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Abstract

Women who carry the BRCA mutation are at high lifetime risk of breast cancer, but there is no consensus regarding an 

effective and safe chemoprevention strategy. A large body of evidence suggests that 3,3-diindolylmethane (DIM), a dimer 

of indole-3-carbinol found in cruciferous vegetables, can potentially prevent carcinogenesis and tumor development. The 

primary aim of this prospective single-arm study was to investigate the effect of DIM supplementation on breast density, a 

recognized predictive factor of breast cancer risk. Participants were 23 healthy female BRCA carriers (median age 47 years; 

78% postmenopausal) who were treated with oral DIM 100 mg × 1/day for 1 year. The amount of �broglandular tissue (FGT) 

and background parenchymal enhancement (BPE) on magnetic resonance imaging (MRI) performed before and after the 

intervention was scored by two independent expert radiologists using the Breast Imaging and Reporting Data System. The 

results showed a decrease in the average score for FGT amount from 2.8 ± 0.8 at the onset to 2.65 ± 0.84 after 1 year (P = 0.031), 

with no signi�cant change in BPE (P = 0.429). A group of DIM-untreated age- and menopausal-status-matched women from 

the BRCA clinic did not show a signi�cant change in FGT amount (P = 0.33) or BPE (P = 0.814) in a parallel year. Mean estradiol 

level decreased from 159 to 102 pmol/l (P = 0.01), and mean testosterone level decreased from 0.42 to 0.31 pmol/l (P = 0.007). 

Side effects were grade 1. In conclusion, 1 year’s supplementation with DIM 100 mg × 1/day in BRCA carriers was associated 

with a signi�cant decline in FGT amount on MRI. Larger randomized studies are warranted to corroborate these �ndings.

Introduction

Women who carry the BRCA gene mutation are at high risk of 

the development of breast cancer, reaching 80% over their life-

time (1,2). Currently, there is no consensus regarding an effective 

and safe chemoprevention strategy. Therefore, in addition to ac-

tive surveillance, BRCA mutation carriers are referred for bilat-

eral salpingo-oophorectomy and instructed to consider bilateral 

mastectomy as a risk-reduction strategy (3).

There is a large body of evidence suggesting that 

3,3-diindolylmethane (DIM), a dimer of indole-3-carbinol found 

in cruciferous vegetables, can potentially prevent carcinogen-

esis, tumor development (4–7) and shift estrogen metabolism 

in healthy postmenopausal women (8). Estrogen metabolism 

plays a causative role in breast cancer (9–11). The ovaries pro-

duce estrogen in the form of the parent molecules estrone and 

estradiol, which can be irreversibly hydroxylated via various 

pathways (12–15). Hydroxylation at the C-2, C-4 or C-16 positions 

of the steroid ring produces estrogen metabolites that differ in 

their bioavailability to breast tissues and activation of estrogen 
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receptors. Numerous studies have shown that the ratio between 

the different metabolites is correlated with the risk of breast 

cancer (12–15). For example, more extensive 2-hydroxylation of 

the parent estrogens (2:16 ratio) is associated with a lower risk 

of breast cancer, and less extensive methylation of potentially 

genotoxic 4-hydroxylation pathway catechols is associated with 

a higher risk of breast cancer (10). Moreover, several studies 

showed that DIM induces apoptosis in cancer cells and prevents 

the development of cancer in animal models (16–18). These 

�ndings, also con�rmed by others (19–22), support the rationale 

for investigating the use of DIM to prevent breast cancer devel-

opment or recurrence. Some studies suggested possible other 

bene�ts in BRCA carriers (23,24).

Breast density is a well-established surrogate for predicting 

the risk of breast cancer (25–27). The pivotal preventive trial, 

NSABP–P1, revealed that among the women in the tamoxifen 

arm, a decrease in mammographic density by at least 10% was 

associated with a 63% reduction in breast cancer risk, whereas 

a lesser decrease in density was not bene�cial (28). Later studies 

showed that breast density could also be measured on magnetic 

resonance imaging (MRI) scans by the amount of �broglandular 

tissue (FGT) and background parenchymal enhancement (BPE), 

the matching de�nition to mammogram breast density. An in-

crease in these factors is associated with a higher probability of 

the development of breast cancer (29,30). The aim of the present 

study was to investigate the impact of 1  year of DIM supple-

mentation on MRI breast density and estrogen metabolism in 

healthy BRCA carriers. We sought to determine the potential of 

DIM as an effective and safe strategy to decrease the risk of the 

development of breast cancer.

Setting and women

A prospective single-arm interventional study was conducted 

in the Davidoff Center of Rabin Medical Center, a tertiary 

university-af�liated hospital. Participants were healthy female 

BRCA carriers attending the Davidoff BRCA clinic. Inclusion cri-

teria were age over 18 years and baseline MRI FGT amount and 

BPE of >1 (Breast Imaging Reporting and Data System [BI-RADS] 

score 1–4). Exclusion criteria were previous preventive breast 

mastectomy, �nding of a potentially cancerous lesion on breast 

imaging, current or planned pregnancy, presence of a severe 

comorbidity, such as renal or hepatic disease, and known allergy 

to DIM. Each woman in the cohort was matched by age (within 

3 years) and menopausal status to a woman attending the clinic 

who was not participating in the study and who underwent 

breast MRI in a parallel year.

Dalessandri et al. reported that DIM supplementation at a dose 

of 108 mg/day for 30 days increased urinary 2-hydroxyestrone 

excretions in postmenopausal women with a history of breast 

cancer (22). Pharmacokinetics data demonstrated a linear dose–

exposure relationship for DIM over the range of 50–300  mg. 

Doses of DIM of up to 200  mg were well tolerated by healthy 

subjects. The dosage was set to 100 mg × 1 daily to represent 

the best bioavailability with the least reported side effects. (31)

The DIM dietary supplement (DIM-EvailTM) was donated by 

Designs for Health (Suf�eld, CT). Each softgel capsule contained 

100  mg diindolymethane and the additional ingredients were 

medium chain triglycerides, vitamin E, sun�ower lecithin; gel-

atin, puri�ed water, glycerin and annatto (softgel ingredients). 

The company did not have any access to women or data. The 

study was approved by the local Institutional Ethics Committee 

(ClinicalTrials.gov Identi�er: NCT02197000).

Study endpoints

Primary endpoint 

The primary endpoint of the study was a change in MRI breast 

FGT amount and BPE measurements from before to after 1 year 

of daily oral supplementation with 100 mg × 1/day DIM. The pri-

mary outcome was assessed using the BI-RADS (see MRI tech-

nique). The MRI scans of the matched DIM-untreated women 

attending the clinic in a parallel year were evaluated for the 

same primary endpoints.

Secondary endpoints 

The secondary endpoints of the study were a change in urinary 

estrogen metabolism and serum hormone pro�le from before 

to after 1 year of DIM supplementation, side effects of DIM and 

malignancy events during the intervention.

Biomarker measurement

Participants were tested using the 0142 Estronex® Pro�le kit 

(Metametrix, Duluth, GA) at study initiation and again after 

1  year. The �rst morning urine was collected. Premenopausal 

women were instructed to perform urine collection on days 

18–25 of the menstrual cycle; follow-up testing was performed 

on corresponding days of the cycle. Samples were shipped to 

Genova Diagnostics (Duluth, GA) and analyzed for six urine 

estrogen metabolites based on the ultra performance liquid 

chromatography tandem mass spectrometry method as fol-

lows: 2-hydroxyestrone, 2-hydroxyestradiol, 4-hydroxyestrone, 

16a-hydroxyestrone, 2-methoxyestrone and 4-methoxyestrone. 

The test report also provided the results for 2-hydroxyestrone+ 

2-hydroxyestradiol, 2/16 hydroxyestrogen ratio and 

2-hydroxyestrone/2-methoxyestrone.

The serum hormone pro�le was assessed at the laboratory 

in Rabin Medical Center at study initiation and after 1 year. The 

analysis included levels of follicle-stimulating hormone, lutein-

izing hormone, estradiol, progesterone, prolactin, testosterone, 

sex hormone-binding globulin and thyroid-stimulating hormone.

MRI technique

We performed breast MRI at baseline and after 1  year of DIM 

supplementation. Imaging was conducted according to the 

guidelines of the National Comprehensive Cancer Network/

American Society of Clinical Oncology.

 Breast MRI was carried out with a 3T or 1.5T machine 

(3T Ingenia and 1.5T Achieva, Philips Medical Systems, Best, 

Netherlands). Women were examined in the prone position 

using a bilateral, 16-channel breast coil (Mammotrak, Philips 

Medical Systems). Initially, an axial T2w turbo spin-echo (TSE) 

sequence was used for both �eld strengths, with echo time (TE) 

120 ms, in-plane resolution 1 mm and slice width 3 mm with 

zero gap. This was followed by a T2w TSE sequence with SPAIR 

fat suppression. For 3T imaging, a 2D sequence was used with 

the same resolution and TE 70 ms. At 1.5T, a 3D Vista sequence 

Abbreviations	

BI-RADS	 Breast Imaging Reporting and Data 

System

BPE	 background parenchymal 

enhancement

DIM	 3,3-diindolylmethane

FGT	 �broglandular tissue

HRT	 hormone replacement therapy

MRI	 magnetic resonance imaging

TSE	 turbo spin-echo
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was used with repetition time/TE 2000/280  ms, in-plane reso-

lution 0.8  mm and slice width 2  mm reconstructed to 1  mm. 

The dynamic 3D sequence with SPAIR fat suppression was per-

formed using six dynamics with approximately 64  s per dy-

namic for both �eld strengths. At 3T, the �ip angle was 12° with 

repetition time/TE 6.3/3.0 ms, in-plane resolution 0.8 mm and 

slice width 1.8  mm reconstructed to 0.9  mm. At 1.5T, the �ip 

angle was 10° with repetition time/TE 6.6/3.2 ms, in-plane reso-

lution 1.2 mm and slice width 1.8 mm reconstructed to 0.9 mm.

Qualitative FGT amount and BPE were assessed on the MRI 

images by two fellowship-trained radiologists with a specialty in 

breast imaging (A.G. and Y.R.) who were blinded to each other’s 

report, as well as to the timing of the test in relation to the DIM 

intervention. The amount of FTG was scored in accordance with 

the BI-RADS categories as follows: (i) almost entirely fat, (ii) 

scattered areas of FGT, (iii) heterogeneous FGT or (iv) extreme 

FGT amount. The BPE �ndings were reviewed on the basis of the 

amount of FGT enhancement on the �rst postcontrast images 

and categorized, in accordance with the BI-RADS, as (i) minimal, 

(ii) mild, (iii) moderate or (iv) marked. Subtraction and max-

imum intensity projection images were created by subtracting 

the unenhanced T1-weighted image from the initial contrast-

enhanced image. In cases of substantial patient motion between 

examinations, BPE was determined by visual comparison of the 

initial unenhanced and contrast-enhanced images (32). In pre-

menopausal women, MRI was performed on the recommended 

days 7–15 of the cycle.

Follow-up

Women were asked to report all side effects immediately. 

During the study period, women were contacted by phone once 

a month to verify that indeed all side effects were reported and 

to check adherence. Physical examination was performed at the 

clinic every 4 months. Breast imaging was repeated annually.

Statistical analysis

Since each woman served as her own control, we performed 

a per-protocol analysis for those who completed the study. 

Matched t-test was used to compare mean BI-RADS scores of 

FGT amount and BPE from before to after 1 year of DIM supple-

mentation. The type I error probability associated with this test 

of the null hypothesis was set at 0.05.

The data of the matched clinic women were used for the sen-

sitivity analysis. Differences in hormone pro�le from before to 

after treatment were tested using Fisher’s exact test. SAS ver-

sion 9.2 was used for all analyses.

♦

♦

♦

♦

♦

♦

♦

Figure 1.  Consort �ow diagram showing selection of patients for the study.
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Results

Patient characteristics

Of the 52 women who were assessed for eligibility for the 

study, 40 signed the informed consent form. Twenty-three 

women completed 1 year of intervention. The CONSORT �ow 

diagram in Figure 1 depicts the selection of the �nal cohort for 

the study.

Median age of the study group was 47.1 years (range: 35–71.3). 

Eighteen women carried the BRCA1 mutation, and �ve women 

carried the BRCA2 mutation. Eighteen women (78%) were 

postmenopausal at study onset, of whom three were using hor-

mone replacement therapy (HRT) during the study period. The 

patient characteristics, including comorbidities and risk factors, 

are summarized in Table 1.

Primary outcome

The average BI-RADS score for the amount of FGT decreased 

during the DIM intervention from 2.80  ± 0.8 to 2.65  ± 0.84, 

P  =  0.031 (Table  2). FGT amount decreased by 0.6 in 30% of 

women. The three women receiving HRT showed no change 

in breast tissue density. In no woman was there an increase in 

density. Figure 2 shows MRI imagings before and after 1 year of 

intervention.

There was no statistically signi�cant change in BPE scores 

from before to after completion of the intervention (1.3  ± 5.7 

versus 1.3 ± 1.73, P = 0.43; Table 3). Two women showed an in-

crease in BPE scores.

The matched group showed no signi�cant difference in FGT 

amount: 2.28  ± 0.9 and 2.3  ± 0.89 after 1  year (P  =  0.33) or in 

BPE score: 1.48 ± 0.66 versus 1.5 ± 0.6 (P = 0.81) after a year of 

follow-up. Inter-rater agreement (kappa value) between the two 

radiologists was 0.82 for density and 0.814 for BPE.

Secondary outcome

Mean estradiol level of the study group decreased from 159  ± 

116 to 102 ± 29 pmol/l (P  = 0.03), and mean testosterone level 

decreased from 0.42 ± 0.37 to 0.31 ± 0.26 pmol/l (P  = 0.03). No 

signi�cant changes were seen in levels of follicle-stimulating 

hormone, luteinizing hormone, progesterone, prolactin, sex 

hormone-binding globulin or thyroid-stimulating hormone. 

There were no signi�cant changes in any of the urine metabol-

ites evaluated.

Side effects

Three women reported a change in bowel movements. Four 

women complained of headache and one had nausea. In one pa-

tient with known atopic dermatitis, erythema developed which 

required treatment with systemic steroids. All side effects were 

grade 1.

Malignancy events

One patient was diagnosed with node-negative invasive breast 

cancer (7 mm) at age 58 years, 5 months after starting DIM. A re-

view of her previous MRI revealed a nonspeci�c 3-mm focus, 

which was interpreted as benign. One patient aged 44 years was 

referred for prophylactic oophorectomy and was diagnosed with 

stage I ovarian cancer at 16 months after starting DIM.

Discussion

This is the �rst study to prospectively examine the impact of 

DIM (100 mg × 1/day) on the amount of FGT and BPE on breast 

MRI in BRCA carriers. The results showed a signi�cant reduc-

tion in the amount of FGT after 1 year of the intervention, with 

no change in BPE. In addition, mean estrogen and testosterone 

levels decreased. No safety issues were encountered, and all 

side effects were grade 1.

By contrast, a previous randomized, placebo-controlled trial 

in 98 tamoxifen-treated patients with breast cancer reported no 

impact of DIM on breast density measured on both mammo-

grams and MRI scans (33). However, there are several differences 

between this study and ours. Our cohort consisted of women 

with no history of breast cancer, whereas the earlier study inves-

tigated DIM as a secondary preventive measure in patients with 

breast cancer. The authors did not mention if any of the patients 

was a BRCA carrier. Moreover, in the present study, DIM was the 

only intervention, whereas in the randomized study, all patients 

were also receiving tamoxifen, so the impact of DIM could not be 

Table 1:  Characteristics of the BRCA carriers (Intervention+Control)

Characteristics

Intervention group  

(n = 23)

Control group  

(n = 23)

Age (year), median (range) 47.1  

(35–71.3)

47.3  

(33.4–72.0)

Mutation   

  BRCA1 18 10

    185delAG 15 6

    5382insC 1 3

    c.3835delG 1 0

    Tyr978X 1 1

  BRCA2 5 13

    6174delT 4 13

    c.5549C>T;p.P1774L 1 0

Menopausal status   

  Postmenopausal 18 19

  Premenopausal 5 4

Family historya, n   

  Any cancer cases 23 23

    Breast cancer cases 20 22

    Ovarian cancer cases 13 11

    Pancreas cancer cases 2 4

BMI, median (range) 24.46  

(18.7–34.6)

24.91  

(18.9–35)

BSO 17 18

Smoking status, n   

  Never smoked 20 21

  Current smoker 1 1

  Past smoker 2 1

No. pregnancies,  

median (range)

4 (1–9) 3 (1–6)

No. children,  

median (range)

3 (1–6) 3 (1–5)

Physical activity  

(h/week), median (range)

2 (0–5) 2 (0–4)

Comorbidities, n   

  Hypothyroidism 3 2

  Hypertension 3 1

  Dyslipidemia 9 4

  Ischemic heart disease 1 0

  Asthma 2 4

  COPD 1 1

  Diabetes 2 1

  Osteopenia/osteoporosis 6 3

BMI, body mass index; BSO, bilateral salpingo-oophorectomy; COPD, chronic ob-

structive pulmonary disease.
aFirst- or second-degree relative.
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isolated. Lastly, breast density was the primary endpoint in our 

study but the secondary endpoint in the earlier study.

Little is known about DIM and its effect on BRCA 
carriers.

Kostopauolos et al. (23) followed healthy BRCA1 carriers taking 

DIM for 4–6 weeks. An increased level of messenger RNA was 

noted, which the authors suggested could mitigate the dele-

terious effect of the BRCA mutation. Fan et al. (24) suggested that 

low concentrations of DIM protected against oxidative stress in 

BRCA1 carriers.

Others reported an impact of DIM on urinary estrogen me-

tabolites (20,21). This was not shown in our study, perhaps owing 

to the low DIM dose (100 mg × 1/day). Our results are in accord-

ance with the study of Nikitina et al. (34), wherein 4–6 weeks of 

DIM 300 mg/day in 15 BRCA carriers had no effect on urinary 2:16 

hydroxyestrogen ratio.

Most of the literature to date on breast density was based on 

mammography. As some of the BRCA carriers in our clinic were 

too young for screening mammography, we used FGT amount 

and BPE on MRI scans as the primary endpoints. In this manner, 

we could offer participation in the study to all BRCA carriers in the 

clinic, regardless of age. This approach was supported by studies 

showing substantial agreement between automated volumetric 

FGT measured from screening digital mammograms and from 

MRI scans, suggesting that MRI could be used in clinical practice 

for risk prediction and prevention (35–37). One study of the ef-

fect of lifestyle changes prospectively assigned BI-RADS breast 

density scores to 301 955 women aged 30 years and older who 

were not on postmenopausal HRT (38). At least two screening 

mammography examinations were performed in each case. The 

results showed an increase in breast density category in 19.6% of 

the cohort. Although these authors assessed the breast density 

changes over time using mammography, it is still interesting to 

note the difference from our study in which none of the women 

taking DIM showed an increase in the FGT amount. A smaller 

study used 3D MRI to evaluate breast density in 16 tamoxifen-

treated women (39). After 2 years, there was a mean reduction 

of 5.8% in the percentage of breast density, which positively 

correlated with the baseline percentage of breast density, sup-

porting the use of MRI to assess breast density during systemic 

treatment.

Figure 2.  Screening breast MRI in 43-year-old BRCA carrier at baseline and after 1 year of DIM treatment. (a) Axial T1-weighted fat-suppressed �rst contrast-enhanced 

and subtracted images. (b) Minimal intensity projection (MIP), reconstruction images. Note the reduction in BPE, as well as in the amount of FGT.
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There are other factors that may impact breast density, such 

as day of the menstrual cycle, alcohol consumption and use of 

HRT. In the present study, there were no changes in the women’s 

habits during the intervention. Most had undergone bilateral 

salpingo-oophorectomy and, in those who were still premeno-

pausal, MRI was performed on the recommended days 7–15 of 

the cycle. Hence, the most dominant known factor that may 

have impacted the FGT amount was the 1-year increase in age 

(27). It is noteworthy that none of the three women in our cohort 

who used HRT showed a decrease in the amount of FGT.

Although the decline observed in blood estradiol and testos-

terone levels may be part of aging (40), and the difference from 

before the intervention was statistically signi�cant, the level 

of decline was probably insuf�cient to impact FGT amount. In 

conclusion, our results suggest that DIM supplement may have 

a potential role in the primary prevention of breast cancer in 

healthy BRCA carriers.

The main limitations of this study were the nonrandomized 

design, 1-year duration of the intervention in a lifetime rela-

tive high-risk cohort, the relatively small sample size and the 

higher FGT/BPE baseline values in the matched clinic women. 

However, each woman served as her own control which made 

it possible to achieve statistically valid results despite the 

small number of women. The comparison with the matched 

women supports the potential of DIM intervention to have a 

real impact on breast density. In addition, two highly experi-

enced radiologists separately examined the MRI scans, with 

similar results.

In summary, the need of healthy BRCA carriers for a safe 

and effective means of preventing breast cancer is currently 

unmet. The present study showed that the administration of 

DIM capsules, 100  mg × 1/day, to BRCA carriers led to a sig-

ni�cant decline in the FGT amount on MRI scans. These �nd-

ings, together with the accumulating data on the potential 

anticancer effect of DIM in the general population and in indi-

viduals with different genetic mutations (23,41), justify further 

investigations in randomized clinical studies of the primary 

preventive role of DIM supplementation in women with BRCA 

mutations.
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