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CCTA even at low
radiation dose is a
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to invasive coronary
angiography and is
a suitable primary
diagnostic tool for
patients with low risk
CAD.
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INTELLIGENCE

Separate Hype from Reality
in Breast Health

Hologic is uniquely positioned in the field of A.I. with over 20 years’ experience in developing
impactful artificial intelligence-based breast imaging and analytics solutions:
o ImageChecker® CAD first generation software – 1998
o C-View™ synthesised 2D imaging technology – 2011
o Intelligent 2D™ synthesised 2D imaging technology – 2017
o Quantra™ 2.2 breast density assessment software – 2017
With four research and development centres dedicated to breast health, a centre of excellence
focused on deep machine learning and unparalleled access to breast imaging data, Hologic is
committed to develop the next generation artificial intelligence solutions.

Find out more on www.3dimensionssystem.eu
ADS-02683-EUR-EN Rev001 (6/19) Hologic Inc. ©2019 All rights reserved. Hologic, 3Dimensions, C-View, ImageChecker, Intelligent 2D, Quantra, The Science of Sure and associated logos are trademarks
and/or registered trademarks of Hologic, Inc., and/or its subsidiaries in the United States and/or other countries. This information is intended for medical professionals in the U.S. and other markets and
is not intended as a product solicitation or promotion where such activities are prohibited. Because Hologic materials are distributed through websites, eBroadcasts and tradeshows, it is not always
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The “value“ of radiology
It is no surprise that, given the demographic and societal changes that are
occurring in the Western world, the
healthcare systems that are called upon
to provide services to the populations
in these countries are undergoing everincreasing pressure to fulfil their role,
with fewer and fewer resources being
allocated. It’s inevitable that budgets
come under severe pressure under such
situations, with increasing calls for payments to healthcare providers to be made
as a function of patient outcome rather
than service provided, or more generally in terms of the “value”that a particular function provides, to use the
current buzzword. The trouble is that
“value” means different things to different people in the healthcare community,
from patients through the actual staff
providing the care to those providing the
finance.
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Radiology is not exempt from such
pressures but has an additional problem, namely that it is actually quite hard
to quantitate precisely the actual value
that radiology provides in the objective
terms that policy-makers and accountants prefer. Defining precisely what is
value in radiology still needs to be established.
As a recent insightful paper from a
group at Duke University, NC, USA,
(Gupta RT et al The Need for Practical and
Accurate Measures of Value for Radiology.
J Am Coll Radiol. 2019 Jun;16(6):810-813.
doi: 10.1016/j.jacr.2018.11.013) points
out, assessing value for radiology is particularly difﬁcult because imaging is generally the start of the diagnostic process
and often cannot be directly correlated
with outcomes as easily as, say surgical
procedures or other medical interventions. There is no doubt however that a
well-interpreted and efﬁciently performed
imaging study is necessary to identify
the appropriate intervention and clinical pathway, and this ultimately should
lead to the best possible outcome for the
patient. Although difﬁcult to quantify at
an individual patient level, the overall
impact of accurate diagnosis in which
radiology most often plays a key role is
substantial. A recent US report estimated
that 10% of deaths are due to diagnostic
errors and that most people will experience at least one diagnostic error in their
D I
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lifetimes (National Academies of Sciences.
Engineering, and Medicine, Improving
diagnosis in health care. Washington,
District of Columbia: National Academies
Press; 2015).
Classical quality criteria are already
applied in all self-respecting radiology
departments. These include technical
issues like checking parameters such as
spatial resolution, radiation dose, noise,
detectability, etc. against established targets. Likewise more management-oriented quality criteria, such as turnaround
times, number of re-scans, recalls, etc. are
also widely used. And while these quality
aspects are vital and necessary, they do
not necessarily quantitate the admittedly
more elusive concept of “value”.
Similarly the fact that requests for
imaging continue to increase exponentially is certain proof that radiology is
more and more a central and unavoidable
part of the overall modern healthcare
process. However whether this undeniable increased demand for services can be
construed as proving the “value” of the
services offered is debatable.
Somehow value must ultimately be
related in some way to the patient outcome, and here radiology is at a disadvantage compared to other more patientfacing disciplines. Since radiologists are
usually not those who order the examinations, it is difficult for radiologists to
get actively involved in issues such as the
undeniably important over-utilization of
imaging tests.
On the face of it the solution to this
would be for the radiologist to be more
closely involved in the overall care team.
There are already precedents to radiologists being involved in care teams,
namely in multidisciplinary teams or
tumor boards, where, if properly managed, radiologists can play a critical
role, since imaging generally provides
the framework for clinical decisionmaking .
But here the classical paradox of radiology raises its ugly head. The inexorable
increase in demand for imaging reports
means that radiologists have even less
time to participate in more patient-facing
activities, important as these are.
Could the AI-assisted reading of
images be the solution to this conundrum? AI is yet another story. n
3
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Higher coronary artery
calcium levels in middle-age indicate higher risk of later heart
problems
Higher coronary artery calcium levels in middle-age are associated with
structural heart abnormalities linked to
future heart failure, particularly among
blacks, according to recently published
research (Yared et al Circ Cardiovasc
Imaging. 2019;12:e009228. DOI: 10.1161/
CIRCIMAGING.119.009228)

The study evaluated the association of CAC score
smeasured by CT with Left Ventricular structure and
function as assessed by echocardiography

Unrelated to the levels of dietary calcium, coronary artery calcium (CAC) is
the buildup of calcified plaque consisting of fat, calcium and cholesterol.
CAC is a risk marker for heart health
problems, and CAC screening was added
to the American Heart Association’s
2018 cholesterol management guidelines
to further improve early detection of
heart health abnormalities.
In the recent study, researchers tracked
2,449 people from young adulthood to
middle-age. Non-invasive CT computed
tomography imaging tests were used to
gauge the participants’ vascular health,
with participants’ imaging tests and
CAC scores compared at years 15 and
25 of the study period.
By year 25, participants’ average age was
about 50. Seventy-two percent of the
group had a CAC score of zero compared with 77% a decade earlier.
“We looked at early adulthood to middleage because this is a window in which
we can see abnormalities that might not
be causing symptoms, but could later
increase the risk of heart problems,” said
JUNE/JULY 2019

Dr. H T Moreira, Hospital das Clínicas
de Ribeirão Preto at the University of
São Paulo in Brazil. “Prevention and control of these abnormalities are key, so early
identification of risks can be crucial.”
Moreira and his team found that increases
in CAC scores were independently related
to increasing age, male sex, black race,
higher systolic blood pressure, higher
total cholesterol, diabetes mellitus and
current smoking, as well as the use of
medications to lower blood pressure and
cholesterol. Additionally, they found that
compared with patients who had CAC
scores of zero, those who had higher CAC
scores at middle-age had a 12% increase
in left ventricular mass and a 9% increase
in left ventricular volume, independent of
other risk factors including demographic
information and cardiovascular risks.
“Prior studies have shown that presence
of CAC and higher CAC scores are associated with atherosclerotic cardiovascular
disease in young to middle aged adults.
The results of this study are important
as they highlight that presence of CAC
and higher CAC scores may also be associated with echocardiographic markers
of subclinical LV systolic and diastolic
dysfunction,” said Dr. S Virani. “Given
the burden of morbidity and mortality
associated with heart failure, these are
important findings. Prior studies from
this cohort have also shown that a better
risk factors profile in young adulthood
is associated with much lower CAC and
therefore, these results further highlight
the importance of primordial prevention and risk factor modification in early
adulthood.”
Doi : 10.1161IRCIMAGING.119.009228

Diagnostic accuracy of
CCTA matches
catheter angiography
Researchers from the Charité University Hospital in Berlin have established
that, in certain cases, the diagnostic reliability of non-invasive coronary computed tomography (CT) angiography is
as good as that of coronary angiography - thereby dispensing with the need
for invasive procedures.(Haase R et al.
D I
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Diagnosis of obstructive coronary artery
disease using computed tomography angiography in patients with stable chest pain
depending on clinical probability and in
clinically important subgroups: metaanalysis of individual patient data. BMJ.
2019 Jun 12; 365: l1945. doi: 10.1136/
bmj.l1945).

Coronary CT angiography is non-invasive and pain-free.
Image courtesy of : Dewey/Charité

Symptoms such as dull chest pain
or a feeling of tightness in the chest
may be indicative of coronary artery
disease (CAD). In the worst-case scenario, CAD can lead to a life-threatening heart attack or sudden cardiac
death. Prompt diagnosis is therefore
essential.
Until now, patients with suspected CAD
have often been examined using cardiac catheterization for coronary angiography, the procedure that involves
a catheter being inserted into a blood
vessel then advanced to the heart.
The advantage of this method is that
it combines diagnosis with treatment:
if a narrowed segment is detected, the
intervention to open up the affected
artery can be performed immediately.
However, the procedure is not without
its risks, and out of a total of 880,000
patients who undergo the procedure in
Germany every year, approximately 58%
do not actually require such an intervention. Led by the Charité hospital, an
international research consortium has
now been able to show that, in certain
patients, an equally accurate diagnosis
can be achieved using non-invasive cardiac CT angiography.
5
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Research groups from 22 countries worked together to
analyze the data of more than 5,300 patients from a total
of 65 completed studies. Their analysis revealed that coronary CT angiography is a suitable diagnostic technique in
patients with a low to intermediate probability of CAD.
“Physicians can determine a patient’s probability of having CAD using individual factors such as age, sex and type
of chest pain,” says study leader Prof. Marc Dewey, of the
Department of Radiology on Campus Charité Mitte. “If
this probability is between 7 and 67 percent, coronary CT
angiography will provide a reliable diagnosis as to whether
or not the patient has narrowed arteries. Cardiac catheterization is indicated in patients with higher probabilities, as
these patients are likely to need an intervention.”
The study’s first author, Robert Haase said “Our work shows
that, in both men and women, cardiac CT method is capable of
clearly visualizing narrowed segments”.
“Our findings will make it easier for physicians to determine
which patients may benefit from having a coronary CT angiogram rather than a catheter-based procedure to diagnose coronary artery disease,” says Prof. Dewey. “I hope that the study
will contribute to the harmonization of clinical practice guidelines. Country-specific guidelines continue to vary in terms of
courses of action recommended when dealing with suspected
CAD”.
doi: 10.1136/bmj.l1945

tumor burden. “Tumor response was assessed by the changes
in PSMA-avid tumor volume from baseline to the second
PSMA PET using three classification methods,” explained Dr. A
Gafita,. “Subsequently, we found that tumor response assessed
on interim PSMA PET after two RLT cycles was associated with
overall survival.”

Interim scan during prostate cancer therapy helps guide treatment

Gafita stated, “Our results therefore show that interim PSMA
PET can be used for therapeutic response assessment in
patients undergoing 177Lu-PSMA RLT. Furthermore, occurrence of new lesions in PSMA PET is a prognostic factor for
disease progression and could be included in defining tumor
response based on PSMA PET imaging.”
Gafita adds, “this analysis paves the way for use of interim
PSMA PET in a prospective setting during 177Lu-PSMA radioligand therapy.”
10.2967/jnumed.118.224055

New prostate cancer research shows that adding an interim
scan during therapy can help guide a patient’s treatment. Prostate-specific membrane antigen (PSMA) positron emission
tomography (PET) imaging of patients with metastatic castration-resistant prostate cancer after two cycles of lutetium-177
(177Lu)-PSMA radioligand therapy has shown a significant
predictive value for patient survival according to a retrospective analysis conducted at Klinikum rechts der Isar Hospital,
Technical University Munich, Germany and presented at the
recent Annual Meeting of the Society of Nuclear Medicine and
Molecular Imaging (SNMMI).
Currently the five-year survival rate for men with metastatic
prostate cancer is 30.5 percent, according to data form the
National Cancer Institute. In phase 2 trials, 177Lu-PSMA
therapy has shown promising results in treating patients
with metastatic castration-resistant prostate cancer. The
therapy typically involves a preliminary PSMA PET scan to
identify patients who are eligible for the treatment. While
interim PET scans have shown high predictive value for
lymphoma patients, this concept has not been previously
explored in prostate cancer patients undergoing 177LuPSMA therapy.
The retrospective analysis included patients who underwent
68
Ga-PSMA11 PET/CT at baseline and after two cycles of
177Lu-PSMA RLT under a compassionate use program.
Instead of standardized uptake value, which is the parameter
generally used in such analyses, researchers used qPSMA,
a software developed in-house, to evaluate the whole-body
6
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68Ga-PSMA11 PET MIP images at baseline and after 2 cycles of 177Lu-PSMA radioligand therapy in a patients with mCRPC. Image courtesy of Andrei Gafita, Matthias
Eiber, TUM School of Medicine, Klinikum rechts der Isar, Munich, Germany.

Expert consensus published on use
of imaging to guide heart attack
treatment
Imaging provides a more precise diagnosis of a heart
attack that can be used to individualise treatment. That’s the
main message of a recently published expert consensus paper.
(Johnson TW et al. Clinical use of intracoronary imaging. Part
2: acute coronary syndromes, ambiguous coronary angiography findings, and guiding interventional decision-making: an
expert consensus document of the European Association of
Percutaneous Cardiovascular Interventions. 2019 May 21. pii:
ehz332. doi: 10.1093/eurheartj/ehz332). The paper was written by a panel organised by the European Association of
Percutaneous Cardiovascular Interventions (EAPCI) and is
part 2 of a series on the clinical use of intracoronary imaging.
Part 1 focused on stent selection and optimisation criteria.
Both documents discuss intravascular ultrasound (IVUS) and
optical coherence tomography (OCT).Heart attacks are usually diagnosed and treated using coronary angiography but
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there has been controversy over when to use it.
The latest document seeks to resolve that debate. It promotes the adoption of intracoronary imaging in two major
areas: 1) acute coronary syndromes including heart attack
and 2) when diagnostic information from angiography is
unclear.
The paper provides criteria for assessment of the
arteries, interpretation of images, choice of treatment,
and guidance during stent insertion (percutaneous coronary intervention; PCI). In the past it was thought
that most acute coronary syndromes were caused by
ruptured plaque. Intracoronary imaging has identified
plaque erosion and eruptive calcified nodules as other
causes which may benefit from different treatment. In
addition, intracoronary imaging clearly shows thrombus,
which angiography may miss or misidentify.

Left Panel. An angiographic image of a left anterior descending artery in a patient
with ST-elevation myocardial infarction presentation and anterior ST-segment elevation. A hazy filling defect is evident in the proximal segment of the vessel, highlighted
by white arrow A. Right Panel. Optical coherence tomography image (A) demonstrates
red thrombus (red arrows) with an irregular surfaceand adherent to the lumen,
attenuating the light, and obscuring deeper structures Images from Johnson et al
doi: 10.1093/eurheartj/ehz332. courtesy of Eur Heart J.

“Imaging is more accurate, helps guide decisions and facilitates tailored therapy, especially in younger heart attack patients
who more frequently have plaque erosion or non-atherosclerotic coronary artery disease,” said senior author Dr Giulio
Guagliumi, of the Ospedale Papa Giovanni XXIII, Bergamo,
Italy.
An ageing population and rising levels of diabetes mean
that more lesions causing heart attacks are calcified, which is
difficult to detect using angiography and more challenging
for PCI. In addition, angiography may be difficult in certain
anatomies such as tortuous vessels and aneurysms.
Patients referred for PCI increasingly have comorbidities
and complex coronary artery disease. Dr Guagliumi said:
“Intracoronary imaging is particularly useful in complex patient
and lesion scenarios and the paper describes settings where it
would provide maximum benefit - for instance patients with
non-ST elevation acute coronary syndromes, calcified vessels,
long lesions or in-stent restenosis. This ties in with the realities of
healthcare, where there is no appetite to spend time and money
imaging simple lesions.”
Dr Guagliumi noted that imaging companies have mainly
focused on improving image quality. “More attention should
be devoted to making imaging systems more user friendly for
clinicians, with automated analysis and classification. There is
more to gain clinically through developments in these areas.”
JUNE/JULY 2019

D I

He concluded: “The role of intravascular imaging to diagnose acute coronary syndromes, select treatment, and guide
PCI will continue to grow. With it we expect to achieve superior
long-term outcomes.”
doi: 10.1093/eurheartj/ehz332.

PET/CT gives earlier diagnosis and
treatment assessment of TB

Research presented at the recent Society of Nuclear
Medicine and Molecular Imaging’s 2019 Annual Meeting
shows that molecular imaging with 18F-FDG PET/CT
can evaluate tuberculosis at the molecular level, effectively identifying diseased areas and guiding treatment
for patients.
According to the World Health Association, tuberculosis is one of the top 10 causes of death worldwide.
Although the disease is curable and preventable, in areas
with high rates of tuberculosis, it contributes to significant
morbidity, mortality and an increased risk of transmission
from infected individuals. Tuberculosis most frequently
involves the lungs; however involvement of tissues and
organs other than the lungs is referred to as extra-pulmonary tuberculosis.
“Extra-pulmonary tuberculosis presents a particular
challenge as the disease site is often not accessible for performing an invasive diagnosis. The physician thus relies on
the clinical diagnosis for initiating treatment” said Dr. B R
Mittal, of the Postgraduate Institute of Medical Education
and Research in Chandigarh, India. “In our study, we evaluated the utility of 18F-FDG PET/CT in the initial diagnosis
and response assessment of patients with extra-pulmonary
tuberculosis.”

A 38-year-old woman diagnosed to have with Pott’s spine was subjected to F-18
FDG PET/CT scan. Baseline study--maximum intensity projection image (A), fused
PET/CT (B) and CT image (C) showing increased FDG uptake in a lytic lesion with
significant soft tissue component in the D9 vertebra with associated paravertebral
soft tissue density. Study done at 2 months post-ATT (D, E, F) showing favourable
response to therapy. Study done at treatment completion (G, H, I) showing complete
metabolic response to therapy.. Image credit: Mittal BR, Parihar AS, Sood A, et al.

Ninety-three patients with extra-pulmonary tuberculosis
were prospectively enrolled in the study prior to the initiation of treatment. The patients underwent 18F-FDG PET/CT
imaging as a baseline, and then received follow-up imaging
after two months and after treatment completion. Follow-up
scans were categorized into three groups: complete metabolic
response (no abnormal lesions), residual disease (persistent
lesions, but no new lesions) and disease progression (new
lesions compared to the baseline scan).
In the baseline scans, 176 lesion sites were detected
among the 93 study participants. The most common sites
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included the lymph nodes and central nervous system. Two
month follow-up scans were performed on 47 patients, and
21.2 percent were classified as having complete metabolic
response, 72.3 percent had residual disease and 6.4 percent
were characterized as having disease progression. A final
scan was conducted post-treatment and, of the 28 patients
imaged, 28.6 percent had complete metabolic response, 53.6
percent of patients showed residual disease and 17.8 percent
had disease progression. During the course of the study,
12.9 percent of patients died. Of these deaths, the patients
who fell in the disease progression category had the highest
mortality rate--60 percent.
“This study has the potential to change the way we manage
tuberculosis patients. Our results show that 18F-FDG PET/CT
provides a whole-body survey and identifies the disease sites
in various organs and tissues in a single study. This helps to
provide an early estimation of disease extent, and in suspected
cases, helps to identify accessible biopsy sites for obtaining tissue
diagnosis,” Mittal said.

Assessing cardiac risks in patients
with psoriatic disease

Patients with psoriasis and psoriatic arthritis--collectively
termed psoriatic disease--face increased heart risks. It is well
accepted that patients with psoriasis and psoriatic arthritis
(PsA), collectively termed psoriatic disease (PsD), are at an
increased risk of cardiovascular events (CVE). This elevated
cardiovascular risk is in part due to traditional cardiovascular
risk factors (e.g. diabetes and dyslipidemia) but also related
to systemic inflammation.A new study (Sobchak C et al. The
value of carotid ultrasound in cardiovascular risk stratification
in patients with psoriatic disease. Arthritis Rheumatol. 2019 Jun
5. doi: 10.1002/art.40925) indicates that ultrasound imaging of
the carotid arteries can indicate the risk of experiencing future
cardiovascular events.

The findings suggest that combining such imaging data
with clinical and laboratory measures of traditional cardiovascular risk factors could improve risk predictions and identify
which patients with psoriatic disease might benefit from more
intensive heart-protective therapies.
“Ultrasound is widely used in rheumatology settings as a
point of care to detect joint inflammation. Our study suggests
that ultrasound can also be used to identify patients that are at
high cardiovascular risk who may be missed by the conventional
8
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methods such as the Framingham risk score,” said senior author
Dr. L Eder,, of the University of Toronto. “This will allow
early intervention, such as initiation of lipid lowering therapy,
which will ultimately lower the risk of developing cardiovascular
events.”
doi: 10.1002/art.40925

Computer-assisted diagnosis
enables earlier detection of brain
tumor growth
A computer-assisted diagnostic procedure helps physicians
detect the growth of low-grade brain tumors earlier and at
smaller volumes than visual comparison alone, according to a
recent study. (Fathallah-Shaykh HM et al. Diagnosing growth
in low-grade gliomas with and without longitudinal volume
measurements: A retrospective observational study. PLoS Med.
2019; 16(5):e1002810. doi: 10.1371/journal.pmed.1002810).
Low-grade gliomas constitute 15% of all adult brain
tumors and cause significant neurological problems. A computer-assisted diagnostic procedure that digitizes the tumor
and uses imaging scans to segment the tumor and generate
volumetric measures could aid in the objective detection of
tumor growth by directing the attention of the physician to
changes in volume. In the new study, the authors evaluated
63 patients--56 with grade 2 gliomas and 7 with an imaging
abnormality without pathological diagnosis--for a median
follow-up period of 150 months, and compared tumor
growth detection by seven physicians aided by a computerassisted diagnostic procedure versus retrospective clinical
reports.
The computerassisted diagnostic
procedure involved
digitizing magnetic
resonance imaging
scans of the tumors.
Physicians
aided
by the computerassisted method diagnosed tumor growth
in 13 of 22 glioma
patients labeled as
Image courtesy of geralt, Pixabay
clinically stable by
the radiological reports, but did not detect growth in the
imaging-abnormality group. In 29 of the 34 patients with
progression, the median time-to-growth detection was 14
months for the computer-assisted method compared to 44
months for current standard-of-care radiological evaluation. Using the computer-assisted method, accurate detection of tumor enlargement was possible with a median of
only 57% change in tumor volume compared to a median
of 174% change in volume required using standard-of-care
clinical methods. According to the authors, the findings
suggest that current clinical practice is associated with
significant delays in detecting the growth of low-grade
gliomas, and computer-assisted methods could reduce
these delays.
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IMAGING NEWS

NLST follow-up study
reaffirms that low
dose CT reduces lung
cancer mortality

Early detection and treatment
through screening with low-dose computed tomography (LDCT) has been
investigated as a potential means of
reducing lung cancer deaths for more
than two decades. In 2011, a large U.S.
study, the randomized National Lung
Screening Trial (NLST), reported a
significant 20% reduction in lung cancer mortality in high-risk current and
former smokers screened annually for
three years with LDCT as compared to
chest x-rays. The NLST study included
26,722 patients in the LDCT arm and
26,730 in the x-ray arm at 33 medical
institutions in the United States.

Providing smoking cessation treatment with annual low
dose CT (LDCT) screening offers an opportunity to reduce
smoking-related morbidity and mortality

Now, in a recently published paper
the authors of the NLST research
report on an extended analysis of the
patient cohort that was followed up
after the 2011 study was published.
The authors report that their original
findings have been sustained. (Black
WC et al.Lung Cancer Incidence and
Mortality with Extended Follow-up
in the National Lung Screening Trial
National Lung Screening Trial Writing
Team, J Thorac Oncol. 2019 Jun 13. pii:
S1556-0864(19)30473-3. doi: 10.1016/j.
jtho.2019.05.044.)
The NLST study randomized highrisk current and former smokers to
three annual screens with either low
dose computed tomography (LDCT)
or chest radiographs (CXR) and
JUNE/JULY 2019

demonstrated a significant reduction
in lung cancer mortality in the LDCT
arm after median 6.5 years follow-up.
In this latest report, lead researcher Dr
Paul Pinsky from the National Cancer
Institute and his team extended the follow up to 11.3 years for incidence and
12.3 years for mortality.
The study authors wrote that with
an additional six years of mortality follow up, researchers could better
understand if low dose CT screening
prevented deaths from lung cancer, or
merely delayed them. They report that
the extended follow up did allow them
to determine that LDCT did, in fact,
prevent lung cancer deaths or at least
delayed them for more than a decade.
“Lung cancer is the leading cause of
cancer death worldwide and early detection and treatment through screening
with low-dose computed tomography has
been investigated as a potential means
of reducing lung cancer deaths for more
than two decades. This study adds further
weight to the notion that CT screening is
effective,” said Dr. Pinsky.
The original report in 2011 found
that 320 patients would have to be
screened to prevent one death from
lung cancer while the current follow up
research found that 303 patients would
have to be screened to prevent one lung
cancer death.
This study reaffirms previously published research that shows screening
patients at high risk for lung cancer can
reduce lung cancer mortality.
doi: 10.1016/j.jtho.2019.05.044

Risk prediction model
may help determine if
a lung nodule will
progress to cancer

A risk prediction model has been
developed using clinical and radiological features that could stratify individuals presenting with a lung nodule as
having high or low risk for lung cancer (Nemesure B. Will That Pulmonary
Nodule Become Cancerous? A Risk
Prediction Model for Incident Lung
Cancer. Cancer Prev Res (Phila). 2019
Jun 27. doi: 10.1158/1940-6207.CAPR18-0500).
“Lung cancer is often asymptomatic
in early stages, and the identification of
D I
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high-risk individuals is a major priority,” said lead author Dr. B Nemesure
and colleagues analyzed data from
2,924 patients presenting with a lung
nodule . Patients were excluded if they
had a history of lung cancer or if they
were diagnosed with lung cancer within
six months of the initial consultation.
Participants were randomly assigned to
discovery (1,469 patients) and replication (1,455 patients) cohorts. Among
them, 171 developed lung cancer over
the 13-year period.

Ground glass opacity is one factor used to generate
the risk score

Clinical and radiological data were
collected to develop a risk prediction
model. Using multivariable analyses,
the researchers found that the combined variables of age, smoking packyears, personal history of cancer, the
presence of COPD, and nodule characteristics such as size, spiculation,
and ground-glass opacity, could best
predict who would develop lung cancer. These factors were combined to
develop an overall risk score to stratify
patients into high- and low-risk categories.
When the risk score was applied to
the replication cohort, the researchers
found that the model could discriminate cancer risk with a sensitivity and
specificity of 73 percent and 81 percent,
respectively. Compared with individuals in the low-risk category, those in the
high-risk category had more than 14
times the risk of developing lung cancer.
The authors commented: “Through
our model, we can identify which individuals with lung nodules should be
closely monitored, so that we can catch the
disease at an early stage and ultimately
reduce the burden of lung cancer deaths”.
doi: 10.1158/1940-6207.CAPR-18050)0.
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Computed Tomography

Optimisation of the intensity
of lung cancer screening by
Low-Dose CT
By Dr. M Silva

Lung cancer screening by low-dose
computed tomography (LDCT) in
high risk subjects improves survival.
This can be seen from substantial
shifts in the cancer stage at diagnosis, namely up to 70% early stage
lung cancer as compared to less
than 20% without screening.
The initial approach to lung cancer
screening was carried out using
annual screening rounds; however
there is growing evidence that modulating the screening intensity may
be just as efficient in terms of outcomes but more cost-effective.
Lung cancer screening by low-dose
computed tomography (LDCT) in
high risk subjects improves survival.
This can be seen from substantial
shifts in the cancer stage at diagnosis, namely up to 70% early stage
lung cancer as compared to less
than 20% without screening.
The initial approach to lung cancer
screening was carried out using
annual screening rounds; however
there is growing evidence that modThe Author
Mario Silva

Lung cancer is a major cause of death, principally because
it is mostly diagnosed only in the late stage of the disease,
so reducing the chances of successful surgical outcomes [1,
2]. The aim of lung cancer screening (LCS) programs is to
enable the diagnosis of early stage lung cancer through the
use of low-dose computed tomography (LDCT) in asymptomatic high risk subjects, the so-called “screenees” [3, 4].
In accordance with the fundamental principles of screening
procedures, pre-test selection of screenees is important for
efficient screening, particularly since LDCT involves a certain — albeit small — level of medical risk, e.g. procedurerelated morbidity and mortality [5], psychological stress
[6], economic burden [7], and added oncologic risk from
radiation exposure [8]. All these factors contribute to the
overall cost-benefit ratio of LCS. It should be noted that
radiation exposure has been a critical issue ever since the
early days of LCS by CT. Lowering radiation dose has been
one of the aims of sustained technological development of
optimized lung imaging systems (e.g. the incorporation of
dose-reducing tin-filter systems in the CT system itself) [9].
Appropriate selection of the screenees is carried out by
pre-test estimate of risk, either by comparison with fixed
thresholds of age and smoking history [10] or by use of more
comprehensive risk models that include additional demographics, as well as medical and occupational data [11, 12].
Subjects selected according to such criteria are then entered
into the program of LCS using LDCT. Following the positive
results of the National Lung Screening Trial (NLST) [3] the
use of LDCT is currently recommended for screening on
an annual basis. But some questions remain: is the annual
intensity the most efficient algorithm for screening lung
cancer by LDCT? Would lower screening intensity threaten
outcomes or screenees survival? Answers to such questions
can be suggested through the use of biological and medical
data obtained from analysis of the current literature on lung
cancer screening [13].

, MD, PhD

1, 2

1. Scienze Radiologiche, Department of Medicine and Surgery
(DiMeC), University of Parma, Italy
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The absence of any lung nodule is indeed the proof that
even in a high risk population there is no neoplastic cell
cluster of sufficient size for detection by LDCT. In the context of determining the optimal screening intensity, the next
question is how long does it take a non-visible cancerous
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predictive value for the diagnosis of lung
cancer as low as 0.5, i.e. lower than the
pre-test annual risk of lung cancer [17].
Furthermore, non-nodule findings on
LDCT were reported in the NSLT population, where emphysema was a post-test
contributor to lung cancer risk stratification [18]. Likewise, the Dutch Lung cancer Screening Trial (DLCST) showed that
there was an increased risk of lung cancer in subjects with emphysema and/or
interstitial lung abnormalities detected on
LDCT [19]. However, lung nodule characterization remains the strongest predictor
of lung cancer risk in the mid-term (e.g.
within 3-6 years).
Patz retrospectively addressed the stratification of lung cancer risk by the result of
LDCT, i.e. the post-test risk, in the NLST
population [20]. Screenees with a baseline positive LDCT (e.g. a solid nodule >
4 mm) showed a lung cancer incidence
approaching 1,500 cases per 100,000
person-years [21]. Conversely, a negative baseline test yielded a Hazard Ratio
(HR) of 0.27 for lung cancer, whilst a HR
0.12 was reported in longitudinal triple
negative test, as compared with positive
baseline test. Questioning the necessity of
continuous annual LDCT screens for all
Figure 1 Low-dose computed tomography (LDCT) showing a solid nodule detected by computer aided diagnosis NLST eligible individuals, and based on
(CAD) and segmented by semi-automatic software for computation of nodule volume. This represents a typical post-test stratification of lung cancer risk
positive test for which early follow up and further diagnostic work up is recommended. Thin slice volumetric LDCT is the authors hypothesized that lower intenmandatory for appropriate visualization of nodules in lung cancer screening in axial (left upper quadrant), coronal sity screening rounds could be acceptable.
(left lower quadrant), and sagittal reformation (right lower quadrant) as well as for volumetric segmentation of the A polynomial model for personalized folnodule (right upper quadrant and central detail).
low up by annual or biennial intensity was
retrospectively developed by Schreuder
from the NLST database [22]. This model
lesion to grow to a level where it is both [Figure 1]. Such a scenario represents a included demographics (pre-test) and
diagnostically characterizable and can be fast volume doubling time of 65 to 180 baseline LDCT findings (post-test). It was
easily resected surgically? The doubling days. However it should be noted that it found that such a model warranted the
time of lung cancer volume has been has been reported that LCS is not effective selection of 10-45% NLST participants for
reported as ranging from 40-600 days in cases of extremely rapidly growing lung lower intensity biennial screening, with a
[14]. In the case of a baseline nodule of cancer [16]. Therefore, chasing rapidly- zero or minor risk of delayed lung cancer
about 2 mm in diameter (i.e.
diagnosis. The model showed
about 4 mm3 in volume), it
that the inclusion of LDCT
“...based on post-test stratification of lung can- predictors could significantly
would take 5-10 doublings to
cer risk the authors hypothesized that lower in- reduce the number needed to
get to a minimal size of 8-10
tensity screening rounds could be acceptable...” screen as compared to the simmm which is suitable for diagnostic characterization either
ple pre-test risk stratification.
by metabolic tracers (positron
emission tomography) or cyto-histologic growing lung cancer with tight screening A detailed analysis of lung cancer risk
sampling (trans-thoracic biopsy) [15]. intervals might be less useful in subjects in the Nederlands-Leuvens Longkanker
This is reflected in a typical time range negative at baseline. The NLST study Screenings Onderzoek (NELSON) trial
of 1 to 3 years between the first detec- reported that the prevalence of 4-6 mm confirmed and reinforced the prediction of a nodule and its characterization nodules was almost 14%, with a positive tive value of baseline LDCT, by using
JUNE/JULY 2019
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Figure 2. T he lung cancer screening algorithms of the National Lung Screening Trial (NLST), Multicentric Italian Lung Detection (MILD), Nederlands-Leuvens Longkanker
Screenings Onderzoek (NELSON), and bioMILD trials.

volumetry and volume doubling time. or of 300 mm3 in volume) and subsolid screenees without any nodules at baseline
Horeweg et al reported overlapping lung nodules [26].
or with only small nodules considered to
cancer probability in the cases of no To date, prospective data on the modula- be negative.
nodule (0.4%), a nodule less than 5 mm tion of LCS intensity have been generated
in diameter (0.4%), or a nodule less than by the Multicentric Italian Lung Detec- Further development and refinement
100 mm3 in volume (0.6%) [14]. Subse- tion (MILD) trial. Since 2005, the MILD of LCS algorithm can also be imagined
quently, Yousaf-Khan reported results trial has been prospectively randomizing through the incorporation of a combinaof 3 incrementally longer
tion of multiple tests such as spiscreening intervals of NELrometry and the levels of certain
“...The application of a biennial intensity
SON: 1 year, 2 years, and 2.5
circulating biomarkers. Wille et
years [23]. It was found that screening program resulted in a 30% reduction al reported increased efficacy
of the LDCT burden over 6 years of sceenlongitudinally administered
of annual intensity screening in
ing,
while maintaining the rate of early lung
annual and biennial rounds
DLCST screenees with chronic
cancer diagnosis at a level comparable to that obstructive pulmonary disease
did not significantly differ
of annual screening...”
in cancer stage shift nor in
[28]. Conversely, screening was
the occurrence of interval
less cost-effective in the remaincancers, whereas a potential threat was subjects in an intensity study designed ing population suggesting that these latreported for screening intensity at inter- to compare annual and biennial LDCT ter could be screened in a lower intensity
vals of 2.5 years.
rounds [4]. The biennial algorithm of the program.
In 2013, McWilliams published mod- MILD trial includes post-test risk stratiels for management of nodules detected fication based on the results of LDCT: Marcus reported a composite model for
by LDCT, based on the Pan-Canadian biennial screening after a negative LDCT, lung cancer risk stratification with semiEarly Detection of Lung Cancer Study but annual screening after indeterminate automatic nodule volumetry, based on
(PanCan) and chemoprevention trials LDCT. The population selected for annual the United Kingdom Lung Screening
at the British Columbia Cancer Agency rounds represented less than 15% of the (UKLS) trial [29]. In addition to nodule
(BCCA) [24]. These models blended biennial population.
volumetry, the model included nodule
pre-test and post-test risk stratification, In this selected population, the lung can- type (non-solid or part-solid), pulmoincluding nodule features (e.g. density cer detection rate on annual screening nary function test, asthma, bronchitis,
and spiculation) and radiological signs of was 1.36% in the first round after base- asbestos exposure, history of cancer,
emphysema. Modulation of LCS intensity line, namely three times higher than rate family history of lung cancer, smoking
based on risk thresholds was proposed, of the lung cancer detection in the popu- duration, and gender. The model was
including intensity modulation up to a lation undergoing annual screening. The reported to predict the probability of
2-year interval: LDCT in 3 months for a application of a biennial intensity screen- lung cancer in three months and in one
risk of 6-30%, annual LDCT for subjects ing program resulted in a 30% reduc- year, with excellent internal validation.
with a of risk 1.5-6%, biennial LDCT for tion of the LDCT burden over 6 years In the MILD trial, plasma micro RNA
risk below 1.5% [25]. The so-called “full, of screening, while maintaining the rate (miRNA) signatures were investigated
with spiculation” Brock model (“Model of early lung cancer diagnosis at a level for the purpose of personalized biologi2b” from McWilliams) was subsequently comparable to that of annual screening cal risk stratification; they were reported
incorporated into the guidelines of the [27].
to predict the risk of lung cancer in the
British Thoracic Society for the manage- These data prospectively confirm that the subsequent two years [30].
ment of pulmonary nodules, with a 10% stratification of LCS screening intensity Such an approach led to an optimized
risk threshold for the management of by post-test refinement of risk can thus LCS algorithm for personalized comprelarger solid nodule (8 mm in diameter reduce costs and radiation exposure in hensive stratification of lung cancer risk.
12
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The bioMILD trial (NCT02247453) involves a risk model incorporating the pre-test selection of screenees (age > 50 years, > 30
pack-years and the use of circulating miRNA levels The model is
currently being tested to determine whether a significant reduction of LDCT burden can be achieved in low-intensity LCS.
The algorithm used in the bioMILD trial can be described as
a second-generation algorithm for LCS screening since it integrates LDCT and circulating miRNA levels, and recommends
LDCT every 3 years for subjects with double negative at baseline
(i.e. both negative LDCT and low-risk miRNA) [31].
It is worth noting that the miRNA approach led to both an
increase in the volumetric threshold for indeterminate LDCT
findings and an increase in the time interval for its management: annual LDCT for indeterminate finding in contrast to

“...The positive European LCS trials, NELSON
and MILD, reported a reduction of more than
30% in lung cancer mortality at 10 years,
which is all the more remarkable in that both
trials included a
low intensity screening strategy...”
the 3-month reference standard applied by many previous
screening experience worldwide. This is the most parsimonious screening algorithm, with an incremental reduction of
radiation exposure as well as a reduction in the required radiology personnel, and also in the overall economic burden as
compared with the NLST, MILD, and NELSON [Figure 2]. It is
expected that this approach could substantially optimize lung
cancer screening with LDCT by enabling tailoring of resources
to the relevant risk groups.
Following on from the 2011 NLST report of a 20% reduction in
lung cancer mortality by annual LDCT screening, the positive
European LCS trials, NELSON and MILD, reported a reduction
of more than 30% in lung cancer mortality at 10 years, which is
all the more remarkable in that both trials included a low intensity screening strategy [4, 32]. Long term screening remains a
pivotal strategy for continuous control of lung cancer and overall
mortality [33].
We should thus be prepared for the even further optimization of
long- term lung cancer screening by LDCT involving personalized intensity programs.
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Cardiac Imaging

Minimizing radiation dose in
coronary CT angiography with
diagnostic imaging quality in
routine investigation of coronary
artery disease
By Dr CE Richards & Dr DR Obaid

The potential for cardiac imaging and evaluating coronary
artery disease (CAD) non-invasively has been a key driver
behind the advances in computed tomography (CT) technology over the last three decades.
Coronary CT angiography (CCTA) now has the diagnostic
accuracy to be able to exclude CAD in routine use with high
negative predictive power. To extend CCTA to wide-spread
usage, including low-risk or even asymptomatic subjects,
however requires that high quality images be produced
with radiation doses low enough to reduce clinical risk to
an absolute minimum [1].
Traditionally, fluoroscopically guided images from coronary
angiography have defined the standard in diagnosing CAD.
The use of intra-arterial contrast, however, is more invasive
and requires longer patient preparation and recovery times.
CCTA is a less invasive and viable alternative as a diagnostic
procedure that uses only an intravenous injection of iodinerich contrast. [Figure 1]
Despite the growing utilisation of CCTA, a number of
challenges remain. Visualizing a 10% stenosis of a coronary
artery requires a minimum isotropic resolution of 0.3 mm
[2]. Differentiating submillimetre structures means that
high spatial resolution is required while the rapid motion
of the heart means that high temporal resolution is needed
to reduce motion artefacts. Balancing the need for an image
quality of approximately that of coronary angiography with
the need to optimize image signal-to-noise ratio (SNR) has
resulted in high radiation doses of up to 31.4 mSv [3] being
used, so increasing the lifetime risk of radiation-induced
malignancy [4].
Recent strategies have been developed to minimise radiation
The Authors
Dr Caryl Elizabeth Richards1, 2 & Dr Daniel Rhys Obaid1
1. Swansea University Medical School, Swansea University, Grove
Building, Singleton Park, Sketty, Swansea SA2 8PP, UK

Figure 1. Comparison of right coronary artery stenosis detected with
(A) invasive catheter angiography and (B) CCTA.

to “as low as reasonably achievable” (ALARA) levels. While
submillisievert radiation doses have been reported in recent
studies, the generalizability of these studies are limited by
the fact that they generally involved only small cohorts of
pre-selected patients with very low heart rates , small body
habitus and a low prevalence of CAD. Patients with other
characteristics, such as heart rate > 65 bpm, a body mass
index > 30 kg m-2, and arrhythmias, still present imaging
challenges. The feasibility of CCTA low-dose scan modes
and the effect on image quality and radiation exposure in
these populations has yet to be fully investigated.
Dose reduction methods

Low-dose CCTA modes optimize the trade-off between the
scan parameters that affect image quality while adhering
to the ALARA principle [5,6]. Temporal and spatial resolution depend on several factors including the detector size
and configuration, gantry rotation time, acquisition mode,
and reconstruction method and interval. Image contrast is
affected by noise, tube current and voltage [7]. We have demonstrated that diagnostic image quality is possible with low
radiation doses in an unselected patient population using a
combination of the following low-dose CCTA scanner modes

2. Morriston Hospital, Swansea SA6 6NL, UK

Z-axis coverage: volumetric CT field of view
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The dimension of the z-axis (longitudinal) detector array
determines the number of gantry rotations required to
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cover the entire cardiac volume. For cardiac imaging using previous generation
CT scanners, where the z-axis detector
length is shorter than 140 mm, several
gantry rotations are required. At our
institute, CCTA images are taken with
a multidetector array CT (MDCT) 320slice scanner with 320 × 0.5 mm detector array (Aquilion One, Toshiba Medical
Systems, Japan). Z-axis coverage of 160
mm allows coverage of the full cardiac
volume within a single non-helical rotation, reducing scan times.
A full 360-degree gantry rotation is limited to 350 ms due to mechanical stresses.
For cardiac CT, a temporal resolution of
350 ms is not adequate, so half-segment
reconstruction is used in which CT
images are reconstructed from projection
data covering 180° plus the fan angle of
the CT detectors in the axial plane. Since
the entire image of the heart is taken at
the same time in one x-ray pulse there are
no mis-registration artefacts, no banding
artefacts, and perfect contrast uniformity.
Patient-specific, preliminary CT radiographs or “scout views” are also used to
select the scan field of views to the minimum volume coverage in the z-axis in a
single complete acquisition, thus further
reducing the radiation dose.

reduction strategies [8]. With ECG-gating
software (SURE Cardio, Toshiba Medical
Systems, Japan) the x-ray tube acquisition
window can be reduced to 70–80% of the
interval between two consecutive QRS
complexes, rather than the whole cycle in
patients with a heart rate below 65 bpm.
Changes in the heart rate and arrhythmias pose further challenges for CCTA.
Automatic arrhythmia rejection software
(SURE Cardio, Toshiba Medical Systems, Japan) monitors the heart rate and
terminates the radiation exposure if an
arrhythmia occurs, before automatically
detecting and acquiring the next normal
beat for image reconstruction in real time.
Tube Current (mA) and Voltage (kV)

CT radiation is approximately proportional to the square of the tube voltage
and decreases linearly with tube current.
Automated modulation (SURExposure,
Toshiba Medical Systems, Japan) optimizes the tube current and voltage (100
kV–135 kV) according to the size and
attenuation profile of each patient, based
on the scout image. Reducing the tube
voltage also increases the vessel lumen
and cardiac chambers attenuation with
iodinated contrast resulting in greater
image contrast.

Prospective electrocardiogram-gating

Prospective electrocardiogram (ECG)gated tube current modulation is one
of the most effective radiation dose

Iterative Reconstruction

A multidetector array arrangement
improves spatial resolution compared to

a single detector, where images can be
reconstructed from a number (n) of thinslice CT scans at a fixed radiation dose.
However, a reduction in the number of
x-ray photons by a factor n per slice yields
an increase in noise by a factor √n. Images
with the same noise level can be obtained
by increasing the dose by a factor of n,
or by using thicker CT slices, which is
counterproductive [9]. This approach has
since been offset by image reconstruction
methods such as iterative reconstruction.
Adaptive iterative dose reduction (AIDR3D) uses an initial estimate of the image,
which is then improved iteratively by
comparing the synthesized image to the
one acquired with projection data [10].
Improvements in SNR and contrast-tonoise ratio make it possible to maintain
image quality at reduced currents [11].
Heart Rate control

Minimum cardiac motion occurs during the diastolic phase, which becomes
smaller with increasing heart rate.
Motion-free cardiac imaging in patients
with heart rates up to 70 bpm, requires a
temporal resolution of 250 ms. However,
heart rates greater than 100 bpm require
150 ms temporal resolution, which is at
the limit of gantry rotation. If necessary,
rate-limiting beta-blockers can be administered to patients to achieve a heart rate
below 65 bpm unless beta-blockers are
contraindicated [12].
Outcome

We carried out a study of 543 consecutive patients in sinus rhythm who were
referred to our institute between June
2012 and August 2016 for CCTA examination for suspected CAD. The mean
subjective image quality was scored as
3.65 ± 0.61 on a four-point scale (4 =
excellent, 1 = non-diagnostic) by two
trained observers [13]. Of the patient
CCTA images, 93% scored a rating of 3
(“good”) or above and CAD was confirmed in 57 (10%) of patients.
The median effective radiation dose was
0.88 mSv, including what we believe to be
the lowest ever-reported radiation dose
for a routine CCTA (0.18 mSv) for clinically indicated CAD [10].
Figure 2. Review of CCTA studies from the literature over recent years showing the lowest effective radiation
doses recorded and illustrating the variation in the recorded dose between studies. The red bar represents the
study carried out in our institute in the Abertawe Bro Morgannwg health trust in the UK.
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Figure 2 shows the lowest effective
radiation doses recorded over recent
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Figure 3. The average CCTA effective radiation dose recorded at the Abertawe Bro Morgannwg health trust (which
covers the Swansea area) compared with doses of other chest and cardiac imaging modalities.
The CCTA dose is approximately one ninth of that of a chest CT, and ten times less than that of invasive angiography.

years. Submillisievert ultra low radiation doses have, until now, been
reported only in feasibility studies on
specific cohorts selected for low BMI
and heart rate.
As shown in Figure 3, this ultra-low radiation dose for CCTA is approximately 8
times lower than a chest radiograph, and
is up to 10 times lower than the median
dose of standard coronary angiography
and Single Photon Emission Computed
Tomography (SPECT) as reported in a
recent contemporary study [14].
CCTA: challenges and future

The evolution of multislice scanner technology has facilitated clinically feasible
CCTA. Nevertheless, optimization of
radiation dose and image quality continue to present challenges, particularly in
patients with obesity, high heart rate, high
calcium score, and arrhythmia.
Strategies for optimizing CCTA images
include good temporal and spatial resolution, and wide z-axis detector coverage. Different CT scanner models have
optimal performance in different parameters thus leading to large variations in
radiation dose between scanner models
and modes depending on patient characteristics. Large variations in radiation
doses have also been described between
different centres using the same scanner
model[3].
We have demonstrated that low dose
CCTA mode can be used in routine to
screen patient populations in sinus
rhythm. Patients with arrhythmias or
other cardiac indications such as coronary artery bypass grafts or stents were
excluded from our study. Imaging different patient groups may require enhancing
the performance of different scan modes
for which a particular scanner may not
be optimized.
16

Next generation CT scanners may
improve the spatial and temporal resolution specification. Current spatial resolution is 0.35 mm while ideally precise
evaluation of coronary artery stenosis
requires 0.1 mm in all three orthogonal
axes [15].
The lowest temporal resolution for which
all patients can be imaged without motion
artefacts is reported to be 30 ms [16].
The best current available performance is
66 ms. Software motion correction algorithms to correct for cardiac motion have
shown promise, with effective temporal
resolution reported to be as low as 24
ms [17].
Risks associated with CT primarily
involve radiation exposure, but other
risks exist such as those associated with
contrast-induced allergy or the use of
contrast media in patients with renal
dysfunction. Recent studies have demonstrated the potential application of a BMIadapted contrast agent protocol without
compromising image quality [18].
Conclusion

Several commercially available, low-dose
CCTA scanning modes are effective in
minimizing radiation dose without compromising image quality for even the
most challenging of patients. CCTA is
thus a feasible alternative to coronary
angiography and is a suitable primary
diagnostic tool for patients with low risk
CAD.
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B re ast IMAGING NEWS
Breast cancer
screening: Canadian
guidelines put new
emphasis on shared
decision-making

Updated Canadian guidelines on
screening for breast cancer emphasizes shared decision-making between
women and their doctors, supporting
women to make an informed decision based on personal preferences
when the balance between benefits and
harms is uncertain. (Klarenbach S et
al. Recommendations on screening for
breast cancer in women aged 40-74 years
who are not at increased risk for breast
cancer. CMAJ. 2018: 190(49):E1441. doi:
10.1503/cmaj.180463.)

Based on the latest evidence, including 29 studies assessing the value
women place on anticipated benefits
and harms from breast cancer screening, the guideline contains recommendations for women aged 40 to 74 years
who are not at increased risk of breast
cancer.
Breast cancer screening with mammography may reduce death from
breast cancer, although it can also
result in false positives, additional testing and possibly invasive procedures,
as well as overdiagnosis, overtreatment
and potential complications. Current
evidence indicates a close balance
between benefits and harms, leading to
conditional recommendations based on
patient preferences.
Recommendations:
• The task force charged with
drawing up the guidelines recommends against screening women
aged 40 to 49 years. This recommendation is conditional on the relative
JUNE/JULY 2019

value a woman places on possible
benefits and harms from screening. If women of this age prefer to
be screened, they are encouraged to
discuss options with their health care
provider. Women in this age group
face a higher risk of potential harms
from false positives, overdiagnosis
and overtreatment compared with
other age groups, and the absolute
benefit is smaller.
•The task force recommends in
favour of screening women aged 50
to 74 years with mammography every
2-3 years. This recommendation is
also conditional as some women may
choose not to be screened if they are
concerned about overdiagnosis and
the associated harms. The benefits of
screening are from very low-certainty
evidence indicating a modest reduction
in the risk of death from breast cancer.
• The task force recommends against
screening with magnetic resonance
imaging, tomosynthesis and ultrasonography in women not at high risk
based on a lack of evidence.
In a related commentary, Dr.
Deborah Korenstein, of Memorial
Sloan Kettering Cancer Center writes,
“The new recommendations on breast
cancer screening from the Canadian
Task Force on Preventive Health Care
serve as a model for the important role of
guidelines in promoting value in health
care.” Dr. Korenstein added that, compared with other international guidelines, the task force’s guideline “is alone
among similar guidelines in noting in the
main recommendation for all age groups
that ‘the decision to undergo screening is
conditional on the relative value that a
woman places on possible benefits and
harms.’
doi: 10.1503/cmaj.180463.

Comparison between
clinicians’ and radiologists’ understanding
and imaging of breast
pain

Clinicians need more education in
the types of breast pain that necessitate
an imaging workup and what imaging
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to order, according to a study presented
at the recent ARRS 2019 Meeting, A
previous survey found agreement
among breast imaging radiologists’
imaging decisions in accordance with
the literature and practice guidelines.
The study was conducted to determine
what if any difference exists between
referring clinicians’ and radiologists’
approach to the imaging evaluation of
breast pain as a sole presenting symptom.
One hundred and eleven clinicians
participated in an online survey of 11
questions regarding preferred imaging
evaluation of various types of breast
pain based on patient age, pain location, and whether pain was constant
or intermittent. Findings include 72%
of respondents believe a weak correlation between breast pain and breast

Forty-eight percent of clinicain respondents said they
order imaging for breast pain to exclude malignancy,
26% for reassurance only, and 25% to evaluate the
breast tissue for a cause of pain.

cancer exists, while 23% believe there is
a neutral correlation. However, despite
most clinicians asserting they believe in
only a weak correlation between breast
pain and breast cancer, many still order
imaging studies, resulting in wasted
healthcare resources. Forty-eight percent of respondents said they order
imaging for breast pain to exclude
malignancy, 26% for reassurance only,
and 25% to evaluate the breast tissue
for a cause of pain.
While the results demonstrate an
understanding across specialties of
the importance of imaging and breast
pain, they also suggest more education
for clinicians is needed in the types of
breast pain that necessitate an imaging
workup and what imaging to order.
http://www.arrs.org/am19.
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Study shows half a million breast
cancer deaths averted in the US
over three decades
Latest U.S. estimates indicate that since 1989, hundreds
of thousands of women’s lives have been saved by mammography and improvements in breast cancer treatment,
according to a recent report (Hendrick RE et al Breast
cancer deaths averted over 3 decades. Cancer. 2019 May 1;
125(9):1482-1488. doi: 10.1002/cncr.31954 11.)

Screening mammography for the detection of breast
cancer became widely available in the USA in the mid1980s, and various effective therapies have been developed
since that time. To estimate the number of breast cancer
deaths averted since 1989 due to the collective effects of
both screening mammography and improved treatment,
the authors of the new study analyzed breast cancer mortality data and female population data for U.S. women aged 40
to 84 years over the past three decades. Cumulative breast
cancer deaths averted from 1990 to 2015 ranged from
more than 305,000 women to more than 483,000 women
depending on different background mortality assumptions.
When extrapolating results to 2018, cumulative breast
cancer deaths averted since 1989 ranged from 384,000
to 614,500. When considering 2018 alone, an estimated
27,083 to 45,726 breast cancer deaths were averted. The
investigators calculated that mammography and improved
treatment decreased the expected mortality rate of breast
cancer in 2018 by 45.3 to 58.3 percent.
“Recent reviews of mammography screening have focused
media attention on some of the risks of mammography
screening, such as call-backs for additional imaging and
breast biopsies, downplaying the most important aspect of
screening--that finding and treating breast cancer early saves
women’s lives. Our study provides evidence of just how effective the combination of early detection and modern breast
cancer treatment have been in averting breast cancer deaths,”
said Dr. Hendrick.
He noted that currently only about half of U.S. women
over 40 years of age receive regular screening mammography. “The best possible long-term effect of our findings
would be to help women recognize that early detection and
modern, personalized breast cancer treatment saves lives and
to encourage more women to get screened annually starting
at age 40.”
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Dr. Helvie added that additional benefits will likely be
realized as research continues. “While we anticipate new
scientific advances that will further reduce breast cancer
deaths and morbidity, it is important that women continue
to comply with existing screening and treatment recommendations,” he said.
doi: 10.1002/cncr.31954 11

More women receive
tomosynthesis examinations
but disparities remain
Use of the advanced form of breast cancer screening,
namely digital breast tomosynthesis (DBT) — or 3-D mammography — has risen rapidly in recent years, according to
researchers from Yale University in a recent study (Richman
IB et al Adoption of Digital Breast Tomosynthesis in Clinical
Practice. JAMA Intern Med. 2019 Jun 24. doi: 10.1001/
jamainternmed.2019.1058)
However the authors point out that adoption of the
technology varies widely in the U.S.A., reflecting emerging
disparities in care. Compared to 2-D mammography, DBT
may make it easier for radiologists to detect an abnormality.
Yet DBT has not been widely endorsed for routine breast
cancer screening. Organizations like the U.S. Preventive
Services Task Force and the American Cancer Society,
which provide guidance to clinicians about cancer screening, have not made recommendations for or against the
routine use of DBT.

“ ... DBT use rose substantially, from

12.9% to 43.2% of screening exams in the
period 2015 and 2017...”
To assess the extent of DBT use in the United States,
the Yale team examined claims data from private health
insurance plans. Their investigation included more than
9 million screening exams performed over three years.
They also compared DBT use with privately insured versus
Medicare-insured patients.
The researchers found that DBT use rose substantially,
from 12.9% to 43.2% of screening exams in the period 2015
and 2017. The increase was consistent among women who
were privately insured and women with Medicare.
“DBT has become very popular overall, although uptake
has been uneven. In some areas of the country, it is rarely
used while in others, it is the predominant mode of screening,” said Dr. I Richman, who also observed that adoption
of DBT varied greatly by region and demographics. Use of
the technology grew more quickly in the Northeast and
Northwest but more slowly in the Southeast. DBT was
more rapidly adopted in areas with higher incomes, greater
education, and larger white populations.
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While there is evidence that DBT may boost cancer
detection rates and reduce false-positive results, more
research is needed to determine the true impact of the
technology on breast cancer mortality, said the researchers.
“Although there is a lot of interest in this new technology, we don’t know much about how it will affect the
long-term health of women,” Richman noted. “There
are ongoing studies designed to answer these questions,
and we hope to have clearer answers in the next few
years.”
The authors predict that, given these findings, DBT will
replace 2-D mammography as the standard of care. “These
findings highlight how quickly changes in medical practice -the rate that doctors adopt these new tests -- can eclipse our
ability to evaluate whether they are helping patients to live
longer and healthier lives,” said senior author and professor
of medicine Dr Cary Gross.
doi: 10.1001/jamainternmed.2019.1058)

3 component breast imaging may
significantly reduce breast biopsies

A novel technique that uses mammography to
determine the biological tissue composition of a
tumor could help reduce unnecessary breast biopsies,
according to a new study (Drukker K et al. Combined
Benefit of Quantitative Three-Compartment Breast
Image Analysis and Mammography Radiomics in the
Classification of Breast Masses in a Clinical Data
Set. Radiology. 2019 Mar;290: 621-628. doi: 10.1148/
radiol.2018180608).
Mammography has been effective at reducing deaths
from breast cancer by detecting cancers in their earliest,
most treatable stages. However, many women are called
back for additional diagnostic imaging and, in many cases,
biopsies, for abnormal findings that are ultimately proven
benign. Research estimates this recall rate to be more than
10 percent in the United States (but typically lower in
Europe)

Images in 71-year-old woman with 1.6-cm invasive ductal carcinoma (Breast
Imaging Reporting and Data System category 5, with category C breast density). Low-energy mammo¬gram and corresponding regions of interest for
mammogram (top) and breast tissue composi¬tion images (bottom two rows).
Image courtesy of Radiological Society of North America.
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“The callback rate with mammography is much higher
than ideal, in the US” said the study’s first author, Dr.
Karen Drukker, from the Department of Radiology at the
University of Chicago. “There are costs and anxiety associated with recalls, and our goal is to reduce these costs but not
miss anything that should be biopsied.”
Dr. Drukker and colleagues recently studied a new technique called three-compartment breast (3CB) imaging. By
measuring the water, lipid and protein tissue composition
throughout the breast, 3CB might provide a biological signature for a tumor. For instance, more water in the tumor
tissue might indicate angiogenesis, an early sign of cancer
development.
For the study, the researchers acquired dual-energy
mammograms from 109 women with breast masses that
were suspicious or highly suggestive of a malignancy — the
types of lesions that typically would be biopsied — immediately prior to biopsy, and the ensuing biopsies showed
35 masses to be invasive cancers, while the remaining 74
were benign.
3CB images were derived from the dual-energy mammograms and analyzed along with mammography radiomics,
a method that uses artificial intelligence algorithms to analyze features and patterns in images--some of which are difficult for human perception--developed by Prof. Maryellen
L. Giger, and her team at the University of Chicago for use
in computer-aided diagnosis on breast images.
The combination of 3CB image analysis and radiomics
improved the positive predictive value in breast masses
deemed suspicious by the breast radiologist. The combined method improved positive predictive value from 32
percent for visual interpretation alone to almost 50 percent, with an almost 36 percent reduction in biopsies. The
3CB-radiomics method missed one of the 35 cancers, for a
97 percent sensitivity rate.
“These results are very promising,” Dr. Drukker said.
“Combining 3CB image analysis with mammography
radiomics, the reduction in recalls was substantial.”
Dr. Drukker said the combined 3CB-radiomics approach
has the potential to play an increasingly prominent role
in breast cancer diagnosis and perhaps also screening.
She noted that 3CB can easily be added to mammography without requiring extensive modifications of existing
equipment.
“The patient is already getting the mammography, plus
we get all this extra information with only a 10 percent additional dose of radiation,” she said.
This approach is still experimental at this stage,
and further work is needed to make it available to
patients. The researchers plan to study how the combined approach will help radiologists make their final
determinations. They also want to study the approach
using digital breast tomosynthesis, which reduces the
problem of overlapping breast tissue inherent to regular
mammography. “A tumor’s unique water-lipid-protein
signature might be even clearer with tomosynthesis”, Dr.
Drukker said.
doi: 10.1148/radiol.2018180608
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Study shows older women benefit particularly when screened with DBT
Mammography remains an effective method for breast cancer screening in women ages 65 and older, with tomosynthesis
improving screening performances even more, according to a
recent study (Bahl M et al. Digital 2D versus Tomosynthesis
Screening Mammography among Women Aged 65 and Older in
the United States. Radiology. 2019 Jun;291: 582. doi: 10.1148/
radiol.2019181637).
For several years now, the FDA-approved procedure of
tomosynthesis (DBT), has increasingly been used as an adjunct
to Digital Mammography. (DM) However the benefits of
breast cancer screening in older women have been subject to
debate. The United States Preventive Services Task Force recommends screening mammography only until the age of 74,
In a new study, researchers compared screening mammograms from more than 15,000 women (mean age 72.7 years)
who underwent DM with those of more than 20,000 women
(mean age 72.1 years) who underwent DBT. Both approaches
were highly effective at detecting cancer, but tomosynthesis
had some advantages over the 2-D approach, including a
reduction in false-positive examinations. Tomosynthesis also
had a higher PPV, and higher specificity, than DM.
“We’ve shown that screening mammography performs well in
older women, with high cancer detection rates and low false-positives, and that tomosynthesis leads to even better performance

than conventional 2-D mammography,” said study lead Dr. M
Bahl, . “For example, the percentage recall rate iss lower with
tomosynthesis than with conventional 2-D mammography. We
also found that fewer cancers detected with tomosynthesis were
lymph node-positive, suggesting that we are detecting cancers at
an earlier stage. Detecting breast cancers at an early stage is the
goal of screening mammography.”
The study results do not support a specific age cutoff age
for mammography screening, according to Dr. Bahl. She said
that guidelines for screening in older women should be based
on individual preferences, life expectancy and health status
rather than age alone.
“Our research demonstrates that DM and DBT perform
well in older women with regard to cancer detection and falsepositives,” she said. “So, if a woman is healthy and would want
her cancer to be treated if it were detected, then she should
continue screening.”
Dr. Bahl expects the combination of DM and tomosynthesis to eventually become the standard for screening at all
practices.
Since tomosynthesis is still a relatively new technology,
more research is needed to determine its impact on long-term
patient outcomes, Dr. Bahl said.
doi: 10.1148/radiol.2019181637
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Breast screening with MRI using
abbreviated protocols: aiming
towards a more cost-effective
scenario
By Dr. I Daimiel, Dr. R Lo Gullo, Dr. K Pinker-Domenig, Dr. E Morris

In this review, we aim to provide an
overview of abbreviated magnetic resonance imaging (AB-MRI) for breast cancer screening and diagnosis. We summarize the evidence to date, introduce
ongoing prospective trials, and present
future considerations.
Introduction

Mammography remains the most widely employed screening tool for breast cancer detection, with several studies
having shown that breast cancer screening with mammography decreases mortality rates by 15%–40% among
women between 40 and 75 years and that mammography
yields an incremental cancer detection rate that varies from
0%–19.4% [1, 2]. Unfortunately, its sensitivity for invasive
breast cancer detection decreases with increasing breast
densities where lesions may be obscured by normal tissue
(masking effect) [3]. To overcome this limitation, supplemental screening methods such as digital breast tomosynthesis (DBT) and breast ultrasound have been proposed.
DBT increases breast cancer detection in women with heterogeneously dense breasts by 1.6 additional cancers per
1000 women screened, but it does not improve breast cancer
detection in women with extremely dense breasts [3]. On the
other hand, breast ultrasound detects an additional 3.7 cancers in 1000 women which are missed with mammography.

However it is a time-consuming technique and has a low
positive predictive value for biopsy, entailing unnecessary
procedures [4].
MRI is the most sensitive test for breast cancer detection,
outperforming mammography, DBT, and ultrasound. Compared with screening mammography, which has an interval
cancer rate of 30%–50%, the interval cancer rate in patients
screened with MRI is much lower [5, 6]. In addition, the
cancers missed on MRI are usually less aggressive and not
invasive compared with those missed on mammography,
indicating that MRI detects biologically significant cancers,
thereby promoting a lower mortality rate as well as a reduction in overdiagnosis and overtreatment. However, despite
its excellent performance in breast cancer detection, breast
MRI is a relatively expensive imaging modality and requires
longer scanning and interpretation times. A high-volume
patient throughput is not feasible with a full breast MRI
protocol. Therefore, MRI of the breast is currently recommended for only patients at high risk of breast cancer (> 20%
risk) [7] and may also be considered for women at a greater
than average risk (> 15%) [8].
A full breast MRI protocol typically includes a threeplane localizer sequence, a fat-saturated T2-weighted or
Short Time Inversion Recovery (STIR) sequence, and a
T1-weighted sequence before and after contrast injection
(with three or more postcontrast acquisitions). Subtraction
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Figure 1. A 54-year old female for high-risk screening. New linear non-mass
enhancement in the lower outer left breast measuring 1.9 cm. MRI-guided core
biopsy yielded DCIS with microinvasion . Cancer recognized by all four radiologists on
reading of the abbreviated protocol. First postcontrast sequence (a) , first postcontrast
subtraction sequence (b) and subtraction maximum intensity projecvtiosn (MIP)
sequence (c). Reprinted with permission from Mango VL, Morris EA, Dershaw D et
alo. Eur J Radiol 2015; 84: 65 - 70.
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Authors

Study Type

Kuhl
et al 2014

Retrospective

Mango et
al 2015

Retrospective

Chen
et al. 2017

Retrospective

Dogan et
al 2018

Prospective

Panigrahi
et al 2017

Prospective

Heacock
et al 2016

Strahle et
al 2017

Retrospective

Prospective
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early post-contrast
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AP2 (AP1+ prior
imaging)
AP3 (AP 1 + prior
imaging + fatsat T2)
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T1; Postcontrast
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Postcontrast
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Postcontrast
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Fatsat T2
AP 2
Grimm et al
2015

Retrospective

Fatsat pre-contrast T1
Fatsat early postcontrast T1
Fatsat late postcontrast T1
FP Fatsat T2; nofatsat
T1; Fatsat precontrast
T1 and postcontrast
1-4

Table 1. summary of previously published AB-MRI protocols
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and maximum intensity projection (MIP)
images are usually provided for review
and diagnosis, and an optional diffusionweighted imaging sequence may be performed. The acquisition time of a full
breast MRI protocol is approximately 20
minutes [4,9,10].
Most recently, AB-MRI protocols have
been proposed. AB-MRI is based on
reducing the image acquisition and
interpretation times, with the intent of
providing a cost-effective alternative
to MRI-based breast cancer screening
while maintaining a similar diagnostic
performance.
Current Evidence for AB-MRI

Kuhl et al. [11] were the first to introduce an AB-MRI protocol for breast
cancer screening in 2014. The protocol
comprised a T1-weighted (unenhanced
and first contrast-enhanced) sequence,
subtraction imaging, and a single MIP
image. The AB-MRI protocol was compared with a full diagnostic protocol in
606 MRI examinations in terms of cancer
detection, diagnostic accuracy, and acquisition time. All 11 cancers were detected
with a similar diagnostic accuracy for
both protocols and with an incremental cancer detection rate of 18.2 cancers
per 1000 women. The AB-MRI protocol
reduced the acquisition time to 3 minutes
(versus 17 minutes) and allowed for interpretation as fast as 28 seconds on average. Shortly after, an analogous study by
Mango et al. [12] yielded similar results
[Figure 1]. MIP imaging alone did not
suffice for the detection of breast cancer
or an accurate BI-RADS assessment in
any of these studies.
Since then, several studies delving into
the concept of AB-MRI
with a variety of pulse sequences, designs,
and approaches have been published.
These demonstrate that abbreviated
protocols achieved comparable diagnostic accuracy to a full protocol [4,13,14].
Details on published AB-MRI imaging
protocols, diagnostic performance metrics, acquisition, and interpretation times
are summarized in Table 1.
Chen et al. [15] compared two abbreviated protocols with a full diagnostic
23
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confidence of the interpretation and an
incremental increase in recall rate which
will inadvertently increase the cost. Both
the American College of Radiology and
European Society of Breast Imaging
advise the use of a full dynamic series
before and after the administration of
gadolinium. While some studies report
that fewer post-contrast sequences for
the kinetic analysis do not lower the diagnostic accuracy, others report a lack of
downstaging in probable benign findings
involving short-term follow up [11,22].
Figure 2. A 57 year-old patient bwith biopsy proven invasive ductal carcinoma in the right breast with axillary involvement.
Abbreviated MRI of the breast including unenhanced (A) , early post-contrast axial differntial subsampling with cartesian
ordering (DISCO) T1- weighted (B) subtraction axial T1 weighted post-contrast (c) and maximum intensity proojection images
(d). This protocol was useful to depict the lesion and the extent of the disease.

protocol in 356 women with dense
breasts. They concluded that a commonly
used abbreviated protocol (protocol 1 in
their study, comprising fat suppressed
T2-weighted imaging, one pre-contrast
image, and the first (earlier) post-contrast T1-weighted image) combined
with diffusion-weighted imaging (DWI)
improves the specificity of breast cancer
detection. Dogan et al. [16] investigated a
short protocol comprising a T2-weighted
sequence and a fast dynamic sequence
with less than 10-minute acquisition
time for high-risk screening. Image quality was equivalent to a separate full protocol. Panigrahi et al [17]. studied the
influence of an abbreviated protocol on
the assigned BI-RADS. They found that
only 3.4% of the BI-RADS assessments
were revised when comparing the full
diagnostic protocol with an abbreviated
protocol in 1,052 cases.
Given the heterogeneity in the design of
the studies and the multiple sequences utilized, some authors have compared different protocols to discern the most important
sequences for AB-MRI breast screening.
Heacock et al. [18] noted the similarities
and differences between three different
protocols in 107 cancers and stated that
T2-weighted imaging increased lesion conspicuity without an impact in cancer detection rate. In a prospective study, Strahle et
al. [19] compared a full diagnostic protocol with an abbreviated protocol in 452
lesions and reported that T2-weighted and
T1-weighted (precontrast, first, and late
postcontrast) images seemed to be necessary for breast cancer screening.
24

In the aforementioned studies, the interpretation time was considerably reduced
with an AB-MRI protocol. Nevertheless,
one study conducted by Grimm et al.
[20] demonstrated a similar interpretation time along with similar sensitivity
and specificity for full and abbreviated
protocols.
Ongoing Clinical Trials

More studies are currently ongoing, such
as the ECOG-ACRIN 1141 prospective
randomized multicenter trial to compare
abbreviated breast MRI and digital breast
tomosynthesis for detecting breast cancer
in 1450 women with dense breasts and
intermediate risk [21].
Another prospective multicenter trial
including 1600 women aged 25–69 years
with a prior history of breast cancer surgery is ongoing in Korea. The aim of this
trial is to compare mammography, ultrasound, and AB-MRI for cancer detection
in patients with and without BRCA mutation. Sensitivity, specificity, and interval
cancer rates between these modalities
will also be compared in BRCA carriers
and in those patients treated for breast
cancer (clinicaltrials.gov Identifier:
NCT03475979).
Challenges and Future
Considerations

The use of AB-MRI protocols could allow
MRI-based screening to be offered to the
general population. However, several
points need to be taken into consideration.
Firstly, the lack of a full protocol to characterize lesions may lead to a decrease in
D I
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Ultrafast dynamic sequences obtained
during contrast injection can provide
morphologic and kinetic information
to further characterize lesions without a
substantial increase in acquisition time.
Malignant lesions typically show an initial fast/delayed washout whereas benign
lesions usually exhibit an initial slow or
medium/delayed persistent enhancement.
Van Zelst et al. [23] compared an ultrafast dynamic contrast-enhanced breast
MRI with a full diagnostic protocol (with
late phase of enhancement, T2-weighted
imaging, and DWI) and reported that both
protocols yielded similar results but the
ultrafast protocol resulted in significantly
higher screening specificity. Jimenez et al.
[24] developed a volumetric imaging technique with a 0.8 millimeter (mm) isotropic resolution and 10-s/volume rate using
spatial compressed sensing and parallel
imaging; this technique was able to depict
lesion morphology and early phase perfusion within a 6-minute scan.
Several imaging acceleration techniques
such as time-resolved imaging of contrast kinetics (TRICKS), time-resolved
angiography with stochastic trajectory
(TWIST), differential subsampling with
cartesian ordering (DISCO) [Figure 2] ,
and high sensitivity-encoding (SENSE)
acceleration factor acquisitions have been
proposed to allow a simultaneous high
temporal and high spatial resolution (25,
26, 27, 28). These techniques could aid in
achieving better lesion characterization
within an AB-MRI protocol.
Secondly, although the use of gadolinium has been the cornerstone in breast
cancer detection, there have been concerns regarding gadolinium accumulation in organs such as the brain. Thus,
it is currently recommended that
JUNE/JULY 2019

Figure 3. (A) Single-shot echo-planar diffusion weighted breast MRI (b800) in the same patient as in Figure 3 (B)
Diffusion-weighted b800 breast MRI enabled by multiplexed sensitivity-encoding (MUSE). Note the better image quality
and delineation if the lesion in the right breast in B.

gadolinium-based contrast agents should
only be used when essential diagnostic
information cannot be obtained with
unenhanced scans. For this reason, unenhanced MRI sequences such as DWI are
bound to play a key role in screening.
DWI with apparent diffusion coefficient
(ADC) mapping yields a sensitivity of up
to 96% for breast cancer detection and a
specificity of up to 100% for breast tumor
characterization. However, the presence
of artifacts and the limited spatial resolution reduce its performance for lesions ≤
12 mm and for non-mass like enhancements (29). There is ongoing research to
improve the spatial resolution and limitations in lesion visibility with DWI using
higher b-values, stronger background
suppression, and readout segmented
DWI sequences (Figure 3) (13). It can
be expected that in the future, AB-MRI
will be multiparametric, e.g., combining
ultrafast dynamic sequences with DWI to
optimize cancer detection.
It must be noted that despite technical
improvements and encouraging results
from studies to date, AB-MRI indications
need to be established and protocols standardized to allow for its appropriate use in
clinical practice.
Conclusion

AB-MRI of the breast has the potential
to be an important technique in breast
screening of women with average risk of
breast cancer. AB-MRI reduces scanning
and interpretation times while maintaining a high diagnostic accuracy. It is therefore cost-effective and allows for a higher
volume patient throughput. Nevertheless,
protocol standardization is necessary and
clinical indications for AB-MRI need to
be validated before it can be implemented
in routine clinical practice.
JUNE/JULY 2019
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Can digital breast tomosynthesis
replace full-field digital
mammography?
By Dr. D Georgian-Smith & Dr. T Mertelmeier

This article summarizes the results of
a recent trial to evaluate whether the
performance characteristics of 2-view
DBT alone, i.e. without an FFDM or
synthesized 2D image, were superior
to those of 2-view FFDM.
The addition of the 3D mammographic modality, digital breast
tomosynthesis (DBT), to 2D mammography has had a dramatic
effect on breast cancer screening as evidenced by studies which
have shown that the addition of DBT can result in an improvement in sensitivity or specificity or both [1–3]. In contrast to CT,
where, in terms of the equipment needed and the impression/look
of the generated images, it is clear that CT is markedly different to
a straightforward planar x-ray, DBT is actually quite similar to fullfield digital mammography (FFDM), at least by these criteria. Thus
DBT is still recognizable as mammography, but only better.
Against this background, it is reasonable to wonder whether a
3D tomosynthesis scan alone is sufficient for the detection and
diagnosis of breast cancer.
The manufacturers of DBT systems have developed units with
varying imaging geometries and technical characteristics, such
as different sweep angles. While the early clinical studies of DBT
were carried out on narrow-angle units (Hologic, Bedford, MA,
US) for the simple reason that this was the first system to have
U.S. Food and Drug Administration approval, more recent studies
have been conducted using wide-angle DBT systems, e.g. from
Siemens Healthineers (Erlangen, Germany). A wide-angle system
was used in the study described in this article.
Almost all major clinical studies published to date on breast
tomosynthesis were designed to compare the diagnostic accuracy of tomosynthesis in adjunct to a 2D image — be it an
FFDM image or a synthesized 2D view, i.e. a single 2D image
The Authors
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constructed by software from the individual slices of a complete tomosynthesis exam — and were carried out with a narrow angle tomosynthesis system. Currently the only example
of a large-scale study carried out using a wide angle system is
the Swedish Malmö screening trial [4] which compared DBT
used as a stand-alone, to FFDM.
The objective of our study [5] was to evaluate whether 2-view
AUC 2-view DBT vs AUC 2-view FFDM
(Test of superiority)

Recall rate 2-view DBT vs. recall rate 2=view FFDM
(Test of non-inferiority)

Recall rate 2-view DBT vs recall rate 2-view FFDM
(Test of superiority)

Sensitivity 2-view DBT vs sensitivity 2-view FFDM
(Test of superiority)

Figure. 1 - Hierarchical analysis plan. If the superiority of DBT versus FFDM
is shown, the recall rates would then be compared in a test of non-inferiority of
DBT. If non-inferiority is shown, then superiority of the recall rate and sensitivity
of DBT would be tested. IImage reproduced from Ref [5], courtesy of American
Roentgen Ray Society.

DBT alone, without any additional information from FFDM or a
synthesized overview 2 D image, was superior to a 2-view FFDM.
If that were found to be the case, significant advantages could be
expected in terms of radiation dose and reading time/workflow. To
investigate this hypothesis, a multi-reader, multi-case study was performed using mammograms from asymptomatic and an enriched,
population including patients with known malignancies [Figure 1] .
Methods

Thirty one readers, selected from both dedicated breast imaging and general radiology practices in the U.S., interpreted
330 patient-cases, being shown either the DBT or the FFDM
images in two separate sessions more than one month apart
for wash-out reasons.
The study group was selected from a collection database of
764 diagnostic and screening cases collected from seven U.S.
sites with DBT images having been acquired using the wideangle tomosynthesis system. The study had several endpoints:
mean area under the curve (AUC) for the receiver operating characteristics (ROC) per patient/subject and per breast;
non-cancer recall rates; the sensitivity and specificity of breast
cancer detection.
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(p = 0.011). The non-cancer recall rate per patient was reduced by
19% using DBT (p<0.001). More masses/architectural distortions
were detected with DBT (p < 0.001). The detection of microcalcifications using DBT tended to be lower than in FFDM (p = 0.136) but
the difference was not statistically significant. The accuracy of the
detection of invasive cancers was significantly higher with DBT (p <
0.001) [Table 2].
Conclusions

Figure. 2 - Estimated per breast AUC for 31 readers with FFDM (blue) and
their improvement with DBT alone (red). The order of the readers is from lowest
to highest AUC with FFDM. Image reproduced from Ref [5], courtesy of American
Roentgen Ray Society.

DBT imaging was carried out on the Siemens Healthineers Mammomat Inspiration system (Siemens Healthcare GmbH, Erlangen,
Germany). The system acquires 25 projections over an angle of 50
degrees in less than 25 s, and uses a tungsten/rhodium (W/Rh)
anode/filter combination x-ray spectrum. The tube voltages are
selected as a function of compressed breast thickness in the same
manner as for 2D FFDM. For this trial, the automatic exposure
control set the radiation dose of one tomosynthesis scan to 1.5 – 2
times that of a single digital mammogram acquired with the same
system. The tomosynthesis slices of 1 mm slice separation were
reconstructed with an advanced filtered backprojection algorithm
adapted to the tomosynthesis data acquisition sampling scheme.
The 2D FFDM images were acquired either with the Mammomat
Inspiration in 2D mode or on various other commercial FFDM
systems. The FFDM images and the tomosynthesis slices were
read on a Siemens Healthineers Syngo MammoReport workstation
(Siemens Healthcare GmbH, Erlangen, Germany).

This reader study tested a “replacement” hypothesis that DBT alone
would be superior to 2D FFDM. The study did not test the effect
of synthetic 2D views. A wide-angle DBT unit was used exclusively
for tomosynthesis imaging. The results clearly indicate the superior performance of wide-angle DBT alone vs. FFDM, although
there was a non-statistically significant decrease in the detection of
micro-calcifications, for which the study was not powered.
In a study involving a population of similar size and type, but comparing narrow-angle (15°) DBT together with FFDM to FFDM
alone, a similar improvement of the DBT AUC was found [11].
This study however involved a higher radiation dose because a 2D
acquisition was required in addition to the DBT scan. In the study
the improvement in the detection of microcalcifications was not
statistically significant either.

Results

The performance of the majority of the readers ( 29/31) was better
with 2-view DBT — without a synthetic 2D overview — than with
FFDM alone, regardless of breast density [Figures 2, 3]. The mean
diagnostic accuracy
with DBT in terms of
the area under the ROC
curve (AUC) [Table 1]
was statistically significantly improved both
per patient (subjectlevel) and per breast
(breast-level): subjectlevel AUC increased
from 0.765 (SE = 0.027)
for FFDM to 0.835 (SE
= 0.027) for DBT (p =
Figure 3. Summary parametric subject-level ROC 0.02); breast-level AUC
curves. The AUC for FFDM (blue, dashed line) is 0.765;
increased from 0.818
the AUC for DBT (red, solid line) is 0.835. Image
reproduced from Ref [5], courtesy of American (SE=0.019) FFDM to
0.861 (SE=0.019) DBT
Roentgen Ray Society.
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Figure 4. Left panel. FFDM image. Right Panel. A single slice from the DBT exam
of the same patient. The spiculated mass (indicated by the arrows) is clearly more
visible than on FFDM. (Images courtesy of the Department of Translational Medicine,
Diagnostic Radiology, Lund University, Skåne University Hospital Malmö, Sweden.)

In the meantime, the higher performance of the wide-angle acquisition has also been confirmed by the real-life Malmö screening
trial [4]. The results from Sweden are comparable to those of earlier
studies using narrow-angle technology combined with 2D images,
albeit at a much lower radiation dose as only the DBT MLO-view
was used in the Malmö trial. The high diagnostic performance of
the single DBT view might be explained by the higher mass conspicuity that comes with a wide-angle tomosynthesis system [6–9]
and by the experience of the readers in reading one-view DBT [10].
Even with such strong positive results suggesting that DBT alone
may replace an FFDM image, there is a body of literature based on
visual and perception studies arguing for the advantages of first
seeing an overview 2D image — either a direct FFDM or possibly
a synthetic 2D view. Eye-tracking studies have shown that the
efficiency of experienced, expert radiologists is improved if they
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Since our study was a reader study, neither symptoms, patient
history nor prior imaging results were considered. The study was
not powered to show small differences in the detection of specific
features, such as microcalcifications. Whether these results can be
generalized to narrow-angle units has yet to be determined, and is
the subject of on-going investigation.

∆

Future developments of CAD systems based on artificial intelligence (AI) and deep learning approaches open the potential that
the information content provided by a tomosynthesis scan can be
fully exploited without the need for an additional 2D overview
image. Deep learning algorithms have already been shown to be as
good as an average radiologist in the interpretation of 2D FFDM
images [12]. It has also been shown that the use of interactive
decision support leads to an increase in cancer detection without
increasing the reading time [13], although both these studies were
limited, in that the population studied was enriched by cases with
known malignancies.
Table 1: Results data of the trial. Area Under ROC Curves, Recall Rates, Sensitivity
and Specificity for DBT compared to FFDM. Differences are denoted by Δ, and
the p-value by p. The numbers in brackets are standard errors. (a) sensitivity and
specificity counting BIRADS 4 and 5 as positive test (b) sensitivity and specificity
counting BIRADS 3, 4, and 5 as positive test . * denotes statistically significant at p<
0.05 level. Table adapted from Ref [5], courtesy of American Roentgen Ray Society.

Conclusion

This reader study shows that, for most radiologists, wide-angle
2-view DBT alone has a higher diagnostic accuracy than 2-view
FFDM, verifying the robustness of wide-angle DBT as a sole view.
References

know where to focus their gaze as a result of first being presented
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The effect of mammographic
screening modalities on the
assessment of breast density
By Dr A. Gastounioti

This article summarizes the results of a recent
study which investigated the variation in
BIRADS breast density as determined visually
by radiologists using different screening mammographic modalities. These modalities were
digital mammography (DM); digital breast tomosynthesis (DBT) and DM; DBT and synthetic 2D
mammograms (SM).
It was found that the assigned breast density category varied greatly depending on the
screening imaging method used, with a downward trend of assessed density from DM to
DBT to SM.

University of Pennsylvania, Department
of Radiology

ing has been evolving rapidly over
the last decade. The use of synthetic mammographic images (SM)
derived from tomosynthesis slices as
a dose-reduction approach in DBT
screening is also contributing to the
changes in screening mammography,
Because of the rapidity of developments, many aspects of differences in outcomes associated with
these different techniques have not
been yet fully studied.
In addition to the results of our
study which showed a downward
trend of assessed density from DM
to DBT to SM we found that differences in breast density assessment as a function of the screening
modality used seem to be greater for
black than for white women and for
groups of women with higher BodyMass Index (BM).
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BREAST DENSITY ASSESSMENT

Women with high breast density
have an increased risk of breast
cancer and are advised to discuss
supplemental screening with their
physician.
Planar digital mammography
(DM) remains the foundation of
breast cancer screening. However
the implementation of the quasithree-dimensional technique of
digital breast tomosynthesis (DBT)
in breast clinics has meant that the
landscape of mammographic screenThe Author
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The clinical assessment of breast
density is becoming increasingly
important in determining personD I
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alized breast cancer screening regimens. Women with the highest level
of breast density have an increased
risk of breast cancer [1]. High breast
density can also limit the sensitivity
of mammography due to masking
of tumors [2]. As of now, over 70%
of states in the USA have passed legislation mandating that women be
notified of their breast density [3]. In
some states, women with high breast
density are advised to both discuss
the implication of their breast density with their healthcare provider
and also consider supplemental
screening methods. Moreover, a federal law was recently passed requiring the FDA to ensure that every
state takes a minimum level of action
on making women aware of the
increased breast cancer risk associated with dense breasts.
The most commonly used breast
density assessment is the American
College of Radiology Breast Imaging Reporting and Data System (BIRADS) [4]. The system specifies four
categories of breast density:
a) almost entirely fatty;
b) scattered fibroglandular
densities;
c) hetereogeneously dense;
d) extremely dense.
According to most state notification laws, the latter two density
categories are generally combined to
represent dense breasts and the first
two categories are considered to represent non-dense breasts.
Although planar digital mammography (DM) remains the foundation of breast cancer screening,
the use of digital breast tomosynthesis (DBT) has been growing
rapidly. [5]. This rapid implementation of DBT in breast clinics may
also affect the clinical assessment
31
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of breast density, particularly because
practices are increasingly replacing
the conventional DM component in
favor of the dose-saving synthetic,
two-dimensional mammographic
images (SM) derived from the tomosynthesis acquisition [6]. The majority of outcome data regarding the
effect of breast density on screening outcomes and breast cancer risk
assessment has been on the basis of
two-dimensional imaging techniques.
Therefore, changes in density assessments derived with tomosynthesis
modalities may affect clinical decisions regarding supplemental screening and risk assessment before adequate outcome data are available.
In this study [7], we investigated
the influence of screening mammographic modality on clinical breast
density assessment by comparing
BI-RADS density assignments after
screening by all three major mammographic modalities: DM, DM/
DBT and SM/DBT. We looked at the
question of perceived breast density
assessment as a function of screening
modality with adjustments for race,
age, body mass index (BMI), and individual radiologist.

DM/DBT
Age 57.3 yrs BMI 28.3 kg/m2
BI-RADS density category assigned by the Radiologist: c (“Dense”)

SM/DBT
Age 58.4 yrs. BMI 29.8 kg/m2
BI-RADS density category assigned by the Radiologist: b (“Non-dense”)

EFFECT OF SCREENING
MAMMOGRAPHIC MODALITY

In our retrospective study, we analyzed data from 24,736 individual
women (mean age 56 years) who
underwent from one to seven mammographic screening examinations
at the Hospital of the University of
Pennsylvania (HUP) between 2010
and 2017 (N = 60,766 studies). Data
collected included the breast density category assigned at the time of
the screening using the standardized BI-RADS system, race, age and
BMI. Major strengths of our study
were the size of our sample and the
diverse screening population which
was 46 percent white and 54 percent
African-American. Of the 60,766
imaging exams included in the study,
8,935 were conducted with DM (14.7
percent), 30,799 (50.7 percent) were
performed with DM/DBT, and 21,052
(34.6 percent) used SM/DBT.
Random-effects logistic regression
analysis was performed to estimate
32

Figure 1. Examples of cranio-caudal (left column) and mediolateral-oblique (right column) view images from
consecutive DM/DBT (top row) and 1.1 years later the SM/DBT (bottom row) screening study of the same postmenopausal Caucasian woman interpreted by the same radiologist. The DM/DBT screening study was assigned
BI-RADS density category c (“dense”), while the SM/DBT screening study was assigned BI-RADS density category
b (“non-dense”).
Abbreviations: DM: Digital mammography; DBT: Digital breast tomosynthesis; SM: Synthetic mammographic
image; BMI: Body-mass index. [7].

the odds of being assigned to dense
versus non-dense BI-RADS density
category by each screening modality, adjusted for race, age, BMI, and
interpreting radiologist. Furthermore, we investigated potential differences in dense versus non-dense
BI-RADS breast density distributions
by screening modality, separately in
race and BMI groups via tests for
the modality-race and modality-BMI
D I
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interactions and stratified statistical
analyses.
We found that breast density
assessment varied greatly as a function of the screening modality used,
demonstrating a downward trend
from DM to DBT to SM. Compared
to standard DM imaging, the odds
of a high-density assessment were
reduced by 31 percent and 57 percent respectively when mammoJUNE/JULY 2019

graphic imaging was performed with DM/DBT or SM/
DBT. The odds of receiving a high breast density assignment after SM replaced DM were reduced by 38 percent.
Moreover, these effects appear to vary by race and BMI,
with changes in breast density assignments as a function
of different screening mammographic modalities being
greater for black women than for white women and for
groups with higher BMI.
Figure 1 shows an example of a post-menopausal
white woman who was initially screened with DM/DBT
and was assigned BI-RADS density category c (“dense”).
A year later the same woman was screened with SM/
DBT. Her study was interpreted by the same radiologist who this time assigned breast density category b
(“non-dense”).
DISCUSSION

Our study shows that the mammographic modality that
is used in screening may change the assignment of BIRADS breast density categories. The observed downward
trend of breast density with newer tomosynthesis modalities may be due to the perception of less fibroglandular
tissue in the volumetric display of DBT imaging compared
to that of planar, area-based density in DM alone imaging,
as well as to effects of the reconstructed SM imaging.
If our results are validated by other groups and on
a larger scale, and potentially also by readers’ studies
involving DM, DM/DBT, and SM/DBT, there could be
important clinical implications because of the ramifications of classifying or not classifying an individual woman
as having dense breasts. If more women are classified as
having non-dense breast tissue, they will not be eligible for
supplemental screening. On one hand, health care costs
could be decreased by reducing the number of supplemental screening examinations. On the other hand, since
studies have consistently shown that additional cancers
may be detected with supplemental screening such as by
MRI or ultrasound after negative DM or DBT screening, the downgrading of density could result in some of
these cancers going undetected. Therefore, supplemental
screening may still be warranted in women screened with
DBT but may require thresholds to be established based
on additional outcome data with longer follow-up.
Considering that densities assessed using DBT and SM
differ from those assessed using DM, the role that mammographic breast density plays in risk assessment will
potentially also have to be re-examined.
Our study showed that the effect of screening modality on breast density may further vary by race. With racial
disparities found also in the age of the onset of breast
cancer and in breast cancer outcomes [8], these findings
highlight the need for adjusting breast cancer screening
guidelines by race, especially in the United States where
the population is projected to become more racially and
ethnically diverse in the coming years [9]. Further studies
with outcome data related to breast density, risk, and race
are needed.
It should be noted that this study was performed on
the basis of clinical BI-RADS breast density assessments
JUNE/JULY 2019
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which are subjective. This could be a limitation of our
study in that there is a risk of possible variation in reported
density as assessed by different radiologists. The results of
other studies have shown that the assignment of density
categories by radiologists is also affected by the status of
the enactment of breast density notification legislation in
their states [10].
To address this limitation, we aim to expand our analysis to include automated breast density metrics developed
for mammographic screening modalities in order to further elucidate the potential effects of mammographic
screening modality in breast density evaluation., Automated breast density methods provide reproducible, quantitative breast density assessment metrics [11],
In summary, our study showed that there were differences in BI-RADS breast density assessment depending on
the screening modality used, namely DM, DM/DBT and
SM/DBT. Our findings may have direct implications for
personalized screening since breast density assignments,
which often drive recommendations for supplemental
screening, may vary greatly by modality. More rigorous
assessment of breast density is needed that will hopefully result in more uniform density designation between
modalities, vendors, as well as the race of the women being
screened and their risk profiles.
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THE ROBOTS ARE COMING ! !….or are they
already here?
By Dr Ioannis Sechopoulos

Deep learning-based artificial intelligence has been shown to be as good as radiologists reading mammograms, so how will the practice of breast cancer screening
be affected?
Breast Cancer Screening
and its Challenges

Although
breast
cancer
screening programs have proven
successful and cost-effective,
the nature of screening makes
the interpretation of screening
mammograms different from
that of the usual clinical radiological interpretation.
Let’s consider the Dutch
national screening program as an
example. This program involves
the acquisition of over one million screening digital mammography (DM) exams per year. All
screening exams in The Netherlands are independently doubleread, with disparate decisions
being resolved by arbitration or
consensus by the radiologists concerned. These two, or sometimes
three, radiologists are searching
for the 2.4% of exams that appear
to be suspicious enough for the
presence of cancer to be referred
for additional imaging. Of these
cases, fewer than one third will
actually result in a diagnosis of
breast cancer [1].
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By worldwide standards, a 2.4%
recall rate with a cancer detection rate of 6.8 per 1,000 women
screened is an excellent performance level. However, this performance involves the reading, twice
or three times, of an overwhelming majority of normal mammograms. Of course, this is the very
nature of screening of the general
population, but perhaps technology can help us be more efficient.
Screening is also not perfect in
detecting all cancers. The current
interval cancer rate in The Netherlands is 2.2 cancers per 1,000
women screened [2]. In addition
to the inherent limitations of
mammography (tissue superposition due to its two-dimensional
nature, lack of contrast between
tumors and normal glandular tissue, etc.), it is known that detecting a signal when its prevalence is
only 1% affects radiologists’ performance [3]. After all, it is not
easy to find a needle in a haystack!
One other problem is logistical: there is, or there soon will
be, a shortage of radiologists in
many countries. For example, in
the United Kingdom, over 20% of
breast radiologists were expected
to retire between 2015 and 2020,
and over 30% by 2025 (4). This is
in addition to the shortage that
already existed in unfilled
positions in 2015, were 15% of
posts were unfilled and only half
were expected to be filled in the
next 12 months.
If computers could achieve
human-like performance in readD I
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ing screening mammograms,
perhaps some, or all, of these
challenges could be addressed,
or at least, ameliorated.
Are Computers Good
Enough at Reading
Mammograms?

Before the role of computers in breast cancer screening
can be identified and optimized,
it is necessary to first determine
whether, in fact, their performance
has reached human levels. It was
with this intent that we performed
a study in which the stand-alone
performance of a commercial deep
learning-based artificial intelligence (AI) system for detection of
cancer in DM exams was compared
to that of breast screening radiologists [5]. To perform this study, data
were collected throughout Europe
and the US from various previously
published observer studies comparing DM to some other imaging modality. From those studies,
we collected only the DM images
and the probability-of-malignancy
(PoM) scores given for each case
by each screening radiologist who
participated as an observer in those
retrospective receiver operating
characteristics (ROC) studies. It
should be noted that, as is common
in this type of retrospective ROC
studies, the case sets were highly
enriched, with typical cancer to
non-cancer case mixes of 50%/50%
or similar. We collected the cases
and scores from nine different previous studies, resulting in a final
total data set consisting of 2,652
35
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the Dutch screening program, the
recall rate for subsequent screening rounds, during which it could
be assumed that priors are available,
is 2.0%, while for the initial round
it is 5.9% [1]. Although the tested
AI system does evaluate suspicious
areas across views, it does not evaluate priors.
The Role of Computers in
Breast Cancer Screening

Figure 1. ROC curves for both the AI system and the average of the 101 radiologists, with their corresponding
areas under the ROC curve and their 95% confidence intervals.

exams, 653 of which were malignant,
interpreted by 101 radiologists. In one
of the major strengths of this study,
this meant that the data set consisted
of 28,296 independent interpretations
of DM cases, acquired with systems
from four different DM vendors, with
the image acquisition and the reading
performed in seven different countries. Therefore, the heterogeneity of
the cases and interpretations was very
high.
The 2,652 DM exams were then
processed by a commercially available AI system, Transpara (v 1.4.0,
ScreenPoint Medical BV, Nijmegen, The Netherlands). As a result
of interpretation of a DM exam,
Transpara provides, among other
outputs, a case-based PoM score
from 1 to 10, with 10 representing the
highest probability of malignancy.
This score was used to construct a
case-based ROC curve for the standalone computer interpretation.
Comparison of the computer
performance to that of the 101 radiologists showed that the AI system
was non-inferior in terms of area
under the ROC curve (AUC). As
can be seen in Figure 1, the ROC
curves of the AI and the average
of the radiologists are very similar. Furthermore, in a head-to-head
comparison with each individual
radiologist, the AUC of the AI system was higher than that of 62 of
36

the 101 radiologists [Figure 2].
Although the AI system performed
as well as an average screening
breast radiologist, interestingly, its
performance was always lower than
that of the best performing radiologist in each of the nine datasets.
So, in summary, the tested AI system performs as well as a screening
radiologist, but not, yet, as well as the
best of them, in interpreting enriched
DM datasets during retrospective
laboratory studies. It remains to be
investigated how the performance
of AI systems compares to that of
screening radiologists reading real
screening datasets, with the normal positive case prevalence and in
real-life conditions. In addition, in
a departure from normal screening
practice, some of the reader studies
did not include the evaluation of the
prior mammograms, which are a key
source of information for an interpreting radiologist. For example, in

For the first time, we have indications that computer-aided detection (CAD) systems can interpret a
DM exam with a performance that
rivals that of a screening breast radiologist. So, what should we do with
such systems? Should we replace all
screening radiologists with muchcheaper AI systems? Of course not.
First, as mentioned, although this
was a comprehensive comparison with
a very diverse dataset, it still involved
radiologist reading in the laboratory
setting. But let’s assume that computer
systems can, in fact, interpret screening mammograms at a performance
level similar to that of screening radiologists. What would be the optimal
way to take advantage of such systems?
There are several possibilities.
In other studies with the same AI
system, we evaluated the impact of
the system being used in different ways. In the first place, the AI
system can be used for interactive
decision support by the interpreting radiologist [6]. In unclear cases
for which the radiologist would
like a second opinion, instead of
calling over his or her colleague
from the next workstation, he or
she simply presses a button and the
AI system provides a lesion-based
PoM score. This was found in our
study to result in a small but sig-

Figure 2. Difference between the AUC of the AI system and each of the 101 screening radiologists.
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However, perhaps the highest scoring cases are the ones
that should be single-read, if that means that the cancers
are most obvious, and/or the normal cases scored by the AI
as 10 are obvious false positives, whereas the intermediate
cases are the ones that require double reading. To be able
to optimize this concept of an AI-determined human reading strategy, the relation between the AI PoM score and the
difficulty of reading a case by screening radiologists needs
to be better understood.
Will AI Play a part in the future of breast
cancer screening?

Figure 3. Percentage of normal cases and cases containing benign and malignant lesions that would not be interpreted by any radiologist depending on the
selected AI score threshold for identifying cases as normal based solely on the
AI interpretation of the case.

nificant improvement in reader performance, with a
predicted overall reduction in reading time at screening of about 5% [7].
In a more interesting proposal, the AI system could
be used as a first reader, to identify cases as being most
likely normal, and therefore not needed to be read at all
by any radiologist, let alone two of them [7]. The gain in
efficiency and the impact on performance of such a strategy depends on how conservatively or aggressively this
strategy is applied [Figure 3]. The number of cases to be
human-read could be halved if all cases with an AI score
of 5 or lower were not human read. This would result in

“...There are still many questions to be answered
before AI makes a fundamental impact in
breast cancer screening,
but the robots are surely on their way...”

7% of DMs containing a cancer being marked as normal.
At a more conservative setting in which only cases with
an AI score of 1 or 2 are not human-read, the reduction
in cases would be 17%, and only 1% of cancers would be
missed. Using this strategy would also have the positive
effect of reducing the recalls of non-cancer cases by 27%
and 5%, at the two cut-off levels mentioned above.
Another strategy could be to use the AI score to decide
not only to human-read or not the cases, but also to determine how many radiologists should read the ones that are
to be human-read. For example, Lång et al suggested that
cases with intermediate AI scores of 3 to 9 could be singleread, while only cases with a score of 10 would be doubleread [8]. Again, the lowest scored cases, with AI scores of
1 or 2, would be deemed normal and not read by a radiologist. This strategy would again halve the case load, but
all cancer cases would be read by at least one radiologist.
JUNE/JULY 2019
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Hard to think that it will not. The capability of
current AI systems has approached that of screening
breast radiologists, and it is safe to assume that in a
not-so-distant future, these systems will be as good as
the best screening radiologists. Studies comparing the
performance of AI to that of screening radiologists
during actual screening interpretation are needed.
But then additional studies will need to be performed
to determine how best to introduce AI into screening
practice. The AI-based pre-selection and AI-determined reading strategy concepts will need to be evaluated with large screening datasets. One additional key
factor needs to be investigated: how will radiologist
performance be affected by pre-selection? If a screening radiologist knows that he or she is only reading
this mammogram because an AI system could not
discard it as normal, how will his or her interpretation
be affected, if at all?
There are still many questions to be answered
before AI makes a fundamental impact in breast
cancer screening, but the robots are surely on their
way.
References
1. National Evaluation Team for Breast cancer screening in the
Netherlands (NETB). NETB Monitor 2014 - Nation-wide breast cancer screening in the Netherlands, Results 2004 -2014. Rotterdam:
Erasmus MC and Radboudumc; 2014.
2. National Evaluation Team for Breast cancer screening in the
Netherlands (NETB). National evaluation of breast cancer screening in the Netherlands 1990 - 2011/2012. Rotterdam: Erasmus
MC and Radboudumc; 2014.
3. Evans KK, Birdwell RL, Wolfe JM. If You Don’t Find It Often,
You Often Don’t Find It: Why Some Cancers Are Missed in Breast
Cancer Screening. PLOS ONE. 2013;8(5):e64366.
4. The breast imaging and diagnostic workforce in the United
Kingdom | The Royal College of Radiologists. https://www.rcr.
ac.uk/publication/breast-imaging-and-diagnostic-workforce-unitedkingdom. Accessed April 30, 2019.
5. Rodriguez-Ruiz A, Lång K, Gubern-Merida A, et al. Stand-Alone
Artificial Intelligence for Breast Cancer Detection in Mammography:
Comparison With 101 Radiologists. J Natl Cancer Inst. 2019. doi:
10.1093/jnci/djy222.
6. Rodríguez-Ruiz A, Krupinski E, Mordang J-J, et al. Detection
of Breast Cancer with Mammography: Effect of an Ar tificial
Intelligence Support System. Radiology. 2018. doi: 10.1148/
radiol.2018181371.
7. Rodriguez-Ruiz A, Lång K, Gubern-Merida A, et al . Can we
reduce the workload of mammographic screening by automatic
identification of normal exams with artificial intelligence? A feasibility study. Eur Radiol. 2019. doi: 10.1007/s00330-019-061869.
8. Lång K, Dustler M, Dahlblom V, Andersson I, Zackrisson S. Can
artificial intelligence identify normal mammograms in screening?
European Congress of Radiology, Vienna, Austria; 2019.

E U R O P E

37

Breast Imaging

AI - based Computer Aided
Detection decreases false
positive mammograms
By Prof. RC Mayo

In the previous decade, multiple
studies showed variable ability of
computer aided detection (CAD)
systems to improve diagnostic performance. However, more recent
studies show that CAD may actually
not improve the diagnostic ability of
mammography in any performance
metric including sensitivity, specificity, positive predictive value, recall
rate, or benign biopsy rate [1-2]. Several recent studies have even shown
an increase in callback rates and an
increase in false-positive recalls from
screening after implementation of
CAD [1].
The largest disadvantage of using
currently available CAD systems is
the high rate of false-positive marks,
so one metric to assess the usefulness
of CAD is the count of these marks
on each image — false positives per
image (FPPI). False-positive marks
may distract the interpreting radiologist with too much “noise” and
could lead to unnecessary workups
and biopsies [3].
In the same way a radiologist’s performance can vary depending on
the complexity of cases, CAD software will also show variations in
performance across different datasets. Currently, CAD programs are
tested on proprietary internal data
sets for assessment. In order to have
a meaningful comparison, a headto-head trial where both are tested
The Author
Ray Cody Mayo, MD
Assistant Professor
Diagnostic Radiology, Breast
Imaging
University of Texas
MD Anderson Cancer Center
Houston TX, USA
email: rcmayo@mdanderson.org
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on the same dataset is needed. Our
study compares the performance of
a recently developed AI-CAD algorithm directly to a commercially
available conventional CAD software using the same test dataset of
clinical cases. To our knowledge, this

(MQSA) certified, breast imaging
fellowship-trained radiologists
False positive per image (FPPI) was
the primary metric used to compare the two different products in
this study. Each set of mammograms
was analyzed with both programs,

Figure 1. CAD (left) and AI-CAD (right). Graphs shows the number and percentage of cases that show
false positive marks and number and percentage of cases with no false marks. Only 17% of CAD cases
were mark-free compared to 48% of the AI-CAD cases.

is the first published study in the
peer reviewed literature comparing
the FPPI of an AI-CAD to a conventional CAD using the same test
dataset.
Materials and Methods

A retrospective study was performed
on a set of 250 2D Full-Field Digital Mammograms (FFDM) which
compared the CAD program cmAssist (prototype AI-CAD, CureMetrix, La Jolla, CA) to ImageChecker
(version 10.0 software, Hologic,
Sunnyvale, CA), a currently available
FDA-approved conventional CAD.
The number, location, and type of
lesions (either mass or calcification)
marked by the CAD were recorded
and compared to the lesions marked
by the AI-CAD. Asymmetries were
classified as masses for this study.
All images and medical record
data including pathology data were
reviewed by one of three Mammography Quality Standards Act
D I
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namely CAD and AI-CAD, and the
number of marks was counted. FPPI
was calculated for multiple different
categories: normal cases (BI-RADS
1 or 2), recalled cases (BI-RADS 0),
mass marks, calcification marks, and
tissue densities. Additionally, cases
with no markings on any images
were also counted. Sensitivity was
measured as the number of true positive cases where at least one lesion is
correctly marked in at least one view.
In this dataset specificity for CAD
was calculated at 16% (39/242) and
47% (113/242) for AI-CAD.
Results

Each of the three cancer cases were
marked correctly by both CAD and
AI-CAD, which equates to 100%
sensitivity for both. Of the non-cancer cases, CAD displayed false marks
on 200 cases (83%) and no marks at
all on 42 cases (17%), and the AICAD software displayed false marks
on 126 cases (52%) and no marks at
JUNE/JULY 2019

all on 116 cases (48%) (Figure 1). This
corresponds to 37% fewer cases with
false marks for AI-CAD and simultaneously 64% more mark-free cases with
AI-CAD compared with CAD.
There was a 69% reduction in overall
FPPI with AI-CAD compared to CAD.
There was an overall 83% reduction in
FPPI for calcifications with AI-CAD
and 56% reduction for masses compared with CAD. FPPI for masses was
higher than FPPI for calcifications for
both systems.
Discussion

Ultimately the radiologist will make
the final decision regarding BI-RADS
assessment, but their decisions are influenced by CAD marks. In order to reduce
false positive BI-RADS assessments, the
most desired improvement for imaging analysis software in mammography
today is reduction in FPPI. In our study,
83% of the false positive BIRADS 0 cases
had CAD marks, whereas only 56% of
these cases had AI-CAD marks.

Figure 2. CC screening Mammogram AI-CAD markup images. These true positive markings of AI CAD (pink
and orange squares) are each given a neuScore, which
is a quantitative score for probability of malignancy, and
has a range from 0-100. Invasive ductal cancer was
confirmed at this site.

JUNE/JULY 2019

The significant reduction in FPPI
with AI-CAD may translate into fewer
false recalls, improved workflow, and
decreased costs. The economic impact
of the false positive recall is considered
to be one of the major drawbacks of
screening mammography. There are
also known psychological and physical
risks for patients related to false positive recalls [4]. The scare of a potential
of a breast lesion can be a frightening
experience.

“ ...This represents a 64%

decrease in
additional reading time for
AI-CAD
compared to CAD...”
Radiologist efficiency is extremely
important today in the era of productivity metrics, rising volumes, radiologist burnout, and shortage of qualified
mammographers. It takes radiologists
longer to read cases with CAD marks
than without CAD marks. In one study
with 12 readers, the median reading time
per case without CAD was 44.4 seconds
and with CAD was 55.6 seconds, or an
increased average of 11.2 seconds in
reading time [5]. This resulted in a 22%
increase in average reading time for cases
with CAD. Another study showed that
reading a screening mammogram with
CAD marks on average added an additional 23 seconds to the reading time. In
that study, on average it took an extra 7.3
seconds to review each mass flag and an
extra 3.2 seconds for each calcification
flag [6]. This equated to a 6% increase in
reading time for every marked mass and
a 3% increase in reading time for every
marked calcification. Using these data,
the increased reading time per image
with CAD for these 245 cases would be
4.97 seconds versus 1.81 seconds with
the AI-CAD (based on FPPI = 0.92 for
CAD and FPPI = 0.29 for AI-CAD).
When considering a four view screening
mammogram, 19.9 additional seconds
are required to a study with CAD compared with additional 7.2 seconds with
AI-CAD. This represents a 64% decrease
D I
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in additional reading time for AI-CAD
compared to CAD. Our practice reads
over 100,000 mammograms per year,
which translates to 589 hours per year of
radiologist reading time spent reviewing
false marks from CAD.
The AI-CAD in this study is heavily
influenced by deep learning technology, which is the most popular form
of AI used today. The AI-CAD was
trained with radiologist-curated mammograms that contained both validated
benign and malignant lesions. These
cases known as “truth data” were evaluated by the software and the AI part
of the algorithm “learned” to recognize different features of these lesions
through the use of convolutional neural
networks (CNN). A form of artificial
neural network CNN is commonly
applied to image analysis technology.
The AI-CAD assigns a unique datadriven neuScore which is a quantitative
measure of suspiciousness of a region
of interest ranging from 0 (least suspicious) to 100 (highly suspicious). If
the neuScore exceeds a certain threshold value, it will appear on the mammogram as an AI-CAD mark. This
threshold is determined by setting the
software operating point, and this study
used the default operating point for the
AI-CAD program. The NeuScore is an
additional benefit of AI-CAD that can
potentially be employed by radiologists to further enhance their clinical
decision making. An example of high
neuScore in a biopsy-proven cancer
case is demonstrated in Figure 2.
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New artificial intelligence method predicts future risk of
breast cancer
A new tool has been developed
using advanced AI methods to predict a woman’s future risk of breast
cancer [1].

Yala et al. hypothesized that there are subtle but informative
cues contained in mammograms that may not be discernible by humans or simple volume-of-density measurements,

To develop the model, researchers used almost 90,000 screening
mammograms from about 40,000
women to train, validate and test
the new breast cancer risk-assessment model.
It was found that the model performs equally well across diverse
races, ages and family histories.
Researchers from two major institutions have developed a
new tool with advanced artificial intelligence (AI) methods
to predict a woman’s future risk of breast cancer. The reslts
of their work have recently been published [1].
Identifying women at risk for breast cancer is a critical
component of effective early disease detection. However,
available models that use factors such as family history and
genetics fall far short in predicting an individual woman’s
likelihood of being diagnosed with the disease.
As Yala et al report [1], mammographic breast density,
which relates to the amount of fibroglandular tissue in a
woman’s breast, is a risk factor that has received substantial
attention. Mammographic breast density was incorporated
into the Gail risk model and the Tyrer-Cuzick models (TC),
improving their areas under the receiver operating characteristic curve (AUCs) from 0.55 and 0.57 to 0.59 and 0.61,
respectively [2]
The use of breast density as a proxy for the detailed information embedded on the mammogram is limited because
breast density assessment is a subjective assessment and
varies widely across radiologists, and breast density summarizes the information contained in the digital images into
a single value. Same-age patients who are assigned the same
density score can have drastically different mammography
with vastly different outcomes. Whereas previous studies
explored automated methods to assess breast density, these
efforts reduced the mammographic input into a few statistics, largely related to volume of glandular tissue, that are
not sufficient to distinguish patients who will and will not
develop breast cancer.
40
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Figure 1. Receiver operating characteristic curve for Tyrer-Cuzick version 8
(TCv8) and hybrid deep learning (DL) for different subgroups of patients: (a)
patients who are white and African American, (b) pre- and postmenopausal
women, and (c) women with and without any family history of breast or ovarian
cancer. All P values are relative to TCv8 for the same subgroup.. Image from [1]
, courtesy of Radiological Society of North America.
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Figure 2: Cancer incidences partitioned by Tyrer-Cuzick risk assessment model
(TCv8) and hybrid deep learning (DL) risk assessment. (a) Each tile shows the
percent and numerators/denominators of women with examinations within a specific risk range that developed cancer within 5 years. (b) Examples of screenings,
sampled randomly from all examinations in that group. Image from [1], courtesy of
Radiological Society of North America.

and that deep learning (DL) could leverage these cues to yield
improved risk models. Therefore, they developed a DL model
that operates over a full-field mammographic image to assess a
patient’s future breast cancer risk.

“...There’s much more information in a mammogram than just the four categories of breast density, By
using the deep learning model, we learn subtle cues that
are indicative of future cancer.....”
					
- A Yala, MIT
Rather than manually identifying discriminative image patterns,
the group relied on their machine learning model to discover these
patterns directly from the data. Specifically, their model is provided
with full-field mammograms and the outcome of interest, namely
whether or not the patient developed breast cancer within 5 years
from the date of the examination. In addition to their image-only
model, the group developed two other models in the same cohort: a
logistic regression model that operates on the basis of traditional risk
factors and that provides a strong baseline for our population, and a
hybrid model that operates on both the full-field mammogram and
traditional risk factors. Yala, in collaboration with Dr. Regina Barzilay
an AI expert and professor at MIT, and Dr. Constance Lehman, chief
of breast imaging at Massachusetts General Hospital (MGH) in
Boston and professor of radiology at Harvard Medical School, then
compared all three models to the Tyrer-Cuzick model that includes
breast density and is routinely used in clinical practice.
.
“There’s much more information in a mammogram than just the
four categories of breast density,” said study lead author Adam
Yala, Ph.D. candidate at the Massachusetts Institute of Technology (MIT) in Cambridge, Mass. “By using the deep learning
model, we learn subtle cues that are indicative of future cancer.”
The researchers used almost 90,000 full-resolution screening
mammograms from about 40,000 women to train, validate and
JUNE/JULY 2019
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test the deep learning model. They were able to obtain cancer
outcomes through linkage to a regional tumor registry.
The found that deep learning models yielded substantially
improved risk discrimination over the Tyrer-Cuzick model, the
current clinical standard that uses breast density in factoring risk.
When comparing the hybrid deep learning model against breast
density, the researchers found that patients with non-dense
breasts and model-assessed high risk had 3.9 times the cancer
incidence of patients with dense breasts and model-assessed low
risk. The advantages held across different subgroups of women.
“Unlike traditional models, our deep learning model performs
equally well across diverse races, ages and family histories,” Dr.
Barzilay said. “Until now, African-American women were at a
distinct disadvantage in having accurate risk assessment of future
breast cancer. Our AI model has changed that.”
“There’s a very large amount of information in a full-resolution mammogram that breast cancer risk models have not been
able to use until recently,” Yala added. “Using deep learning, we
can learn to leverage that information directly from the data and
create models that are significantly more accurate across diverse
populations.”
AI-assisted breast density measurements are already in use
for screening mammograms performed at MGH. The researchers are tracking its performance in the clinic while working on
refining the ways to communicate risk information to women
and their primary care doctors.
“A missing element to support more effective, more personalized screening programs has been risk assessment tools that are
easy to implement and that work across the full diversity of women
whom we serve,” Dr. Lehman said. “We are thrilled with our
results and eager to work closely with our health care systems, our
providers and, most importantly, our patients to incorporate this
discovery into improved outcomes for all women.”
Conclusion

The authors conclude that their deep learning (DL) model
that directly leverages full-field mammograms in addition to
traditional risk factors, outperforms the Tyrer-Cuzick model
(version 8) by a large margin; this improvement is consistent
across demographic subgroups.
These results support the hypothesis that mammography contains
informative indicators of risk not captured by traditional risk factors,
and DL models can deduce these patterns from the data. These models have the potential to replace conventional risk prediction models.
Further research is required to validate the model across
institutions and vendors before it can be broadly implemented,
To this end, the authors have made their trained model and
code available for research (learningtocure.csail.mit.edu).
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Breast Imaging

Surveillance MRI in breast
cancer survivors
The addition of breast MRI to mammography in screening breast cancer survivors for new cancers results in higher
cancer detection rates, but also more
biopsies that are benign, according to a
recently published large study [1].

MRI biopsy rate was 10.1 percent. The mammography
biopsy rate was 4.0 percent.

There were no significant differences between the two
imaging modalities in sensitivity, or the ability to distinguish breast cancer from other findings. Rates of interval
cancers, or cancers that emerged between screenings,
were similar in the two groups, indicating that mammography did not miss more cancers that would become
Annual screening with surveillance mammography is rec- clinically detectable during the one-year surveillance
ommended for many breast cancer survivors. A small but interval.
growing proportion of women who have had breast cancer In contrast to earlier studies of breast MRI performance,
receive breast MRI as an adjunct to surveillance mammog- the researchers incorporated individual characteristics of
raphy, despite a lack of consensus among national clinical women, such as education and income, into their analyorganizations over the practice. Evidence is limited on sis, along with treatment and primary cancer diagnosis.
the benefits and potential harms of breast MRI for breast They found that the use of breast MRI was associated with
cancer survivors.
younger age at diagnosis and use of chemotherapy, as well
“People often think more testing is better,” said study lead as higher education and income.
author Dr. Karen J. Wernli, an
The results underscore the comassociate investigator at the Kai- “... The results underscore the com- plexity of decisions involving the
plexity of decisions involving the
ser Permanente Washington
introduction of new imaging tests
introduction
of new imaging tests into cancer screening programs
Health Research Institute in Seattle, USA “That might be true for into cancer screening programs and and support the importance of
some women, but not necessarily support the importance of proceed- proceeding with caution, according with caution...”
all. It’s important for clinicians and
ing to Dr. Wernli.
women to be aware of both the ben“It’s really important for us to know
efits and harms that can come from 			 Dr. KJ Wernli that when we’re making guideline
imaging.”
recommendations and conclusions
that we really look at the best quality of the evidence,” she
In the largest and most comprehensive study of its kind to said. “It’s also very important to adjust for differences among
date, Dr. Wernli and colleagues compared the performance women when we’re trying to evaluate the addition of new
of breast MRI to mammography alone in 13,266 women imaging tests to surveillance mammography.”
aged 18 or older years who had survived breast cancer.
Collectively, the women had received 34,938 mammograms
and 2,506 breast MRI examinations from 2005-2012 to Conclusion
screen for second breast cancers.
In the population studied of breast cancer survivors underThe data were drawn from five sites in the Breast Can- going surveillance, breast MRI was no different than mamcer Surveillance Consortium: the Carolina Mammogra- mography alone in sensitivity for breast cancer detection
phy Registry, Kaiser Permanente Washington, the New and in interval cancer rates, indicating that mammography
Hampshire Mammography Network, the San Francisco did not miss more cancers that would become clinically
Mammography Registry and the Vermont Breast Cancer detectable during the 1-year screening interval.
Surveillance System.
Comparison of the performance of surveillance breast MRI
with mammography must account for patient characterisBreast MRI had a slightly higher cancer detection rate than tics. Whereas breast MRI leads to higher biopsy and cancer
mammography alone. To achieve that higher rate, nearly detection rates, there were no significant differences in sentwice as many women had to get breast biopsy, something sitivity or interval cancers compared with mammography.
that has been shown to heighten anxiety in women with
Reference
prior breast cancer.
The breast MRI cancer detection rate was 10.8 per 1,000 1. Wernli KJ et al. Surveillance Breast MRI and Mammography: Comparison
in Women with a Personal History of Breast Cancer. Radiology. 2019 Jun
examinations vs. 8.2 for mammography alone. The breast 4:182475. doi: 10.1148/radiol.2019182475
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INDUSTRY NEWS
Mentice and Siemens
collaborate to bring
“virtual patient” to
the angio-suite
Siemens Healthineers and Mentice,
the company specialized in simulation
solutions for endovascular therapies,
have announced their collaboration
aimed at fully integrating Mentice’s
VIST Virtual Patient into the Siemens’
Artis icono angiography system. This
will allow interventional radiologists,
neuro-radiologists, and cardiologists
to perform vascular and cardiac interventions on a virtual patient inside the
angio-suite.

“With the ever-increasing complexity of new interventional procedures,
our customers strive to acquire and
retain procedural skills while optimizing their performance and improving patient safety. The Artis icono
angiography system equipped with a
VIST Virtual Patient will make it possible to train new interventional procedures directly in the angio room,”
said Dr. Michael Scheuering, Head of
Interventional Radiology at Siemens
Healthineers.
“The integration of VIST Virtual
Patient into the Artis icono angiography system will open up new opportunities for clinical teams to improve
their overall performance, drive operational efficiency, and more importantly, help improve patient outcomes.
By using the Artis icono system on
the VIST Virtual Patient, clinicians
may now explore new interventional
procedure methods and experience
the use of new medical devices while
reducing clinical training on actual
patients and eliminating exposure to
radiation,” said Göran Malmberg,
CEO of Mentice. “The VIST Virtual
44

Patient provides an immersive, highfidelity, simulation-based environment accessible right from the Artis
icono system, so making this integration one of the most sophisticated
options in the field of endovascular
skills acquisition.”
Interventionalists may now perform simulated cardiac and vascular
procedures by using the Artis icono
controls to angulate the C-arm, move
the angiography table, use the foot
pedals, and review fluoroscopic
images on the Artis icono screens
while deploying actual medical
devices in a radiation-free environment. The integrated solution will
allow clinicians to perform procedures either by using Mentice’s
extensive library of patient cases
or by importing actual MR and CT
patient data for case training and
rehearsal. Transesophageal echocardiography (TEE), intravascular ultrasound (IVUS), optical coherence
tomography (OCT), and fractional
flow reserve (FFR) procedures are
also available.
Siemens Healthineers
Erlangen, Germany
www.siemens-healthineers.com
Mentice
Gothenburg, Sweden
www.mentice.com/

Bracco acquires Blue
Earth Diagnostics

Bracco Imaging has signed a definitive agreement to acquire Blue Earth
Diagnostics, a molecular imaging
company based in Oxford, UK. Bracco
will pay $450 million, plus closing
adjustment estimated at $25 million,
for Blue Earth. Upon closure of the
transaction, Blue Earth will become a
subsidiary of Bracco Imaging, but will
retain the well-established Blue Earth
Diagnostics name.
The first novel PET molecular imaging agent developed by Blue Earth
Diagnostics is Axumin (F18-fluciclovine) injection approved in the
United States (US) and the European Union for PET imaging in men
with suspected recurrent prostate
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cancer with elevated prostate specific antigen (PSA) levels following prior treatment. The company’s
product pipeline includes innovative
Prostate
Specific Membrane Antigen
(PSMA)-targeted
radiohybrid
(“rh”)
agents,

which are a clinical-stage, investigational class of theranostic compounds, with potential applications
in both the imaging and treatment
of prostate cancer. In two separate
studies which evaluated the utility
of Axumin PET/CT in providing
physicians with actionable information for the management of men
with recurrent prostate cancer, the
intended management plan was
changed in approximately 60% of
the study subjects, based on the
results of the Axumin PET/CT
scan. F18-fluciclovine has a broad
range of other potential applications
in cancer imaging and Blue Earth
Diagnostics is investigating the
molecule for other cancers including in neuro- oncology. “Blue Earth
Diagnostics’ innovative products and
pipeline will significantly enhance
Bracco Imaging’s portfolio in precision medicine and personalized diagnostics, while expanding our range of
nuclear oncology imaging solutions
in the Urology segment and other
specialties,” said Fulvio Renoldi
Bracco, CEO, Bracco Imaging.
“The acquisition of Blue Earth Diagnostics by Bracco Imaging is a validation of the proven success of Axumin
in prostate cancer, its potential uses
beyond prostate cancer, and the PSMA
pipeline under development,” said
Dr. Jonathan Allis, CEO, Blue Earth
Diagnostics.
Bracco Imaging
www.braccoimaging.com
JUNE/JULY 2019

Volpara to acquire
MRS Systems
.

Volpara Health Technologies,
has signed a binding agreement to
acquire the US-based company MRS
Systems, Inc. (MRS). As a result of
this acquisition, Volpara will be able

patient tracking, communication, and
a radiology reporting platform for
sub-specialty radiology applications
including breast and lung imaging for
more than 25 years.
Volpara
Wellington, New Zealand
www.volparasolutions.com/

Philips to collaborate
with Medtronic on
image-guided
treatment of AF
to expand its product portfolio and
apply its extensive experience in artificial intelligence (AI) and machine
learning (ML) to revolutionize personalized breast care through new
technology development. The combination of MRS and Volpara will
give breast care providers a unique
view of the patient journey, through
screening, diagnosis and treatment.
The combination of technology and
data, leveraging Volpara’s deep understanding of patient and data privacy
under ISO 27001 and GDPR, will
enable customers to deliver personalized care, comply with regulations,
and explore business and workflow
improvement opportunities.
“Working in the breast health care
industry with MRS for many years, we
have been extremely impressed with the
quality of the people and the products
they build,” said Dr. Ralph Highnam,
Volpara CEO. “I’m happy to announce
that we are combining to create a worldclass entity with a strong US customer
base and an extended range of integrated
products which can help detect breast
cancer earlier and get accurate results
to patients and their physicians faster.”
Volpara
software
products,
which are compatible with popular
mammography systems from GE
Healthcare, Hologic, Siemens and
Fujifilm, help clinicians better understand their patients and administrators better understand their practices.
MRS has provided comprehensive
JUNE/JULY 2019

Philips will collaborate with
Medtronic to further advance treatment
of paroxysmal atrial fibrillation (PAF),
the common heart rhythm disorder.
Through the agreement, Medtronic will
facilitate sales of products on behalf of
Philips to provide an innovative, integrated image guidance solution for
cryoablation procedures. Philips will
bring to market the novel KODEX-EPD

cardiac imaging and navigation system
with cryoablation specific features to
enable electrophysiologists to perform
cryoablation procedures with reduced
need for X-ray imaging.
Atrial fibrillation (AF) affects
more than 33 million people worldwide. Cryoballoon ablation is used in
a minimally invasive procedure to isolate the pulmonary veins, which are
a source of erratic electrical signals
that cause AF. The technology uses
cold energy rather than heat (radio
frequency (RF) ablation) to create scar
tissue and interrupt these irregular
electrical pathways in the heart.
“This integrated solution can guide
physicians during the treatment of AF
D I
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patients with ablation, as they can
view detailed, CT-like 3D anatomy, so
reducing the need for X-ray imaging,”
said Marlou Janssen, Business Leader
Philips EPD Solutions. “Partnering
with Medtronic extends the reach of
our KODEX-EPD cardiac imaging
and navigation system. Today, this
technology is simplifying navigation,
and in the future it has potential for
a wide range of applications, including addressing the key unmet need of
real-time therapy assessment – one of
the more significant limitations of the
current standard of care.”
“Physicians will have the ability to use
an innovative cardiac imaging and mapping system during cryoablation procedures, while also realizing the significant
benefits of our best-in-class cryoablation
therapy,” said Rebecca Seidel, vice president and general manager of the Atrial
Fibrillation Solutions division, which is
part of the Cardiac and Vascular Group
at Medtronic. “AF is a growing epidemic
and we are committed to providing solutions to electrophysiologists that help
address the needs of their patients.”
Philips’ KODEX-EPD system uses
dielectric imaging to create CT-like
3D, high-definition images of a
patient’s cardiac structures in real
time. A completely new approach to
imaging the heart, dielectric imaging
offers many benefits in comparison to
current approaches, for both cryo and
RF ablation procedures. The technology provides real-time 3D imaging,
reducing the need for X-ray imaging
and the associated radiation dose. It
also has mapping capabilities without
the need to reset a reference point
if the patient moves. As a result, the
KODEX-EPD system provides excellent visualization and simplifies navigation, enhancing procedure efficiency and patient care.
Philips Healthcare,
Amsterdam, The Netherlands
www.philips.com
Medtronic
Minneapolis, MN, United
States
www.medtroinc.com
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T E CHN OLOG Y update
CT with deep learning image
reconstruction

Solution for remote radiology reading

The newly introduced Revolution Apex from
GE is the the next generation of intelligent CT
scanners in the company’s Revolution family.
Revolution Apex offers Quantix 160 x-ray tube and
deep learning image reconstruction technology to
further enhance the industry’s leading spatial resolution, temporal resolution, coverage and spectral
capability. In addition to the high spatial resolution, the TrueFidelity images offer low contrast
detectability and natural-looking texture to help
improve radiologists’ confidence in the diagnosis
of a wide range of clinical cases. All this is achieved

while maintaining a low radiation dose during routine CT scanning. As a result, Revolution Apex
delivers a powerful platform, whole organ coverage, and breakthrough image quality to ensure the
highest quality clinical solutions, even for patients
with high heart rates, high BMI or compromised
renal function. GE offers several packages with
Revolution APEX :
• the reconstruction package improves low-contrast detectability while reducing patient radiation
dose and artifacts
• Image Quality Package: Offers exceptional image
quality to reveal anatomic details obscured by metal
artefacts • The cardiac package gives increased reliability and repeatability of complex cardiac imaging
procedures and readability of resulting images. • The
neuro package: provides faster and more accurate
assessments of stroke and head trauma. • The oncology package delivers edge-to-edge image acquisition
with virtually no blind spots.
A GE spokesman said “Because of the inherently
complex technological make-up of CT, every provider
has their own “take” on how to get the best image
quality. This fragmentation across the industry can
sometimes be confusing for those who want the best
CT. With Revolution Apex, we’ve made the choice
clear.”
GE Healthcare
Chicago, IL, USA
www.gehealthcare.com.
JUNE/JULY 2019
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Barco’s new remote radiology reading solution ensures
dependable imaging when radiologists are working outside the hospital walls. Built on an innovative graphics
box, the system has been designed to ensure the same
level of quality, security and performance that radiologists get from medical workstations inside the hospital
reading room.
“We see a growing trend towards radiologists reading
outside the hospital. Hospitals outsourcing radiology imaging, the expansion of teleradiology and the demands for better work-life balance for radiologists are fueling this trend,”
says Mick Grover, Product Manager at Barco. “However,
this kind of evolution doesn’t come without challenges.
Think of security and patient privacy when medical images
are shared outside the hospital, possible quality and compliance issues, and the level of performance that is required to
efficiently run medical applications.”
Barco’s remote radiology reading solution tackles all of
these challenges. It consists of an eGFX graphics box and
Thunderbolt 3 connector which can drive any high-resolution display used for medical applications. “All radiologists
need to do is bring their laptop and connect it to the graphics
box which resides between the laptop and the medical displays. No need to transfer a bulky desktop from the hospital
to the home office,” Mick continues. “From now on, radiologists have a fully mobile workstation that offers dependable
image quality and consistent workflow, wherever you work.”
The flexible eGFX graphics box includes a high-performance Barco MXRT display controller to drive the
most demanding medical applications. This means that
radiologists have access to Barco’s clinical workflow tools,
even from home, which have become indispensable in the
radiologist toolbox today. With SpotView, for example,
radiologists can increase their reading accuracy by 6%
while reading studies faster (16% time reduction).

Needless to say, being able to work from home means
radiologists can avoid unnecessary commutes, which
helps reduce traffic congestion and vehicle emissions.
The healthcare industry, and more specifically the radiology market, is a highly competitive one. It is projected
that by 2025 there will be a large shortage of radiologists.
In order to help radiologists work more efficiently, ensure
optimal working conditions and a flexible work schedule,
remote reading can offer a viable solution.
Barco
Kortrijk, Belgium,
www.barco.com.
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Improved patient safety in
mobile X-ray imaging

With the introduction of the
Mobilett Elara Max, Siemens
Healthineers’ declared aim is to set
new standards in mobile X-ray imaging. The easy-to-clean surfaces of the
unit have an antimicrobial coating to
reduce the risk of hospital acquired
infections. A comprehensive IT security concept protects sensitive patient
data and the secure integration of
Mobilett Elara Max into the hospital’s
IT environment provides access to all
relevant data at any time. Thanks to
the smooth maneuverability and flex-

ible positioning of the X-ray arm, the
system facilitates easy access to the
patient and optimizes workflows in
radiology, thus increasing efficiency.
Through its consistently high image
quality, it provides diagnostic confidence directly at the patient’s bedside. The intensive care unit is the
main area of application but, in addition, there are numerous further use
cases, ranging from broken legs to
lung diseases, from neonates through
to trauma patients.

“... more patients die from hospital
germs than from AIDS, car accidents
and
breast cancer combined...”
However mobile X-ray machines
represent a particularly increased risk
for the spread of germs. Protecting
patients from infections is thus a
decisive factor in ensuring high quality health care. One in ten patients
worldwide is affected by hospital
acquired infections contracted during a stay in hospital.
48

In the USA, more patients die
from hospital germs than from AIDS,
car accidents and breast cancer combined.
As pathogenic microorganisms
may survive on surfaces for weeks
and months, the Mobilett Elara Max
is equipped with an antimicrobial
surface which significantly reduces
the number of surface microorganisms. The cleaning of the new mobile
X-ray machine has also been significantly simplified through an innovative device design: closed surfaces,
reduced gap dimensions and fully
integrated cables make system cleaning easy. The Mobilett Elara Max is
in addition equipped with a comprehensive cybersecurity package,
which helps withstand digital threats.
Furthermore, virtual workstation
technology enables the user to install
any additional hospital software on
the Mobilett Elara Max, thus providing access to all the necessary information directly at the patient’s bedside without affecting the safety of
the X-ray machine.
Siemens Healthineers
Erlangen, Germany
www.siemens-healthineers.com

Small-Format Cesium Iodide
X-ray Detector

The newly designed small-format DRX Plus 2530C Detector from
Carestream incorporates
cesium
iodide technology, has a resolution
of 98 microns and delivers enhanced
resolution to capture the fine detail
of smaller anatomical structures such
as those in pediatric patients. This
new detector allows quick and easy
positioning in the incubator trays
of pediatric bassinettes of all sizes.
The cesium iodide design, is ideal for
dose-sensitive pediatric applications
and the detector also provides convenient, comfortable positioning for a
wide range of extremity exams.
The new 25 x 30 cm detector
offers beam-sensing technology
and a built-in wireless access point
that simplify installation and represent important improvements
to Carestream’s first small-format
detector. The detector also delivers longer battery life to support
D I
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continued use throughout the day
and night.
“Our new detector will offer valuable improvements in small-format
imaging throughout the hospital—from
the NICU to orthopaedics, surgery or
tabletop exams,” said Jill Hamman,
Carestream’s Worldwide Marketing
Manager for Global X-ray Solutions.
“It also addresses requests from healthcare professionals for enhanced diagnostic image resolution.”

The new detector features
Carestream’s X-Factor system that
can help enhance productivity and
convenience since any of the company’s DRX Plus detectors can be used
with any DRX imaging system to help
ensure continuous uptime and greater
imaging flexibility.
Carestream
Rochester, NY, USA
www.carestream.com.

Advanced automation
capabilities on cardiology
ultrasound platform

Philips have introduced new
advanced automation capabilities
on its EPIQ CVx and EPIQ CVxi
cardiac ultrasound systems. With
the new Release 5.0, both systems
now include automated applications for 2D assessment of the
heart, as well as robust 3D right
ventricle volume and ejection fraction measurements, making accurate exams faster and easier to conduct. Together, the new applications
provide clinicians with the means
to confidently evaluate the heart’s
function, increasing diagnostic confidence in patients with pulmonary
JUNE/JULY 2019
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hypertension, congenital heart disease, coronary disease or heart failure.
“The complexity of cardiac exams can be a barrier to
accessing high quality care. Philips is addressing this by
leveraging Artificial Intelligence to make echo exams easier,

faster and more reproducible,” said David Handler, General
Manager of Cardiac Ultrasound at Philips. “By incorporating advanced automation, there is less variability between
scans, leading to accurate treatment decisions which benefits patients. The new release of EPIQ CVx is a major step
forward, reducing the number of touches of the system by
21% in each exam, which is equivalent to more than 400
exams each year.”
The AutoStrain LV application uses advanced Automatic
View Recognition technology to identify the different
views of the heart, providing exceptional visualization and
analysis of left ventricular function – extremely important
diagnostic information for patients at risk of developing
cardiovascular disease. Also available are AutoStrain LA
and AutoStrain RV, applications which automate the measurement of left atrial and right ventricular longitudinal
strain respectively. By creating reliable and reproducible
strain measurements for the left ventricle, left atrium and
right ventricle, the AutoStrain LV, LA and RV applications
support clinicians treating patients with atrial fibrillation,
arrhythmia and other complex heart conditions.
The 3D Auto RV application segments, identifies the
borders of and aligns the views of the right ventricle,
enabling clinicians to carry out the quantification and
check the measurements in as little as 15 seconds. These
new applications expand on the advanced automation
applications already available on the EPIQ CVx platform,
including Dynamic HeartModel, which provides a clear
vision of the heart’s chambers and how well they are
pumping blood – specifically on the left side, where heart
failure often begins. Beyond monitoring overall heart
function, new medical fields such as cardio-oncology
are using echocardiography to better assess heart health
during chemotherapy, which can damage the heart if the
dosage is not closely monitored.
Philips,
Amsterdam, The Netherlands
www.philips.com
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CT scanner with AI-derived applications

The Advanced Intelligent Clear-IQ Engine — or
AiCE —in Canon’s Aquilion ONE GENESIS ‘AiCE’ CT
is the company’s first Deep Learning Reconstruction
method using AI to produce highly detailed images with
extremely low noise. With its eight powerful graphics
cards, the Aquilion’s AI application has a computing
power approaching that of IBM’s Watson. Canon Medical
spent approximately five years working on the development of the AI component and trained the algorithm with
more than 100,000 scans.
Thanks to the application of AI, the scans made by the
Aquilion ONE GENESIS are not only much clearer than
those made by competing systems, but they also require
the use of very little contrast agent and expose patients
to far less radiation. While Canon Medical states that
the system can realize radiation reductions of 20%, and
even 40% for cardiac CTs, Dr. Van Hedent of the Aalst
General City Hospital in Belgium which has recently had
a Aquilion ONE GENESIS ‘AiCE’ CT installed believes
that in fact the reductions are far more pronounced for his
department. “Whereas previously we recorded an annual
exposure of 10 mSv for thoracic and abdominal scans, we
now realize annual values lower than 5 mSv, because each
scan only involves about 1 mSv radiation. These extremely
low doses will allow us to develop a screening program for
lung tumors in the future, using the same dose of radiation
as for a traditional lung X-ray.”

Canon is also currently working on the final phase of
applying AI in post-processing. Specifically, this will allow
Vitrea, the visualization platform developed by Canon
Medical, to automatically indicate that a certain pathology has been detected in a particular patient. Based on the
collected data from all scans, the system will also be able
to tell doctors which patients should be prioritized and
which cases could be considered as less urgent.
“The Aquilion ONE GENESIS is extremely energyefficient, and though this may be a side issue for us and
our patients, it is rather pleasing for environmental and
financial reasons. The user-friendliness of the Aquilion
ONE GENESIS is optimal, both for us and for our patients,
its speed, low radiation and image quality are fantastic,
and its future prospects are phenomenal”, Dr. Van Hedent
concludes.
Canon Medical Systems Europe
Zoetermeer, The Netherlands
https://eu.medical.canon/
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Taking prone breast biopsy to

A NEW DIMENSION
SUPERIOR 2D/3D™
BIOPSY IMAGING*

FASTER AND EASIER
ACCESS TO THE BREAST*

FEWER STEPS THAN
TRADITIONAL 2D BIOPSY

Introducing the Affirm™ Prone Breast Biopsy System. A state-of-the-art solution re-engineered from the
ground up, so you can target lesions with more confidence and complete patient procedures in less time.1

Innovation is in high demand. Reserve your system today.
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Contact a Hologic representative Visit affirmpronebiopsy.com
*Compared to the MultiCare® Platinum system
1
3D™ Breast Biopsy option
ADS-01575-EUR-EN Rev002 © 2018 Hologic, Inc. Hologic, 3D, Affirm, Dimensions, Selenia, The Science of Sure, and associated logos are trademarks and/or
registered trademarks of Hologic, Inc. and/or its subsidiaries in the US and/or other countries.
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