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Abstract

Objective: Mammographic breast parenchymal density is the radiological composition of radiodense fibroglandular tissue and radiolucent
adipose tissue. Dense breasts restrict the imaging of lesions detected by mammography and reduce the sensitivity of mammography.
In this study, we investigated correlation between breast parenchymal density and prognosis, tumor biology, reoperation rates, and
prognostic factors.

Methods: Patients who were operated for breast cancer between January 2017 and December 2019 were included. The craniocaudal and
mediolateral images obtained during conventional mammograms were collected in a database. The appearance of radiologically dense
and lucent areas on mammography was taken as the mammographic percentage consistent with the current literature

Results: According to breast parenchymal density, there were 21 patients (14.7%) with type 1 breast density, 29 (20.3%) with type 2, 47
(32.9%) with type 3, and 46 (32.1%) with type 4. Mean survival time due to breast cancer was 27.45+17.85 months (1-63), and 139 patients
(97.2%) lived, while 4 (2.8%) were exitus.

Conclusion: Increased breast parenchymal density is a crucial risk factor for breast cancer. The effects of density on tumor biology and
prognosis are still controversial. Although increased breast density seems to have an effect on indicators of poor prognosis. Additional
examinations should be taken into consideration in order not to cause delay or skipping in diagnosis due to the decreased sensitivity of

mammography in dense breasts
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Introduction

In women aged over 40 years, mammography is the first
preferred imaging method for breast cancer screening and
has been the only one shown to reduce cancer mortality.'
Breast density is associated with collagen, epithelial, and
stromal tissues. The interstitium and breast gland tissue are
less radiolucent than adipose tissue. Mammographic breast
parenchymal density is the radiological composition of radi-
odense fibroglandular tissue and radiolucent adipose tissue.
Advanced age, high body mass index (BMI), number of births,
breastfeeding time, and antiestrogens in breast tissue such as
Tamoxifen cause a decrease in breast density, while hormone
replacement therapy and use of oral contraceptives cause an
increase.” Recently, the American College of Radiology has
recommended the assessment of breast density in the BIRADS
(Breast Imaging Reporting and Data System) system for the
evaluation of lesions in terms of malignancy risk.?

Dense breasts restrict the imaging of lesions detected by
mammography and reduce the sensitivity of mammography.
Mammography has been reported to have a sensitivity of 87%
and a specificity of 97% in adipose breast tissue (Type 1 or
Type A) and a sensitivity of 63% and a specificity of 89% in
high density (Type 4 or Type D) breast.*

MBD is a dynamic process that differs with age and repro-
ductive changes. Therefore, the correlation between MBD and
tumor biology and prognosis has been the subject of our study.>”

In this study, we investigated correlation between breast
parenchymal density and prognosis, tumor biology, reopera-
tion rates, and prognostic factors. With the changing life hab-
its and nutrition habits and the new diagnosis and treatment
modalities, it is crucial for this correlation to be examined now.
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Materials and Methods

Patients who were operated for breast cancer between January
2017 and December 2019 were included. Patients’ surgery
and pathology reports, hormone receptor status, preopera-
tive hematological and biochemical parameters, demographic
characteristics, and overall survival rates were analyzed ret-
rospectively on an electronic environment. Approval was
obtained from the ethics committee of our hospital. 143
patients were included. Patients who did not receive neoad-
juvant therapy, who had no history of hormone replacement
therapy or oral contraceptive use, and who were evaluated for
breast parenchymal density in their preoperative mammog-
raphy were included. Inoperable breast cancer patients were
excluded.

The demographic data of the groups (age, BMI, etc.),
their postoperative pathological data (TM characteristics) and
other radiological evaluations (USG MRI. Is there any data on
this?) were recorded.

Hormone receptor status was recorded according to the
pathology report for human epidermal growth factor recep-
tor 2 (HER-2) expression. Histological grade was recorded
according to the Scarff-Bloom-Richardson grading system.
Lymphovascular invasion status was recorded according to
lymphatic or vascular status indicated in the pathology reports.

Evaluation of density

The craniocaudal and mediolateral images obtained during
conventional mammograms were collected in a database.
The appearance of radiologically dense and lucent areas on
mammography was taken as the mammographic percentage
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consistent with the current literature.® In the evaluation of
density, the average density of both breasts was taken. The
percentage of the area filled by radiologically dense breast tis-
sue was analyzed and then divided into six different percentile
categories according to the Boyd cutoff value (<5%, 5%-10%,
10%-25%, 25%-50%, 5%-75%, or >75%).** Defined by Boyd
et al,, this categorization includes four types to categorize the
mammographic density percentages’ (Type I—<25%; Type
11—25%-50%; Type III—51%-75%; Type IV—>75%). We
used this categorization in the current study. The patients were
divided into four groups according to their breast parenchy-
mal densities.

Statistical analysis

The SPSS 11.5 software was used in the analysis of the data. In
descriptive statistics, quantitative variables are given as mean
+ standard deviation and median (minimum-maximum),
and qualitative variables are given as number of patients
(percentage). Whether there was a difference between more
than two categories of a qualitative variable according to a
quantitative variable was analyzed using the OneWay ANOVA
test if normal distribution assumptions were provided and the
Kruskal-Wallis-H test if not. The Chi-squared test and Fisher’s
exact test were used to compare two qualitative variables.
P<0.05 was considered as the statistical significance level.

Results

A total of 143 patients were included. The mean * stan-
dard deviation and median values for patients’ ages were
found to be 61.36+11.54 and 61.00 (33.00-89.00), respec-
tively. According to breast parenchymal density, there were
21 patients (14.7%) with type 1 breast density, 29 (20.3%)
with type 2, 47 (32.9%) with type 3, and 46 (32.1%) with
type 4. 58 were Grade 0-1 (40.6%), 64 were Grade 2 (44.7%),
and 21 were Grade 3 (14.7%). Similarly, 97 patients were
node-negative, while 46 were node-positive. 47 (32.8%) of
the patients received breast-conserving surgery (BCS), 25
received simple mastectomy (17.4%), 44 (30.7%) received
modified radical mastectomy (MRM), 8 (5.6%) received
mastectomy upon having positive surgical margin after BCS
and axillary dissection (AD), 15 (10.5%) received resection
after BCS, 3 (2.1%) received BCS+AD, and 1 (0.9%) received
bilateral mastectomy. There was no statistically significant
correlation between breast parenchymal density and sur-
vival (p=0.105).

There was no statistically significant correlation between
operation type and survival (p>0.005). Mean survival time
due to breast cancer was 27.45+17.85 months (1-63), and 139
patients (97.2%) lived, while 4 (2.8%) were exitus. Descriptive
variables are given in Table 1.

Regarding the correlation between patients’ demographic,
histopathological, and clinicopathological characteristics and
their breast parenchymal density, the correlations between
breast parenchymal density and lymph node status, grade,
HER-2 expression, surgical margin positivity, and survival
were not statistically significant. The p values were 0.129-
0.152-0.569-0.876-0.105, respectively. Estrogen and pro-
gesterone receptor positivity decrease with increased breast
density, which was statistically significant (p=0.001/p=0.039).
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Comparing lymphovascular invasion and breast parenchymal
density, we observed that the rate of lymphovascular invasion
increased with increased density, which was statistically sig-
nificant (p=0.002). 38 patients were luminal A, 26 were HER-2
positive luminal B, 53 were luminal B, 17 were triple negative
and 9 were HER-2 positive, and there was a statistically signifi-
cant correlation between breast parenchymal density and can-
cer subtype (p=0.011). 14 patients were Grade 1, 58 were Grade
2 and 71 were Grade 3, and the grade increased with increased
breast parenchymal density, which was statistically significant
(p<0.001). It was observed that there was an increase in in the
examinations performed, particularly in MRI, with increased
breast parenchymal density, which was statistically significant
(p=0.09). (Table 2)

Comparing the quantitative variables and breast paren-
chymal density, we found no statistically significant correla-
tion with survival time (p=0.917). Although the number of
positive lymph nodes was found to be the highest in patients
with type 4 breast parenchyma, the difference was not sta-
tistically significant (p=0.132). The decrease in age with the
increase in breast parenchymal density was statistically signif-
icant (p<0.001). Tumor size was statistically significantly the
largest in patients with type 4 breast parenchyma at a mean
of 3.38 cm (p=0.012). Mean Ki67 expression was 32.8%, and
the highest Ki67 expression was found in type 4 breast paren-
chyma patients at 46.24%, which was statistically significant
(p<0.001). (Table 3)

Discussion

Density is revealed on mammography by measuring the con-
tent of fibroglandular tissue. Recent research tries to explain
the correlation between breast cancer and breast density,
but this is made difficult by the lack of standardization for
the measurement of breast density. The histopathological
type and grade of a tumor determines its prognosis and
aggression.’ Thus, we investigated the correlation between
breast density and prognosis, age, tumor size, stage, hor-
mone receptors, HER-2 status, grade, lymphovascular inva-
sion, surgical margin status, reoperation, and additional
examinations.

Increased breast density is a very important risk fac-
tor for breast cancer in premenopausal and young women.
Increased breast density also reduces the sensitivity of MG."-*?
Previous research has reported that MMG sensitivity ranges
from 100% to 45% between fatty breasts and dense breast.*
This may result in delayed diagnosis and increase the need for
additional examination. In fact, parenchymal density had no
effect on stage in our study (p=0.152), but it caused a statisti-
cally significant increase in required additional examinations
(p=0.009). We believe that MRI in addition to mammography
can be very helpful in diagnosis.

There have been numerous studies on breast parenchymal
density and its effects on risk of developing breast cancer and
prognosis. Wolfe et al. (1976) divided mammographic breast
parenchymal density findings into 4 groups for the first time
and reported that breast density was a risk factor for the devel-
opment of breast cancer.”'® In a meta-analysis including 42
studies, McCormack et al. demonstrated a strong correlation
between risk of breast cancer and breast parenchymal den-
sity.'” Breast density is associated with collagen, epithelial, and
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Table 1. Descriptive.

Variables

Mean+SD 61.36%+11.54
Age

Median (Min.-Max.) 61.00 (33.00-89.00)

1 21 (14.7)

29 (20.3)
Breast parenchyma, n (%)
47 (32.9)

4 46 (32.1)

Negative 97 (67.8)
Lymph node, n (%)

Positive 46 (32.2)

0-1 58 (40.6)
Grade, n (%) 2 64 (44.7)

3 21 (14.7)

Positive 117 (81.8)
ER, n (%)

Negative 26 (18.2)

Positive 109 (76.2)
PR, n (%)

Negative 34 (23.8)

Positive 35(24.5)
Cerb2 status, n (%)

Negative 108 (75.5)

Luminal A 38(26.6)

Luminal B HER-2 26(18.2)
Type, n (%) Triple Negative 17 (11.9)

Luminal B 53(37.0)

HER-2 Positive 9(6.3)

Yes 35(24.5)
LVI, n (%)

No 108 (75.5)

1 14 (9.8)
Grade, n (%) 2 58 (40.6)

3 71 (49.6)

Ex 4(2.8)
Survival, n (%)

Alive 139 (97.2)

Mean+SD 27.45+17.85

Survival time
Median (Min.-Max.)

Mean+SD
Median (Min.-Max.)

Ki67

24.00 (1.00-63.00)
32.83+£26.45
22.00 (2.00-95.00)

stromal tissues. Increased epithelial and fibroblast activity can
contribute to increased breast density and breast cancer devel-
opment.'® ¥

A meta-analysis by Petterson et al. (2014) including three
studies showed that breast parenchymal density increased
the risk of developing breast cancer regardless of the meno-
pausal status.”® Research shows that the risk of developing
cancer is 4-6 times higher compared in dense breasts com-
pared to fatty breasts.?>? Pre- and postmenopausal estrogen
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receptor positive patients whose breast density showed a
higher decrease with tamoxifen have been shown to have bet-
ter prognosis.”*

Studies on breast density and breast cancer prognosis
are yet to reach a consensus on the matter. There is research
suggesting fatty breast density to indicate poor prognosis,*
while there is also research suggesting the opposite.”* ** In
addition, there are also studies arguing that breast density
has no correlation to prognosis.'>* We found that increased
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Table 2. Correlation between breast parenchyma and qualitative variables.
Breast parenchyma
Variables 1 3 4
Number % Number % Number % Number % p value
Negative 11 524 24 82.8 30 63.8 32 69.6
Lymph Node 0.129°
Positive 10 476 5 17.2 17 36.2 14 304
0-1 6 28.6 18 62.1 19 40.4 15 32.6
Grade 2 11 524 10 34.5 20 426 23 50.0 0.152°
3 4 19.0 1 34 8 17.0 8 174
Positive 21 100.0 27 93.1 39 83.0 30 65.2
ER 0.001°
Negative 0 0.0 2 6.9 8 17.0 16 348
Positive 19 90.5 25 86.2 36 76.6 29 63.0
PR 0.03%9°
Negative 2 9.5 4 13.8 i 234 17 37.0
Positive 3 14.3 6 20.7 13 27.7 13 283
Cerh2 status 0.569°
Negative 18 85.7 23 79.3 34 723 33 717
Luminal A 10 47.6 12 415 1 234 5 10.8
Luminal BHER-2 3 14.3 5 17.2 9 19.1 9 19.6
Type Triple Negative 0 0.0 1 34 4 85 12 26.1 0.011°
Luminal B 8 38.1 10 34.5 19 40.5 16 34.8
HER-2 Positive 0 0.0 1 34 4 85 4 8.7
Yes 2 9.5 3 10.3 10 213 20 435
LVI 0.002°
No 19 90.5 26 89.7 37 78.7 26 56.5
1 2 9.5 3 10.3 5 10.6 4 8.7
Grade 2 13 61.9 18 62.1 19 40.5 8 174 <0.001°
3 6 28.6 8 276 23 489 34 739
i Suvival 17 81.0 24 82.8 41 87.2 38 82.6
Surgical 0876°
argin Positive 4 190 5 17.2 6 128 8 17.4
Additional Yes 4 19.0 6 20.7 14 29.8 24 522
e 0.009°
examination o 17 81.0 23 793 33 70.2 22 478
Ex 2 9.5 1 34 0 0.0 1 2.2
Survival 0.105°
Alive 19 90.5 28 96.6 47 100.0 45 97.8

a:Chi-squared test, b:Fisher's exact test

breast parenchymal density had no effect on prognosis, but
our short follow-up period was an important factor in the lack
of effective evaluation of prognosis. Of course, these findings
are not homogeneous, as there is still no standardization for
breast density. We think that more consistent findings can be
obtained once standardization increases.

Similar to the effect of parenchymal density on progno-
sis, studies on breast parenchymal density and tumor biology
have not yet reached a consensus. There is research that found
no correlation between breast parenchymal density and hor-
mone receptor positivity,”> ?* while two recent studies have
shown that patients with higher breast parenchymal density
had higher ER positivity.*> ** Yaghjyan et al. found a strong
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correlation between breast parenchymal density and ER posi-
tivity and concluded that density had no effect on HER-2 sta-
tus.’® They also demonstrated that parenchymal density had
no effect on lymph node positivity. In our study, estrogen and
progesterone receptor positivity were found to be increased,
particularly in fatty breasts (p=0.129), and HER-2 receptor
positivity was observed to be more frequent in dense breasts,
which was statistically significant (p=0.569).

Triple negative breast cancers have a pattern of gene expres-
sion that shows a course of overexpression of genes responsible
for cell proliferation and DNA replication pathways regulated
by cyclin-dependent kinase inhibitor 1A (CDKN1A). HER-2
positive breast cancers show an overexpression of genes
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Table 3. The correlation between Breast Parenchyma and quantitative variables

Breast Parenchyma

Variables ! 2 3 4

Mean£SD ?:I‘l!i:if:\lnax.) Mean+SD ?l’:llei:i.?;lax.) Mean+SD :Iltllei:ifhl:lax.) Mean+SD ?:Ileiﬁif;nax.) pvalue
Age 66331080 (647(590%_85.00) 60.72+8.59 (651%%_75‘00) 57.06+10.25 (5366%%-80_00) 43204917 ?216.50()0—69.00) <0.001°
TumorSize  3.15+191 (2(')‘5500_8‘00) 1.93+1.10 20'5_3200_4_50) 2654148 (2(‘)?0_7_50) 338220 (20‘@0_”‘00) 0012°
Number
‘L’;::I:ﬂ"e 1484258 (oo MOESIO G oo 1368292 G ioo 1548425 G o 0432
nodes
Ki67status ~ 20.57+21.44 (]35_'(%)_80_00) 20.86+21.24 925_'(%)_90_00) 325542400 (225"(‘))880.00) 46.24+2805 (5504'(?895400) <0007°
:i‘:::"al 286241648 (277_8(263_00) 27.14419.16 (272_&363'00) 27.38+17.47 (2;&?863.00) 27.17+1853 (2ﬁ8863.00) 0917}

a:0neWay ANOVA, b:Kruskal-Wallis-H test

responsible for HER-2 pathways. Epidemiological studies have
shown that risk factors for reproduction such as birth infor-
mation or age of menarche and body mass index are associated
with ER or PR negative tumors rather than with ER or PR pos-
itive tumors. ER negative breast cancers, especially triple neg-
ative breast cancers, are diagnosed at an earlier age.*>~** Mema
et al. showed that patients with low breast density had a 2.53
times higher risk of developing triple negative breast cancer.”
In our study, patients with dense breasts showed higher triple
negativity, which was statistically significant (p=0.011).

Since density may cause a skipping of possible lesions
in breast screening mammograms, some studies have shown
increased breast parenchymal density to be associated with
larger tumor size, higher number of lymph nodes, and
advanced stage.’®* In our study, increased breast density was
found to be associated with increased tumor size (p=0.012) but
not with pathological stage. Another study found patients with
fatty breasts to be associated with lower stage independently
of hormonotherapy and that patients with dense breast paren-
chyma were at an advanced stage.® This may be associated
with difficulty in diagnosis in dense breasts and with low
mammographic sensitivity.

Lymphovascular invasion is when cancer cells infiltrate
the blood vessels or lymphatic vessels inside or around the
tumor. LVIis thought to mediate cancer dissemination,** and
is accompanied by poor prognosis and pathological character-
istics.*>** In our study, lymphovascular invasion positivity was
found to be increased with increased density (p=0.002). Due
to our short follow-up period, we could not evaluate the effect
of lymphovascular invasion positivity on prognosis.

The limitations of this study were its retrospective nature,
the low number of patients, the lack of evaluation of factors
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affecting prognosis (e.g., additional disease, etc.), short fol-
low-up period, and the lack of evaluation of adjuvant treat-
ment conditions.

Conclusion

Increased breast parenchymal density is a crucial risk factor
for breast cancer. The effects of density on tumor biology and
prognosis are still controversial. Although increased breast
density seems to have an effect on indicators of poor progno-
sis, such as LVI and tumor grade, its effect on prognosis could
not be shown. In addition, additional examinations should be
taken into consideration in order not to cause delay or skip-
ping in diagnosis due to the decreased sensitivity of mammog-
raphy in dense breasts.
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