
maintained5, 6, 4, 8  the effectiveness of tamoxifen in 
decreasing tumor growth, decreasing cell prolifera-
tion and increasing apoptosis. However, no results 
of clinical trials of flaxseed use during tamoxifen 
treatment are currently available. Research is in 
progress regarding flaxseed use during treatment 
with aromatase inhibitors.  

Interactions with Other Medications
Flaxseed may slow or decrease absorption of oral 
medications or nutrients, so it should be taken one 
hour before or two hours after any prescription or 
nonprescription medicine. 

In addition to the interactions with anticoagulant 
medications above, the potential for glucose low-
ering due to flaxseed combined with antidiabetes 
medications increases the chances of hypoglyce-
mia.44
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AICR’s second expert report notes 
biological plausibility of a relationship of 
omega-3 fat intake and reduced risk of 
breast and possibly other cancers, but 

found evidence was too limited to draw 
any conclusions.
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Despite inefficient conversion, the 5.7 to 6.8 g 
of ALA in the approximately 25 to 30 gram daily 
doses of ground flaxseed generally used in studies 
of flaxseed and breast cancer-related biomarkers 
could increase circulating EPA levels significantly.39 
The effect on breast cancer incidence is unknown. 

Animal and human studies and ALA
In a study of mice with xenografts of ER- human 
breast cancer, flaxseed oil alone decreased tumor 
cell proliferation and increased apoptosis, but best 
protection, including decreased overall metastasis, 
came from flaxseed or a combination of its lignans 
and its oil.11  A prospective study of ALA consump-
tion and breast cancer risk concluded that the ef-
fect of ALA or total omega-3 fat consumption de-
pends on interactions among antioxidants, fatty 
acids and other components of the diet.40

A review by the Natural Standard Research Col-
laboration concludes that evidence is not currently 



Pregnancy, Breastfeeding, Children
Researchers have no conclusive data on the safety of 
flaxseed taken daily by children or by women who 
are pregnant or breastfeeding. The Natural Medi-
cines Comprehensive Database says there is no reli-
able clinical evidence of safety during pregnancy or 
lactation. It lists flaxseed use during pregnancy as 
“possibly unsafe” and recommends avoidance dur-
ing breastfeeding. 

Questions That Need to 
Be Answered

What is the impact of regular long-term consump-
tion of flaxseed on bone health?
Bone strength seems to be particularly increased by 
the 16OHE1 form of estrogen, so especially for can-
cer survivors who may be at increased risk of osteo-
porosis, it’s important to know whether changing 
the 2OHE1:16OHE1 ratio decreases bone mineral 
density. No significant effects – positive or negative 
– on biomarkers of bone health or bone mineral 
density were observed in postmenopausal women 
taking 25 g32 daily for sixteen weeks, 40 g flaxseed 
daily for three months,31 or 40 g flaxseed daily for 
one year.45  It is however, an important issue to in-
vestigate and consider in the decision about regular 
use of flaxseed. 

What is the impact of flaxseed on risk of other 
cancers?

Prostate:
Limited studies have shown that flaxseed inhibits 
the growth and metastasis of prostate cancer in 
mice,46 and lowers tumor biomarkers or pre-surgery 
cell proliferation rates in men with prostate can-
cer, with or without a low-fat diet.47, 48 Conflicting 
reports link ALA consumption with increased, de-
creased or unchanged prostate cancer risk, and im-
pact likely varies with the food source of ALA and 
overall fatty acid composition of the diet.

Colon:
Laboratory studies suggest that flaxseed could pro-
tect against colon cancer through anti-inflammato-
ry effects of its omega-3 fat, its lignans promotion 
of apoptosis and perhaps through its dietary fiber 
content,49 but human studies are lacking.
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Uterine:
Limited data does not suggest a protective role 
for flaxseed against uterine cancer.  In an animal 
study, it did not seem to decrease estrogen-stimu-
lated uterine growth6 and endometrial thickness (a 
measure of uterine cancer) did not change in post-
menopausal women who took 25 g flaxseed for 3 
months.50 Some evidence suggests that flaxseed 
may, however, reduce uterine growth that can be 
promoted with tamoxifen use.4 

How do the lignan phytoestrogens in flaxseed 
compare and interact with lignans from sesame 
seeds, grains and other foods, and with the isofla-
vone phytoestrogens in soybeans?
Preliminary evidence suggests that different lign-
ans may have very different effects, and that flax-
seed may interact in beneficial ways with soy.10

People who take high-dose EPA and 
DHA supplements or medications with 
anticoagulant effects should talk with 

their doctor before beginning daily 
flaxseed use.
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Talking with Patients about Flaxseed
Does flaxseed lower risk for cancer?
• Flaxseed may contribute to lower cancer risk, but research is too limited to recommend it for cancer 
 protection. 

• Flaxseed’s effects vary depending on diet, hormones, genetics and more. 

• 1 to 4 tablespoons of ground flaxseed per day appears to be safe and potentially protective against  
 breast cancer based on studies using those amounts.

I heard that flaxseed might increase risk for getting breast cancer.
• Studies have not shown that flaxseed increases incidence or recurrence of breast cancer.

Is it safe to take flaxseed if I’m on tamoxifen or aromatase inhibitor treatment?
• Although in animal studies flaxseed did not interfere with tamoxifen’s actions, there are no 
 clinical study results available.

• Research with aromatase inhibitors is not yet available.

• It is best to discuss flaxseed use with your physician. 

Does flaxseed interfere with any medications or supplements?
• Flaxseed may slow or decrease absorption of medications, so discuss with your doctor. (You may need to  
 take it at different times than your prescription or nonprescription medicine.)

• It is also important to talk with your doctor before taking flaxseed if you take fish oil, EPA + DHA 
 supplements or anticoagulant medications (aspirin or blood thinners such as clopidogrel (Plavix), 
 heparin and warfarin (Coumadin).

Can pregnant women and children take flaxseed?
• The effects of flaxseed supplements in pregnant and breastfeeding women and children are not known, 
 so caution is advised. Talk with your doctor.

If I decide to take flaxseed, what’s the best way to get started?
• Start with one tablespoon of ground flaxseed at a time; wait a few days to get used to the increased 
 fiber before adding more.

• Use ground flaxseed (“flaxseed meal”) so you’ll absorb more omega-3 fats and the cancer-fighting 
 lignans.

• Buy flaxseed pre-ground or grind the whole seeds in a coffee grinder or food processor.

• Drink at least 64 ounces of liquids daily to help move the fiber through your digestive system.

• Add to cereal, yogurt or salads. Include in baked muffins or quick breads as cooking does not change lignan  
 content significantly.

• Bars and cereals with flaxseeds often contain small amounts of the omega-3 fats.

• Refrigerate in a closed container; it will stay fresh for three to four months.

 
What about taking flaxseed oil?
• Flaxseed oil provides omega-3 fat, but no fiber or lignans (unless they have been added to the  oil), so 
 effects may be different than those of ground flaxseed.

• The oil may be an attractive option if the fiber content of flaxseed causes discomfort for you, or if you 
 are in one of the groups where research about safety of regular flaxseed is lacking (pregnant women and 
 children).

• Flaxseed oil should not be used in cooking, but you could use about 1 tablespoon daily to be drizzled 
 over vegetables after cooking or used in salad dressings. It is essential to store it in the refrigerator.



References
1  Thompson LU, Chen J, Li T, Stresser-Weippl K, Goss P. Dietary flax-
seed alters tumor biological markers   in  postmenopausal breast 
cancer. Clin Cancer Res. 2005 May 15;11 (10):3828-35. Link     

2  Serraino M, Thompson LU. The effect of flaxseed supplementation 
on the initiation and promotional stages of mammary tumorigen-
esis. Nutr Cancer. 1992;17 (2):153-9.  PubMed

3 Thompson LU, Rickard SE, Orcheson LJ, Seidl MM.  Flaxseed and its 
lignan and oil components reduce mammary tumor growth at a 
late stage of carcinogenesis. Carcinogenesis 1996 Jun;17 (6):1373-6.  
Link

4 Chen J, Hui E, Ip T, Thompson LU. Dietary flaxseed enhances the 
inhibitory effect of tamoxifen on the growth of estrogen-dependent 
human breast cancer (mcf-7) in nude mice.  Clin Ca Res 2004 Nov 
15;10 (22):7703-11.  Link

5 Chen, J.; Power K., Mann J., Cheng, A., Thompson LU. Dietary flax-
seed interaction with tamoxifen induced tumor regression in athy-
mic mice with MCF-7 xenografts by down regulating the expression 
of estrogen related gene products and signal transduction path-
ways. Nutr Cancer 2007;58 (2):162-170. PubMed                           

6 Chen J, Power KA, Mann J, Cheng A, Thompson LU.  Flaxseed alone 
or in combination with tamoxifen inhibits MCF-7 breast tumor growth 
in ovariectomized athymic mice with high circulating levels of estro-
gen.  Exp Biol Med (Maywood). 2007 Sep;232 (8):1071-80. Link

7 Chen J, Saggar JK, Corey, P, Thompson LU. Flaxseed and pure 
secoisolariciresinol diglucoside, but not flaxseed hull, reduce hu-
man breast tumor growth (MCF-7) in athymic mice. J Nutr 2009;139 
(11):2061-2066.  PubMed

8 Saggar JK., Chen J., Corey P, Thompson LU. Dietary flaxseed lig-
nan or oil combined with tamoxifen treatment affects MCF-7 tumor 
growth through estrogen receptor- and growth factor-signaling 
pathways. Mol Nutr Food Res. 2009;Nov 10 Epub ahead of print

9 Bergman Jungeström M, Thompson LU, Dabrosin C. Flaxseed and 
its lignans inhibit estradiol-induced growth, angiogenesis, and secre-
tion of vascular endothelial growth factor in human breast cancer 
xenografts in vivo. Clin Cancer Res. 2007 Feb 1;13 (3):1061-7.  Link

10 Saarinen NM, Power K, Chen J, Thompson LU. Flaxseed attenuates 
the tumor growth stimulating effect of soy protein in ovariectomized 
athymic mice with MCF-7 human breast cancer xenografts. Int J 
Cancer. 2006 Aug 15;119 (4):925-31.  Link

11 Wang L, Chen J, Thompson LU. The inhibitory effect of flaxseed on 
the growth and metastasis of estrogen receptor negative human 
breast cancer xenograftsis attributed to both its lignan and oil com-
ponents. Int J Cancer. 2005 Sep 20;116 (5):793-8.  Link

12 Chen J, Stavro PM, Thompson LU.  Dietary flaxseed inhibits human 
breast cancer growth and metastasis and downregulates expres-
sion of insulin-like growth factor and epidermal growth factor recep-
tor. Nutr Cancer. 2002;43 (2):187-92.  PubMed

13 Dabrosin C, Chen J, Wang L, Thompson LU. Flaxseed inhibits me-
tastasis and decreases extracellular vascular endothelial growth 
factor in human breast cancer xenografts.  Cancer Lett. 2002 Nov 
8;185 (1):31-7.  PubMed

14  Chen JM, Wang LW, Thompson LU. Flaxseed and its components 
reduce metastasis after surgical excision of solid human breast tu-
mors in nude mice. Cancer Lett. 2006;234 168-175. PubMed

15 Pietinen P, Stumpf K, Männistö S, Kataja V, Uusitupa M, Adlercreutz 
H. Serum enterolactone and risk of breast cancer: a case-control 
study in eastern Finland. Cancer Epidemiol Biomarkers Prev. 2001 
Apr;10 (4):339-44. Link 

16 Ingram D, Sanders K, Kolybaba M, Lopez D.  Case-control study 
of phyto-oestrogens and breast cancer. Lancet. 1997 Oct 4;350 
(9083):990-4.  PubMed

17 Kilkkinen A, Virtamo J, Vartiainen E, Sankila R, Virtanen MJ, Adler-
creutz H, Pietinen P. Serum enterolactone concentration is not as-
sociated with breast cancer risk in a nested case-control study. Int J 
Cancer. 2004 Jan 10;108 (2):277-80.  Link

18 Zeleniuch-Jacquotte A, Adlercreutz H, Shore RE, Koenig KL, Kato 
I, Arslan AA, Toniolo P. Circulating enterolactone and risk of breast 
cancer: a prospective study in New York. Br J Cancer. 2004 Jul 5;91 
(1):99-105. Link

19 Hultén K, Winkvist A, Lenner P, Johansson R, Adlercreutz H, Hall-
mans G. An incident case-referent study on plasma enterolactone 
and breast cancer risk. Eur J Nutr. 2002 Aug;41 (4):168-76. PubMed

20 McCann SE, Moysich KB,  Freudenheim JL, Ambrosone CB, Shields 
PG. The risk of breast cancer associated with dietary lignans differs 
by CYP17 genotype in women. J Nutr. 2002 Oct;132 (10):3036-41. 
Link

21 McCann SE, Muti P, Vito D, Edge SB, Trevisan M, Freudenheim JL. 
Dietary lignan intakes and risk of pre- and postmenopausal breast 
cancer. Int J Cancer. 2004 Sep 1;111 (3):440-3. Link

22 McCann SE, Kulkarni S, Trevisan M, Vito D, Nie J, Edge SB, Muti 
P, Freudenheim JL. Dietary lignan intakes and risk of breast cancer 
by tumor estrogen receptor status. Breast Cancer Res Treat. 2006 
Oct;99 (3):309-11. PubMed

23 Horn-Ross PL, John EM, Lee M, Stewart SL, Koo J, Sakoda LC, Shiau 
AC, Goldstein J, Davis P, Perez-Stable EJ.  Phytoestrogen consump-
tion and breast cancer risk in a multiethnic population: the Bay Area 
Breast Cancer Study.  Am J Epidemiol. 2001 Sep 1;154 (5):434-41. 
Link

24 Horn-Ross PL, Hoggatt KJ, West DW, Krone MR, Stewart SL, Anton 
H, Bernstei CL, Deapen D, Peel D, Pinder R, Reynolds P, Ross RK, 
Wright W, Ziogas A. Recent diet and breast cancer risk: the Cali-
fornia Teachers Study (USA).  Cancer Causes Control. 2002 Jun;13 
(5):407-15. PubMed

25 Velentzis LS, Cantwell MM, Cardwell C, Keshtgar MR, Leathem 
AJ, Woodside JV.  Lignans and breast cancer risk in pre- and post-
menopausal women: meta-analyses of observational studies.  Br J 
Cancer. 2009 May 5;100 (9):1492-8.  PubMed

26  McCann SE, Thompson LU, Nie J, Dorn J, Trevisan M, Shields PG, 
Ambrosone CB, Edge SB, Li HF, Kasprzak C, Freudenheim JL.  Dietary 
lignan intakes in relation to survival among women with breast can-
cer: the Western New York Exposures and Breast Cancer (WEB) Study.  
Breast Cancer Res Treat. 2009 Dec 22. [Epub ahead of print] Link

27 Lord RS, Bongiovanni B, Bralley JA. Estrogen metabolism and the 
diet-cancer connection: rationale for assessing the ratio of urinary 
hydroxylated estrogen metabolites. Altern Med Rev. 2002 Apr;7 
(2):112-29.  Link 

28  Muti P, Bradlow HL, Micheli A, Krogh V, Freudenheim JL, Schüne-
mann HJ, Stanulla M, Yang J, Sepkovic DW, Trevisan M, Berrino F. 
Estrogen metabolism and risk of breast cancer: a prospective 
study of the 2:16alpha-hydroxyestrone ratio in premenopausal and 
postmenopausal women. Epidemiology. 2000 Nov;11 (6):635-40.  
PubMed

7

AICR In Depth



29  Meilahn EN, Meilahn EN, De Stavola B, Allen DS, Fentiman I, Brad-
low HL, Sepkovic DW, Kuller LH.  Do urinary oestrogen metabolites 
predict breast cancer? Guernsey III cohort follow-up. Br J Cancer. 
1998  Nov;78 (9):1250-5.  Link

30 Hutchins AM, Martini MC, Olson BA, Thomas W, Slavin JL. Flaxseed 
consumption influences endogenous hormone concentrations in 
postmenopausal women.  Nutr Cancer. 2001;39 (1):58-65.  PubMed

31 Lucas EA, Wild RD, Hammond LJ, Khalil DA, Juma S, Daggy BP, 
Stoecker BJ, Arjmandi BH.  Flaxseed improves lipid profile without al-
tering biomarkers of bone metabolism in postmenopausal women.  
J Clin Endocrinol Metab. 2002 Apr;87 (4):1527-32. Link

32 Brooks JD, Ward WE, Lewis JE, Hilditch J, Nickell L, Wong E, Thomp-
son LU.  Supplementation with flaxseed alters estrogen metabolism 
in postmenopausal women to a greater extent than does supple-
mentation with an equal amount of soy.  Am J Clin Nutr. 2004 Feb;79 
(2):318-25.  Link

33  Haggans CJ, Hutchins AM, Olson BA, Thomas W, Martini MC, Slavin 
JL.  Effect of flaxseed consumption on urinary estrogen metabo-
lites in postmenopausal women.  Nutr Cancer. 1999;33 (2):188-95.  
PubMed

34 McCann SE, Wactawski-Wende J, Kufel K, Olson J, Ovando B, 
Kadlubar SN, Davis W, Carter L, Muti P, Shields PG, Freudenheim JL.  
Changes in 2-hydroxyestrone and 16alpha-hydroxyestrone metabo-
lism with flaxseed consumption: modification by COMT and CYP1B1 
genotype.  Cancer Epidemiol Biomarkers Prev. 2007 Feb;16 (2):256-
62.  Link

35 Haggans CJ, Travelli EJ, Thomas W, Martini MC, Slavin JL.  The ef-
fect of flaxseed and wheat bran consumption on urinary estrogen 
metabolites in premenopausal women.  Cancer Epidemiol Biomark-
ers Prev. 2000 Jul;9 (7):719-25.  Link

36 Sturgeon SR, et al. Effect of dietary flaxseed on serum levels of 
estrogens and androgens in postmenopausal women. Nutr Cancer. 
2008;60 (5):612-8.  PubMed

37 Berquin IM, Edwards IJ, Chen YQ. Multi-targeted therapy of can-
cer by omega-3 fatty acids.  Cancer Lett. 2008 Oct 8;269 (2):363-77.  
Link

38 Arterburn LM, Hall EB, Oken H. Distribution, interconversion, and 
dose response of n-3 fatty acids in humans. Am J Clin Nutr. 2006 
Jun;83 (6 Suppl):1467S-1476S.  Link

39 Harper CR, Edwards MJ, DeFilippis AP, Jacobson TA. Flaxseed oil 
increases the plasma concentrations of cardioprotective (n-3) fatty 
acids in humans.  J Nutr. 2006 Jan;136 (1):83-7.  Link

40 Thiébaut AC, Chajès V, Gerber M, Boutron-Ruault MC, Joulin V, 
Lenoir G, Berrino F, Riboli E, Bénichou J, Clavel-Chapelon F.  Dietary 
intakes of omega-6 and omega-3 polyunsaturated fatty acids and 
the risk of breast cancer.  Int J Cancer. 2009 Feb 15;124 (4):924-31.  
Link

41 Basch E, Bent S, Collins J, Dacey C, Hammerness P, Harrison M, 
Smith M, Szapary P, Ulbricht C, Vora M, Weissner W; Natural Standard 
Resource Collaboration.  Flax and flaxseed oil (Linum usitatissimum): 
a review by the Natural Standard Research Collaboration.  J Soc 
Integr Oncol. 2007 Summer;5 (3):92-105.  PubMed

42 World Cancer Research Fund / American Institute for Cancer Re-
search.  Food, Nutrition, Physical Activity and the Prevention of Can-
cer: a Global Perspective.  Washington DC: AICR 2007.  (pages 46 
and 125)  Link

43 Kris-Etherton, PM., William S. Harris, Lawrence J. Appel for the Nutri-
tion Committee. Fish Consumption, Fish Oil, Omega-3 Fatty Acids, 
and Cardiovascular Disease. Circulation. 2002;106:2747-2757. Link

44 Natural Medicines Comprehensive Database. Accessed 1/2010.

45 Dodin S, Lemay A, Jacques H, Légaré F, Forest JC, Mâsse B.  The 
effects of flaxseed dietary supplement on lipid profile, bone min-
eral density, and symptoms in menopausal women: a randomized, 
double-blind, wheat germ placebo-controlled clinical trial.  J Clin 
Endocrinol Metab. 2005 Mar;90 (3):1390-7.   Link

46 Lin X, Gingrich JR, Bao W, Li J, Haroon ZA, Demark-Wahnefried W. 
Effect of flaxseed supplementation on prostatic carcinoma in trans-
genic mice.  Urology. 2002;60:919-24.  PubMed

47 Demark-Wahnefried W, Price DT, Polascik TJ, Robertson CN, An-
derson EE, Paulson DF, Walther PJ, Gannon M, Vollmer RT.  Pilot study 
of dietary fat restriction and flaxseed supplementation in men with 
prostate cancer before surgery: exploring the effects on hormonal 
levels, prostate-specific antigen, and histopathologic features. Urol-
ogy 2001;58:47-52.  PubMed

48 Demark-Wahnefried W, Polascik TJ, George SL, Switzer BR, Madden 
JF, Ruffin MT 4th, Snyder DC, Owzar K, Hars V, Albala DM, Walther 
PJ, Robertson CN, Moul JW, Dunn BK, Brenner D, Minasian L, Stella 
P, Vollmer RT.  Flaxseed supplementation (not dietary fat restriction) 
reduces prostate cancer proliferation rates in men presurgery. Can-
cer Epidemiol Biomarkers Prev. 2008 Dec;17 (12):3577-87.  Link

49 Jenab M, Thompson LU.  The influence of flaxseed and lignans 
on colon carcinogenesis and beta-glucuronidase activity.  Carcino-
genesis. 1996 Jun;17 (6):1343-8.  Link

50 Simbalista RL, Sauerbronn AV, Aldrighi JM, Arêas JA.  Consump-
tion of a flaxseed-rich food is not more effective than a placebo in 
alleviating the climacteric symptoms of postmenopausal women. J 
Nutr. 2010 Feb;140 (2):293-7.   PubMed

8 

AICR In Depth



Estrogen receptor-negative (ER-)

Describes cells that do not have a protein to which 
the hormone estrogen will bind. Cancer cells that 
are estrogen receptor negative do not need estro-
gen to grow and usually do not stop growing when 
treated with hormones that block estrogen from 
binding. Also called ER-.

Estrogen receptor-positive (ER+)

Describes cells that have a receptor protein that 
binds the hormone estrogen. Cancer cells that are 
estrogen receptor positive may need estrogen to 
grow and may stop growing or die when treated 
with substances that block the binding and actions 
of estrogen. Also called ER+.

HER2/c-erbB2

A protein involved in normal cell growth. It is 
found on some types of cancer cells, including 
breast and ovarian. Cancer cells removed from 
the body may be tested for the presence of HER2/
neu to help decide the best type of treatment. Also 
called c-erbB-2, human EGF receptor 2 and human 
epidermal growth factor receptor 2.

Insulin-like growth factor-1 (IGF-1)

A protein made by the body that stimulates the 
growth of many types of cells. Insulin-like growth 
factor is similar to insulin (a hormone made in 
the pancreas). There are two forms of insulin-like 
growth factor called IGF-1 and IGF-2. Higher than 
normal levels of IGF-1 may increase the risk of sev-
eral types of cancer. Insulin-like growth factor is a 
type of growth factor and a type of cytokine. Also 
called IGF and somatomedin.

Lignan

A member of a group of substances found in plants 
that have shown estrogenic and anticancer effects. 
Lignans have been used in some cultures to treat 
certain medical problems.

Lignin

An insoluble polysaccharide that with cellulose and 
hemicellulose forms the chief part of the skeletal 
substances of the cell walls of plants. It provides 
bulk in the diet necessary for proper GI function-
ing.

Linoleic acid (LA)

An essential fatty acid. Linoleic acid is an omega-6 
fatty acid that serves as the parent compound in 
the synthesis of other omega-6 fatty acids such as 
arachidonic acid.
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Alpha-linolenic acid (ALA)

An essential fatty acid. ALA is an omega-3 fatty acid 
that serves as the parent compound in the synthe-
sis of other omega-3 fatty acids in the body.

Androstenedione

An adrenal steroid that is a precursor to testoster-
one and other androgens.

Angiogenesis

Blood vessel formation. Tumor angiogenesis is the 
growth of new blood vessels that tumors need to 
grow. This is caused by the release of chemicals by 
the tumor.

Apoptosis

A type of cell death in which a series of molecular 
steps in a cell leads to its death. This is the body’s 
normal way of getting rid of unneeded or abnormal 
cells. The process of apoptosis may be blocked in 
cancer cells. Also called programmed cell death.

Case-Control study

A study that compares two groups of people: those 
with the disease or condition under study (cases) 
and a very similar group of people who do not 
have the disease or condition (controls). Research-
ers study the medical and lifestyle histories of the 
people in each group to learn what factors may be 
associated with the disease or condition. For ex-
ample, one group may have been exposed to a par-
ticular substance that the other was not. Also called 
retrospective study.

Docosahexaenoic acid (DHA) 

An omega-3, polyunsaturated, 22-carbon fatty acid 
found almost exclusively in fish and marine animal 
oils.

Eicosapentaenoic acid (EPA)

An omega-3, polyunsaturated, 20-carbon fatty acid 
found almost exclusively in fish and marine animal 
oils.

Epidermal growth factor receptor (EGFR)

The protein found on the surface of some cells and 
to which epidermal growth factor binds, causing 
the cells to divide. It is found at abnormally high 
levels on the surface of many types of cancer cells, 
so these cells may divide excessively in the pres-
ence of epidermal growth factor. Also called EGFR, 
ErbB1 and HER1.



Meta-analysis

A quantitative statistical analysis that is applied to 
separate but similar experiments of different and 
usually independent researchers and that involves 
pooling the data and using the pooled data to test 
the effectiveness of the result.

Nested case-control study

In a nested case-control study, cases of a disease 
that occur in a defined cohort are identified and, 
for each, a specified number of matched controls is 
selected from among those in the cohort who have 
not developed the disease by the time of disease oc-
currence in the case.

Population study

A study of a group of individuals taken from the 
general population who share a common charac-
teristic, such as age, gender or health condition. 
This group may be studied for different reasons, 
such as their response to a drug or risk of getting 
a disease.

Sex hormone-binding globulin (SHBG)

A glycoprotein that binds to sex hormones, specifi-
cally testosterone and estradiol.

Vascular endothelial growth factor (VEGF)

A substance made by cells that stimulates new 
blood vessel formation. 

Xenografts

Tissue or organs from an individual of one species 
transplanted into or grafted onto an organism of 
another species, genus or family.

Sources:

http://www.cancer.gov/dictionary/

http://www.nlm.nih.gov/medlineplus/mplusdictionary.html
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