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carcinoma, large cell carcinoma, and adenocarcinoma,
with other less frequently occurring types existing.
Various risk factors, especially cigarette smoking, have
been identified as predisposing factors for NSCLCs,
but adenocarcinomas have also been diagnosed in
patients with no smoking history.®

Various lung cancer treatment options exist,
ranging from radiotherapy to chemotherapy,
surgical interventions, and even immunotherapy.’
Immunotherapy, also known as immuno-oncology, is
a biological cancer treatment option that optimises
an individual’s immune system to equip it to target
cancer cells to combat the disease specifically.®
This treatment regimen was identified over two
centuries ago by Dr William B. Coley, who used a
streptococcal vaccine made of Serratia marcescensas
one of its key ingredients, later termed ‘Coley’s toxin’
to treat various malignancies. After which, long-term
disease-free survival for more than 5 years was seen
in approximately 50% of these patients, specifically
those with inoperable sarcomas.!® Immuno-oncology
as a treatment option is altering cancer treatment
approaches due to its tolerable safety profile, longer-
lasting therapeutic effects enabled by immunological
memory, and its effectiveness across a wide range of
patients.!! As earlier stated, the goal ofimmunotherapy
is to improve the tumour-specific immune response,
and some of the lung cancer-specific strategies include
administration of immune checkpoint inhibitors,
cancer vaccine therapy, adoptive transfer of immune
cells generated in vitro, immunotherapy with dendritic
cells (DCs), and recombinant cytokines.!?

Mammography screening is a type of breast imaging
test that utilises low-dose X-rays to detect cancer
even while asymptomatic.’®* It is structured to
integrate diverse aspects to represent a measure
that allows for early detection of breast cancer, thus
leading to reduced mortality rates, better prognosis,
and improved treatment options. It also ensures a
minimal and acceptable side effect level for clients,
is reliable and affordable, and can be applied
regularly.’* Evidence, although sparse, exists of a
diagnostic advantage of mammography for improved
lung cancer prognosis.’®> At the same time, other
studies see mammography as a “teachable moment”
to improve the uptake of lung cancer screening (LCS)
services.16,17 Regardless of the viewpoint, there
appears to be an advantage in utilising mammography.

Consequently, although mammography is not

originally a lung cancer screening test, in
some cases mammographic findings can
provide indirect insights that may influence
NSCLC immunotherapy decisions.!® In cases of
NSCLC metastasis to the breast, although rare,
mammography can detect such lesions, and if
breast metastasis has occurred, it may indicate a
more advanced disease stage and thus influence
the choice of immunotherapy treatment regimen
(combination or monotherapy).!® Furthermore,
some immune-related adverse effects (irAEs)
as a result of immunotherapy can cause breast
changes. Thus, mammography detecting these
changes can prompt a review of the given
treatment option.? Hence, mammography-
informed immunotherapy decision making can
revolutionize treatment approaches for NSCLC,
the major variant of all lung cancers. Still, a
critical examination of the current evidence is
necessary.

CURRENT STATE OF IMMUNOTHERAPY IN
NSCLC

Overview of current
approaches

immunotherapy

NSCLC accounts for approximately 85% of
all cases of lung cancer? and has historically
been associated with poor survival outcomes,
especially in advanced stages.?? However,
the development of novel anticancer agents
shows a promising future in improving patients’
survival.?® Over the past decade, immunotherapy,
particularly immune checkpoint inhibitors
(ICIs), has revolutionized NSCLC treatment
by leveraging the body’s immune system to
eliminate cancer cells.?* Immune checkpoint
inhibitors such as programmed death-1 (PD-
1) inhibitors (nivolumab and pembrolizumab),
and programmed death-ligand 1 (PD-L1)
inhibitors (atezolizumab and durvalumab) are
now standard therapies for NSCLC.?>%¢ ICIs and
chemotherapy combination is also a treatment
option for people with NSCLC, especially those
with lower PD-L1 expression.?” Additionally,
cytotoxic T-lymphocyte-associated protein 4
(CTLA-4) inhibitors (e.g., ipilimumab) have
been combined with ICIs to enhance immune
activation.?® At the same time, adjuvant and
neoadjuvant immunotherapy approaches are
being explored to improve long-term survival
outcomes in early-stage NSCLC.?
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Most NSCLCs have an immunogenic tumor
microenvironment characterised by high infiltration
of cytotoxic T lymphocytes and elevated PD-L1
expression, which makes it more responsive to
immune checkpoint inhibitors such as anti-PD-1 and
anti-PD-L1 therapies.***! Additionally, some NSCLCs
exhibit high tumor mutational burden (TMB), which
generates neoantigens that can enhance immune
system recognition and response.3? These properties
support the clinical efficacy of immunotherapy in
NSCLC management.

Limitations and challenges of current

approaches

Although immunotherapy is a promising treatment
option for NSCLC, it poses some challenges.*
Patient selection remains a serious issue in NSCLC
immunotherapy, as PD-L1 expression (a core
biomarker used in guiding therapy) has inconsistent
predictive value due to various factors. These include
biopsy-related variability, tumour heterogeneity, and
differences in immunohistochemistry (IHC) assay
results, which make precise detection challenging.
Resistance mechanisms also complicate treatment as
both primary and acquired resistance develop due
to modifications in the tumour microenvironment
(TME) and the increased activation of alternative
immune checkpoints, ultimately leading to disease
progression.>* Additionally, immune-related adverse
events (irAEs) such as pneumonitis, endocrinopathies,
and colitis result in treatment discontinuation,
adversely impacting patient outcomes.* The tumour
response heterogeneity is another challenge, as some
tumours show pseudo-progression - initially growing
before shrinking, and hyper-progression characterised
by rapid tumour growth following immunotherapy.36
Present-day imaging techniques also struggle to
distinguish between true tumour progression and
immune-related changes, underscoring the urgent
need for more refined predictive imaging tools to
improve treatment decisions and patient outcomes. 363

The concept of mammography-informed
immunotherapy decision-making
Mammography has been utilised for breast cancer
detection over the years. However, in certain contexts,
its application in the management of NSCLC has been
explored. Reports have shown how mammography
was instrumental in identifying breast cancer
metastasis from an NSCLC, highlighting its potential
beyond primary breast cancer detection.38

Various studies have also suggested that
integrating mammography with other screening
methods, such as CT lung cancer screening, can
aid the early detection of multiple malignancies,
including NSCLC.* These findings suggest that
mammography may have a wider application
in oncology, particularly regarding NSCLC
management, by assessing TME characteristics
and predicting immunotherapy responses using
mammographicimaging features. Mammography
shows features such as vascularisation pattern,
tumour density, and textural characteristics,
which may provide insights into the therapy
response or cancer progression.*#42 Advanced
imaging methods, including radiomics, have
been utilised to extract quantitative data from
medical images, enabling the noninvasive
assessment of the tumour microenvironment.*
Combining imaging-derived data with traditional
biomarkers, such as PD-L1 expression and
tumour mutational burden (TMB), has been
explored to improve patient selection and monitor
responses to immunotherapy.*#4 Although
direct evidence of mammography’s application
in assessing immune infiltration and guiding
immunotherapy in NSCLC is currently limited,
the immune system’s role in NSCLC progression
and treatment response is well-established.*’ If
similar imaging principles are applied to NSCLC,
mammography could serve as a complementary
tool in guiding immunotherapy strategies.
THE ROLE OF MAMMOGRAPHY 1IN
IMMUNOTHERAPY DECISION-MAKING
How Mammography Can Inform
Immunotherapy Decisions

Mammography, which is a cornerstone of
breast cancer screening, may seem out of place
in investigative discussions around NSCLC.
However, with the current evolutions of cancer
treatment, it is worth exploring whether this
technology can offer something new. Researchers
have hypothesised that certain mammogram
features, such as dense breast tissue and
calcification patterns (which provide information
about the tumour microenvironment), may
indicate underlying inflammation and immune
system activity, helping identify patients who will
benefit from immunotherapy.*® Cases of NSCLC
metastasis to the breast or unusual calcifications
seen on mammography may also point to
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an immune response. These postulations could
predict how a patient will respond to immunotherapy,
thereby guiding immunotherapy decisions.*

There’s also a growing interest in whether
mammography could help identify new imaging
biomarkers, particularly when combined with Artificial
Intelligence (AI).>%°! Various Al algorithms, including
deep learning models, have shown great potential in
identifying biomarkers such as altered parenchymal
tumour texture, atypical vascular patterns, and
systemic microcalcifications. Though these markers
are not specific to the breast or lung, they help
showcase ongoing oncogenic processes.> These Al
models also detect subtle patterns in mammograms
that show an increased risk of lung cancer, suggesting
that the breast may be a surrogate site for systemic
biomarker discovery. This approach expands the
utility of existing screening tools and opens avenues
for non-invasive screening for NSCLC.

Another key reason mammography is being discussed
in the context of immunotherapy is its role in overall
cancer screening. Studies have found that women
who get regular mammograms are more likely to
follow through with other screenings, including lung
cancer screening.>® Since lung cancer is much easier
to treat and immunotherapy works best when it's
caught early, using mammography as a gateway to
lung cancer screening could improve outcomes.>**

Examination of the Current Evidence on the Use
of Mammography in NSCLC Immunotherapy
Presently, the role of mammography in NSCLC
immunotherapy remains more theoretical than an
established clinical tool. Imaging techniques like
CT scans and PET imaging targeting the lungs are
the mainstays for assessing tumor response and
progression.>® Mammography, in contrast, has limited
evidence supporting its use in this context.

Some literature has explored how imaging in
general may help predict immunotherapy responses,
particularly through identifying biomarkers. Other
studies have suggested that calcifications (in the
breast or other tissues) might correlate with immune
activity or tumor stroma characteristics.>! In theory,
mammography could provide a window into how
the immune system responds to a tumor, potentially
guiding immunotherapy decisions.

Additionally, mammography’s ability to detect breast
metastasis in NSCLC patients has garnered some

interest.  Although rare, when  NSCLC
metastasizes to the breast, mammography could
detect these lesions earlier than other methods,
offering a head start in treatment planning.>’
However, these findings are limited, and the
leap from imaging metastatic spread to making
immunotherapy decisions is far from being fully
established.

Critical Analysis of the Strengths and
Limitations of the Current Evidence

There are various advantages in utilising
mammography in  NSCLC immunotherapy
decision-making. The primary strength of
mammography lies in its widespread availability,
its ability to pick up tumour details and changes
like microcalcifications that other imaging
methods might miss, and its potential to identify
novel biomarkers. Mammography could predict
immunotherapy outcomes if those changes
are linked to tumor-immune interactions.
Documented findings also show that women
who undergo mammograms tend to be more
proactive about other cancer screenings,
making it an avenue for earlier diagnosis and
prompt commencement of immunotherapy.>3>*
Additionally, since mammograms are already
a routine part of healthcare for many women,
they provide a valuable opportunity to introduce
discussions about lung cancer screening and
improve overall participation.

However, mammography has significant
limitations when it comes to lung cancer. Firstly,
mammograms were not primarily designed for
this purpose, making their role in lung cancer and
immunotherapy mostly indirect. The lung tissue
environment and its cancerous changes differ
from what mammography typically captures in
breast tissue. Thus, even though calcifications
provide valuable information in breast cancer, it
is far from clear whether they carry the same
significance in NSCLC.

Another challenge is the current lack of
extensive evidence. While isolated, some cases
hint at mammography’s potential role; large-
scale clinical trials are needed to draw firm
conclusions. Additionally, although some studies
suggest that mammograms may provide insights
into immune system activity, there is a paucity
of solid evidence to establish them as a clinical
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tool for immunotherapy decisions. Until such
research is conducted, the use of mammography in
decision-making for NSCLC immunotherapy remains
speculative.

Many women still skip breast and lung cancer
screening, even when they qualify for it, which
limits the impact of using mammography as a
gateway for early detection. A mammogram alone
will not determine if someone is a good candidate
for immunotherapy. It would need to be combined
with other tests, such as CT scans, biopsies, and
biomarker analysis, to get a full picture.

POTENTIAL IMPLICATIONS OF
MAMMOGRAPHY-INFORMED
IMMUNOTHERAPY DECISION MAKING FOR
CLINICAL PRACTICE

Integrating mammography-informed  decision-
making with immunotherapy choices holds
significant potential implications for clinical practice.
Informed decision-making in mammography involves
discussing the benefits, harms, and uncertainties of
screening with patients. However, studies show that
this process is often limited, with discussions focusing
on benefits rather than harms or uncertainties.
This imbalance can lead to decisional conflict and
dissatisfaction among patients. Nonetheless, when
patients are well-informed about their screening
results, they may be more likely to participate
actively in discussions about subsequent treatment
options, including immunotherapy.>8

The process of weighing the benefits and harms
of mammography screening can prepare patients
for similar analyses in immunotherapy, where
treatments may have significant side effects and
varying success rates. This informed approach
can facilitate personalised medicine by guiding
immunotherapy choices tailored to the patient’s
specific condition, as revealed by mammography
results.”® For instance, if mammography reveals
particular tumour characteristics, this information
can be crucial in selecting target immunotherapies.
Moreover, the psychological effects of being well-
informed about mammography can extend to
immunotherapy decisions, potentially reducing
anxiety and improving confidence in treatment
choices.

In clinical practice, these ideas help improve
communication between patients and doctors,

making it easier to choose treatments that match
patients’ preferences and healthcare needs.
Decision support tools that integrate information
on mammaography and immunotherapy can also
help patients better understand their treatment
options. Furthermore, educating healthcare
providers on how to effectively communicate
the implications of mammography results for
immunotherapy decisions is crucial for optimising
patient care.

Examination of the potential benefits and
challenges of implementing this approach
Integrating mammography results  with
immunotherapy decisions offers significant
benefits, particularly in developing personalised
treatment plans. By combining detailed
tumour characteristics revealed through
mammography with immunotherapy options,
healthcare providers can tailor treatments to
each patient’s unique needs. This approach
ensures that therapies are better suited to the
tumour’s specific biology, potentially enhancing
treatment effectiveness while  minimising
unnecessary interventions. As a result, patients
may experience more targeted, efficient care,
leading to improved outcomes and fewer adverse
effects.®® Another significant benefit is improved
resource allocation. By using mammography
data to guide treatment choices, healthcare
providers can ensure that resources are directed
toward the most effective therapies for each
patient. This targeted approach helps minimize
unnecessary treatments, reduce waste, and
improve overall healthcare outcomes. As a
result, healthcare systems can operate more
efficiently, optimizing patient care and resource
utilization.®®

Enhanced patient engagement is another key
advantage of integrating mammaography results
with  immunotherapy decisions. Informed
decision-making during mammography can
foster greater patient involvement in subsequent
treatment choices, including immunotherapy.
When patients are well-informed about their
screening results, they are more likely to
participate in discussions about their treatment
options. This leads to better alignment between
the treatment plan and the patient’s preferences
and values, ultimately improving their overall
experience and satisfaction with their care.®!
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However, despite these benefits, several challenges
need to be addressed. One such challenge is the
complexity of overdiagnosis, which can arise from
mammography screening. Overdiagnosis occurs
when tumours are detected that may never progress
to a life-threatening stage, leading to unnecessary
treatments. This complicates the decision-making
process for immunotherapy, as healthcare providers
must carefully evaluate screening results to
differentiate between cases requiring intervention
and those not. If not managed properly, overdiagnosis
can result in overtreatment, which can harm patients
and strain healthcare resources.%!

Another challenge is the need for comprehensive
healthcare provider training. Effective integration
of mammography-informed decision-making with
immunotherapy requires healthcare providers to be
well-equipped to communicate complex information to
patients. This includes understanding the implications
of mammography results for immunotherapy and
facilitating clear, informed discussions with patients
about their treatment options. Healthcare providers
must be skilled in translating technical details into
understandable terms and addressing patients’
concerns oOr questions, ensuring patients are
empowered to make decisions that align with their
values and preferences.%!

Accessibility and equity represent another significant
challenge in implementing this approach. To fully
benefit from mammography-informed decision-
making in immunotherapy, it is essential to address
disparities in access to mammography screening,
particularly among vulnerable populations, such
as women with disabilities.®? Barriers such as
socioeconomic factors, healthcare worker attitudes,
and physical obstacles must be overcome to ensure
that all individuals, regardless of background or
circumstance, have equitable access to screening
and subsequent treatments. Without addressing
these inequities, the potential benefits of integrated
decision-making may not reach all patients,
perpetuating disparities in healthcare outcomes.®

Technological and logistical challenges are critical
in effectively integrating mammography-informed
decision-making with immunotherapy. Specialised
expertise and equipment are often required
to accurately interpret mammography results,
particularly in complex cases, such as those involving
breast implants, which can complicate imaging.%?

Moreover, implementing integrated decision
support systems that can seamlessly combine
mammography data with immunotherapy
decisions demands significant technological and
logistical investments. These systems require
robust infrastructure, training, and ongoing
maintenance to ensure that healthcare providers
can rely on them to make accurate, timely
decisions, which can be a significant barrier for
many healthcare settings.®

Suggestions for future research and
directions for clinical implementation
Future efforts in healthcare should focus on
several key areas to enhance the integration
of mammography-informed decision-making
with immunotherapy, ensuring that patients
receive the most effective and personalised
care. One of the primary areas for development
is improving patient engagement in the
decision-making process. This involves creating
accessible educational materials and decision
aids to help patients better understand the
implications of their mammography results for
immunotherapy. By empowering patients with
knowledge, healthcare providers can ensure
that treatment decisions align with patient
values and preferences, ultimately improving
patient satisfaction and outcomes.

Another  critical aspect is  providing
comprehensive  training for  healthcare
providers to integrate mammography results
into immunotherapy decisions effectively.
This training should cover the technical skills
required to interpret mammography results
accurately and essential communication skills
to facilitate informed discussions with patients.
Programs should emphasise the importance
of personalised medicine and the role of
mammography-informed decision-making in
improving treatment outcomes, ensuring that
providers are equipped to deliver the best
possible care. Overcoming technological and
logistical challenges will also be crucial to
the success of this approach. Investments in
developing integrated decision-support systems
can help streamline the decision-making process
by efficiently combining mammographic data
with immunotherapy options. Such systems can
reduce errors, optimise treatment decisions, and
improve patient care by providing healthcare
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providers with accurate, timely information.

Ensuring equitable access to mammography
screening and subsequent treatments is essential for
the success of this integrated approach. Addressing
systemic barriers, such as socioeconomic disparities
and physical accessibility issues, is vital to ensure that
underserved populations have the sameopportunities
to benefit from mammography-informed decision-
making. Outreach programs and collaborations with
community organisations can help increase access
to screening services and treatments for those who
might otherwise be excluded. Finally, continued
research is necessary to assess the effectiveness
of integrating mammography-informed decision-
making with immunotherapy. Future studies should
evaluate patient satisfaction, treatment efficacy,
and cost-effectiveness to understand better how
this approach affects overall healthcare outcomes.
This research will provide critical insights to guide
the further refinement and improvement of the
strategy over time, ensuring it becomes an effective
and sustainable model for personalised cancer care.

CONCLUSION

Although mammography has been established as a
standard breast cancer screening tool, its potential
application in NSCLC management opens up new
and intriguing possibilities. Beyond its traditional
role, mammography may serve as a valuable
adjunct in guiding immunotherapy decisions by
detecting metastatic lesions, assessing immune-
related changes, and identifying novel imaging
biomarkers when enhanced by AI and radiomics.
Its widespread use, accessibility, and non-invasive
nature make it attractive for integration into wider
oncologic strategies. Additionally, mammography
may improve patient engagement in screening
programs, indirectly contributing to earlier detection
and treatment initiation in NSCLC. While current
evidence is minimal, these possibilities show the
importance of re-evaluating conventional tools
in a multidisciplinary, patient-centered medicine
framework. As research progresses, mammography
could shape future NSCLC treatment and enhance
the precision and timeliness of immunotherapy
decisions.
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