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Learning Objectives
• Understand the principles of screening tests and how they apply to 

breast cancer screening
• Be able to discuss the challenges in studying breast cancer screening 

programs 
• Know the pros and cons of various breast screening modalities
• Understand the concept of cancer overdiagnosis and how it applies to 

mammography and additional screening 
• Have tools to discuss the issue of dense breasts with your patients



What is required for effective screening?
• A screening test is done to detect potential health disorders or 

diseases in people who do not have any symptoms of disease. 
• The goal is early detection and lifestyle changes or surveillance, to 

reduce the risk of disease, or to detect it early enough to treat it most 
effectively.

• The ultimate goal is decreased morbidity and mortality related to the 
disease.



Effective Screening Tests Must…

• Be capable of detecting a high proportion of disease in its preclinical 
state

• Be safe to administer
• Be reasonable in cost
• Lead to demonstrated improved health outcomes
• Be widely available, as must the interventions that follow a positive 

result 

AMA Journal of Ethics 2006



Cervical Cancer Develops from Untreated CIN
• Cervical cancer precursors – average 10-20 years for CIN II-III to 

develop into invasive cancer.  Steady progression through phases to 
invasion with persistent high risk HPV infection
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Colon Cancer Develops from Untreated Polyps

• Colon cancer precursors – 5% of adenomas progress to invasive 
cancer over an average of 7-10 years.
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Breast Cancer is ASSOCIATED With Precursors
• Breast cancer precursors – atypical hyperplasia 7% of patients after 5 

years will develop invasive cancer
• Breast cancer Stage 0 - DCIS



“There is something 
fascinating about science. One 
gets such wholesale returns of 

conjecture out of such a 
trifling investment of fact.” 

-Mark Twain-



Things we thought we knew….
• Mammography screening saves lives

This Photo by Unknown Author is licensed under CC BY-ND



Challenges in interpreting Breast Ca Literature
• Differences in populations, screening intervals, ages and equipment

(Can we extrapolate studies using analog mammography to current practice of 
digital?)

• The use of surrogate endpoints
• Interrupted time series can’t account for treatment improvements
• Lead-time bias must be included in any calculations
• What is the true incidence of overdiagnosis?
• Does screening result in reductions in death from breast cancer?



Otis Brawley, MD  American Cancer Society
If the lesion fits the profile of something that killed people in the past, the 
natural inclination today is to assume that the lesion will grow, spread, and 
eventually kill. However, some of these lesions may be genomically
predetermined to grow no further and may even regress. In many respects, 
considering all small breast lesions to be deadly and aggressive types of 
cancer is the pathologic equivalent of racial profiling. Experienced clinicians 
have long observed that tumors, including those within the same pathologic 
grade, have various biological behaviors. Some tumors grow faster than 
others. Indeed, science has evolved to provide genomic tests that can predict 
more versus less aggressive tumors with a good degree of accuracy. The 
concept that some of these less aggressive tumors are so slow-growing as to 
be clinically insignificant is not far-fetched.



Cancer: February 15, 2019

Mammography Screening Reduces Rates of Advanced and Fatal Breast Cancers: 
Results in 549,091 Women

Stephen W. Duffy, MSc1; László Tabár, MD2; Amy Ming-Fang Yen, PhD3; Peter B. Dean, MD4; Robert A. Smith, PhD 
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Methods
• 9 County cancer registries in Sweden for women 40-69 years old 

N~549,000
• Screening with two view mammography q18-24 months
• Advanced breast cancer defined as invasive breast cancer measuring 

>20 mm and/or with ≥4 metastatic axillary lymph nodes 
• The average observation period was 13 years (range, 7-16 years) for 

measuring the incidence of breast cancer fatal within 10 years after 
diagnosis and 22 years (range, 16-25 years) for measuring the 
incidence of advanced breast cancer



Advanced Breast Cancers diagnosed



Fatal breast cancers within 10 years



Relative Risk of Fatal Breast CA at 10 years



Results…
• Mammography screening offered to women 40-69 at 18-month 

intervals from age 40-54; or every 24 months for ages 55-69
• The increased incidence of breast cancer overall was 16% higher in 

participants than in nonparticipants
• Lower incidence of cancers that were fatal at either 10 years (60 %) or 

20 years (47%) in the participating women compared with the 
nonparticipating women within the screening period

• Reduction in fatal cases attributable to earlier detection and 
treatment at an earlier phase in the natural history of the disease 
among women who participated in mammography screening



Cancer: July 1,2020
• The Incidence of Fatal Breast Cancer Measures the 

Increased Effectiveness of Therapy in Women 
Participating in Mammography Screening

• László Tabár, MD1; Peter B. Dean, MD2; Tony Hsiu-Hsi Chen, PhD3; Amy Ming-Fang Yen, PhD4; Sam Li-Sheng Chen, PhD4; Jean Ching-Yuan Fann, PhD5; 

Sherry Yueh-Hsia Chiu, PhD6; May Mei-Sheng Ku, MSc3; Wendy Yi-Ying Wu, PhD7;
• Chen-Yang Hsu, PhD3; Yu-Ching Chen, MD8; Kerri Beckmann, PhD9; Robert A. Smith, PhD10; and Stephen W. Duffy, MSc11



Details…..
• Deaths from a national registry 10-20 years after breast cancer 

diagnosis (regardless of detection method)
• All women in 1 county in Sweden from 1977-2015
• Compared patients 40-69 years old who did vs did not participate in 

mammographic screening
• Screening by single view mammogram at 18–33-month intervals
• 16% higher incidence of cancers in the screened population
• Adjusted for bias related to decision to participate in screening (?)



Results….
….the substantially lower incidence of cancers that were fatal at either 
10 years (60 %) or 20 years (47%) in the participating women compared 
with the nonparticipating women within the screening period indicates 
that a woman’s decision to participate in screening resulted in a greater 
reduction in death from breast cancer compared with women who did 
not participate. This notable difference is attributable to earlier 
detection and treatment at an earlier phase in the natural history of the 
disease among women who participated in mammography screening.



Breast Cancer Screening in Denmark:  A Cohort Study of Tumor Size and 
Overdiagnosis        Ann Int Med 2017

• Karsten Juhl Jørgensen, MD, DrMedSci; Peter C. Gøtzsche, MD, MSc; Mette Kalager, MD, PhD*; and Per-
Henrik Zahl, MD, DrMedSci*

• Background: Effective breast cancer screening should detect early-stage cancer and prevent
advanced disease.

• Objective: To assess the association between screening and the size of detected tumors
and to estimate overdiagnosis (detection of tumors that would not become clinically
relevant).

• Design: Cohort study.

• Setting: Denmark from 1980 to 2010.

• Participants: Women aged 35 to 84 years.

• Intervention: Screening programs offering biennial mammography for women aged 50 to 
69 years beginning in different regions at different times.



Danish Mammography 
Screening Study

• Conclusion: Breast cancer screening 
was not associated with a 
reduction in the incidence of 
advanced cancer. It is likely that 1 
in every 3 invasive tumors and 
cases of DCIS diagnosed in 
women offered screening 
represent overdiagnosis
(incidence increase of 48.3%).
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How can we reconcile these study outcomes?
• Why does the study in Sweden differ so dramatically from the Danish 

study?
• Population differences in underlying risk 
• Differences in screening programs:  Sweden offered single view 

mammography for all women in a 9 counties beginning at age 40;  the 
Danish study began mammography at age 50 and included women 
across the nation as screening was implemented

• Potentially different technology



Things we thought we knew….
• Mammography screening saves lives
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“The good thing about 
science is that it’s true 
whether or not you 
believe it.”

-Neil deGrasse Tyson-



Bottom line….IARC
2015 reaffirmed findings from the 2002 comprehensive review:
• “efficacy of screening by mammography as the sole means of screening in 

reducing mortality from breast cancer” was sufficient for women 50 to 69 
years of age, limited for women 40 to 49 years of age, and inadequate for 
women younger than 40 or older than 69 years of age

• More recent, high-quality observational studies were considered to 
provide the most robust data with which to evaluate the effectiveness of 
mammographic screening. The working group gave the greatest weight to 
cohort studies with long follow-up periods and the most robust designs, 
which included those that accounted for lead time, minimized temporal 
and geographic differences between screened and unscreened 
participants, and controlled for individual differences that may have been 
related to the primary outcome



Mammography saves lives if…..
• The screened population has a high incidence of breast cancer
• The population has access to high quality screening and treatment 

facilities
• The care is equitable across populations
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In the United States
• Black women have higher rates of mammogram screening than any 

other population – yet they still have the highest mortality from 
breast cancer of all demographics - screening does not reduce the 
inequity 
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Regulators and Legislators in our Exam Room
FDA’s “long-awaited breast density notification” final rule “amending 
portions of the Mammography Quality Standards Act of 1992 (MQSA) 
will publish before the end of 2022 or by the beginning of 2023.” The 
changes will “require mammography facilities to include up-to-date 
information about breast density in both the written report of the 
results of a mammography examination provided to a patient’s 
physician and the summary of that written report given to the patient.”



“It’s not what you 
don’t know that hurts 
you –
it’s what you know for 
sure that just ain’t so.”

– Mark Twain



Advocacy led to Policy
• Women with dense breasts who developed “interval” breast cancers 

and their families are convinced that supplemental screening would 
have improved their outcomes

• Strong emotion related to breast cancer in general
• Viewpoints on cancer screening are vitally important in understanding 

these outcomes – is our purpose to find every possible cancer and 
treat it, recognizing that we will be overtreating many, or to utilize 
resources at a population level to reduce morbidity and mortality 
related to breast cancer?



What do we know about breast density?
• ASSOCIATED WITH a higher incidence of breast cancer
• Higher in younger patients and those using HRT
• Lower sensitivity of digital mammography



The n e w e n g l a n d
j o u r n a l of m e d i c i n e

n engl j med 381;22 nejm.org November 28, 2019 2091

es tabl is h ed i n 1812 November 28, 2019 v o l . 381 n o . 22

BACKGROUND
Extremely dense breast tissue is a risk factor for breast cancer and limits the detection of cancer with mammography. Data are needed on the use of supplemental magnetic resonance imaging (MRI) to improve early detection and reduce interval breast cancers in
such patients.

METHODS
In this multicenter, randomized, controlled trial in the Netherlands, we assigned 40,373 women between the ages of 50 and 75 years with extremely dense breast tissue and normal results on screening mammography to a group that was invited to undergo
supplemental MRI or to a group that received mammography screening only. The groups were assigned in a 1:4 ratio, with 8061 in the MRI-invitation group and 32,312 in the mammography-only group. The primary outcome was the between-group differ-
ence in the incidence of interval cancers during a 2-year screening period.

RESULTS
The interval-cancer rate was 2.5 per 1000 screenings in the MRI-invitation group and 5.0 per 1000 screenings in the mammography-only group, for a difference of 2.5 per 1000 screenings (95% confidence interval [CI], 1.0 to 3.7; P<0.001). Of the women who
were invited to undergo MRI, 59% accepted the invitation. Of the 20 interval cancers that were diagnosed in the MRI-invitation group, 4 were diagnosed in the women who actually underwent MRI (0.8 per 1000 screenings) and 16 in those who did not accept
the invitation (4.9 per 1000 screenings). The MRI cancer-detection rate among the women who actually underwent MRI screening was 16.5 per 1000 screenings (95% CI, 13.3 to 20.5). The positive predictive value was 17.4% (95% CI, 14.2 to 21.2) for recall for
additional testing and 26.3% (95% CI, 21.7 to 31.6) for biopsy. The false positive rate was 79.8 per 1000 screenings. Among the women who underwent MRI, 0.1% had either an adverse event or a serious adverse event during or immediately after the screening.

CONCLUSIONS
The use of supplemental MRI screening in women with extremely dense breast tissue and normal results on mammography resulted in the diagnosis of significantly fewer interval cancers than mammography alone during a 2-year screening period. (Funded by
the University Medical Center Utrecht and others; DENSE ClinicalTrials.gov number, NCT01315015.)

Supplemental MRI Screening for Women with Extremely 
Dense Breast Tissue

M.F. Bakker, S.V. de Lange, R.M. Pijnappel, R.M. Mann, P.H.M. Peeters, E.M. Monninkhof, M.J. Emaus, C.E. Loo,
R.H.C. Bisschops, M.B.I. Lobbes, M.D.F. de Jong, K.M. Duvivier, J.Veltman, N. Karssemeijer, H.J. de Koning,

P.J. van Diest, W.P.T.M.Mali, M.A.A.J. van den Bosch, W.B. Veldhuis, and C.H. van Gils, for the
DENSE Trial Study Group*

a b s t r a c t

The New England Journal of Medicine
Downloaded from nejm.org at Univ of Florida Health Science Lib on January 14, 2022. For personal use only. No other uses without permission.

Copyright © 2019 Massachusetts Medical Society. All rights reserved.



DENSE Breast RCT
• 40,373 women aged 50-75 with extremely dense breasts in the 

Netherlands
• Randomized 1:4 to be offered MRI vs mammogram screening
• 59% of those offered free MRI participated
• Primary endpoint – interval cancers
• The median size of invasive tumors was 9.5 mm among MRI 

participants with screening-detected tumors, 13.0 mm among MRI 
participants with interval cancers, 15.0 mm among MRI 
nonparticipants, and 17.0 mm among women in the mammography-
only group. 



Supplemental Screening Results…
• At the next mammography screening, the cancer-detection rate was 

2.0 per 1000 mammography screenings among the MRI participants, 
as compared with 7.1 per 1000 screenings among the MRI 
nonparticipants and 6.0 per 1000 screenings among the women in 
the mammography-only group; these findings indicate that MRI 
examination advanced the time of diagnosis

• Undergoing supplemental MRI was associated with a cancer-
detection rate of 16.5 per 1000 screenings and resulted in a false 
positive rate of 8.0% (79.8 per 1000 screenings). Of the women who 
underwent a breast biopsy on the basis of an MRI indication, 26.3% 
had breast cancer and 73.7% did not.



Challenges with DENSE breast study
• Surrogate endpoint – interval cancers NOT disease specific or overall 

mortality
• Only 59% of patients with normal mammograms and extremely dense 

breasts offered MRI actually underwent the procedure
• Extremely high false positive rates – 74% of women biopsied on the 

basis of MRI did not have cancer
• Differences in interval cancer sizes were small – 9.5mm for 

supplemental MRI screened patients vs. 15-17mm for mammo alone. 
• The majority of MRI detected tumors were low grade DCIS or small 

well-differentiated cancers



DENSE breast RCT findings 
• Similar rates of node positive interval cancers in women who had MRI 

vs those screened only with mammogram (1.9 vs 2.2/1000)
• DCIS 10x more likely in the MRI screened patients
• The findings of this trial are likely to reinforce the idea that MRI 

screening is important in women with dense breast tissue
• It is unclear whether these cancers need to be found or treated
• Women with extremely dense breasts have a low risk of cancer 

(16.5/1000) 



Pseudodisease or Overdiagnosis
Pseudodisease is a condition detected by screening that does not 
require treatment because it will not adversely affect the patient's life. 
Type I pseudodisease refers to conditions that might not progress to 
symptomatic disease and may even regress. A commonly used example 
of Type 1 pseudodisease is ductal carcinoma in situ of the breast,

Herman; AMA Journal of Ethics 2006
Virtual Mentor. 2006;8(1):34-37



Pseudodisease or Overdiagnosis – Type II
Type II pseudodisease is an indolent, slowly progressive disease found 
in conditions with a long detectable preclinical phase. Often, this type 
of pseudodisease cannot be diagnosed until after the patient has died 
from other causes, when autopsy results reveal histologic evidence of, 
for example, prostate, breast, or lung cancer that was previously 
unknown. When these cancers are treated, the patient may be 
considered "cured" because he or she died from a cause other than 
cancer. But designating such outcomes as "cures" is erroneous because 
the cancer—even if untreated—would not have killed the patient 
before the time that he or she actually died of other causes.



What about dense breasts?  How should we 
counsel our patients?
• Studies conflate increased risk related to breast density with 

genetically high-risk women
• Studies combine women with extremely dense and heterogeneously 

dense breasts
• Are we putting these women at increased risk of procedures without 

contributing to their eventual survival?  
• ACOG does NOT recommend supplemental screening, nor does the 

USPSTF
• Advocacy organizations DO suggest additional ultrasound or MRI



JAMA 2012 Berg et al



Additional Screening Study demographics
• 53% patients with personal history of breast cancer
• 8% prior chest radiation
• 3% LCIS or ADH
• 1% BRCA1 or BRCA2 positive
• 3% Black
• 93% White

Can we extrapolate these findings to patients with dense breasts?



Results……
• The addition of annual ultrasound increased the cancer detection rate 

by 34% with a substantial increase in false positives  - 5% required 
biopsy with yield of only 7.4% of those women found to have cancer

• MRI increased cancer detection by 56% 
• There was a low interval cancer rate among all groups (mammo

alone, ultrasound or MRI screening) of 8% ALL OF WHICH WERE 
NODE NEGATIVE AND small

• Mortality improvement could not be assessed



Authors conclude…..
……..given the low clinically detected interval cancer rate of 8% in the 
main ACRIN 6666 protocol and given the fact that all interval cancers 
remained node-negative at diagnosis, it is unclear that the added cost 
and reduced tolerability of screening MRI are justified in women at 
intermediate risk



Advocacy

It is our obligation as healthcare 
providers to evaluate the evidence and 
speak up for the health of our patients 
and our communities
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A Difference, 
to be a 

difference, 
has to 

MAKE a difference



Things to advise our patients…..
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My pearls
Professionalism demands:

• That we do right for both our patients and our 
communities

• We be stewards of resources

• That we critically review the literature

• We remember that technology doesn’t trump 
therapeutic appropriateness



In the end……
“   Neither evidence nor clinical judgement alone is sufficient. 
Evidence without judgement can be applied by a technician.  
Judgement without evidence can be applied by a friend.
But the integration of evidence and judgement is what the healthcare 
provider does in order to dispense the best clinical care.”  

Hertzel Gerstein, MD


