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Abstract

Rationale and Objectives: Mobile mammography units provide preventive health care to
patients facing barriers to annual screening. This study reviews the outcomes of a mobile
mammography service during a recent five-year period.

Materials and Methods: This retrospective study analyzed the examinations by mobile
mammography during a five-year period (9,327 examinations). The patients recalled, biopsies
performed, and cancers detected were tallied. The race, age, breast cancer size, lymph node
involvement, and metastases were recorded. The PPV and CDR metrics were calculated as
outlined by the ACR BI-RADS Atlas.

Results: The program identified cancer in 14 cases (CDR = 1.5 per 1,000 examinations [95%
Cl, 0.9-2.5]) with 11 being invasive. The majority of these cancers were small and of low stage.
Lymph node status was determined in 11 of the 14 cases (1 as N1mi, 5as NO, 4 as N1,1 as
N2a). Abnormalities led to 1,686 examinations recalled (RR = 17.8%; PPV 1 = 0.8% [95% CI,
0.5-1.4%]). 101 were recommended for biopsy (PPV 2 = 13.9% [95% ClI, 8.4-21.9%]) and 98
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pursued biopsy (PPV 3 = 14.3% [95% Cl, 8.7-22.6%]). Patient age ranged from 41 to 67 years
with an average of 50.6 years.

Conclusions: The program detected many cancers in an asymptomatic population facing
barriers to breast cancer screening. These findings are underscored by the cancers detected at
an early stage with a favorable prognosis and support the need for the development of similar
programs.
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Introduction:

Breast cancer is the second most common cancer in the world, the most frequent cancer-
related cause of death in women within less developed regions of the world, and the second
most frequent cancer-related cause of death in the remaining developed regions [1]. Within
the United States, breast cancer accounts for nearly one in three cancers diagnosed in
women [2].

Screening for breast cancer remains a key component of women’s health as screening
mammography reduces breast cancer mortality [3-6]. Lack of participation in screening
mammography is linked to social disparities such as lower income levels, lack of
transportation, unemployment, less access to care, and less expensive housing [7]. These
considerations are components of overall socioeconomic status. Decreased socioeconomic
status is attributed to a lower number of women who will receive screening mammography
and potential follow-up diagnostic imaging [8-11]. A patient’s socioeconomic status plays
a critical role in the ability of a patient to seek preventive care, and socioeconomic

status serves as an independent predictor of breast cancer stage at diagnosis [12]. Mobile
mammography is one of the best strategies to target women of lower socioeconomic status
to increase access [10, 13-18]. Mobile mammography is also associated with an increased
participation rate as women are more likely to undergo mammography within three months
if offered a mobile option and health education [17, 19]. Encouraging participation with
screening is critical to maximizing the chance of detecting breast cancer while it is still at a
low stage.

Several reports have demonstrated the value of mobile mammography to increase screening
participation and highlight demographics that particularly benefit from its use [10, 13-17,
19]. However, not much information is available concerning the Breast Imaging Reporting
and Data System (BI-RADS) audit outcomes or the pathological outcomes of these screened
patients [20]. It is the hope of the authors that this review will contribute toward that goal.

Project VALET (Valuable Area Life-Saving Exams in Town) is a mobile mammography
screening service provided by a tertiary cancer center. This program operates on an annual
budget of 1.6-2 million dollars and targets underserved women in the greater Houston
metropolitan area who face barriers to breast cancer screening. These financial barriers
relate to the cost of travel, navigation, insurance, appointment availability, and the costs of
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screening and diagnostic procedures. The patients in some instances have also encountered
communication barriers that stem from their primary language or changes in their addresses.
This study examines Project VALET’s outcomes over a recent five-year period.

Materials and Methods:

This was an institutional review board-approved, Health Insurance Portability and
Accountability Act (HIPAA) compliant retrospective case review. The primary objective
was to determine the number of breast cancers detected by screening mammography and

to examine the stage of the detected cancers. The secondary objective was to determine the
recall rate and to identify patient characteristics that may be associated with benefits from
screening mammography. Patients of all ages and of any race/ethnicity who participated

in the Project VALET program during a recent five-year period spanning October 15,

2012 to September 301", 2017 were identified. Clinicians at health clinics within the

greater Houston metropolitan area referred these participating patients. The majority of the
referring clinicians were physicians but occasionally a referring clinic designated a nurse
practitioner or physician assistant as a referring clinician, according to their workflow. If a
patient reported a symptomatic complaint such as focal pain, a palpable abnormality, nipple
discharge, or skin changes, the patient became ineligible for Project VALET and was instead
referred to another facility for a diagnostic mammography examination. The only exception
to this guideline was if the patient was experiencing generalized soreness in conjunction
with her menstrual cycle that had been previously established by the clinic and the patient.

On the screening appointment day, the patients first met with a representative from

the mammography screening program inside their health clinics. The representative

was bilingual to assist in gathering a pertinent history, obtaining consent, and signing
appropriate release forms. The representative established if the visit was a baseline screening
examination. If the patient had prior mammography examinations then a release form was
obtained to acquire the comparison images. Up to 14 business days were allowed for older
images to arrive before the current images were submitted for interpretation.

Full field digital mammography was acquired on two separate mobile mammography
vans. Each mobile van utilized a single Hologic Selenia S digital mammographic unit
with R2 Cernova™ computer-aided detection (CAD), accredited by the American College
of Radiology (ACR) (Selenia, Hologic, Marlborough, MA) (Fig. 1). Mammography
technologists in conjunction with the appropriate staff from the department of imaging
physics performed quality control on the digital units. Image interpretation was performed
by 19 radiologists with fellowship training in breast imaging.

The referring clinicians and patients were sent result letters between 2 and 14 days after
screening. The clinicians then contacted the patients if screening mammography identified
findings requiring additional diagnostic work-ups. Each facility participating in the program
referred diagnostic work-ups to a facility within the greater metropolitan area, based on
considerations such as location and funding. Patients sought diagnostic mammograms at
four additional facilities within the local area based on their preferences. Several medical
oncologists affiliated with the main tertiary cancer center also staff a local county health
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organization. Due to this affiliation, this local county health organization was included in the
institutional review board approval to assist in gathering pathologic outcomes but clinicians
from the local county health organization did not interpret screening mammograms for this
project.

The number of patients who underwent screening mammography and the number of patients
recalled due to possible abnormalities identified during screening mammography were
tallied. Written reports from subsequent biopsies which demonstrated malignancy were
obtained to track patient outcomes. The number of biopsies performed and the number of
cancers detected from these biopsies were recorded. The positive predictive value (PPV)
metrics and cancer detection rate (CDR) were calculated as outlined by the ACR BI-RADS
[20]. These metrics were also calculated for the same set of radiologists interpreting
screening mammography at a permanent site during the same time period to evaluate for
potential differences in radiologist performance with respect to mobile mammography.

The medical records and the mammographic images of the patients diagnosed with cancer
were retrospectively reviewed. The patients’ race/ethnicity, and age at the time of the cancer
diagnosis were recorded. Breast cancer size was recorded by imaging. Regional lymph
node involvement and distant metastases were reviewed and the stage was recorded, when
available. The tumor histopathologic profile, nuclear grade, estrogen receptor (ER) status,
progesterone receptor (PR) status, and human epidermal growth factor receptor 2 (HER2/
neu) overexpression were recorded, when available.

A total of 9,327 screening mammaography examinations were performed during the five year
period from October 15t, 2012 to September 30, 2017. This pool of examinations examined
7,391 unique women. Of these patients, 5,871 (79.4%) of the women received a single
screening exam during the five year time period. Patients who received two examinations,
three examinations, four examinations, five examinations, and six examinations accounted
for 1,190 (16.1%) patients, 254 (3.4%) patients, 68 (0.9%) patients, 6 (0.1%) patients, and 2
(less than 0.1%) patients, respectively.

The age and the race/ethnicity of the patients were recorded. Patients between 40-44 years of
age made up 32.7% of the patients screened. Patients between 45-49 years of age comprised
26.9% of the screened population. Patients over the age of 50 years accounted for 39.9% of
the patients screened. The remaining patients less than 40 years of age made up 0.5% of the
population. Patients of Hispanic, Black, Asian, White, and other race/ethnicity comprised
76%, 10%, 8%, 4% and 2% of the total population, respectively.

Mammography screening led to 1,686 examinations recalled due to mammographic
abnormalities with a recall rate of 17.8%. The number of patients lost to follow-up is not
available for the first year of the study. However, an average of 44 patients were lost to
follow-up for the remaining four years. Of these patients, 101 women were recommended
for biopsy and 98 of these women elected to pursue biopsy. Biopsy demonstrated evidence
of malignancy in 14 cases with 11 of the malignancies found to be invasive (Table 1). The
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cancer detection rate was 1.5 cancers per 1,000 screening mammograms (95% confidence
interval [CI], 0.9-2.5). The positive predictive value of abnormal interpretation (PPV)
was 14 cancers detected / 1686 patients recalled (0.8%) (95% Cl, 0.5-1.4%). The positive
predictive value of recommendations for tissue diagnosis (PPV5) was 14 cancers detected /
101 biopsies recommended (13.9%) (95% ClI, 8.4-21.9%). The positive predictive value of
biopsies performed (PPV3) was 14 cancers detected / 98 biopsies performed (14.3%) (95%
Cl, 8.7-22.6%).

Pathology in nine (64.3%) of the screen-detected breast cancers demonstrated invasive
ductal carcinoma with and without in situ disease (Fig. 2). Ductal carcinoma in situ without
invasive disease was identified in three cases (21.4%) (Fig. 3). One of these three cases with
evidence of ductal carcinoma in situ was later found to have N1 nodal disease, implying
evidence of invasive cancer. This case was lost to follow-up as the patient moved to

another country. The remaining two invasive cancers (14.3%) demonstrated invasive lobular
carcinoma.

The age of the patients with screen-detected breast carcinoma ranged from 41 to 67 years.
The average age of diagnosis was 50.6 years. Patients over the age of 50 years accounted

for eight (57.1%) of the 14 malignancies. Of these eight cancers in patients over 50 years

of age, six cancers demonstrated an invasive component (75%). Patients between 40 and 49
years of age accounted for the remaining six screen-detected cancers. Of these six cancers,
five (83.3%) demonstrated an invasive component and were all found in patients 40-44 years
of age.

The patient’s race/ethnicity was documented for all 14 malignancies. Ten of the cancers
were associated with Hispanic women. Three of the cancers were associated with Non-
Hispanic Black women. A single malignancy was associated with an Asian woman.

The size of the imaging abnormality identified by screening mammography which prompted
diagnostic work-up was recorded for all 14 malignancies. The imaging abnormalities ranged
in size from 0.5 cm to 9.1 cm. The mean size was 2.3 cm and the median size was 1.6 cm.

The final tumor size (T) by pathology was obtained from the treating facilities for seven of
the 11 invasive malignancies. All seven cases were identified as T1 with one case as pT1mi,
two cases as pT1a, and four cases as pT1c. The clinical stage of the remaining four cases
were determined with one case as cT1b, one case as cT1c, and two cases as cT2.

Regional lymph node (N) status was determined in 11 of the 14 cases. A single case (9.1%)
was identified as N1mi. Five of the cases (45.5%) were determined to be NO, four of the
cases (36.4%) were N1, and a single case (9.1%) was N2a.

Distant metastases (M) was recorded for 10 of the 14 cases. No distant metastases were
identified in any of the 10 cases. Final stage was determined in 10 of the 14 cases. Five of
the cases were stage IA. Single cases were determined to be stage 0, IB, I1A, 1B, and I11A.

Receptor status was able to be determined in nine of the 11 invasive cancers. Seven (77.8%)
of these cases demonstrated ER+, PR+, HER2- receptor status. A single case (11.1%)
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demonstrated ER+, PR—, HER2+ receptor status. A single case (11.1%) demonstrated
ER+, PR—, HER2- receptor status. The receptor status information was unavailable for
the remaining two cases as the patients sought care in another country.

Discussion:

This study demonstrated the ability for mobile mammography to identify small invasive
breast cancers of low grade in a vulnerable population facing barriers to breast cancer
screening. The majority of breast cancers identified demonstrated ER+, PR+, HER2-
receptor status. This receptor status allows the malignancy to be targeted by hormonal
therapy and is associated with a lower risk of local or regional recurrence [21]. This
favorable receptor status was also demonstrated in patients of 40-49 years of age and the
majority of these cancers were early stage (stage 0 or I). These cases of invasive disease
highlight the importance of mammographic screening for a patient population that may not
have access to screening. The cancers detected may have progressed to a later stage with
worse outcomes and these results support continued mammographic screening for breast
cancer in women aged 40-49 years old [22—-24]. An argument could be made that breast
cancer screening is unnecessary if small, early stage cancers are primarily detected. If these
small, invasive cancers are allowed to progress then the cost of treatment at a later stage can
be more expensive. To this end, Rim et al has recently demonstrated the cost-effectiveness of
screening underserved women aged 40-64 years of age for breast cancer which is a similar
patient demographic to the patients examined in this study [25]. These results are concordant
with other studies examining the cost-effectiveness of breast cancer screening in other health
care systems [26, 27].

The recall rate observed during the study period is higher than national benchmarks but
similar to other mobile mammaography programs [28, 29]. The cancer detection rate and the
positive predictive value metrics were also noted to be lower than national benchmarks [28].
However, prior studies noted that mobile programs may not achieve all of the established
benchmarks when compared to permanent sites [29]. The deviation of the mobile screening
mammography benchmarks is thought to be secondary to multiple factors.

First, the composition of our screened population would be expected to yield a smaller
number of malignancies due to the amount of patients aged less than 50 years. More than
60% of the underserved women screened were less than 50 years old, with approximately
one-third less than 45 years old. The fewer detected malignancies results in lower CDR and
PPV metrics. Furthermore, decreased PPVs are often seen in younger populations due to
increased breast density and a lack of comparison examinations [22, 30]. The incidence data
released by the National Cancer Institute’s Surveillance, Epidemiology, and End Results
(SEER) program also demonstrates a lower incidence of in situ and invasive breast cancer in
women younger than 50 years compared to older women [23].

Second, the race/ethnicity composition of the study population contributed to a smaller
number of malignancies detected. In this study population, 76% of the patients identified
themselves as Hispanic. The SEER incidence data highlights the lower incidence of breast
cancer observed in Hispanic women as compared to other women. During a similar time
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period of this review and excluding American Indians and Alaska Natives, SEER incidence
data from 2012-2016 reported an incidence of breast cancer in Hispanic women of 97 per
100,000 persons compared to 100-137 per 100,000 persons in other women. Using the same
criteria, SEER reported an incidence of in situ breast cancer in Hispanic women of 25 per
100,000 persons compared to 25-35 per 100,000 persons in other women [23].

Screening examinations from the mobile mammography program often lacked comparison
studies. A lack of comparison studies can increase recall rates as stability cannot be
established for low suspicion findings. In this study population, 80% of the patients received
only a single mammogram and 96% of the patients received two or fewer screening
examinations. This trend of fewer comparison examinations being available to a mobile
mammaography service relative to a permanent site has also previously been observed

[31]. Project VALET currently obtains the release form needed to acquire comparison
examinations on the day of screening and allows up to 14 business days for the prior images
to be retrieved. There is a risk that the prior images will never arrive, particularly in a
population that faces challenges with travel and communication. This timeframe has worked
well without risking a long delay in reporting the current examinations.

The possibility that radiologists interpreting the mobile mammography screening
examinations were contributing to the reported metrics was examined. During the study
time period, these examinations performed at a permanent site yielded a CDR of 5.8, a PPV
of 5.9%, a PPV of 25.7%, a PPV3 of 31.9%, and a recall rate of 9.8%. These results are
within the expected performance range for screening mammography, suggesting radiologist
performance was not a major contributing factor to the difference in performance metrics for
the mobile mammography service.

One of the limitations of this study extends from the difficulty of obtaining results from
the outside facilities where the patients pursued their diagnostic work-ups, surgeries, and
treatments. This barrier often limited the investigators from obtaining diagnostic imaging,
pathology results, and treatment information. Additionally, patients served by the mobile
program often faced financial difficulty that resulted in a change of a home address or

a disconnected phone line which complicated communication between the patients and
the mobile mammaography staff. These issues reinforce the need for close communication
and developing partnerships between a mobile mammography service and regional health
clinics.

Digital breast tomosynthesis (DBT) allows for increased CDR, increased PPV, and

a decreased recall rate [32, 33]. This technology was not available on the mobile
mammaography vans until after the reviewed time period, and DBT would likely have
provided benefits to our patients. Another limitation of this study stems from comparing
examinations and subsequent metrics with DBT at a permanent site with examinations
performed by mobile mammography vans without DBT. While the availability of DBT
would likely have improved audit metrics of the mobile mammography service, the
discrepancies in the metrics between the permanent and the mobile screening programs
are most likely a combination of multiple factors, including the availability of comparison
examinations, differences in population demographics, and the availability of DBT.
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Project VALET is continually examining existing methods and new technologies to improve.
In addition to DBT, automated whole breast ultrasound has been examined as an additional
capability. At this time, the program has not found an economically feasible solution due to
restraints on cost, time, and space.

Project VALET has seen benefit through hiring technologists capable of directing patients in
multiple languages. This allows improved efficiency, reduces errors related to patient history,
and provides a more comfortable patient experience. Each mobile mammography van is
staffed by a project service coordinator and a mammography technologist, which streamlines
the different phases of a patient’s appointment. Project VALET also connects patients

with navigation services and issues reminders, which reduce the number of missed or late
appointments. Another way the program has reduced overall downtime is by implementing a
cleaning and preventive maintenance day each week. This allows for thorough cleaning and
inspection for any problems prior to an issue becoming catastrophic and removing the van
from service.

An additional way in which Project VALET provides benefit to the community is by
covering the cost of all diagnostic procedures up to the point of biopsy. Some patients and
clinical providers had previously expressed concerns about the utility of mammographic
screening if the patient was unable to afford diagnostic evaluation.

Conclusion:

Project VALET is an example of a mobile mammography screening program serving

an underserved metropolitan community. The program has resulted in 14 breast cancers
recently detected in this asymptomatic population. The years of life potentially saved

are underscored by the number of breast cancers detected at a low stage, without nodal
involvement or distant metastases. These findings support the need for the development
of similar programs in other areas in the United States with a mission to care for the
underserved community. Additionally, further investigation into mobile mammaography
programs would be helpful to identify patient factors, logistics, and technology, including
DBT, that might prove beneficial.
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Figure 1:
Photographs from the interior of a mobile mammography van. A, View of the patient waiting

area, corridor, and mammaography suite. B, View of the mammography suite with the breast
imaging unit (Selenia, Hologic, Marlborough, MA).
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Figure 2:
A 60-year-old woman presented for screening mammography. A, Left craniocaudal

mammogram demonstrates a round mass in the posterior central left breast (arrow). B, Left
mediolateral obligue mammogram demonstrates the same mass (arrow). Ultrasound-guided
biopsy demonstrated evidence of high grade invasive ductal carcinoma (ER+, PR+, HER2-).
A metastatic axillary lymph node was found without additional metastases, resulting in an
overall stage of IIB.
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Figure 3:
A 57-year-old woman presented for baseline screening mammography. A, Left craniocadual

mammogram demonstrates coarse heterogeneous calcifications at 11 o’clock, 13 centimeters
from the nipple (arrow). B, Digital zoomed view of the left mediolateral oblique
mammogram demonstrates the morphology of the calcifications in greater detail (arrows).
Stereotactic biopsy revealed evidence of ductal carcinoma in situ. Further information was
unavailable as the patient sought follow-up care in another country.
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Table 1:
Screen-Detected Breast Cancer Patients
Age Race Cancer Type | Size (cm) | Grade | ER PR | HER2 T N M Stage
40 | Hispanic | IDC, DCIS 13 2 + + - pTlc NO MO 1A
41 Black IDC, DCIS 0.5 2 + + - pTlc Nimi | MO 1B
41 Black IDC, DCIS 15 1 N/A | N/A N/A pT1imi NO MO 1A
44 Hispanic | IDC, DCIS 15 2 + + - pTlc N1la MO 1A
44 | Hispanic | IDC, DCIS 1.8 2 + - + pTla N2a MO 1A
48 Hispanic | DCIS 4.4 3 + + N/A pTis Nx MO 0
50 Hispanic | IDC, DCIS 1.7 2 + + - cTlc NO MO 1A
53 Hispanic | ILC 1.4 2 + - - pTic NO MO 1A
54 Hispanic | IDC 0.6 2 N/A | N/A N/A cT1b N/A N/A N/A
54 Hispanic | IDC 2.1 3 + + - cT2 N1 N/A | N/A
55 | Hispanic | ILC 9.1 1 + + - pTla NO MO 1A
57 Asian DCIS 2.7 2 N/A | N/A N/A CcTis N/A | N/A N/A
60 Black IDC, DCIS 3.0 3 + + - cT2 N1 MO 11B
67 Hispanic | DCIS 0.5 1 N/A | N/A N/A CcTis N1 N/A N/A

Age is reported in years. Size is reported by imaging. ER = Estrogen receptor. PR = Progesterone receptor. HER2 = Human epidermal growth
factor receptor 2. T = Primary tumor. N = Regional lymph nodes. M = Distant metastasis. IDC = Invasive ductal carcinoma. DCIS = Ductal
carcinoma in situ. ILC = Invasive lobular carcinoma. N/A = Information was unavailable from outside facility.
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