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ABSTRACT

Objective

To specifically compare how DCE-MRI, MG, and U/S To find out which of the
machines determine the accurate size of the tumor for patients receiving neoadju-
vant treatment for breast cancer.
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graphic system of each case pre-chemotherapy, where the mean size of the tumor
was 9.95, 8.64, and 11.17 cm? through the MG, US, and MRI techniques, respec-
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et al. Comparison of Dynamic contrast- enhanced magnetic resonance imaging, mammogram, and ultrasound in the estimation of tumor size in breast cancer patients

undergoing neoadjuvant.

After analysis 44 reports of different women diagnosed with breast cancer and
scanned using DCE-MRI, MG, and U/S. DCE-MRT’s predictive response evaluation
can be used to determine the efficacy of chemotherapy in the early assessment stage.
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1. INTRODUCTION

Dynamic enhanced contrast magnetic resonance imaging (DCE-MRI), mammogram
(MG), and ultrasound (US) are some of the common high-power imaging systems avail-
able in Radiology departments for various clinical diagnoses and patient assessments.
Magnetic resonance imaging (MRI) has high-resolution power to identify physiological
and metabolic processes, provide information about the pathophysiological state, and

detect the severity of diseases and disorders [1, 2].

Accurate measurement of breast cancer tumors is paramount to its staging and deter-
mination of patient management strategies. Tumor size evaluation provides an avenue for

the proper evaluation of breast cancer, thereby ensuring the correct detection and control
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of the disease. Many of the pathological analyses conducted as part of breast cancer eval-
uation involve the use of MG and US. These techniques assist in the reliable screening of
different stages of cancer development, including high-risk cancer groups. MRI has been
proven reliable in breast cancer size assessment over the years. [1] It is considered to be
sensitive and has shown potential in detecting and examining mammographically occult
and mysterious lesions in dense breasts, suspected multifocal disease, size discrepancy,

integrity evaluation, lobular carcinomas, and constant treatment responses [2].

MRI has a high sensitivity, which makes it useful for assessing lobular carcinomas or
carcinomas less than 10mm [3]. It can also detect the state of triple-negative breast cancers
(TNBC), which is particularly difficult to detect and analyze due to the lack of human
epidermal growth factor receptor 2 (HER2) and amplification in progesterone or estrogen
receptors’ expression [4]. MRI displays a very strong predictive ability, even with the tumor
size from changing previous tumor characterization with the topoisomerase I inhibitors

used.

The tumor size evaluation using MRI in patients undergoing neoadjuvant chemother-
apy showed 100% sensitivity, 56% specificity, 38% positive predictive value, and 100% neg-
ative predictive value [5]. The MRI system can help determine the tumor category, that is,
whether it is a benign tumor or if it has metastasized. It can also determine the best man-
agement procedure, including surgery or chemotherapy [6]. MRI biomarkers can predict
breast cancer severity and aggressiveness, presented as a constant rate of extracellular-

extravascular space (K,) and volume transfer constant (Kyqns) [7].

Many medical establishments extract breast tumors manually on a parametric map,
showing the maximum slope increase (MSI) of tumor-initiating cells (TIC This operator-
dependent technique has demonstrated a high sensitivity, with a moderate specificity level
for benign tumors compared to malicious tumors. Many Studies have developed modern

methods for analyzing TIC to improve specific lesion detection processes.

TIC, signal form, and morphological and dynamic characteristics are all considered
part of an efficient technique for evaluating the malignancy of a potential lesion connected
with the angiogenesis range. An upslope with a rapid washout pattern for TIC is a malig-
nancy anticipation marker [8]. Multiple classifier systems (MCS) use morphological and
dynamic characteristics for breast cancer classification, but they are yet to be used with
DCE-MR]I, despite the age-long concept that integrates several classifier [9]. The perfor-
mance tends to be lower when the analyzed data include textural kinetic and morphological

characteristics.
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2. OBJECTIVES

This study focused on comparing how DCE-MRI, MG, and U/S estimate tumor size in
breast cancer patients undergoing neoadjuvant chemotherapy. The study also focused on
the relative accuracy of the various detection methods while comparing each method with
the gold standard of surgical pathology to estimate the correlation between the results for
each group and determine the statistically significant differences between the radiological
imaging reports based on DCE-MRI, MG, and US. A comparison between histological
biopsy results of cancer tissues and radiological imaging reports from DCE-MRI, MG, and

US was also performed.

3. METHODOLOGY
3.1 Study Design

This research is a retrospective, cross-sectional study that focuses on identifying the quality
and efficacy of DCE-MRI, MG, and US in breast cancer staging.

3.2 Radiological Procedure

The radiological procedure to scan the breast tumor was performed on 44 different women
(n = 44) using MG, US and DCE-MRI 1.5T Magnetom (Siemens, Erlangen, Germany)
coil 18-channel bilateral breast was used for imaging and standard software was used to
analyze the results. The patients were examined in the prone position at the iso-center of
the magnet, with the breasts hanging into the breast coil. The contrast agent was injected
via a previously inserted long line into the cubital vein. Once the patient was in position in
the magnetic field, 0.1 mmol/kg of contrast agent was injected at a rate of 2-3 ml/s, followed

by 20 ml saline flush at the same flow rate.

3.3 Population and Study Sample

This research was a retrospective study using archived radiology data from two years ago
at King Fahad Medical City in the Kingdom of Saudi Arabia.

Forty-four female patients, with a mean age of 46 years, were diagnosed as possibly
suffering from breast cancer at different stages. We assessed the type and metastatic case
of breast cancer and evaluated the effect of tumor response to neoadjuvant chemotherapy
using DCE-MRI, MG, and US.

All 44 patients also used the laboratory analysis of histological biopsy of breast cancer
tissue and DCE-MRI, MG and U/S.
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3.4 Study sample, data sources and management

The present study depended on physicians’ radiological reports of DCE-MRI system Mam-
mogram and Ultrasound scanning results (n=44). All these DCE-MRI system Mammo-
gram and Ultrasound results of radiological scanning reports were found in the archive

department of King Fahad Medical City 2 years ago.

In addition, the present study depended on the histology department’s reports of cancer
tissue analysis after biopsy methods to collect the tumor tissues or the possibility of tumor
tissues. All the histology biopsies results arrived from the archive department of King
Fahad Medical City 2 years ago (from October to December 2021).

The female patients were aged more than 18 years.

l

Female patients Complete DCE-MRI, MG, Ul_S_and the LAB analysis of histological biopsy of breast
cancer

i

Laboratory and Radiology scanning are done in King Fahad Medical City in Kingdome of Saudi Arabia.

A 4

Only positive results of cancer condition confirmed by biopsy histopathology laboratory test.

}

Focus only on breast cancer status.

Figure 1 Flowchart of patients” inclusion criteria.

3.4.1 Exclusion

Females aged less than 18 years old and the radiological analysis is not used in the DCE-
MRI system, even if it is used MRI system Mammogram and Ultrasound. In addition, the
patients with cancers other than breast cancer, Negative results of biopsy test for breast, all
laboratory and radiology scanning are not done in a King Fahad Medical City in Kingdom
of Saudi Arabia.

The present study depended on physicians’ radiology reports of DCE-MRI system
Mammogram and Ultrasound scanning results (n=44). All these DCE-MRI system MG
and U/S results of radiological scanning reports were found in the archive department of

King Fahad Medical City 2 years ago.
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In addition, the present study depended on the histology department’s reports of cancer
tissue analysis after biopsy methods to collect the tumor tissues or the possibility of tumor
tissues. All the histology biopsies results arrived from the archive department of King

Fahad Medical City 2 years ago (from October to December 2021).

All the magnetic resonance imaging reports from the radiological department on diag-
nosis of breast cancer assessment, spanning three months, were collected from the King
Fahad Medical City archived. In addition, all biopsy reports in the diagnosis or assessment

of breast cancer tissues are collected by doctors or physicians in laboratory departments.

The collected data were separated according to top the departments (laboratory and
Radiology departments), same as Radiology imaging reports of the DCE-MRI system MG

and U/S (n=44) from each data collection group as described above .

3.5 Data Analysis Strategies

Data were analyzed by using the statistical package of social science (SPSS) version 25 and

the radiographic and specialist assessment, as Data coding and

3.5.1 Statistical analysis

we used the statistical analysis methods ,statistical package of social science SPSS (IBM
Statistics Desktop 5725-A54 version 25) to compare histology biopsy reports results and
Radiology reports of DCE-MRI system Mammogram and Ultrasound scanning results
such as the Bonferroni test and one-way analysis of variance (ANOVA) test between and

within groups.

3.5.2 Ethics and Human Subjects’ Issues

The study was obtained after approval from the Saudi Arabia health research ethics com-
mittee, which is part of the national institute for medical research and follows the Helsinki

instructions.

As recommended by scientific forums, the researcher is committed to honesty and hon-
estly presents the research data, methods, procedures, and results. The researchers were
careful to avoid any falsifications of data misrepresentation. Ethical approval was retrieved
from all patients before the start of experiments, where they were informed that all data

were to be used for research purposes only.
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4. RESULTS

The current study was conducted on 44 (n=44) female participants aged 46 (2320 years)
with breast cancer confirmed by laboratory analysis of biopsy samples. According to Saudi
management protocol, each case underwent three main radiographic imaging: Mammog-
raphy (MG), Magnetic resonance imaging (MRI), and Ultrasound (US) within 7 to 21
days. The patients were treated with anticancer drugs for six months and repeated the
radiographic assessment for each breast cancer state. The clinical assessment showed that

86.9% of cases were diagnosed with invasive ductal carcinoma state of breast cancer.

The current study compared MG, MRI, and US at pre-and post-chemotherapy of each
case (6 months). The results showed no significant difference in the tumor size according to
the radiographic system of each case pre-chemotherapy, where the mean size of the tumor
was 9.95, 8.64, and 11.17 cm?through the MG, US, and MRI techniques, respectively. Also,
the statistical treatment of data showed the P-value associated with the f-test was Greater
than 0.05 (Table 1; Figure 1).

Table 1 Statistical treatment of tumor size results among breast cancer cases for various radio-

logical techniques before chemotherapy

Radiographic system N Mean (cm?) Std. D F-test P-value
Mammogram (MG) 9.95 7.74

Ultrasound (US) 8.64 13.58

Magnetic Resonance Imaging (MRI) 11.17 8.54

14

12

=
o

A O ©

tumor size (cm)

N

o

MG MRI us
Radiographic Imaging

Figure 2 Comparing MG, MRI, and US imaging results of tumor size among breast cancer cases before
chemotherapy.

In addition, the results showed there is no significant difference in the tumor size

according to the radiographic system of each case post-chemotherapy, where the mean
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size of the tumor was 2.44, 3.67, and 3.57 cm? through the MG, US, and MRI techniques,
respectively. Also, the statistical treatment of data showed the P-value associated with the

f-test was more than 0.05 (Table 2; Figure 3).

Table 2 Statistical treatment of tumor size results among breast cancer cases for various radiological tech-

niques after chemotherapy for six months.

Radiographic N Mean (cm?) Std. D F-test P-value
system

Mammogram 2.44 4.667

(MG) 46 0.591 0.555
Ultrasound 3.67 8.811

(US)

Magnetic 3.57 3.194

Resonance

Imaging

(MRI)

us

Radlogr'aphlc MR
Imaging

MG

o
Ll w
n ¢
N N (]

4 6 8 10 12 14

Tumor Size (cm)

Figure 3 Comparing MG, MRI, and US imaging results of tumor size among breast cancer cases after
chemotherapy.

5. DISCUSSION

Cancer and lesion size measurement using Breast Imaging Reporting and Data System
is a popular method for assessing the effectiveness of various investigation methods, like
MRI, MG, breast US, and mammography. The procedure considers the morphological

lesion and uses it as a ground for medical biopsy. While investigation via MRI and the like
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has shown effectiveness for breast cancer size investigation, many professionals still prefer

breast biopsies for making breast cancer diagnoses [10].

Breast cancer detection and control can only be done effectively if there is a proper dis-
ease evaluation. The standard pathological assessment reliable for high-risk cancer groups
screening today is imaging, which can be done via mammography and Ultrasound (US).
Upon using the MRI system for breast cancer diagnosis, we obtained a 100% sensitiv-
ity and 56% specificity from MRI. This is close to the expected specificity value, show-
ing that MRI is the best investigative technique for deciding if patients with benign and
metastatic tumors will or will not need surgical intervention [6]. We can predict the sever-
ity and aggressiveness of breast cancer tumors using MRI biomarkers as constant rate of
extracellular-intravascular space (K;,) and Volume transfer constant (Ky,q) via the infor-

mation obtained on breast cancer proliferation and tumor angiogenesis [7].

The use of neoadjuvant chemotherapies is increasing for treating locally advanced
breast cancer. It, therefore, makes it possible for surgeons to carry out more breast-
conserving surgical procedures since it shrinks the larger tumors. A specific and sensitive
identification method for neoadjuvant chemotherapy tumor responses is required since
there is an earlier chance of a highly effective regimen consequent of the early recognition
of non-responders. This helps to reduce the drugs’ toxicity and optimize surgery tim-
ing. The absence of response to a given regime in-vivo can guide the use of additional
chemotherapy following a surgical procedure. The gold standard in this work is physical
or clinical examination. It assisted in the assessment of clinical response to chemotherapy.
The study above discovered that the reliability and value of clinical examination in predict-
ing the size of residual tumors following the administration of neoadjuvant chemotherapy
is limited [11].

In inflammatory or locally advanced breast cancer, the examination will have to con-
sider the infiltrating action of the tumor growth and the density of the breast tissue; both
factors prevent the accurate evaluation of tumor size and rate of response following neoad-
juvant chemotherapy. The tumor imaging can be obscured by the dense breast tissue on

mammography, preventing the convenient study of the tumor size.

The correlation of our predictions made on an MRI basis is better with pathological
residual size and pathological response following neoadjuvant chemotherapy compared
to the estimation based on clinical examination, sonography, or mammography. It is not
easy to interpret the results published in studies on neoadjuvant chemotherapy for assess-
ment. [12] MRI underestimated more frequently than overestimated residual disease. MRI

also underestimated residual disease in about 23% of the patients involved in the study.

Neoadjuvant chemotherapy has several advantages, and its use has been popular in

breast cancer management in recent times [12]. The drug has the primary role of shrinking
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the tumor and permitting surgeons to carry out surgery for conserving the breast, espe-
cially in patients diagnosed with advanced breast cancer [13]. Healthcare professionals can
trust neoadjuvant chemotherapy for the micro metastatic disease early treatment, includ-
ing the biological markers study towards predicting tumor response. Chemotherapeutic
agents’ effectiveness in treating potential metastatic disease and primary breast cancer may

be enhanced due to tumor neovascularity.

If the patient receives chemotherapy before surgery with tumor vascularity remaining
intact, it will be easier for the chemotherapeutic agents to reach the tumor and enact more

effectiveness.

Locally advanced breast cancer (LABC) neoadjuvant chemotherapy can improve the
tumor’s resectability rate, increasing the patient’s survival rate compared to the survival
rate of patients who undergo only surgery [14]. Pathological complete response is sig-
nificant clinically because of its association with decreased recurrence risk and improved
long-term prognosis. Decisions regarding the right type of surgery, current regimens con-
tinuation, and surgery timing depend on the clinical and radiological assessment of the

residual tumor size while the neoadjuvant chemotherapy is underway [15].

Many studies conclude that sonography, mammography, and physical examination
offer suboptimal lesion extent evaluation, not permitting the residual tumor size or patho-
logical response accurate assessment [16]. Sonography, mammography, and physical
examination may be suitable for larger lesion detection of non-responders in LABC.
However, their sensitivity is limited in responders having smaller residual lesions [17].
Patients that respond to neoadjuvant chemotherapy can record persistent calcification for

mammography.

Several studies have been conducted on this subject matter, and they all concluded that
MRI remains the most reliable residual disease evaluation technique once neoadjuvant
chemotherapy is underway. Nevertheless, certain initial reports maintained that false-
negative results were recorded frequently in breast cancer having a smaller volume [18].
Recent studies have increased MRI sensitivity tremendously, including lower enhancement
thresholds, increased resolution, and reduced slice thickness used for minimizing resid-
ual disease underestimating. However, distinguishing between viable residual malignancy
and fibrosis, necrosis & scarring is still difficult. Predicting accurate response following the
commencement of neoadjuvant chemotherapy is also not easy, especially when it concerns

responders.

The incidence of inflammatory breast cancer in patients on neoadjuvant chemother-
apy is low, hence the limited number of studies conducted on it [19, 20]. Our study is
focused on determining the relative accuracy of magnetic resonance imaging, mammog-

raphy, and Ultrasound in tumor size prediction and the response of breast cancer to neoad-
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juvant chemotherapy. We also compared our results with surgical pathology and the gold

standard.

The study used retrospective reports to assess the use of an advanced magnetic res-
onance imaging system (DCE-MRI system) Mammogram, Ultrasound and target King
Fahad Medical City, which has highly experienced radiologists and doctors, giving easy
access to reliable data reports that make the outcome of the study trustworthy. The study
compared the result from DCE-MRI, MG and U/S using histological biopsy laboratory

methods with 100% accuracy.

The study confirms that MG, MRI, and U/S complement one another in breast cancer
size analysis. It also compares the diagnostic capacity of the various techniques in assessing
tumor size in patients with confirmed breast cancer who are currently undergoing neoad-
juvant chemotherapy. The study showcased the contribution of several recent research
studies to tumor size detection at the various stages of breast cancer management, span-

ning the various periods of neoadjuvant chemotherapy.

The study is the first to assess MRI-DCE efficacy at the King Fahad Medical City in Saudi
Arabia and also the first to compare cancer histological biopsy to MRI-DCE analysis.

Nevertheless, we could not access up to two years’ archived at King Fahad Medical City.
We also could not collect all the results generated from magnetic resonance imaging for all
breast cancer cases at the hospital. Also, not all breast cancer cases could undergo histolog-
ical biopsy analysis and MRI-DCE. The doctors might recommend only positron emission

tomography (PET) scanning or an analytical biopsy.

The advanced magnetic resonance imaging system is not present in all the radiological

departments at the hospital.

Our study showed that neoadjuvant chemotherapy administration could reduce tumor
size in breast cancer patients according to the analysis outcome using various techniques
like MRI-DCE, mammography, and Ultrasound. Therefore, we recommend using these
techniques to investigate, assess, and manage breast cancer lesions. We equally recommend
the importance of a follow-up investigation using the various techniques before, during,
and after chemotherapy to help determine if or not the patient can benefit from surgical

intervention and when the surgical intervention can safely be implemented.

5.1 Future directions

We recommend further studies on why there is variability in the specific values obtained
from the US system, MG, and MRI. We also recommend that further studies be conducted
using modern computerized analysis methods to develop a more potent breast cancer man-

agement program for better outcome data. We also recommend that further studies focus
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on investigating the US, MG, and MRI techniques that should be used in the medical and
oncology fields for a better breast cancer analysis and how breast cancer relates to other

diseases, like dermatology disorders and cardiovascular system disease.

6. CONCLUSION

Prediction of residual tumor size and response made on MRI correlated better with the
assessment of residual tumor size and response made upon disease detection than those
made based on sonography, mammography, or clinical examination due to its sensitivity.
Consequently, MRI’s predicted response evaluation could bring up a relatively sensitive

chemotherapy efficacy in early assessment.
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