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Wolfe JN, AJR 1976 

• 7214 women 

• N1,P1, P2, DY patterns 

• RR 37 for developing breast cancer for 
P2/DY compared to N1/P1 
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Boyd Classification 

Boyd, 1995 



Quantitative Assessment of Breast Density and Breast 
Cancer Risk 

Boyd  (1982)  Case-control Women’s College Hospital, Toronto, Canada 183:183 

Brisson, Merletti (1984)  Case-control Two Boston hospitals (1972-1978) 408:1021 

Brisson, Morrison 
(1984) 

Case-control Three Boston hospitals (1978-1982) 362:686 

Wolfe (1987)  Case-control Hutzel Hospital, Detroit MI (1979-1982) 160:160 

Brisson, Verreault 
(1989)  

Case-control Quebec City  (1982-1984) 290:645 

Saftas (1991)  Case-control in cohort BCDDP (1973-1975) 260:301 

Boyd, Byng (1995)  Case-control in cohort NBSS  354:354 

Kato (1995)  Case-control in cohort NYU Women’s Health Study (1985-1991) 197:521 

Byrne (1995)  Case-control in cohort BCDDP (1973-1980) 1880:2152 

Lam (2000)  Case-control in cohort VBCSS (1996-1997) 529:2116 

VanGils (2000)  Case-control in cohort Nijmegen Br Cancer Scr Prog (1985-1994) 108:400 

Maskarinec (2000)  Case-control Kaiser Permenente Hawaii (1991-1997) 647:647 

Vacek (2004) Cohort VBCSS (1996-2000) 61,844 

Nagata (2005) Case-control in cohort Gifu City (Japan) (2000-2002) 145:659 

Boyd (2007) Case-control in cohort NBSS, Ontario Breast SP, British Columbia 1112:1112 

Type Study Population Cases: Controls 



Method  Odds Ratio 95% C.I. 

Boyd  (1982)  Visual  2.8-6.0* 2.5-14.1  

Brisson, Merletti (1984)  Visual  3.8-5.4** 2.5-11.4  

Brisson, Morrison (1984) Visual  2.0-4.4** 2.5-7.9 

Wolfe (1987)  Manual Planimetry 4.3 1.8-10.4 

Brisson, Verreault (1989)  Visual  5.5** 2.3-13.2 

Saftas (1991)  Manual Planimetry 4.3 2.1-8.8 

Boyd, Byng (1995)  Visual  

Computerized (Thresholding) 

6.0  

4.0  

2.8-13.0 

2.1-7.7 

Kato (1995)  Manual Planimetry 3.6 (premeno) 

2.1 (postmeno) 

1.7-7.9 

1.1-3.8 

Byrne (1995)  Computerized Planimetry 4.3 3.1-6.1 

Lam (2000)  BIRADS  4.5 1.9-10.6 

VanGils (2000)  Computerized (automated) 3.3 1.5-7.2 

Maskarinec (2000)  Computerized (thresholding) 1.8 1.1-3.0 

Vacek (2004) BI-RADS 4.0 2.8-5.7 

Nagata (2005) Computerized (thresholding) 4.4 (50-75%) Premeno 

1.4 (>75%) Premeno 

4.2 (>75%) Postmeno 

1.2-15.4 

0.3-6.06 

1.3-13.2 

Boyd (2007) Computerized (thresholding) 4.7  3.0-7.4 



Density and Breast Cancer Risk 
 in 587,369 Women 

Kerlikowske K. J Clin Onc 2010 



Cholesterol and CHD 

Jousilahti P, et al. Circulation 
1998 
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Breast Cancer Risk Factors 

Nulliparity/late parity 

Early menarche/late menopause 

Alcohol use 

Menopausal Hormone Therapy 

Obesity 

Female age 65 

Family History 

Dense breast tissue 

Biopsy with atypia or LCIS 

Prior history of breast cancer 

RR 1.3 

RR 1.3 

RR 1.3 

RR 1.4 

RR 1.5 

RR 1.7 

RR 1.7 

OR 4.0 

RR 5.0 

RR 7.0 
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Mammographic Breast Density is NOT a 
Risk Factor for Breast Cancer 

 

John Lewin, M.D., FACR, FSBI 
Diversified Radiology of Colorado 

 



The Breast Density Industrial 
Complex  













Limitations of Breast Density Risk Studies 
(Kopans) 

• Impossibility of determining 3D volume of 
tissue from a 2D image 
– Irreproducibility due to effects of compression, 

positioning 

• Effects on density of  
– Body habitus (BMI) 

– Menopausal status / stage of cycle 

– Hormone replacement therapy (HRT) 

• Different types of tissue that contribute to 
density 

 

 



Additional Limitations of Breast 
Density Risk Research 

• Effects of other factors, e.g.  

– Parity, number and age of first childbirth 

– Age of menarche 

– Heredity/Genetics 

• Retrospective analyses 

– Case – Control design used for smaller data 
sets 

– Large data sets far from perfect 

– Multiple degrees of freedom/corrections 

• Errors add up ; potential for manipulation 



Measuring Dense Breast Tissue 
Volume from a Mammogram 





Correlated Variables -- Opposing 

• BMI 
– As BMI goes up, risk goes up (postmenopausal) 

but breast density goes down 

• Age 
– As age goes up, risk goes up but breast density 

goes down (a little) 

• Ethnicity/Environment 
– Women in Asia are more likely to have dense 

breasts but have lower rates of breast cancer 



Correlated Variables - Reinforcing  

• HRT (increases density and risk) 

• Parity (lowers density and risk) 

• Height (increases density and risk) 

• Genetics 
– BRCA mutations associated with increased 

density 

– Twin studies 

– Genome wide association studies (GWAS) 
• Shared genetic bases mediated through a large 

number of common (SNP) variants 
– Varghese, et al. Cancer Res. 2012 

 

 



The Masking Effect 

• In the case-control studies (e.g., Boyd), 
patients were “cancer-free” at time of 
enrollment/first mammo 

– If cancer is seen on the enrollment mammo, the 
patient was excluded 

• Since it is harder to see cancers in denser 
breasts, more patients with pre-existing 
cancers are enrolled in the dense group  



Regression Data in Density/Risk Studies are 
Corrected for Multiple Factors 

Boyd NF,  NEJM 2007 

Case Control Ratio Normalized 

<10% 230 362 .635 1.0 

10-25% 272 270 1.01 1.6 

25-50% 336 290 1.16 1.8 

50-75% 178 144 1.24 1.9 

>75% 96 46 2.08 3.3 

Uncorrected: 



Large Data Sets (BCSC) Suffer from 
Missing Data 

From Phipps AI, et al. Breast density, body mass index and risk 
of tumor-marker defined subtypes of breast cancer.  Ann 
Epidemiol 2012.     



If Breast Density is Important it Should 
Correlate with Risk of Death from 

Breast Cancer – But it Doesn’t 

• 2012 BCSC study: 

“High mammographic breast density was not 
associated with risk of death from breast cancer 
or death from any cause after accounting for other 
patient and tumor characteristics.” 

 
Gierach GL, Ichikawa L, Kerlikowske K, et al. Relationship between 

mammographic density and breast cancer death in the Breast Cancer 
Surveillance Consortium. J Natl Cancer Inst. 2012 Aug 22;104(16):1218-27. 

 



Bad Cancers and Cancer Deaths are 
More Likely in Fatty Breasts 

 
• Mammographic breast density (MBD) inversely 

correlated with tumor grade and survival.  Low and 
very low densities were more likely to have grade 3 
tumors and poor prognosis. 
– “In patients with newly diagnosed breast cancer, very low 

MBD proved to be an independent prognostic feature, 
associated with higher tumour grade and predicted worse 
survival even after correcting for possible confounders.” 

 

Masarwah A, Auvinen P, Sudah M, et al. Very low mammographic breast 
density predicts poorer outcome in patients with invasive breast 
cancer. Eur Radiol. 2015 Mar 4. 
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Controversies 

• Density Measures 
– Reproducibility 

– Validity compared to reference standard (e.g. MRI) 

– Changes with weight/positioning 

 

• Variation of density and risk by race 

 

• Breast Cancer Types and Deaths 



Accuracy of Density Measures 

• Reliability 

– How close are repeated 
measures? 

 

• Validity 

– How well do measures 
correspond to a 
reference standard? 



Density Measurement Techniques:  
Inter-reader Agreement 

Wolfe: 60-80% 
agreement 

BI-RADS: 60% 
agreement 

Planimetry: 85-
90% agreement 

Cumulus:   
> 90% 
agreement 



Automated Volumetric  
Breast Density  



Reliability  
• 30 women underwent a second left CC view by a different 

technologist on the same machine. 

Cumulus Area 

Volumetric II Volumetric I 

Cumulus 
Volumetric 

Alonzo-Proulx O. Radiology 2015 



Validity Compared with MRI 

Gubern-Merida A. PloS ONE 2014 

Automated Volumetric Density, Correlation coeff for Percent Density: 0.93 



Risk by Density Method 

Eng A. Br Cancer Research; 2014 

414 cases:685 controls 



BMI and Density are 
Independent Risk Factors 

Lam PB. Cancer; 2000  



Controversies 

• Density Measures 
– Reproducibility 

– Validity compared to reference standard (e.g. MRI) 

– Changes with weight/positioning 

 

• Variation of density and risk by race 

 

• Breast Cancer Types and Deaths 





BI-RADS Density by Race 
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• Asian significantly  
higher and Black 
significantly lower  
unadjusted density than 
White 

• After adjustment for 
BMI and age, no 
difference in density 
except Asian.  

 
del Carmen MG. AJR 

2007 



Risk of Breast Cancer 

White Black Asian 

Percent Density Unadj Adj Unadj Adj Unadj Adj 

< 10% 1.00 1.00 1.00 1.00 1.00 1.00 

10-59% 1.98 1.57 1.58 1.44 1.62 3.07 

> 60% 3.62 2.56 1.82 1.66 2.53 6.42 

Per 10% 
increase in 
density 

15% 11% 30% 

*Adjusted for age at mammo, BMI, age at menarche, FH, 
pregnancies, hormone use, age at menopause, age at first 
pregnancy 

Urskin G. Cancer Epid Biomarkers Prev 2003 



Breast Cancer Incidence  
in Korea 

Jung KW. Cancer Res Treat 2011 



Controversies 

• Density Measures 
– Reproducibility 

– Validity compared to reference standard (e.g. MRI) 

– Changes with weight/positioning 

 

• Variation of density and risk by race 

 

• Breast Cancer Types and Deaths 



Types of Cancers 

• Metanalysis of six studies, 3414 women with breast 
cancer. Computerized thresholding used to obtain 
percent density. 

• No association with specific histologic types 

• Dense breasts associated with larger tumors 
(>2.1cm) and positive lymph nodes across all age 
groups 

• Women < 55 years, stronger association with ER-
negative breast cancer 

Bertrand KA, Br Cancer Res 2013. 



Cancer Characteristics 

HR ER/PR+ ER/PR-, HER-2+ Triple Negative 

Age 40-64 

Fatty 0.45* 0.53 0.67 

Scattered 1.0 1.0 1.0 

Heterogeneous 1.63* 0.87 1.48* 

Dense 2.04* 1.80 1.17 

Age >65 years 

Fatty 0.61* -- 0.35 

Scattered 1.0 1.0 1.0 

Heterogeneous 1.31* 3.78* 0.99 

Dense 1.51* 4.01 3.29* 

Phipps AI. Ann Epidem 2012; 22:340. 



Breast Cancer Mortality 

• BCSC, 9232 women with invasive breast cancer, 1996-
2005, mean follow-up 6.6 years 

• 1795 deaths; 889 of breast cancer 

• After adjustment for BMI, mode of detection, treatment 
and income, high density was not related to breast 
cancer death (HR 0.92, 95% CI 0.71-1.19) or death from 
all causes (HR 0.83, 95% CI 0.68-1.02) 

• Increased risk of death from breast cancer among 
women with low density who were either obese (HR 
2.02, CI 1.37-2.97) or with tumors at least 2 cm in size 
(HR 1.55, CI 1.14-2.09) 

Gierach GL. JNCI 2012 



Breast Cancer Mortality 

• BCSC, 9232 women with invasive breast cancer, 1996-
2005, mean follow-up 6.6 years 

• 1795 deaths; 889 of breast cancer 

• After adjustment for BMI, mode of detection, treatment 
and income, high density was not related to breast 
cancer death (HR 0.92, 95% CI 0.71-1.19) or death from 
all causes (HR 0.83, 95% CI 0.68-1.02) 

• Increased risk of death from breast cancer among 
women with low density who were either obese (HR 
2.02, CI 1.37-2.97) or with tumors at least 2 cm in size 
(HR 1.55, CI 1.14-2.09) 

Gierach GL. JNCI 2012 



Dense Breasts, 25 Yr F/U 

RR 95% CI 

Incidence 1.57 1.23-2.01 

Tumors > 2 cm 1.79 1.22-2.63 

Node + 2.46 1.66-2.62 

Grade 2-3 tumor 1.80 1.39-2.34 

Death 1.91 1.26-1.91 

Chiu SY et al.  Cancer Epidemiol Biomarkers Prev 2010;19:1219-28 
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In Summary – Breast Density is Likely a 
Risk Factor, but… 

• Situation is not has simple as it is made out to be 
(see above: cholesterol) 

• Using density in your clinic may not be valid if you 
are not controlling for  
– Age 
– BMI 
– Age at menarche 
– Parity 
– Number of Live Births 



– Age at first birth 

– Menopausal status 

– Age at menopause 

– Hormone replacement therapy 

– Family history 

 

• Also – The effect of breast density is purposely 
overstated by comparing extreme subgroups 
(e.g., <10% to >75%) rather than comparing 
each subgroup to the mean… 



Boyd Data - again  

• Extremely dense vs very low density:  RR= 4.7 

• But … BIRADS c vs BIRADS b is only a RR of   

   2.4/2.1 = 1.1 

• Note:80% of patients are either BIRADS b or c  

• Note that only 8.6% of cases were >75% 

 

1.8 

1.2 

2.0 

1.1 



Density is a Poor Surrogate for Pattern 
Recognition 

• Glands, Ducts, Connective Tissue, Cysts all contribute to 
breast density but likely have large differences in contribution 
to risk 

 

 

 

 

 

• OR for Tabar (IV vs I) > Comp. % Density > BIRADS  

– Best Tabar reader OR = 7.7  
                                                                     Winkel RR, et al. BMC Cancer 2015 

 
 

Wolfe   (DY vs N1)  = 37!! 



Thank you! 


