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Abstract

Background: Per American Cancer Society, breast cancer is one of
the most prevalent causes of cancer-related mortality in women in the
United States. Different organizations vary in their recommendations
regarding frequency of mammograms, with the United State Preven-
tive Service Taskforce recommending biennial screening and other
organizations like American College of Radiology promoting annual
screening. The purpose of this study was to analyze institutional data
to compare breast cancer detection rates among women undergoing
annual vs. biennial mammograms.

Methods: In this retrospective chart review, we analyzed deidentified
records of women aged 25 to 74 at Northeast Georgia Health System,
who had undergone at least two screening mammograms and were
diagnosed with primary breast cancer. We analyzed several variables
including Breast Imaging Reporting and Data System (BI-RADS)
categorization, estrogen receptor (ER) status, progesterone receptor
(PR) status, human epidermal growth factor receptor 2 (HER2) sta-
tus, age, race, ethnicity, nodal involvement, smoking status, insur-
ance status, grade, tumor size, number of screening mammograms,
personal history of breast cancer, family history of breast cancer, and
their correlation to screening frequency (annual vs. biennial vs. less
than biennial).

Results: Among the total 2,219 records that satisfied the inclusion
criteria, we observed that BI-RADS categorization (P < 0.001), ER
status (P = 0.003), and PR status (P = 0.001) were associated with
mammogram screening frequency while the other variables were not
statistically significant. Post-hoc analysis revealed that biennially
screened patients exhibited less N2 node involvement than expected
(P = 0.022). Additionally, Hispanic/Latino(a) patients had a greater
frequency of biennial screenings than expected (P = 0.050). Lastly,
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post-hoc analysis revealed that current smokers had a greater inci-
dence of less-frequent-than-biennial screenings (P = 0.023).

Conclusions: Annual mammograms were associated with a lower BI-
RADS stage and lower stage of breast cancer diagnosis.

Keywords: Breast cancer; Mammogram; Annual; Biennial; ACR;
USPSTF

Introduction

According to the American Cancer Society, breast cancer is
the most common cancer among females in the United States
with an annual incidence of about 287,850 (approximately one
in three women) reported in 2022 [1-3]. While breast cancer
is generally considered to be better managed compared to oth-
er cancers, it still presents significant challenges in terms of
treatment and outcomes. While American College of Radiol-
ogy (ACR), American College of Obstetricians and Gynecolo-
gists (ACOG), and American Cancer Society (ACS) National
Comprehensive Cancer Network recommend annual screening
for breast cancer, United State Preventive Service Taskforce
(USPSTF) guidelines recommend biennial screening for breast
cancer starting at the age of 40 [4-7]. Discordant guidelines for
breast cancer screening have created confusion and challenges
in determining the most effective approach for early detection.

The current guidelines defined by the USPSTF recom-
mend screening for breast cancer every 2 years (biennially)
in women aged 40 years or older [4]. However, other medical
organizations including ACR recommend screening annually
starting at the age of 40 for women at average risk, and ear-
lier and more intensive screening (starting at age 25 - 30) for
high-risk patients [5, 8], as higher risk women tend to develop
more aggressive lesions and have more node-positive tumors
[9]. Those with a personal history of breast cancer, family his-
tory of breast cancer, high-risk mutations (BRCA1, BRCA2,
PTEN, SK1, and Li-Fraumeni syndrome), and minority eth-
nicity groups such as African American and Hispanic women
are all at higher risk [5, 8]. Additional factors that increase the
risk of breast cancer include genetic mutations, family his-
tory, chest radiation of > 10 Gy at a young age, breast density,
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and race/ethnicity [9]. African American women have a 39%
higher chance of mortality from breast cancer as compared to
non-Hispanic White women [10]. Furthermore, non-Hispanic
African American women were almost twice as likely (9% vs.
5-6%) to be diagnosed with a distant stage breast cancer than
other ethnic groups [10]. The median age of breast cancer di-
agnosis in black women is 59 years as compared to 63 years in
white women [11].

Both ACR and USPSTF recommend mammography as
the preferred imaging modality for screening. Screening mam-
mograms are effective tools for identifying abnormal lesions
that could be the first signs of breast cancer, including a mass
changing in size or presenting with characteristics such as be-
ing taller than wider, having spiculations, or displaying micro-
calcifications [12].

In agreement with ACR and other organizations that sup-
port annual breast cancer screening, most insurers pay for an-
nual screening with no cost to the patients [13, 14]. In fact,
ACR guidelines suggest using a risk assessment tool to stratify
all women by age 25 based on risk factors to provide screen-
ing recommendations [4]. Women with calculated lifetime risk
of 20% or more are recommended to undergo magnetic reso-
nance imaging (MRI) and mammography starting at ages 25
to 30 [4]. The detection rate with annual mammograms is 2.32
per thousand screens, whereas with biennial mammograms it
is 3.32 per 1,000 screens [15]. This increase in detection rate
is associated with a 1.2% increase in 10-year survival among
women aged 50 - 74 years who are diagnosed with breast
cancer [15]. However, annual breast cancer screening leads
to detection of cancers at earlier stages and results in fewer
interval cancers diagnosed between mammogram screenings
as compared to biennial or less frequent screenings [16]. Cur-
rent barriers to annual screening from the patients’ perspec-
tive include differing guidelines, physician perspectives on
guidelines, concerns about job security when taking time off
for attending screening appointments, lack of access to trans-
portation or childcare, cultural perceptions, language barriers,
inaccessibility to primary care physicians, and underinsured
status, which could result in patients having to self-pay up to
$735 per mammogram [17-20].

Additionally, women who are apprehensive about health-
care and fearful of the mammography procedure have the
longest screening times and are less likely to pursue further
evaluation of abnormal screening results [18]. The other bar-
rier to screening mammograms is the inability to access digital
breast tomography at certain institutions [20]. Some of the pro-
posed interventions to mitigate barriers to screening include
building mammography centers closer to the target population,
adjusting hours of operation to meet population needs, offering
non-clinical options such as mobile mammography units, and
removing administrative obstacles that can delay mammogram
scheduling and delivery [21]. Regularly screening patients at
higher risk for breast cancer is essential for decreasing the stage
of diagnosis, which will result in better management and over-
all patient well-being [16]. Variations in screening frequency
as recommended by different organizations can significantly
influence tumor size, treatment options, and patient mortality
[16]. Further investigation is needed to determine whether an-
nual screening is more effective at detecting breast cancer at

carlier stages, potentially providing patients with better treat-
ment options and improving survival. While ACR, ACOG,
and ACS National Comprehensive Cancer Network recom-
mend annual screening for breast cancer, USPSTF guidelines
recommend biennial screening for breast cancer starting at the
age of 40 [4-7]. Due to differences in mammography screen-
ing guidelines published by the USPSTF (biennial) and ACR
(annual), performing a retrospective study on our institutional
data will provide more insight into which guidelines offer the
best outcomes for patients [4, 6, 7].

While ACR does recommend an annual screening mam-
mogram and further endorses the enforcement of a risk assess-
ment tool at the age of 25 to determine duration and frequency
of screening, it can lead to increased patient burden. On the
other hand, the USPSTF recently updated its breast cancer
screening guidelines, recommending that women at average
risk begin regular mammograms at age 40, a shift from the pre-
vious recommendation of starting at age 50. Evidence showed
that earlier screening led to earlier detection and therefore bet-
ter outcomes, particularly since younger women have denser
breasts and a higher propensity for developing more rapidly
growing cancers [22]. The American Academy of Family
Physicians (AAFP) supports these guideline changes, stating
that this expansion in age range could save 19% more lives
than before [23]. USPSTF also emphasizes the importance of
personalized decision-making between health care providers
and patients regarding screening intervals. Some women may
opt for annual or biennial screenings based on individual risk
factors and preferences. The guidelines further stress the need
for additional research into optimal screening strategies for di-
verse populations [22].

When faced with different guidelines and recommenda-
tions, health care providers may have a hard time coming up
with the best option for their patients. The aim of conducting
this retrospective study in our institute was to compare the in-
cidence of breast cancer diagnosis in those who were screened
annually, biannually, or less frequently than biannually. With
that information, we would be able to determine which organi-
zation’s screening guidelines are more effective for early diag-
nosis and therefore, early treatment.

Out of the seven prominent organizations which publish
screening guidelines, most of them, including ACR, recom-
mend annual screening, whereas USPSTF recommends bian-
nual screening. Annual screening leads to early diagnosis but
can lead to higher false positivity rates requiring more invasive
investigations. Biannual screening reduces the incidence of
false positive cases but does not catch early-stage breast cancer
in those who are particularly susceptible. Both have their mer-
its and demerits. Our study was conducted to compare which
is more beneficial for patient outcome.

Materials and Methods

In this study, we performed a retrospective, non-interventional
chart review of Northeast Georgia Health System (NGHS) re-
cords of women diagnosed with breast cancer, who had screen-
ing mammograms between January 2018 and 2023 with a goal
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Table 1. Breast Imaging Reporting and Data System (BI-RADS) Categorization

BI-RADS category Description

0 Additional views or sonography required

1 No abnormalities identified

2 Not entirely normal, but definitely benign

3 Probably benign

4A Low suspicious for malignancy, but intervention required
4B Intermediate suspicion for malignancy, intervention required
4C Moderate suspicion, but not classic for carcinoma

5 Almost certainly malignant

6 Biopsy-proven carcinoma

BI-RADS: Breast Imaging Reporting and Data System.

to compare groups based on screening frequency and to elu-
cidate a potential link to stage of breast cancer diagnosis. As
data were planned to be pulled from the EPIC (EPIC Systems
Corporation - electronic medical records) database retrospec-
tively, hence study was determined to be exempted from our
Institutional Review Board, and data were collected in compli-
ance with all the applicable institutional ethical guidelines and
health insurance portability and accountability act. Data were
collected from the NGHS Clinical Research Data Platform by
the blinded Graduate Medical Education Data Administrator,
and 10% of the dataset was validated by the Data Administra-
tor and investigating co-resident.

Inclusion and exclusion criteria were developed to mini-
mize the effect of confounding variables on the results of
screening frequency and the severity of breast cancer at detec-
tion. Inclusion criteria included females between the ages of
25 and 74 years at Northeast Georgia Health System (NGHS),
who had at least two screening mammograms and were di-
agnosed with primary breast cancer. This resulted in 2,219
records that satisfied the inclusion criteria. Exclusion criteria
included males, detection of cancer through imaging modali-
ties other than a mammogram, greater than a 4-year screening
interval, and non-primary breast cancer.

The independent variables in this study include screening
frequency (annual/biennial/ more than 2 years), race (Asian,
White, Hispanic, African American, and others), age (num-
ber), ethnicity (Hispanic vs. non-Hispanic), and lifetime risk
(percentage, high-risk vs. low-risk). Dependent variables in-
cluded primary breast cancer, Breast Imaging Reporting and
Data System (BI-RADS) rating (0 - 6, as described in Table
1), TNM (tumor, node, metastasis) stage (Tables 2, 3) [24],
tumor grade (1 = low, 2 = intermediate, 3 = high), estrogen
receptor (ER) status, progesterone receptor (PR) status, human
epidermal growth factor receptor 2 (HER2) status, personal
history of malignant neoplasm of the breast, family history of
malignant neoplasm of the breast (yes/no; if yes, which family
member), screening mammogram (yes/no, number), screening
interval time (number of months: annual: 9 - 15 months (0.75
- 1.25 years), biennial: 21 - 27 months (1.75 - 2.25 years), > 3
years: 30 months or more (> 2.5 years), and mutations.

Chi-squared tests of independence were used to examine

the association between screening frequency and other nomi-
nal variables. If the omnibus Chi-squared test rejected the
null hypothesis of independence, it was deemed statistically
significant, and post-hoc analysis was performed. Post-hoc
analysis entailed the examination of the adjusted standardized
residuals to determine which frequency table cells contribute
the most to the bivariate association [25]. To account for the
influence that frequency table size may have when examining
multiple residuals within a Chi-squared test [26], a Benjamini-
Hochberg correction was applied to control for false discov-
ery rate [27]. Cramer’s V effect size statistic was calculated
for any Chi-squared test that was statistically significant. Pa-
tient age is the sole continuous variable; thus, a multinomial
logistic regression model was fit to screening frequency with
age as a single predictor. This model was then compared to an
intercept-only model using a likelihood ratio test to delineate
if age as a predictor improves the model fit. The alpha crite-
rion for null hypothesis rejection was set to P < 0.05 for all
statistical tests. Statistical analyses were performed with the
programming language R (version 4.3.3) in the RStudio IDE
(Posit Software, PBC, Boston, MA, US) [28]. The risk stratifi-
cation tool recommended by the ACR is available through the
provided link [9].

Results

A total of 2,129 women aged 25 - 74 had mammograms be-
tween 2018 and 2023 and were diagnosed with primary breast
cancer. The severity of breast cancer at the time of diagno-
sis in high-risk women between those who were screened at
different intervals is analyzed Table 4. Totally, 1,728 women
had annual screening mammograms, 384 women had biennial
screenings, and 107 women had mammograms less frequently
than every 2 years.

Demographic characteristics

Demographic characteristics of the women enrolled in the
study is presented in Table 4.
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Table 2. TNM Staging

Tumor Lymph node Metastasis Grade ER PR Stage
T1 NO MO 1 Positive Positive 1A
Tl NO MO 1 Positive Negative IB
Tl NO MO 1 Negative Negative ITA
T1 NO MO 2 Positive Positive ITA
Tl NO MO 2 Positive Negative 1IB
Tl NO MO 2 Negative Negative IITA
T2 NO MO 1 Positive Positive 1A
T2 NO MO 1 Positive Negative 1IB
T2 NO MO 1 Negative Negative A
T2 NO MO 2 Positive Positive [ITA
T2 NO MO 2 Positive Negative 1B
T2 NO MO 2 Negative Negative mc
T3 NO MO 1 Positive Positive 1A
T3 NO MO 1 Positive Negative 1B
T3 NO MO 1 Negative Negative mc
T4 NO MO 1 Any Any 1ic
T1 N1 MO 1 Any Any 1B
T1 N1 MO 2 Any Any 1A
T2 N1 MO 1 Any Any 1A
T2 N1 MO 2 Any Any 1IB
T3 N1 MO 1 Any Any B
T3 N1 MO 2 Any Any 1ic
Any T N2 MO Any Any Any ic
Any T N3 MO Any Any Any v
Any T Any N M1 Any Any Any v

Grade: tumor grade (1 = low, 2 = intermediate, 3 = high). ER: estrogen receptor; PR: progesterone receptor; TNM stage: tumor, node, metastasis

stage.

Age cantly associated with patient screening frequency.

The differences in screening frequency with respect to age
were not statistically significant. Age does not appear to be
associated with whether women had biennial or less-frequent-
than-biennial screenings compared to annual ones. The multi-
nomial logistic regression model with age as a predictor did
not perform significantly better than the intercept-only model
(> = 1.4, P=0.503). This is evident by the model coefficients
(Fig. 1), with biennial (odds ratio (OR) = 0.99, 95% confi-
dence interval (CI): 0.97 - 1.02, P = 0.465) or less frequently
than biennial (OR =0.99, 95% CI: 0.98 - 1.01, P = 0.320) not
displaying significantly differing ages compared to patients
with annual screening frequency (Figs. 1, 2).

Tumor characteristics: BI-RADS, ER status, PR status

BI-RADS classification, ER status, and PR status were signifi-

BI-RADS status and screening frequency

BI-RADS classification was statistically significant when
compared to association with patient screening frequency, as
depicted in Table 5 (> = 72.2, P value < 0.001, effect size V
= 0.13). Annually screened patients were more likely than ex-
pected to have “no malignancy” (z=8.19, P <0.001), whereas
biennially screened patients (z=-7.36, P <0.001) and less fre-
quent than biennially screened patients (z = -2.85, P = 0.013)
were less likely than expected to have “no malignancy” on BI-
RADS. Annually screened patients were less likely to have a
BI-RADS of “probably benign” than expected (z = -2.50, P =
0.031). Additionally, annually screened patients were less like-
ly to have a BI-RADS of “suspicion of malignancy” (z = -4.82,
P <0.001) than expected, whereas biennially screened patients
were more likely than expected to possess this BI-RADS stag-
ing (z=4.77, P<0.001) (Fig. 3).
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Table 3. Elaboration of Tumor Spread Based on TNM Staging

T Tumor size

TX The primary tumor cannot be assessed.

TO No evidence of primary tumor.

Tis Carcinoma in situ (DCIS, or Paget disease of the breast with no associated tumor mass)

T Tumor is 2 cm (3/4 of an inch) or less across.

Tlmi Microinvasive carcinoma: tumor is 0.1 cm or less across.

T2 Tumor is more than 2 cm but not more than 5 cm (2 inches) across.

T3 Tumor is more than 5 cm across.

T4 Tumor of any size growing into the chest wall or skin.

N Node involvement

NX Nearby lymph nodes cannot be assessed.

NO No spread to nearby lymph nodes.

N1 Cancer has spread to fewer than three lymph nodes located on the underarm or has spread to any
number of lymph nodes located near the breastbone (internal mammary lymph nodes).

N2 Cancer has spread to four or more lymph nodes located on the underarm or has
spread to lymph nodes located in the chest outside of the underarm.

N3 Cancer has spread to lymph nodes located in the neck.

M Metastasis

MX Distant spread cannot be assessed

MO There is no evidence of distant metastases

Ml There is evidence of distant metastases.

TNM stage: tumor, node, metastasis stage; DCIS: ductal carcinoma in situ.

As the screening frequency decreased, women were diag-
nosed with carcinoma breast or more severe BI-RADS catego-
ries (Fig. 3).

ER status and screening frequency

ER status is statistically significantly associated with patient
screening frequency (x> = 16.2, P =0.003, effect size V = 0.08)
(Table 6).

Patients screened annually had a higher rate of undeter-

mined ER status than expected (z = 3.78, P = 0.001). In con-
trast, patients screened biennially (z = -2.60, P = 0.021) and
those screened less frequently than biennially (z = -2.78, P =
0.016) had lower rates of undetermined ER status than expect-
ed. Additionally, patients screened annually had a lower rate of
positive ER status than expected (z = -2.86, P = 0.016), while
those screened biennially (z = 2.00, P = 0.068) and less fre-
quently than biennially (z = 2.03, P = 0.068) had higher rates
of positive ER status than expected.

Annually screened patients had more undetermined ER
status and fewer positive ER status cases than expected (Fig.

Table 4. Demographic Characteristics of 2,129 Women Diagnosed With Breast Carcinoma

Characteristic Annual (n = 1,728)? Biennial (n = 384)* Less frequent than biennial (n = 107)?
Age (years) 60 (8) 59 (8) 59 (7)
Race
White 1,497 (87%) 324 (84%) 98 (92%)
Black or African American 111 (6.4%) 24 (6.3%) 3 (2.8%)
Asian 17 (1.0%) 4 (1.0%) 1 (0.9%)
Other 103 (6.0%) 32 (8.3%) 5 (4.7%)
Ethnicity
Hispanic or Latina 98 (5.7%) 34 (8.9%) 5 (4.7%)
Not Hispanic or Latina 1,630 (94%) 350 (91%) 102 (95%)

aMean (SD); n (%). SD: standard deviation.
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Figure 1. Screening frequency according to age.

4). Conversely, biennially and less frequently than biennially
screened patients had fewer undetermined ER status cases and
more positive ER status cases than expected.

PR status and screening frequency

PR status is significantly linked to screening frequency (y* =
18.9, P=0.001, effect size V = 0.08) (Table 7).

Post-hoc analysis revealed that annually screened patients
possessed a greater rate of undetermined PR status than ex-
pected (z = 4.15, P < 0.001). Conversely, patients who were
screened biennially (z = -2.95, P = 0.013) and those screened
less frequently than biennially (z =-2.86, P = 0.013) exhibited
a lesser rate of undetermined PR status than expected. Annu-
ally screened patients exhibited a lesser rate than expected of
positive PR status (z =-2.67, P=0.017).

Annually screened patients having higher rates of undeter-
mined PR status and lower rates of positive PR status than ex-
pected, whereas patients screened biennially or less frequently
than biennially show lower undetermined PR status and higher
positive PR status (Fig. 4).

Smoking, ethnicity, nodal invelvement - clinically relevant
factors

Though smoking status, ethnicity and nodal involvement were

not statistically significant possibly due to trivial effect size (V
= 0.05), we found them to be clinically relevant on post-hoc
analysis.

Ethnicity

There is evidence of an association between ethnicity and
screening frequency (¥2 = 5.9, P = 0.051). Subsequent analy-
sis revealed this association was driven by Hispanic/Latina
patients possessing a greater frequency of biennial screenings
than expected (z = -2.40, P = 0.050). Non-Hispanic/Latina
patients, therefore, exhibited a lesser frequency of biennial
screenings than expected (z = 2.40, P = 0.050).

Smoking status

Our data show an association between smoking status and
screening frequency (3> = 9.3, P =0.053). This is likely due to
current smokers having less-frequent-than-biennial screenings
than expected (z = 3.02, P=0.023).

Nodal involvement

Our data indicate that there is still evidence of a clinically sig-
nificant association between node involvement and screening
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Age by Screening Group Model

Reference outcome: Annual screening

OR 0.99, 95% CI1 0.97-1.02, P=.465

OR 0.99, 95% CI 0.98-1.01, P=.320

0.97 0.98 0.99 1.00 1.01
QOdds ratios

Outcome Level . Biennial . Less Frequent than Biennial

Figure 2. Age by biennial or less-frequent-than-biennial screening. OR: odds ratio; Cl: confidence interval.

frequency despite the P value (y* = 14.8, P = 0.062), with a =0.064), HER?2 status (x> = 8.5, P=0.076), or presence of me-
small effect size (V = 0.07), as shown in Table 8 and Figure 5. tastasis (x> = 4.2, P = 0.377) were not statistically significantly
Biennially screened patients exhibited less N2 node involve- associated with patient screening frequency.

ment than expected (z=-3.19, P=0.022).

Race (x> = 5.9, P = 0.430), personal history (x> = 2.6, P =
0.278), family history (x> = 1.8, P = 0.404), insurance status
(%= 8.0, P=10.239), tumor grade at the time of diagnosis (x> =
9.4, P=0.155), tumor size at the time of diagnosis (y*=20.2, P The study highlights the significance of annual mammograms

Discussion

Table 5. Screening Frequency and Resultant BI-RADS Classification of Carcinoma Breast Diagnosis in Women Undergoing Annual,
Biennial, and Less-Frequent-Than-Biennial Screenings

Screening frequency

BI-RADS Total

Annual Biennial Less frequent than biennial
No malignancy 741 (45.0%) 87 (23.3%) 29 (27.1%) 857 (40.3%)
Probably benign 196 (11.9%) 59 (15.8%) 19 (17.8%) 274 (12.9%)
Suspicion of malignancy 404 (24.5%) 138 (37.0%) 33 (30.8%) 575 (27.0%)
Almost certain malignant 259 (15.7%) 70 (18.8%) 23 (21.5%) 352 (16.5%)
Carcinoma 47 (2.9%) 19 (5.1%) 3 (2.8%) 69 (3.2%)
Total 1,647 (100.0%) 373 (100.0%) 107 (100.0%) 2,127 (100.0%)

x2=72.2,df =8, P <0.001, Cramer’s V = 0.13. BI-RADS: Breast Imaging Reporting and Data System.
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Figure 3. BI-RADS and screening frequency adjusted residuals (P < 0.050). BI-RADS: Breast Imaging Reporting and Data System.

over biennial screenings in detecting breast cancer at an earlier
stage. Patients are stratified to receiving either screening or di-
agnostic mammograms depending on whether the patient has
any presenting symptoms or concerning findings on physical
exams or previous mammograms such as breast pain, breast
discharge, or a palpable lump, at which point the mammogram
is designated to be diagnostic [29]. Diagnostic mammograms
are performed in the presence of a radiologist to ensure all
relevant imaging to adequately assess the suspicious lesions
can be obtained [29]. BI-RADS is a standardized framework
created by ACR for reporting breast density and classification
of breast lesions on imaging with their corresponding risk of
malignancy and subsequent recommendations [29]. Breast
density is a quantification of the fibroglandular tissue in the
breast and is classified with grades A - D: A (fatty), B (scat-
tered fibroglandular density), C (heterogeneously dense), and
D (extremely dense) [30]. Breast density is an important pa-

rameter, as higher density decreases the sensitivity of mammo-
grams [29-31]. Any masses that are present are described by
their shape (round, oval, or irregular), margin (circumscribed,
obscured, microlobulated, indistinct, and spiculated), and
density (high density, equal density, low density, and fat-con-
taining) [29]. Any associated findings such as skin or nipple
retraction, skin thickening, and axillary lymphadenopathy are
also reported [29]. All these findings are succinctly reported
via a BI-RADS score that ranges from 0 to 6 (Table 1). Higher
BI-RADS scores correlate with a higher likelihood of breast
cancer, with a score of 6 representing biopsy-proven malig-
nancy. Patients who receive a score of 4 to 5 are recommended
to undergo a biopsy to perform a histopathological assessment
of breast tissue to determine the presence of cancer [32]. A
study from 2019 found that 34.8% of the biopsies conducted
for BI-RADS category 4 were tumorous [32]. Another study
from 2022 found that up to 85% of biopsies for BI-RADS 4

Table 6. ER Status in Women Who Were Diagnosed With Breast Carcinoma Undergoing Annual, Biennial, and Less-Frequent-

Than-Biennial Screening

Screening frequency

ER status Total

Annual Biennial Less frequent than biennial
Not determined 350 (34.3%) 60 (24.8%) 10 (15.6%) 420 (31.7%)
Negative 99 (9.7%) 29 (12.0%) 9 (14.1%) 137 (10.3%)
Positive 572 (56.0%) 153 (63.2%) 45 (70.3%) 770 (58.0%)
Total 1,021 (100.0%) 242 (100.0%) 64 (100.0%) 1,327 (100.0%)

x2=16.2, df = 4, P = 0.003. Cramer’s V = 0.08. ER: estrogen receptor.
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Figure 4. ER status, PR status and screening frequency adjusted residuals (P < 0.050). ER: estrogen receptor; PR: progesterone

receptor.

rating may be benign, highlighting substantial intra- and inter-
radiologist variability when reporting BI-RADS scores [33].
Another reason accounting for substantial rates of biopsy-
proven false-positive results is the wide-range in the BI-RADS
categorization itself, since a category of 4 indicates a 2-95%

likelihood of malignancy [33]. Nonetheless, BI-RADS scores
provide a standardized method of communicating recommen-
dations when any suspicious lesions may be present.

In our study, we found that BI-RADS categorization was
statistically significant with respect to frequency of breast

Table 7. PR Status in Women With Undergoing Annual, Biennial, and Less-Frequent-Than-Biennial Breast Cancer Screening

Screening frequency

PR status Total

Annual Biennial Less frequent than biennial
Not determined 358 (35.1%) 59 (24.4%) 10 (15.6%) 427 (32.2%)
Negative 174 (17.0%) 51 (21.1%) 15 (23.4%) 240 (18.1%)
Positive 489 (47.9%) 132 (54.5%) 39 (60.9%) 660 (49.7%)
Total 1,021 (100.0%) 242 (100.0%) 64 (100.0%) 1,327 (100.0%)

x2=18.9, df =2, P = 0.001, Cramer’s V = 0.08. PR: progesterone receptor.

Table 8. Nodal Involvement in Breast Cancer Screening Frequencies Occurring Annually, Biennially, and Less Frequent Than Bien-

nially

Screening frequency

Node involvement Total
Annual Biennial Less frequent than biennial
NO 76 (7.4%) 25 (10.3%) 6 (9.4%) 107 (8.1%)
N1 715 (70.0%) 184 (76.0%) 44 (68.8%) 943 (71.1%)
N2 188 (18.4%) 25 (10.3%) 13 (20.3%) 226 (17.0%)
NX 11 (1.1%) 4 (1.7%) 0 (0.0%) 15 (1.1%)
Total 1,021 (100.0%) 242 (100.0%) 64 (100.0%) 1,327 (100.0%)
X2 =14.8, df = 8, Cramer’s V = 0.10.
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Figure 5. Node involvement and screening frequency adjusted residuals (P < 0.050).

cancer screening (P < 0.001), indicating that annual screening
results in lower BI-RADS categorization and earlier stage of
breast cancer diagnosis. However, previous studies also show
that annual mammography is associated with a higher rate of
false-positives (higher BI-RADS categorization), with a cu-
mulative 10-year probability of 61.3% in annual screens and
41.6% in biennial screens [34, 35]. Other negatives associated
with false-positive results include delaying future mammo-
grams and heightened anxiety associated with pursuing inva-
sive workup [34, 35]. Cost-wise, these unnecessary interven-
tions amount to healthcare expenditures totaling $4 billion a
year. These contentious findings highlight the need for a bal-
anced approach to screening intervals, weighing the benefits
of early cancer detection (evidenced through lower BI-RADS
categorization) against the risks of overdiagnosis, heightened
anxiety, and expenditures incurred with unnecessary interven-
tions.

Earlier studies also show that mammograms conducted
annually result in fewer interval tumors as compared to those
conducted at longer intervals [30]. Interval tumors occur in the
interval period between successive mammograms. Notably, in
women with dense breast tissue, there is a 13 - 31 times greater
incidence of interval cancers [30]. Studies also show that in-
terval tumors tend to be larger and more aggressive, resulting
in more node-positive tumors [30]. A quandary to the screen-
ing recommendation is the higher incidence of false-positive
results (higher BI-RAD categorization) with annual mammo-

grams in women with dense breast tissue which necessitate
biopsy recommendations that occur at a rate of 49.5% in an-
nual screens vs. 30.7% in biennial screens [36]. False-positive
results occur because dense breast tissue makes it difficult to
distinguish tumorous lesions from normal tissue and thus re-
duces the sensitivity of mammograms [36]. On the other hand,
studies show that women with non-dense breast tissue achieve
a 41% mortality benefit from the conduction of mammograms
whereas women with dense breast tissue only receive a 13%
mortality benefit [37].

Although annual screenings incur higher monetary costs,
require patients to take more time off work to complete pro-
cedures, cause greater radiation exposure, and may result in
higher incidence of anxiety-provoking procedures such as bi-
opsies for benign lesions, the downstream benefit lower mor-
bidity and mortality as well as lower costs of treatment (up to
$250,000 for metastatic tumors) outweigh the aforementioned
negatives for most women [37]. Regarding the effect of radia-
tion exposure through mammography, studies estimate that an-
nual screening results in 236 additional lives saved vs. theoret-
ically four lives lost from radiation-induced breast cancer [37].

Studies show that African American women tend to have
a greater incidence of invasive breast cancers which are node-
positive and metastatic but negative for estrogen, progesterone,
and HER-2-neu receptors [37]. In this population, it is strongly
advised to follow the annual screening protocol as opposed to
biennial [37]. Additionally, studies demonstrate that Hispanic
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Table 9. A Comparison Between Screening Guidelines From Various Societies in the USA

Organization

Guidelines

American Cancer Society (ACS) [45]

Annual screening between 45 and 55 years

Biennial screening > 55 years

US Preventive Services Task Force (USPSTF) [46]
American Academy of Family Physicians [47]
American College of Radiology (ACR) [48]

National Comprehensive Cancer Network [49]

Biennial screenings between 40 and 75 years
Biennial screening between 40 and 75 years
Average risk: annual screening from 40 years beyond 75 years

Higher risk: annual, earlier screening with additional imaging

women have larger and later-stage tumors when undergoing
biennial as compared to annual screens [37]. Furthermore,
Asian women undergoing biennial screens also have a higher
incidence of node-positive tumors [37]. In our data, although
race was not significantly associated with frequency of breast
cancer screening (P = 0.43), further delving into the ethnic-
ity portion of our data revealed that Hispanic patients had a
greater degree of biennial screens. This is aligned with studies
which show that although Hispanic women tend to have lower
incidence of breast cancer, when they are diagnosed, it is at a
later stage, due to lower rate of mammography utilization [38].
Furthermore, studies show that foreign-born Hispanic/Latina
women as compared to US-born Hispanic/Latina women had
a higher likelihood of never having received breast cancer
screening in their lifetime (even after accounting for sociode-
mographic confounders), ultimately placing them at a higher
risk for late-stage diagnosis [38]. This is likely due to disparity
in access to screening which is further exacerbated by lower
educational attainment and income status of Hispanic/s/Latino
populations in the USA, which ultimately results in underutili-
zation of preventive services [38]. This is further exacerbated
by the cost of obtaining a mammogram ($735 per scan), not
accounting for any further workup in the case of a positive
result [39].

In this study, we found that family history, personal his-
tory, and HER2-neu receptor status were not correlated with
screening frequency. With regards to age and family history, it
is an interesting finding as previous studies do show that fam-
ily history and age correlate with the density of breast tissue
[40, 41]. In fact, prior research shows that a family history of
breast cancer results in higher stages of diagnosis, including
N2 and TNM stage III [41]. We postulate that this was a con-
sequence of class imbalance in our data as we had 1,728 an-
nual screens, 384 biennial, and 107 less-than-biennial results,
which makes it challenging to elucidate relationships.

Younger patients have greater density breast tissue where-
as older women have lower density tissue and hence, we would
have expected decreased cancer rates in both biennial and an-
nual screens [42]. Our study found that there is a greater inci-
dence of breast cancer with the ER status, and the findings were
reversed for the PR, between the annual vs. biennial screens.
Additionally, while smoking status (P = 0.053) and screening
frequency were not statistically significant per the criterion of
P =0.05, but post-hoc analysis highlights that current smokers
underutilize preventive screenings and more likely to undergo
less-frequent-than-biennial screenings (P = 0.023).

Breast cancer is the most common type of cancer found in
women with Li-Fraumeni syndrome, an autosomal dominant
disorder associated with aberrant expression of tumor suppres-
sor P53 [43]. Studies show that numerous genes are implicated
in breast cancer development, including high penetrance genes
such as BRCAI, BRCA2, and TP53 (resulting in triple nega-
tive breast cancers) and low penetrance genes such as CHEK?2,
CDHI, NBS1, RAD50, BRIPI and PALB?2 [42]. Interestingly,
the genes of lower penetrance are more often implicated in
breast cancer development as they are more likely to be mu-
tated in the general population [42].

Regarding the node involvement, annual screens were as-
sociated with a greater propensity for N2 nodal involvement
than biennial screens. We postulate this is attributed to patients
with a greater node involvement pursuing further diagnostic
workups and closely attending follow-up appointments as
compared to those with lower node tumors. Studies delving
into nodal involvement and screening frequency have found
that women in their 40s tend to obtain the most benefit from
annual screens, as biennial screenings in this age group are as-
sociated with higher incidence of late-stage disease [44].

Our retrospective observational study results support the
recommendation for annual mammograms, aligning with ACR
guidelines. This has implications for healthcare providers and
policymakers in reinforcing the importance of guideline ad-
herence to optimize breast cancer detection and management.
Several organizations have developed a consensus in guide-
lines to determine the appropriate ages for screening mam-
mography in women at average risk for breast cancer. Some
organizations’ guidelines are listed in Table 9 [45-49].

The ages at which women should start, and end mammog-
raphy examinations and their frequency have been a matter of
debate for the past three decades. ACR and ACS suggest an-
nual screenings have a better benefit and outcome for women
who undergo annual screening mammographic studies as op-
posed to biennial screenings recommended by the USPSTF.
This was also the outcome of the study conducted in our in-
stitution. Women undergoing annual screenings had better BI-
RADS outcomes and therefore, better prognosis. Additionally,
there seems to be a broad agreement among all societies that
high-risk women need to undergo additional or earlier screen-
ing [50, 51]. While more frequent screenings have their own
clinical benefits and advantages, they introduce a variety of
additional complications. Earlier research has shown that an-
nual mammograms had higher sensitivity but lower specificity
than biennial mammograms, which resulted in more false posi-
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tives leading to unnecessary interventions [52]. Additionally,
a study reported that the increased sensitivity of annual mam-
mograms did not result in a proportional reduction in advanced
stage disease [53]. Concerns for overdiagnosis, false-positive
results, radiation harm, and unnecessary interventions cause
undue burden on the women undergoing them.

Effective implementation of clinical guidelines optimizes
patient care and minimizes the potential for unforeseen compli-
cations [54]. As Ricci-Cabello et al observed, for every 1,000
women screened according to clinical guidelines compared to
those who were not, there were 138 more survivors and 336
more free of recurrence of breast cancer over a 5-year follow-
up period [55]. The standardized approach of USPSTF screen-
ing guidelines makes it popular among insurance companies as
it has a broader healthcare perspective [56]. However, priority
should be given to individual preferences and values, as more
emphasis is placed on shared decision-making between patients
and clinicians, especially in high-risk demographic patients
[56]. Therefore, to effectively promote adherence to breast can-
cer detection and management guidelines, a collaborative effort
between healthcare providers and policymakers is essential [24].

Variations in screening rates among different ethnic mi-
norities are influenced by factors such as access to healthcare,
socio-economic status, and cultural barriers [57]. We observed
the same in our study. Though evidence-based recommenda-
tions based on screening guidelines can serve as a rule, they
often overlook the more vulnerable population that is at higher
risk. African American, Hispanic/Latina women and Ashkena-
zi Jewish women have a higher genetic predisposition and are
also less often screened due to barriers in accessing healthcare
[58, 59]. Mobilization of appropriate resources that improve
their access to mammography and break down of health care
system barriers to such women can greatly improve their out-
come [60]. Hispanic/Latina women had less frequent screen-
ing mammograms than those of other ethnicities. According to
a study done by Moore et al (2018), geographic areas of high
breast cancer mortality or “hot spots” were prevalent through-
out the southeastern USA for African American women and
Hispanic women within the southwest region of the USA [61,
62]. African American and Hispanic women are approximately
30% more likely to be diagnosed with late-stage breast cancer
compared to Caucasian women [11], therefore they are more
likely to receive chemotherapy. An interesting analysis by Ba-
batunde et al (2022) noted that African American women were
more likely to receive surgery 8 days later, chemotherapy 7
days later, radiation therapy 3 days later, and adjuvant hor-
mone therapy 28 days later than their Caucasian counterparts
because of late diagnoses [63].

A study by Aleshire et al noted barriers to mammography
were identified for each of the five dimensions of access to
care: accessibility, affordability, availability, accommodation,
and acceptability [64]. Improving transportation options, en-
suring insurance coverage, and providing health care literacy
can address these barriers. Noting these discrepancies, some
policies have been put in place that have helped to a marginal
degree. The Patient Protection and Affordable Care Act (ACA)
0f 2010 joined forces with state-level bodies to increase breast
screening program support [65]. The ACA policy resulted in
an immediate increase in breast cancer screenings per 1,000

encounters, as Steenland et al noted in the state of Massachu-
setts in 2019 [66]. Medicaid expansion also made breast can-
cer screening services more affordable [65].

A personalized schedule, based on each patient’s risk as
determined by the patient and their health care provider, is one
possible solution to optimize breast cancer screening. How-
ever, the lack of a single, all-encompassing consensus among
insurance policies can lead to difficulty in obtaining appropri-
ate coverage, further hindering efforts to come up with an ef-
fective, cost-affordable screening practice. As of now, USP-
STF recommendation is widely followed, because it is tied to
payment and thus improves screening access [46].

Implementing a risk-calculator or developing a universal
tool to identify high-risk women and ensure they have ade-
quate insurance coverage to undergo mammograms as often as
they need will greatly improve access and provide optimized,
patient-focused treatment options. Breast cancer risk assess-
ment is important for guiding personalized screening strate-
gies and risk-reducing interventions [67]. The most compre-
hensively used tool is the Tyrer-Cuzick model, which assesses
the probability of carrying a BRCA mutation and the risk for
developing in situ or invasive breast cancer [67, 68]. Other
available models used for risk assessment include BRCAPRO
(BRCA (gene) PRO (probability) - breast cancer genetic risk
assessment tool), BOADICIEA (Breast and Ovarian Analy-
sis of Disease Incidence and Carrier Estimation Algorithm -
breast cancer risk prediction model), Breast Cancer Surveil-
lance Consortium (BCSC), and Gail, which are all comparable
[69-75]. The consensus is that a calculated lifetime risk of
more than 20% warrants annual breast cancer screening [5].
No matter which tool is used, ACR has emphasized the impor-
tance of risk assessment at the age of 25, early enough to allow
supplemental screening to be used [5].

Advancing health equity should be central to breast can-
cer control policy and practice in the United States. Signifi-
cant progress in treatment has reduced breast cancer mortality.
However, these mortality benefits are not experienced equally
throughout all populations [76]. The 2024 USPSTF recom-
mendations focus on health equity, aligning with the task
force’s commitment to addressing race, antiracism, and health
disparities [77-79]. These recommendations are still to be im-
plemented among a population that has a higher incidence and
a worse prognosis. African American women, for example, ex-
perience a higher incidence of breast cancer in their 30s and
40s compared to White women and are more likely to develop
aggressive subtypes like triple-negative cancer, potentially due
to environmental factors and systemic racism [80]. However,
randomized controlled trials (RCTs) and large observational
studies of mammography screening have often lacked suf-
ficient representation of women of color. We are limited in
understanding of breast cancer screening merits and demerits
across various racial and ethnic groups. Many models suggest
that African American women would benefit more from earlier
screening, even starting in their 40s [80]. Additionally, socio-
economic factors such as race, income, and insurance status
play a role in screening adherence. Women without a regular
source of care, those living below the federal poverty level,
or those who are uninsured or publicly insured are less likely
to report recent mammograms [81, 82]. Previous studies have
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also shown that low-income patients, even with insurance in-
cluding Medicare, tend to utilize fewer preventive services
compared to higher-income patients [82, 83]. Addressing these
disparities through targeted health education and support for
vulnerable populations could help improve screening rates and
outcomes [82, 84]. There is potential for future research and
more comprehensive studies in certain demographic groups,
vulnerable populations such as African Americans, Hispanic/
Latina women, Ashkenazi Jews, and those with genetic risk
factors. The importance of early diagnosis in prognosis of
breast cancer can be further established by studying these pop-
ulations’ screening frequency.

A limitation of our study was that we did not examine par-
ity or breastfeeding status of women in our study, as nullipar-
ity increases breast density due to greater estrogen exposure,
which in turn is associated with a higher breast cancer risk [50].
Conversely, breastfeeding shuts down the hypothalamus-pitui-
tary-gonadal axis and results in less estrogen production, which
could correlate with lower incidence of breast cancer [85]. Like-
wise, our study did not examine the incidence of breast cancer in
the male cohort. Future research and more comprehensive stud-
ies in certain demographic groups, vulnerable populations, and
those with genetic risk factors would help create a new set of
guidelines for those who are at high risk. Our retrospective ob-
servational study was restricted to a single center, and therefore,
restricted to the population demographic of the surrounding
area. It was not large enough to represent an entire population
subset, nor all minorities. We also did not assess financial status
directly as we were limited by the hospital database, however
we did check patient’s insurance status to obtain some infor-
mation to infer financial status. While selection bias is a risk
in observational studies, we avoided that by deidentification of
data by the data developer for all stake holders including the
investigating team. Additionally, confounding cannot be entirely
eliminated with observational research, but we tried to exclude
any patients who did not meet both the inclusion and exclusion
criteria variables. As with any observational study, only correla-
tion and association can be drawn, but no causal relation can be
established. We have de-selected anyone who does not fit all the
criteria/variables we have chosen for our study and has incom-
plete data as per our requirements.

Conclusions

Based on our population demographic, annual screening for
breast cancer is recommended, aligning with ACR guidelines.
BI-RADS status at time of diagnosis, ER status and PR status
of the women who received annual mammographic studies,
were shown to have less aggressive tumors, and therefore had
a better prognosis and decreased breast cancer related mortal-
ity. Women screened less frequently had severe breast cancer
diagnoses and higher BI-RADS categories. Annually screened
women had more undetermined ER/PR status and fewer posi-
tive cases, whereas biennially or less frequently screened wom-
en had fewer undetermined ER/PR cases and more positive
cases. Hispanic/Latino(a) patients were more likely to have bi-
ennial screenings compared to non-Hispanic/Latino(a) patients.
Current smokers were less likely to have annual screenings.

Biennially screened patients had less N2 node involvement as
compared to those screened annually. Our study’s data demon-
strate that more frequent screenings lead to earlier detection and
less aggressive tumor characteristics, ultimately contributing to
improved prognoses and reduced mortality rates, in line with
ACR recommendations. To enhance outcomes, more frequent
and earlier screenings are necessary to ensure that all women
receive timely and effective care.
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