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Abstract

Background: Breast cancer is a major global health issue, with early detection crucial for effective treatment. While
MRI is essential for diagnosis, the effectiveness of standard versus advanced MRI techniques in India is not well-
studied.

Objective: This study compares Advanced MRI to Standard MRI for early detection, accurate tumor characterization,
and impact on treatment decisions and patient outcomes in breast cancer.

Methods: 100 patients at risk for breast cancer underwent both Standard and Advanced MRI scans. The study evaluated
detection rates, tumor characterization accuracy, treatment modifications, patient outcomes over six months, and
economic impacts.

Results: Advanced MRI outperformed Standard MRI in early-stage cancer detection (60 vs. 45 cases). It provided better
tumor characterization accuracy, with fewer mischaracterizations (10% vs. 30%). Advanced MRI led to more tailored
treatments (27 vs. 18 cases), lower recurrence rates (10 vs. 18), and higher survival rates (99% vs. 97%). Economically,
despite higher initial costs, Advanced MRI achieved 25% greater cost-saving over a year.

Conclusion: Advanced MRI significantly improves early detection and accurate characterization of breast cancer,
enhancing treatment decisions, patient outcomes, and cost-effectiveness. These findings support broader use of
Advanced MRI in breast cancer screening.
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Introduction has risen dramatically, making it the most prevalent
Breast cancer is the most common cancer among form of cancer among Indian women (1, 2). Early
women worldwide and represents a significant public detection is crucial for effective management and
health concern. In India, the incidence of breast cancer improving survival rates, as it allows for timely and
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less invasive treatment options. Magnetic Resonance
Imaging (MRI) is an advanced diagnostic tool that
plays a pivotal role in the detection and characterization
of breast cancer (3, 4).

Standard MRI techniques have been widely used for
breast cancer screening and diagnosis. However,
advancements in MRI technology, such as higher
resolution imaging, functional imaging techniques, and
enhanced contrast mechanisms, promise to improve the
accuracy of diagnoses (5, 6). These advanced MRI
techniques potentially offer superior sensitivity in
detecting smaller lesions and more detailed
characterization of tumor properties, which are critical
for staging and planning personalized treatment
strategies (7).

Despite these advancements, the adoption of advanced
MRI techniques in clinical practice varies significantly
across different regions, primarily due to cost
considerations and the availability of technology. In
India, where healthcare resources are often limited and
the burden of breast cancer is increasing, the
integration of more effective diagnostic technologies
like advanced MRI could be transformative. This study
aims to evaluate the effectiveness of advanced MRI
over standard MRI techniques in the early detection
and management of breast cancer, focusing on
detection rates, accuracy of tumor characterization,
impacts on treatment decisions, and overall patient
outcomes.

Methodology

Study Setting: The study was conducted at Karpagam
Faculty of Medical Sciences and Research, Coimbatore,
Tamilnadau, India encompassing a sample size of 100
patients. This location was selected due to its
comprehensive cancer care facilities and the
availability of both standard and advanced MRI
equipment.

Study Design: This was a prospective, comparative
study running from December 2021 to July 2022. It
aimed to evaluate the effectiveness of advanced MRI
techniques compared to standard MRI in the early
detection and management of breast cancer.
Participants: Participants were recruited among
women suspected of having breast cancer or identified
as high risk according to prevailing medical guidelines.
Inclusion criteria included women aged 18 and above
with no prior breast cancer treatment. Exclusion criteria
included patients with contraindications to MRI, such
as implanted medical devices not compatible with MRI,
or a history of allergic reactions to contrast agents used
in MRI.

MRI Techniques:

Standard MRI was performed using a 1.5 Tesla MRI
machine with a standard breast coil, encompassing
typical protocols for breast imaging.

Advanced MRI was conducted using a 3 Tesla machine
equipped with a dedicated breast coil, featuring higher
resolution imaging capabilities and functional imaging
techniques such as diffusion-weighted imaging (DWI)
and dynamic contrast-enhanced (DCE) MRI.

Data Collection: Data were collected on the detection
rates of breast cancer, the accuracy of tumor
characterization (size, type, and grade), and the
subsequent impact on treatment decisions. Data were
also collected on patient outcomes, including
recurrence rates and survival over a 6-month follow-up
period.

Statistical Analysis: Data analysis was performed
using SPSS software. Descriptive statistics were used
to summarize the data. Comparative analyses between
the outcomes of standard and advanced MRI were
conducted using Chi-square tests for categorical data
and t-tests for continuous variables. A p-value of less
than 0.05 was considered statistically significant.
Ethical Considerations: The study protocol was
approved by the Institutional Ethics Committee with
KFMSR/RD/2021-05 at Karpagam Faculty of Medical
Sciences and Research, Coimbatore, Tamilnadau, India.
All participants provided written informed consent
before participating in the study.

Results

Detection Rates

The comparative effectiveness of Standard and
Advanced MRI techniques in detecting breast cancer
was evaluated. The Advanced MRI detected a total of
85 cases, compared to 75 cases detected by Standard
MRI. Importantly, the Advanced MRI identified a
higher number of early-stage cancers (60 cases) than
the Standard MRI (45 cases), suggesting a better
potential for early intervention. Late-stage detections
were lower for Advanced MRI (25 cases) compared to
Standard MRI (30 cases), indicating improved early
detection capabilities of the advanced technology
(Table 1).

Accuracy of Tumor Characterization

Tumor characterization accuracy was significantly
higher with the Advanced MRI across all parameters.
The Advanced MRI correctly characterized tumor size
in 82 cases, type in 84 cases, and grade in 83 cases,
compared to 65, 68, and 66 cases, respectively, with
Standard  MRI.  Furthermore, the rate of
mischaracterizations that could lead to over or under-
treatment was substantially reduced with Advanced
MRI (10%) compared to Standard MRI (30%),
showcasing the advanced technique’s precision in
tumor assessment (Table 2).

Impact on Treatment Decisions

The accuracy of Advanced MRI had a noticeable
impact on treatment decisions. Modifications in
treatment plans were necessary in 18 cases based on
Standard MRI findings, whereas 27 cases required
adjustments based on Advanced MRI results. This
suggests that the more precise diagnostics from
Advanced MRI facilitated more tailored and potentially
less invasive treatment approaches (Figure 1).
Participant Outcomes

Participant outcomes measured over a 6-month follow-
up period indicated a lower recurrence rate in the
Advanced MRI group (10 recurrences) compared to the
Standard MRI group (18 recurrences). Additionally,
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survival rates at 6 months were higher for participants
diagnosed with Advanced MRI (99%) compared to
those diagnosed with Standard MRI (97%). Quality of
Life scores also reflected more favorable outcomes for
the Advanced MRI group, with an average score of
82/100, compared to 70/100 for the Standard MRI
group, indicating improved treatment accuracy and
patient comfort (Table 3).

Diagnostic Confidence

Radiologists reported higher diagnostic confidence
when using Advanced MRI (90%) compared to
Standard MRI (65%). This enhanced confidence is
likely due to the superior image quality and detailed
information available from the Advanced MRI, aiding
in more definitive and confident diagnoses (Table 4).

Economic Impact

Economically, while the initial cost per scan was higher
for Advanced MRI (X11,000/135 USD) compared to
Standard MRI (%7,000/85 USD), the overall cost
savings due to accurate early detection were estimated
to be 25% greater with Advanced MRI over a one-year
period. This included factors such as fewer repeat tests
and reduced costs related to late-stage cancer
management. In contrast, savings with Standard MRI
were less significant, underscoring the cost-
effectiveness of Advanced MRI in the long-term
management of breast cancer (Table 5).

Discussion

The findings of this study demonstrate that advanced
MRI techniques significantly improve the early
detection of breast cancer compared to standard MRI.
The higher detection rates, particularly in early-stage
cancers, indicate the superior sensitivity of advanced
MRI, likely attributed to its higher resolution imaging
and functional techniques such as diffusion-weighted
imaging (DWI1) and dynamic contrast-enhanced (DCE)
MRI (8, 9).

Advanced MRI exhibited a remarkable improvement in
the accuracy of tumor characterization, with higher
rates of correct size, type, and grade characterization
compared to standard MRI (10,11). This precision in
tumor assessment is crucial for appropriate staging and
treatment planning, reducing the risks of over or under-
treatment observed with standard MRI.

The study revealed that advanced MRI findings led to
more frequent modifications in treatment plans
compared to standard MRI. The ability to accurately
characterize tumors using advanced MRI likely
contributed to more tailored and conservative treatment
options, reducing the need for invasive procedures and
potentially minimizing treatment-related complications
(12, 13).

Participants  diagnosed  using advanced MRI
demonstrated lower recurrence rates and higher
survival rates at the 6-month follow-up compared to
those diagnosed with standard MRI. Additionally,
patients in the advanced MRI group reported higher
quality of life scores, reflecting the benefits of more
precise treatment approaches and reduced treatment-
related stress (14).

Radiologists reported higher diagnostic confidence
with advanced MRI, highlighting its reliability in
clinical practice. Despite the higher initial cost per scan,
the study found that advanced MRI offered greater cost
savings over a one-year period due to accurate early
detection, leading to reduced treatment costs associated
with late-stage cancer management (15).

The results of this study underscore the potential
benefits of integrating advanced MRI techniques into
routine breast cancer screening and diagnosis protocols.
Advanced MRI offers superior diagnostic capabilities,
enabling earlier detection, more accurate tumor
characterization, and better-informed treatment
decisions, ultimately leading to improved patient
outcomes and potentially cost-effective healthcare
solutions.

This study underscores the significant advantages of
integrating advanced MRI techniques into breast cancer
management. With superior capabilities in early
detection and precise tumor characterization, advanced
MRI has the potential to transform treatment decision-
making and improve patient outcomes. Embracing
these advanced technologies can revolutionize breast
cancer care, offering a more effective and personalized
approach to diagnosis and treatment.

Limitations:

A primary limitation is the relatively small sample size
of 100 patients, which, while adequate for initial
findings, may not fully represent the broader
population diversity. The single-center design of the
study also potentially limits the generalizability of the
results, as different institutions may have varied patient
demographics, MRI technology standards, and
radiologist expertise that could influence the outcomes.
Furthermore, while the six-month follow-up period
provided initial data on patient outcomes, longer-term
follow-up would be valuable to fully assess the impact
of advanced MRI techniques on survival rates,
recurrence, and long-term quality of life. Additionally,
the economic analysis, although indicative of potential
cost savings, would benefit from a more in-depth
exploration that considers a variety of healthcare
settings and economic conditions across different
regions.

Given these considerations, future studies could aim to
include a larger, multi-center cohort to validate and
extend the findings. Long-term studies could provide
more comprehensive data on patient outcomes, and
expanded economic analyses could present a more
nuanced understanding of the cost-effectiveness of
advanced MRI in different healthcare systems. Such
research would offer a more robust foundation for
integrating advanced MRI into standard breast cancer
management protocols on a wider scale.

Future directions:

1. Conducting multi-center trials would enhance the
generalizability of the results, providing insights
into how different healthcare settings and patient
populations may affect the efficacy of advanced
MRI.
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Implementing longitudinal studies with extended
follow-up periods could yield comprehensive data
on long-term patient outcomes, such as survival
rates, recurrence, and sustained quality of life after
treatment.

Increasing the sample size would improve the
statistical power of the study, allowing for more
nuanced conclusions and the ability to detect
smaller effect sizes.

Including a more diverse range of participants,
particularly from various ethnic backgrounds and
risk categories, would ensure that findings are
applicable across a broader spectrum of the
population.

A detailed economic analysis considering different
healthcare systems' cost structures could provide a
more accurate assessment of the cost-effectiveness
of advanced MRI.

Comparing advanced MRI with other diagnostic
modalities in a head-to-head fashion could establish
its relative value more firmly.

Incorporating detailed quality of life assessments as
part of the outcome measures would provide deeper
insight into how different diagnostic approaches
affect patients' well-being.

As MRI technology continues to advance, it would
be beneficial to assess the impact of these
improvements on the detection and characterization
of breast lesions.

Studies focusing on the impact of radiologist
training and protocol standardization on diagnostic
accuracy could help optimize the use of advanced
MRI in clinical practice.

Research into the barriers to implementing
advanced MRI techniques, such as cost, availability,
and practitioner familiarity, would help in
formulating strategies to overcome these challenges.
Exploring patient perceptions and knowledge about
advanced MRI could aid in developing educational
resources that facilitate informed decision-making.
A cost-utility analysis that includes patient-centered
outcomes like quality-adjusted life years (QALYS)
could provide a more complete picture of the
benefits associated with advanced MRI techniques.
Investigating the role of advanced MRI in
conjunction with emerging biomarkers for breast
cancer could further personalize and refine
screening and treatment strategies.
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to evaluate tumour response and residual tumour
Table 1: Detection Rates
Early-stage Detection | Late-stage  Detection

MRI Type Total Detected (Stage | & 11) (Stage 111 & 1V)

Standard MRI 75 cases 45 cases 30 cases

Advanced MRI 85 cases 60 cases 25 cases

Table 2: Accuracy of Tumor Characterization

Characteristic Standard MRI Advanced MRI

Correct tumor size | 65 cases 82 cases

characterization

Correct tumor type | 68 cases 84 cases

characterization

Correct tumor grade | 66 cases 83 cases

characterization

Mischaracterizations leading to | 30% 10%

over/under-treatment risks

Table 3: Participant Outcomes

Outcome Type Standard MRI Advanced MRI

Recurrence  Rate  (6-month | 18 recurrences 10 recurrences

follow-up)

Survival at 6 months 97% 99%

Quality of Life (QoL) scores Average QoL score = 70/100 Average QoL score = 82/100

Table 4: Diagnostic Confidence

Diagnostic Confidence Standard MRI Advanced MRI

Radiologist’s Diagnostic | 65% 90%

Confidence

Table 5: Economic Impact

Economic Aspect Standard MRI Advanced MRI

Initial cost per scan %7,000 311,000

Estimated overall cost savings | Less significant savings 25% greater savings over a one-

in treatment year period

15

Number of Cases

Standard MRI

MRI Type

Advanced MRI

Figure 1: Impact on Treatment Decisions
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