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Abstract
Purpose: Mammographic breast density (BD) is strongly associated to breast cancer (BC) risk; however,
its association with survival is unclear.

Methods: Using data from the Piedmont Cancer Registry (Registro Tumori Piemonte), we identi�ed 693
women diagnosed with primary invasive BC between 2009-2014. We applied the Kaplan-Meier method to
estimate overall survival in strata of BD and the log-rank test to assess survival differences. We evaluated
the hazard ratios (HRs) of death using Cox proportional hazards model and HRs of BC-related and other
causes of death using the cause-speci�c hazards regression model. Models included terms for BD
(assessed according to the Breast Imaging Reporting and Data System [BI-RADS] density classi�cation)
and were adjusted for selected patient and tumour characteristics.

Results: There were102 deaths, of which 49 were from BC. After 5 years, the overall survival was 70% in
women with BI-RADS 1, 85% in those with BI-RADS 2, about 95% in those with BI-RADS 3-4 (p <0.01). As
compared to women with low BD (BI-RADS 1), the adjusted HRs of death was 0.71 (95% con�dence
interval (CI) 0.44–1.14) for BI-RADS 2 and 0.38 (95% CI 0.18–0.80) for BI-RADS 3-4 (p for trend = 0.010).
As compared to BI-RADS 1, the adjusted HRs of BC-related death decreased with increasing BI-RADS BD
from 0.90 (95% CI 0.43–1.87) for BI-RADS 2 to 0.32 (95% CI 0.12–0.91) for BI-RADS 3-4 (p for trend =
0.047).

Conclusion: In women with BC, low BD has a negative prognostic impact.

Introduction
Mammographic breast density (BD) re�ects breast tissue composition as projected on a two-dimensional
mammographic image. BD is routinely classi�ed, on the basis of the �broglandular tissue proportion,
into: almost entirely fat (Breast Imaging Reporting and Data System [BI-RADS] 1), scattered areas of
�broglandular density (BI-RADS 2), heterogeneously dense (BI-RADS 3), and extremely dense (BI-RADS 4)
[1]. While the role of BD on breast cancer (BC) risk has been widely assessed (with a 2- to 6-fold increase
in risk between the highest and the lowest BD category [2,3]), the prognostic effect of BD on BC patients
is still debated [4,5].

We therefore analysed the impact of BD on survival using data from the Piedmont Cancer Registry
(Registro Tumori Piemonte – RTP).

Materials And Methods
Study population and data collection

Using the RTP dataset, we identi�ed 1332 invasive BCs (International Classi�cation of Disease for
Oncology, 3rd edition, (ICD-O-3) site codes C50.0-50.9 [6]), diagnosed between 2009 and 2014, and
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treated at AOU (Azienda Ospedaliera Universitaria) Città della Salute e della Scienza, in Turin, Italy. Data
on BD was available for 693 cases.

We retrieved information from the RTP, hospital discharge forms and reports. For each cancer case
included in this study, we collected data on age at diagnosis, education (we de�ned primary and middle
school as low education, and high school and university as high education), parity, menopausal status,
BC history in �rst- or second-degree relatives, tobacco smoking, diabetes, marital status, and the body
mass index (BMI) at the time of diagnosis.

BD was assessed from the preoperative mammogram report closest to the time of diagnosis. Density
measurement was performed by a single radiologist from diagnostic digital mammograms of the
unaffected breast and classi�ed according to the BI-RADS reporting system. We re-categorized BD into BI-
RADS 1, BI-RADS 2 and BI-RADS 3-4.

From pathology reports we extracted information on Estrogen (ER) and Progesterone (PR) receptors,
HER2 and Ki67 status and classi�ed it on the basis of St. Gallen criteria and ASCO-CAP guidelines [7-9].
We de�ned BC subtypes as: luminal A (ER+ and/or PR+, HER2-, low Ki67), luminal BH- (ER+ and/or PR+,
HER2-, Ki67 high), luminal BH+ (ER+ and/or PR+, HER2+), HER2+ (ER-, PR-, HER2+), triple negative (ER-,
PR-, HER2-) [10]. We retrieved also information on histologic grade, histotype and pathological Tumor-
Node-Metastasis (pTNM) stage, categorised according to AJCC Cancer Staging Manual criteria [11].

Follow-up was obtained from the RTP. Out of 102 deaths, information on speci�c cause of death (BC vs
other causes) was available for 90 patients.

Statistical analysis

The effect of BD was estimated by Cox proportional hazards models and expressed as hazard ratio (HR)
with the corresponding 95% con�dence interval (CI). We applied the cause-speci�c hazard regression
model to consider death for causes other than BC as competing risk. The models included terms for BD
(BI-RADS 1/ BI-RADS 2/BI-RADS 3-4), age at diagnosis (≤50/51-64/≥65), histotype
(Ductal/Lobular/Others), grade (1/2/3), subtype (luminal A/luminal BH-/luminal BH+/HER2+/triple
negative), pTNM stage (1/2/3), education (Low/High), BMI (<25/≥25 kg/m2), smoking (Never/Ever),
parity (No/Yes), menopause (Pre/Post), family history of breast cancer (No/Yes), marital status
(Unmarried/Married/Divorced), diabetes (No/Yes). Test for trend was performed by including BD as
ordinal variable.

The overall survival (OS) was estimated using the Kaplan Meier method.

Results
Table 1 shows the main baseline characteristics of our dataset. Median age was 61. Out of 693 women,
about 27% had BI-RADS 1 density, 44% BI-RADS 2 and 29% BI-RADS 3-4. As regards other tumour
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characteristics, luminal A subtype was reported for 58% of patients, luminal BH- for 21%, luminal BH+ for
11%, HER2+ for 3% and triple negative for 7%. Over 64% had ductal histotype, 22% lobular and 14% others
histotypes. About 44% had pTNM stage 1, 43% had pTNM 2 and 13% had pTNM 3. About 31% of women
had grade 1, 49% had grade 2 and 20% grade 3. Considering other baseline characteristics, most women
had low education, normal weight, had at least one child, were in post menopause, had no family history
of BC, were married, not affected by diabetes, had never smoked. There were 102 deaths (15%) and 49
deaths from BC.

Figure 1 shows Kaplan-Meier OS in strata of BD (BI-RADS 1/BI-RADS 2/BI-RADS 3-4), with the numbers at
risk and the numbers of cumulative events by year of follow-up. After 3 years, the OS was 85% in subjects
with BI-RADS 1, 90% in those with BI-RADS 2, 95% in those with BI-RADS 3-4; after 5 years, the OS was
70% in subjects with BI-RADS 1, 85% in those with BI-RADS 2, 95% in those with BI-RADS 3-4 (p <0.01).

Table 2 shows mortality HR by BI-RADS density, along with the corresponding 95% CI. Women with BI-
RADS 2 and BI-RADS 3-4 had a better survival compared to those with BI-RADS 1. Compared to BI-RADS
1, the HRs of death were 0.71 (95% CI 0.44–1.14) for BI-RADS 2 and 0.38 (95% CI 0.18–0.80) for BI-RADS
3-4. Considering BC deaths, the HRs were 0.90 (95% CI 0.43-1.87) for BI-RADS 2 and 0.32 (95%CI 0.12-
0.91) for BI-RADS 3-4, compared to BI-RADS 1. The HR for other causes of deaths was 0.43 (95% CI 0.20-
0.93) for BI-RADS 2-3-4, compared to BI-RADS 1.

Discussion
This study showed that women with higher BD had a reduced risk of death from all causes and breast
cancer.

The role of BD as prognostic factor has been addressed in several studies with, however, inconclusive
results. A prospective analysis on the Breast Cancer Surveillance Consortium data of over 9000 women
with invasive breast carcinoma showed that BI-RADS density (comparing BI-RADS 4 versus BI-RADS 2)
was not related to the risk of death from BC (HR 0.92 95% CI 0.71-1.19) or any other cause (HR 0.83 95%
CI 0.68-1.02), after accounting for some patient and tumour characteristics (site, age at and year of
diagnosis, stage, BMI, mode of detection, treatment and income) [12]. Pre-diagnostic BD, assessed using
a computer-assisted method, among 607 BC cases within the Hawaii component of the Multiethnic
Cohort was not associated with death from BC (HR 0.95 per 10% 95% CI 0.79-1.15) and from other
causes (HR 1.08 per 10% 95% CI 0.98-1.20); the model was adjusted for age at diagnosis, ethnicity,
overweight, stage at diagnosis and radiation treatment [13]. Similarly, in a British hospital–based study of
759 women aged 50-69 with primary operable invasive BCs, BC–speci�c survival was unrelated to BI-
RADS mammographic parenchymal pattern. A nonsigni�cant trend was observed for women with denser
breasts who showed a better overall survival than women with fatty breasts [14]. Moreover, a Swedish
study observed that high BD, assessed according to Tabar’s classi�cation, was suggestively, but not
signi�cantly, associated with poorer long-term survival after adjustments for age, tumour size, node
status, grade, and BMI (HR 1.75 95% CI 0.99-3.10) [15]. Focusing on BC related deaths, a cohort study on
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22,597 African American and White women with BC enrolled from the Carolina Mammography Registry
showed no association with BD (HR 0.91, p= 0.124 dense [BI-RADS 3-4] versus fatty [BI-RADS 1-2]
adjusted for age, ethnicity, and tumour stage) [16].

Partially in contrast with our results, an analysis including 619 BC cases selected from a prospective
cohort (The Malmö Diet and Cancer Study) showed that, after adjustment for age and other prognostic
factors, women aged 50-69 with dense breast (BI-RADS 4), as compared to fatty one (BI-RADS 1), had an
increased risk of BC related death (HR 2.56 95% CI 1.07-6.11). In the same study, when deaths from
causes other than BC were considered, the HR was 0.74 (95% CI 0.31-1.73) [17]. Moreover, including only
women diagnosed with metastatic BC, a Saudi Arabian study observed that moderate/high BD patients
(>25% of radio-dense �broglandular tissue) had a worse median progression-free survival than low
density ones (9.3 months, 95% CI 8.51–13.60 vs 18.4 months, 95% CI 14.88–22.15 respectively, p =
0.002) [18].

The association that we observed between lower BD and poorer outcome is consistent with several
studies. In a Finnish analysis assessed on 270 patients aged 32 to 86 with newly diagnosed BC, very low
BD at the time of diagnosis (percentage of glandular tissue <10% ) was an independent, poor prognostic
factor even after correcting for possible confounders (HR 3.28 95% CI 1.75-6.13 compared to the
remaining patients) [19]. In a Korean study on 969 patients with primary operable invasive BC, the high
density group (BI-RADS 3-4) demonstrated a superior overall survival compared to the lower one (BI-RADS
1-2) after adjustment for 14 factors including nine clinicopathologic factors and �ve treatment factors
(HR 0.38 95% CI 0.21–0.71) [20]. A cohort study on 989 BC patients aged 50-69 identi�ed within the
Danish mammography screening program showed that patients with dense breast (BI-RADS 3-4),
compared to those with fatty breast (BI-RADS 1-2), had a lower case fatality (case fatality rate ratio 0.60,
95% CI 0.43-0.84), as well as a reduced risk of BC death (age-adjusted RR 0.53, 95% CI 0.34-0.82) [21]. A
case-only study including 2233 women diagnosed with invasive breast aged from 38 to 97 showed, after
adjustment for age and mode of detection, an association of borderline statistical signi�cance between
high BD and BC -speci�c survival (HR 0.84 95% CI 0.68-1.03 for dense breast, Wolfe scale > 25%, versus
fatty breasts, Wolfe scale ≤25%) [22].

Evidence that women with lower BD are at increased risk of BC-related death, irrespective of several well-
known risk factors, supports the growing evidence that tumour microenvironment is closely intertwined
with the outcome of the disease. Until now, studies have widely explored characteristics of dense breast,
while less attention has been given to the fat of breast tissue. Adipose tissue is an effective endocrine
organ able to secrete a variety of bioactive molecules. The paracrine support of the tumours by cytokines
and growth factors secreted by adipocytes, as well as the chronic low-grade in�ammation sustained in
surrounding tissue by the peritumoral fat, may, at least in part, enhance malignant progression
mechanisms [23,24].

Limitations of this study included BD assessment that relied on BI-RADS classi�cation, a visual and
subjective method; held by a single reader, no formal assessment of intra or inter-observer variability was
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performed. Nevertheless, the BI-RADS reporting system allows to rank BC patients into interpretable
descriptors without requiring special software. Further, due to known BD changes with age, we assessed
BD at the time of diagnosis. We had no information on mode of detection (i.e., screening and interval
cancers), treatment received and cancer recurrence. However, we assessed a comprehensive spectrum of
BC related prognostic factors, including detailed tumour characteristics and several patient aspects (e.g.,
reproductive, sociodemographic, anthropometric, lifestyle factors). Prior studies showed remarkable
differences in populations and methodologies, in BD assessment method and classi�cation, as well as in
adjustment for confounding factors. These disparities limited comparison between studies and could
partly explain a lack of concordance across them.

In conclusion, low BD appears to affect survival in women with invasive BC, even after adjusting for
several known prognostic factors. Readily available data on BD at diagnosis may provide useful
prognostic information.
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Figure 1

Kaplan-Meier estimates of survival strati�ed by BI-RADS (Breast Imaging- Reporting and Data System)
breast density among 693 women with invasive breast cancer.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Table1ok.pdf

Table2ok.pdf

https://assets.researchsquare.com/files/rs-324959/v1/25adccd02ad0a11f3ce6dc34.pdf
https://assets.researchsquare.com/files/rs-324959/v1/30029cbc4fb480a0da20f9ae.pdf

