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Abstract: Background/Objectives: Comparison of diagnostic accuracy of an abbreviated against a
full protocol for breast MRI in detecting breast cancer. Diagnostic accuracy and cancer yield were
compared using reporting and data system classification (BI-RADS) against a gold standard: biopsy
confirmed carcinoma or negative follow-up on imaging. Diagnostic accuracy determined through
receiver operator characteristic (ROC), and calculation of performance indicators. Methods: Thirty-
five MRI breast examinations undertaken between January 2019 and December 2021: 20-biopsy
confirmed carcinoma and 15-normal (negative follow-up on imaging), were retrospectively retrieved.
Two radiologists independently reviewed the abbreviated protocol. Data collected compared with
data from initial radiological MRI reports based on the full protocol. Lesions with BI-RADS 1 or 2
considered were considered negative while BI-RADS 3,4 or 5 positive. Results: Area under the curve
obtained from each ROC curve (ROCauc) was: 1 for the full protocol, 0.920 and 0.922 for Radiologist
A and B respectively for the abbreviated protocol. Each protocol diagnosed the disease state (cancer
yes/no) at a statistically significant level (p<0.05). When using the abbreviated protocol, diagnostic
accuracy was maintained. All cancers were detected by both radiologists on both abbreviated and
full protocol (100% sensitivity). The specificity of the abbreviated protocol was significantly (p<0.05)
lower for both radiologists (A-73.3% and B -53.5%) compared to the full protocol (100% for both).
Conclusions: Area under the curve obtained from each ROC curve (ROCauc) was: 1 for the full
protocol, 0.920 and 0.922 for Radiologist A and B respectively for the abbreviated protocol. Each
protocol diagnosed the disease state (cancer yes/no) at a statistically significant level (p<0.05). When
using the abbreviated protocol, diagnostic accuracy was maintained. All cancers were detected by
both radiologists on both abbreviated and full protocol (100% sensitivity). The specificity of the
abbreviated protocol was significantly (p<0.05) lower for both radiologists (A-73.3% and B -53.5%)
compared to the full protocol (100% for both).

Keywords: breast cancer; breast MRI; abbreviated breast MRI protocol; sensitivity; specificity;
receiver operator characteristics (ROC)

1. Introduction

Breast cancer is the most common cancer and cause of death among women [1]. Every woman
is at risk for breast cancer. However, the level of risk is not the same for all, as this is dependent on
the number, type, and combination of risk factors [2]. The design of breast screening programmes
based on the classifying women on risk factors of breast cancer may improve early diagnosis in
younger age groups [1].

For a screening test to be effective it must be safe, cost-effective, widely available, has a high
detection rate and improve health outcomes. Mammography meets all these requirements [3] and
remains the mainstay in routine breast cancer screening. However, it is “far from perfect” [4], due to a
low sensitivity (70%) which could result in a reduction of cancers detected [4,5]. Its sensitivity is
limited due to dense breasts and tumour growth pattern making detection difficult or suggestive of
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benign disease [6-8]. The decrease in sensitivity is intensified in young women with dense breasts
and those who are at a higher risk of developing breast cancer (BRCA 1 and BRCA 2 mutation
carriers) [4,5,7,9]. Since screening in high-risk women starts at an early age, mammography is also
not ideal as there are concerns for young women to have an increased sensitivity to ionising radiation.

Breast magnetic resonance imaging (MRI) tends to be recommended for this category because
certain breast cancers can be detected without the added radiation risk [10]. MRI in its current use
does not fulfil the criteria of a screening test, as it is not cost effective, neither rapid nor easily applied
and is minimally invasive as requires the administration of intra-venous contrast [6,11]. However,
out of all the available imaging modalities, MRI offers the highest diagnostic accuracy and sensitivity
for the detection of breast cancer, irrespective of stage, type of cancer and breast density [4,6,12].
MRI'’s high sensitivity is due to the unmatched soft tissue contrast and functional information
provided by MRI scans in conjunction with the correlation of angiogenic activity of cancers [13].
Breast MRI is not influenced by age, breast density or any genetic mutations, therefore, any
biologically relevant breast cancers are detected [12]. The consideration of breast MRI for screening
has increased greatly [14]. The costs and lack of availability contribute to MRI being underutilised
even in women at high-risk who need it the most [6]. An abbreviated MRI protocol developed by
Kuhl et al. in 2014 to counteract the limitations of time and cost of a full MRI protocol, provides
promising results [14].

This research study investigated the use of an abbreviated MRI breast protocol in the detection
of breast cancer.

2. Materials and Methods

The study followed a quantitative, retrospective, comparative, non-experimental methodology.

An image data set was compiled from full protocol MRI breast examinations performed on
patients between January 2019 to December 2021. A retrospective random sample of full protocol
MRI breast examinations consisted of patients scanned on a 3.0-T (Tesla) MRI Philips Ingenia with a
dedicated prone breast coil (7 channel coil); scanned using the same full protocol (Table 1); had histo-
pathological findings from a biopsy or availability of a 12-month of negative findings on follow-up
imaging with either mammography, US, or MRI in the absence of a biopsy. The findings representing
the true disease status from the gold standard were compared to findings of the original report based
on the full protocol and having a pathological finding of breast lobular carcinoma. Examinations of
patients with breast implants or previous breast surgery were excluded since it was essential that
breast tissue was visible and not obscured. Other breast cancers besides lobular carcinoma were also
excluded to satisfy uniformity of cases.

Image sequences making part of an abbreviated protocol were extracted from the full protocol
(Table 1). The image data set consisted of MR images of an abbreviated protocol for 35 examinations,
with 10 examinations repeated to facilitate reliability, giving a total of 45 examinations for evaluation.
The 35 cases reviewed consisted of 15 negative cases (normal) and 20 positive cases (abnormal). The
histological report for the 20 abnormal cases showed lesions identified histologically as invasive
lobular carcinoma with a histology grade of 2. Of these, 13 (65%) were on the left breast and 7 (35%)
on the right breast. Out of 20 cases, seven (35%) had lymph node involvement. The gold standard for
the normal cases was negative follow up imaging for at least 12 months with 15 cases followed by
mammography (n=5), ultrasound (n=5), MRI (n=4) and DBT (n=1).

The mean patient age of the sample was 57.9 years with an age range of 27 to 80 years. The
indications for MRI were 20 (57.1%) for breast cancer staging, 5 (14.3%) nipple discharge with a
negative mammogram and ultrasound, 2 (5.7%) lesion characterisation and 8 (22.9%) screening due
to family history or BRCA mutations. These clinical indications were available to radiologist when
reporting on the MRI examinations performed with the full protocol.

During the image evaluation process, examinations were randomly presented to each
radiologist. For each set, two radiologists, a breast specialist consultant >10 years” experience and a
resident breast specialist >5 years” experience, completed an image quality scoring sheet.
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Participating radiologists were not provided any patient history and only had access to the
abbreviated protocol image sequences, which they could access from their respective workstation via
the Picture Archiving and Communication System (PACS). The display monitors had a 1280 x1024
(pixels) resolution with a maximum luminance of 200cd/m2. A Physikalisch Technische Werkstatten
CD LUX metre model L991263 was used to measure the ambient illuminance which resulted in 39
Lux which falls within the American Association of Physicists in Medicine (report 270, 2019)
recommended range.

Table 1. Standard full protocol and abbreviated protocol sequences.

Abbreviated Protocol Sequences

Ti Ti
Standard Full Protocol Sequences Sca.n tme (Extracted from the Standard Protocol Sca.n me
(Minutes) .. (Minutes)
Examinations)
T1- Weighted -TSE Axial 5.41 / -
T2- Weighted- SPAIR Axial 6.10 / -
Unenhanced Axial Dynamic THRIVE (T1- 118 Unenhanced Axial Dynamic THRIVE (T1- 118
Weighted) (FS) ’ Weighted) (FS) '
Nine contrast axial enhanced Dynamic 9.14 First and second contrast axial enhanced 354
THRIVE t(;tal (early arterial phase) Dynamic THRIVE (T1- tc;tal
(T1-Weighted) (FS) Weighted) (FS)
eTHRIVE High resolution Sagittal 4.21 / -
Diffusion Weighted Imaging (DWI) 307
T2-Weighted Long TE /
. . . 4.02 -
High resolution axial
Maximum Intensity Projection (MIP) 0 Maximum Intensity Projection (MIP) 0
Subtraction Imaging 0 Subtraction Imaging 0
Total scan time 33.33 4.72

For each set of examinations radiologists first indicated if there was a lesion present in the breast,
and if yes, then more information was sought regarding the size, location, quadrant, number of
lesions, lymph node involvement, and final BI-RADS score. All lesions identified were classified
according to the BI-RADS classification system (American College of Radiology-BI-RADS, 2013),
where a negative MRI examination was considered as BI-RADS 1 or 2 while a positive one considered
as BI-RADS 3, 4 or 5. Taking BI-RADS 23 as the optimal classification criteria, the sensitivity,
specificity, positive predictive value (PPV) and negative predictive value (NPV) of the protocols were
calculated.

Receiver Operator Characteristic (ROC) analysis was used to analyse the data. ROC curves were
constructed using SPSS statistical software. A ROC curve has sensitivity (true positive) plotted on the
y-axis against specificity (false positive) on the x-axis across cut-offs which generate the ROC curve.
In this study the tests would represent the abbreviated and full protocols. The area under the curve
(AUC) of a ROC graph is a measure which averages diagnostic accuracy across the test value
spectrum [15] (Table 2).
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Table 2. Interpretation of the range of values for AUC between 0.5 and 1 (Mandrekar, 2010).

AUC Value Interpretation
0.50 No discrimination
0.50 to 0.70 Poor
0.70 to 0.80 Acceptable
0.80 to 0.90 Excellent
>0.90 Outstanding

3. Results

Cohen’s Kappa test was run to determine intra-rater reliability for the variables ‘is there a lesion
present” and ‘is there lymph node involvement’. The test revealed satisfactory results (k ranging between
0.6 to 0.78). The BIRADS score was assessed using the Intraclass Correlation Coefficient (ICC) score
(ICC score 0.6 and 0.9) which produced p-values of 0.021 and 0.0001 for radiologist A and B
respectively, indicating statistically significant agreement between the readings for both individual
radiologists.

Cohen’s Kappa test was also run to determine inter-rater reliability between radiologists for the
same variables. The test revealed satisfactory results (k ranging between 0.6 to 0.8) as the statistical
values were all < 0.05 indicating good significant inter-rater reliability. The BIRADS score was
assessed also using the ICC score (ICC score ranging from 0.4 to 0.8) which produced p-values of
0.086 and 0.0001. BI-RADS score by radiologist A was lower than that of radiologist B, which led to a
low inter-rater reliability.

ROC curves were constructed using for the full and abbreviated protocol (for both radiologists
individually) as well as for both radiologists together (Figure 1) to show the difference in terms of
diagnostic accuracy between the protocol. The gold standard was represented as either 0 or 1
depending on whether the case was positive (1) or negative (0). Other variables (full and abbreviated)
would represent the BI-RADS classification given to each case for the different protocols, with higher
numbers indicating greater positivity.

Full protocol vs Abbreviated protocol

— Abbreviated
protocol
(Radiologist A)

P 0

h—

> S— ayinte

g Abbreviated

a protocol

S ) .

o 04 (Radiologist B)

= Full protocol

0.0 02 04 0.6 08 10

Specificity

Figure 1. ROC - Full vs. Abbreviated protocols.
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When all AUC were compared, the p-value (asymptotic sig. 2-tail) for each pair was >0.05 (Table
3) indicating no significant difference in the effectiveness of the full and abbreviated protocol to detect
breast cancer.

AUC were compared with each other to check for statistical significance by using a pairwise
comparison design. The AUC obtained from each ROC curve was 1 for the full protocol, 0.920 and
0.922 for radiologist A and B for the abbreviated protocol respectively. The p-value for all protocols
was <0.05 (Table 4) which indicates that each test diagnosed the disease state (cancer yes/no) at a
statistically significant level. This indicates that when using the abbreviated protocol the diagnostic
accuracy was maintained.

Table 3. Results from the pairwise comparison of each protocol.

p-value Asymptotic 95% Confidence Interval
Protocol A
rotoco ue (Asymptotic Sig.) Lower Bound Upper Bound
Full protocol 1.00 0.00 1.00 1.00
Abbreviated protocol
(Radiologist A) 0.92 0.00 0.82 1.00
Abbreviated protocol
(Radiologist B) 0.92 0.00 0.81 1.00

Table 4. Resultant AUC and p-values from ROC curves for both full and abbreviated protocol.

Asymptotic 95% Confidence

Protocol Asymptotic AUC difference Interval
z Sig. (2-tail) Lower Bound Upper Bound
Full protocol vs Al;brewated protocol 1.65 0.10 0.08 002 018
Full protocol vs Al];brev1ated protocol 162 011 0.08 0.02 017
Abbreviated protocol A vs
Abbreviated protocol B -0.04 0.97 -0.00 -0.09 0.09

3.1. Full Protocol Analysis

The ROCauc for the full protocol was 1, indicating the full protocol as outstanding in
distinguishing between a negative and a positive case. The accuracy of the full protocol was 100% for
all performance indicators (Table 5), therefore the full protocol was accurate as the gold standard in
diagnosing patients as normal or having a breast cancer present.

Table 5. Performance indicators for the full protocol.

Performance Indicators Value
Sensitivity 100%
Specificity 100%

PPV 100%
NPV 100%

3.2. Abbreviated Protocol Analysis (Radiologist A - Consultant)

Since the full protocol and gold standard agreed 100%, then the full protocol could also be
considered as the gold standard. The ROCauc for the abbreviated protocol for Radiologist A was
0.92 and considered as outstanding at discrimination. Table 6 illustrates the ratings of images
obtained from the 35 cases by Radiologist A. There were no positive cases missed. The accuracy of
the abbreviated protocol for Radiologist A was 88.6% (31/35). Performance indicators for Radiologist
A are presented in table 7.
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Table 6. Image ratings by radiologists.
> 6
1 2 4 Highl
True Disease Status . . 3 . . ‘6 o Malignancy
Negative Benign Probably benign Suspicious  suggestive of .
. (biopsy proven)
malignancy
Radiologist A: Normal 4 7 1 2 1 0
Radiologist A: Abnormal 0 0 1 6 13 0
Radiologist B: Normal 8 0 2 3 2 0
Radiologist B: Abnormal 0 0 0 1 19 0

3.3. Abbreviated Protocol Analysis (Radiologist B - Resident Specialist)

The ROCaucfor the abbreviated protocol for Radiologist B was 0.922 and considered outstanding
at discrimination. Table 5 illustrates the ratings of images obtained from the 35 cases by Radiologist
B. There were no positive cases missed. The accuracy of the abbreviated protocol for Radiologist B
was 80% which indicates that when using the abbreviated protocol, radiologist B accurately classified
28 out of 35 cases correctly. Performance indicators for radiologist B are presented in table 7.

Table 7. Performance indicators for the abbreviated protocol for both radiologists.

Performance Indicators Value Value
Radiologist A Radiologist B
Sensitivity 100.% 100%
Specificity 73.3% 53.3%
PPV 83.3% 74%
NPV 100% 100%

3.4. Lymph Node Involvement

Lymph node involvement was defined by any presence of disease based on the histological
result. Out of the 20 breast cancer cases seven had histologically proven lymph node metastasis.

Using the abbreviated protocol radiologist A had the greatest false positives, with 4 cases
marked as positive lymph nodes when they were normal. Radiologist B correctly detected all normal
lymph nodes using the abbreviated protocol (Figure 2).
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Figure 2. Lymph node involvement.

3.5. Location and Number of Lesions

Using the full protocol all lesions were detected on the correct breast by both radiologists. While
when using the abbreviated protocol, Radiologist A marked two cases as having a lesion on the right
breast and two on the left breast, however, these cases were negative. Radiologist B marked four cases
with a lesion on the right and three on the left breast, these cases were negative. There was one case
where both radiologists marked both breasts having a pathology, when the breast cancer was in the
left breast only.

Besides the location, the number of lesions detected for each positive case were evaluated. Using
the full protocol the number of lesions for 18 out of 20 positive cases (90%) matched. While when
using the abbreviated protocol, both radiologists matched 15 out of 20 (75%) positive cases.
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3.6. Breast Localisation and Size of Lesion

The breast location and size of the lesion could not be accurately assessed because of the inability
to correlate the specific location and size with those on the histopathological result, in retrospect.
However, when compared to the full protocol, from a total of 20 cases, using the abbreviated protocol,
Radiologist A matched the exact location for 12 cases while Radiologist B matched 16.

In this study radiologists listed the size in either of all three dimensions (anteroposterior (AP),
transverse (TRA) and craniocaudal (CC)) or only specified two or one size in a particular direction.
Therefore, due to these limitations accurate comparison could not be made.

4. Discussion

The assessment of the abbreviated protocol for both participating radiologists showed a 100%
sensitivity detecting all cancers, which was the same as that for the full protocol. Studies, such as
Heacock et al. (2015) and Mango et al. (2015) showed that cancer detection rate is similar when using
the abbreviated protocol. Both studies had a similar sample population to the current study, which
included biopsy proven cancers. Heacock et al. (2015) reported all invasive breast cancers detected
with reduced sequences while Mango et al (2015) concluded all cancers visualised by at least one of
the four readers involved in their study [16,17]. Petrillo et al. (2017) performed a retrospective study
on selected cases and both full and abbreviated protocols detected 206 out of 207 cancers, showing
no difference in diagnostic performance. These comparable findings further support that the
abbreviated protocol is effective for cancer detection [18].

Although the sensitivity of the abbreviated protocol was 100%, its specificity compared to the
full protocol differed. The specificity of the abbreviated protocol was significantly lower for
radiologists A and B at 73.3% and 53.5% respectively when compared to that of the full protocol. The
low specificity indicates an increase in the false positive rates. False positives are associated with
unnecessary further imaging, biopsy, and additional follow-up examinations to exclude the presence
of breast cancer [19]. Recalls are associated with increased patient anxiety, health care costs and very
rarely morbidities related with biopsy [19,20]. Women who undergo a biopsy due to a false positive,
are 2.3 times less likely to attend future screening within 30 months after the recall [21].

Radiologist B had lower specificity than radiologist A. This could be related to years of
experience. The gap between the average expertise in reading mammograms when compared to
reading MRI studies may be the reason for the limited specificity of breast MRI imaging [22]. The
study by Kuhl et al. (2014) suggests that the expertise of interpreting radiologists will help to limit
false-positive diagnosis. Radiologists who wish to engage in European screening programs, must
report 5000 mammograms per year. Thus, Kuhl et al. (2014) suggests that if an MRI screening
program is to be implemented then the radiologic community must undergo the same process it went
through with the propagation of mammographic screening process to improve MRI reporting
expertise [14].

In this study, the abbreviated protocol was effective for demonstrating cancers however, 11.4%
(4) and 20% (7) normal cases were reported as false positives for radiologist A and B respectively. In
the study by [23] the rate of false positives was 4.9% (7) and 8.4% (12) for senior (5 years’ experience)
and junior (6-months experience) radiologists. The number of normal cases missed were much higher
than in this study, however, the total sample size was larger (90 women). Even in other studies
[18,24,25], the specificity of the abbreviated protocol was always lower that of the full protocol.
However, reader specificity in the current study was lower than 90%, the result reported in other
studies [9,26]. The reason may be because the radiologists participating in the current study did not
have access to previous imaging and biopsy results and were unable to confirm long-term stability
and correlate any lesion findings with other imaging modalities. The readers in the study by [27] also
did not have access to previous imaging studies and obtained a comparable low specificity (45% and
52%).
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The high value of NPV produced by the abbreviated protocol was 100% for both readers
produced strong evidence that the abbreviated protocol was able to exclude the presence of cancer.
The NPV was the same for both full and abbreviated protocols and is comparable to other studies
[14,18,24,25,28]. The higher the PPV, the lower the false positive outcomes [29]. The PPV value for the
full protocol was 100% while that of the abbreviated protocol for Radiologist A was 83.3%, better than
the 74% obtained by Radiologist B. In the study by Chen et al. (2017) [24] the PPV value for the
abbreviated protocol was also lower than the full protocol at 22 % and 40% respectively.

5. Conclusions

There was no significant difference in the diagnostic accuracy (sensitivity and NPV) between the
full and abbreviated protocol to detect breast cancer, produced strong evidence that the abbreviated
protocol was able to exclude the presence of cancer. However, the abbreviated protocol achieved a
low specificity. A low specificity and PPV has the disadvantage that subjects not having the disease
will screen positive and receive unnecessary follow-up tests which may have a potential risk and
contribute to increasing costs.

The abbreviated protocol is an easy and simple technique and there should be no difficulty in
implementing this procedure as it is a concise version of the full protocol. No additional equipment
or training for radiographers is needed and at no added cost. It involves less scanning time and
reading time for the radiologists. It could enable a higher number of examinations to be performed
within the same MR session and translate into cost-effectiveness and better use of resources.

When implementing a new technique there is a great chance of high false positives rates
however, this may be overcome with training and an increase in reporting numbers. Further training
to radiologists is required to ensure that a more uniform threshold is used when determining the
need to recall patients for an abnormality. These recommendations should be considered before the
implementation of an MRI abbreviated protocol as a screening tool.
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AUC Area Under the Curve
BI-RADS Breast Imaging Reporting and Data System
BRCA Breast Cancer Gene
DBT Digital Breast Tomosynthesis
DWI Diffusion Weighted Imaging
FREC Faculty Research Ethics Committee
ICC Intraclass correlation coefficient
MIP Maximum Intensity Projection
MRI Magnetic Resonance Imaging
NPV Negative Predictive Value
PACS Picture Archiving and Communication System
PPV Positive Predictive Value
ROC Receiver Operating Characteristics
SPSS Statistical 1 Package for Social Sciences software
T Tesla
UREC University Research Ethics Committee
Us Ultrasound
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