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1. SUMMARY

Author: Tai Tzaban

Title: The value of magnetic resonance imaging for the assessment of the non-invasive breast cancer

Aim : To determine the diagnostic value of magnetic resonance imaging (MRI) for the assessment of

the non-invasive breast cancer.

Objectives:
1. To identify the most common features of the non-invasive breast cancer by magnetic resonance

imaging (MRI) examination.

2. To evaluate the accuracy, sensitivity, specificity, and positive (PPV) and negative predictive value

(NPV) of MRI in detecting non-invasive breast cancer.

3. To identify the factors that lead to misleading results of MRI in determining a non-invasive breast

cancer.

4. To assess the changes of MRI features of non-invasive breast cancer after neoadjuvant chemotherapy.

Methodology: According to the PRISMA guidelines, a literature review was conducted using the
PubMed online database to search for scientific publications on the value of magnetic resonance imaging
for the assessment of the non-invasive breast cancer. The search used several keywords including "ductal
carcinoma in situ", "imaging features of ductal carcinoma in situ", "value of MRI in detection of ductal
carcinoma in situ", "ductal carcinoma in situ and neoadjuvant chemotherapy". The search was further

limited by applying additional filters such as "full text", "10 years", and "English".

Results: We analyzed 10 recent scientific articles to evaluate the most common features of DCIS on
breast MRI and the diagnostic value of breast MRI in the detection of DCIS. We also analyzed factors
for false-negative or false-positive results and the effect of neoadjuvant chemotherapy on DCIS features
on breast MRI. Most common MRI findings were: nonmass enhancement (~53.5%), less commonly
DCIS presented as a mass (~39.2%), and few percent were focus enhancement (~6%) and mass with
non-mass like enhancment (3.3%). The MRI sensitivity in detecting DCIS varied between 79.3% and
98.2%. The factors that lead to misleading results of MRI in determining a DCIS were patient position,
non-enhancing disease, hormonal influence, benign proliferative changes, background parenchymal

enhancement and time of biopsy. DCIS responds to neoadjuvant chemotherapy: non mass enhancement



indicated residual disease, and the absence of enhancement indicated a complete response to

chemotherapy.

Conclusions: 1. The most common feature of non-invasive breast cancer by magnetic resonance imaging
examination was nonmass enhancement ~53.5%. Less commonly non-invasive breast cancer presented
as a mass, focus enhancement and mass with non-mass like enhancment. 2. MRI is the most sensitive
imaging tool for detection of all grades of DCIS (79.3% - 98.2%). 3. There is a tendency to overestimate
tumor size on MRI due to the prone patient's position. Non-enhancing DCIS, hormonal influence,
fibrocystic changes, marked background parenchymal enhancement can masked the known DCIS lesion
and lead to the false-negative results. Also there is a recommendation to underwent breast MRI before
biopsy or 48 hours after biopsy, because enhancement can be influenced by biopsies. 4. The dogma that
DCIS does not respond well to neoadjuvant chemotherapy was denied: non mass enhancement indicated

residual disease, and the absence of enhancement indicated a complete response to chemotherapy.

These findings provide valuable insights into the morphologic manifestations of DCIS on MRI,
highlighting the importance of comprehensive imaging assessment for accurate diagnosis and

treatment planning.



Autorius: Tai Tzaban

Pavadinimas: Magnetinio rezonanso tomografijos tyrimo diagnostiné verté neinvaziniam kriities véziui

nustatyti

Tikslas: Nustatyti magnetinio rezonanso tomografijos (MRT) diagnosting vert¢ neinvaziniam krities

véziui jvertinti.
Tikslai:

1. Nustatyti dazniausiai pasitaikancius neinvazinio kriities véZio pozymius magnetinio rezonanso

tomografijos (MRT) tyrime.

2. Jvertinti MRT tiksluma, jautruma, specifiSkumg ir teigiama (PPV) bei neigiamg prognosting vertg

(NPV) nustatant neinvazinj kriities veéZj.
3. Nustatyti veiksnius, lemianc¢ius klaidingus MRT tyrimo rezultatus nustatant neinvazinj kriities vézj.
4. Jvertinti neinvazinio kriities vézio MRT pozymiy pokyc€ius po neoadjuvantinés chemoterapijos.

Metodika: Remiantis PRISMA gairémis, literatiiros apzvalga buvo atlikta naudojant PubMed
interneting duomeny baze, ieSkant moksliniy publikacijy apie magnetinio rezonanso tomografijos verte
neinvaziniam krities véziui jvertinti. PaieSkoje buvo naudojami keli raktiniai Zodziai, jskaitant
,heinvazinis latakinis kriities vézys®, ,, neinvazinio latakinio kriities vé€zio pozymiai vaizdiniuose
tyrimuose®, ,,MRT tyrimo verté nustatant neinvazinj latakinj kriities vézj*“, ,,neinvazinis latakinis kriities
vézys ir neoadjuvantiné chemoterapija®. Paieska buvo dar labiau apribota taikant papildomus filtrus,

tokius kaip ,,visas tekstas®, ,,10 mety“ ir ,,angly kalba“.

Rezultatai: ISanalizavome 10 naujausiy moksliniy straipsniy, kad jvertintume dazniausiai
pasitaikancius neinvazinio latakinio kriities vézio (NLKV) pozymius kriity MRT tyrime ir kriity MRT
tyrimo diagnosting verte nustatant NLKV. Mes taip pat iSanalizavome klaidingai neigiamy ar klaidingai
teigiamy rezultaty veiksnius ir neoadjuvantinés chemoterapijos poveiki NLKV pozymiams kriity MRT
tyrime. Dazniausi MRT tyrime radiniai buvo §ie: nedarininis kontrastinés medziagos (k/m) kaupimas (~
53,5 proc.), re¢iau NLKV buvo matomas kaip darinys (~ 39,2 proc.) ir keli procentai NLKV atrodé¢ kaip
zidinys (~ 6 proc.) ir darinys su nedarininiu k/m kaupimu (3, 3 proc.). MRT tyrimo jautrumas nustatant
NLKYV svyravo nuo 79,3 proc. iki 98,2 proc. Veiksniai, lemiantys klaidinan¢ius MRT rezultatus nustatant
NLKYV, buvo paciento padétis, k/m nekaupiantis NLKV, hormony jtaka, gerybiniai proliferaciniai
poky¢iai, kriity parenchimos k/m kaupimas ir biopsijos laikas. NLKV reaguoja | neoadjuvanting
chemoterapija: MRT tyrime iSliekantis nedarininis k/m kaupimas rodo likutinji NLKYV, jei buvusio k/m

kaupimo po neoadjuvantinés chemoterapijos nebematyti, tai rodo visiska atsaka j chemoterapija.



ISvados: 1. Dazniausias neinvazinis krities vézio pozymis MRT tyrime buvo nedarininis k/m kaupimas
~53,5 proc. Rec¢iau NLKV matomas kaip darinys, zidinys ar darinys su nedarininiu k/m kaupimu. 2.
MRT yra jautriausias vaizdinis tyrimas nustatant visy laipsniy neinvazinj kriities vézj (79,3 proc. — 98,2
proc.). 3. Yra tendencija padidinti naviko dydj atliekant MRT tyrima dél gulimos paciento padéties. K/m
nekaupiantis neinvazinis kriities vézys, hormony jtaka, fibrocistiniai pokyciai, rySkus foninis
parenchimos k/m kaupimas gali uzmaskuoti neinvazinj kriities vézj bei salygoti klaidingai neigiamus
rezultatus. Taip pat rekomenduojama atlikti krity MRT tyrima prie§ biopsija arba 48 valandas po
biopsijos, nes biopsija gali turéti jtakos k/m kaupimui. 4. Dogma, kad NLKV nereaguoja i
neoadjuvanting chemoterapijg, buvo paneigta: nedarininis k/m kaupimas rodé likutinj neinvazinj kruties

véz], o k/m nekaupimas rodé pilng atsaka j chemoterapija.

Sios i§vados suteikia vertingy jzvalgy apie morfologinius neinvazinio kriities véZio pozymius atliekant
magnetinio rezonanso tomografijos tyrimg, pabréZiant i§samaus vaizdo jvertinimo svarbag norint kuo

tiksliau nustatyti pakitimy apimt;j ir planuoti gydyma.
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5. ABBREVIATIONS

BCS - Breast-Conserving Surgery

CT - Computed Tomography

DCE-MRI - Dynamic Contrast-Enhanced Magnetic Resonance Imaging
DCIS - Ductal Carcinoma In Situ

DW-MRI - Diffusion-Weighted Magnetic Resonance Imaging
DWI - Diffusion-Weighted Imaging

LRFS - Local-Regional Recurrence-Free Survival

mitoPO2 - Mitochondrial Oxygen Partial Pressure

mpMRI - Multiparametric Magnetic Resonance Imaging

MR - Magnetic Resonance

MRI - Magnetic Resonance Imaging

MRS - Magnetic Resonance Spectroscopy

MSP - Mammography Screening Programmes

MTI - Mean Transit Time Index

MVD - Microvessel Density

NAC - Neoadjuvant Chemotherapy

NCT - Neoadjuvant Chemotherapy

NST - Neoadjuvant Systemic Therapy

pCR - Pathological Complete Response

PRISMA - Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RCB - Residual Cancer Burden

VSI - Vascular Saturation Index

ypTO - No Residual Carcinoma



6. TERMS

Breast-Conserving Surgery (BCS)- Breast-conserving surgery (BCS) may be used as part of

a treatment plan for breast cancer. It is sometimes called a lumpectomy or a partial mastectomy

depending on how much tissue is removed.

Diffusion-Weighted Imaging (DWI)- Diffusion-weighted imaging (DWI) is a form of MR imaging

based upon measuring the random Brownian motion of water molecules within a voxel of tissue. In
general simplified terms, highly cellular tissues or those with cellular swelling exhibit lower diffusion

coefficients.

Ductal carcinoma in situ (DCIS)- Ductal carcinoma in situ (DCIS) is a condition that affects the cells

of the milk ducts in the breast. The cells lining the milk ducts turn malignant (cancerous) but stay in

place (in situ).

Dynamic Contrast-Enhanced Magnetic Resonance Imaging (DCE-MRI)- DCE MRI is a T1W,

contrast-enhanced,  gradient-echo imaging  technique that can  assess tumor  perfusion,

microvascular vessel wall permeability, and extravascular-extracellular volume fraction.

Mammography Screening Programmed (MSP)- mammography screening program (MSP) is aimed

to reduce breast cancer mortality, to detect breast cancer at an early stage, and to allow for less invasive

treatment.

Neoadjuvant Chemotherapy (NCT)- Neoadjuvant chemotherapy refers to a chemical drug treatment

used to shrink a cancerous tumor prior to a primary course of treatment.
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7. INTRODUCTION

In 2022, around 2.3 million new cases of breast cancer were diagnosed worldwide (1). About 1
in 5 new breast cancers will be ductal carcinoma in situ (DCIS) (2)(3). DCIS is also called intraductal
carcinoma or stage 0 breast cancer. DCIS is a non-invasive or pre-invasive breast cancer. This means
the cells that line the ducts have changed to cancer cells but they have not spread through the walls of
the ducts into the nearby breast tissue (4)(5)(6)(7)(8)(9)(10)(11)(12)(13).

Some DCIS lesions will progress to an aggressive invasive cancer. However, not all DCIS will
progress to invasive cancer. Unfortunately, it is currently not possible to determine which lesions will

and will not progress (14).

Ductal carcinoma in situ can be cured by complete local resection with adequate free margins.
To prevent recurrence adjuvant radiotherapy is usually advised. To avoid unnecessary operations,
accurate preoperative lesion detection and determination of lesion extent are essential if breast

conserving therapy is planned (11).

After the introduction of mammographic screening, the detection of DCIS has increased from
2% to 20% of all diagnosed cases (8)(15).

Mammography is the primary tool for detecting DCIS. The most common mammographic
presentation of DCIS is microcalcifications; less frequently, it may present as a mass or architectural
distortion (14)(6)(7). Mammography has limitations especially in women with dense breast tissue. The
overall sensitivity of mammography for detection of DCIS in asymptomatic women varies between 60-
97 % (6)(7).

Ultrasound has many advantages such as easy to use, real-time image, more efficient in
examination of the dense breast tissue, and the ability to detect small lesions and focal dilated breast
ducts negative on MG. DCIS lesions can effectively be recognized as mass-like lesions and non-mass-
like lesions by ultrasound. Mass-like lesions looks like hypoechoic areas and hypoechoic solid masses
and are the most common ultrasonographic features of DCIS. Non-mass-like lesions such as ducts

abnormalities and punctate echogenic foci are also helpful for the diagnosis of DCIS (16)(7).

The role of diagnostic and screening MRI in invasive BC is well-known, with a sensitivity around
80-100%; however the exact role in DCIS staging is still debated (5). The most common morphologic
manifestation of DCIS on MRI is nonmass enhancement (NME), and less commonly DCIS presents as

a mass or focus on MRI (14).
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With increasing interest in applying breast-conserving surgery to breast cancer, the ability to

accurately assess DCIS tumor size has important clinical issues in the selection of appropriate surgical

treatments (7). Also preoperative MRI depicted additional malignancy and reduced positive surgical

margins and repeat surgery for ductal carcinoma in situ confirmed at US-guided biopsy (7)(17).

Table 1: The Value of Magnetic Resonance Imaging (MRI) for Non-Invasive Breast Cancer

Assessment

Feature

Benefit

Limitations

High Sensitivity

- Excellent at detecting invasive
breast cancers.

- Can identify cancers missed
by mammography, especially in
dense breasts.

- Can lead to false positives due
to non-cancerous lesions.

Improved Extent Detection

- Helps determine the size and
spread of a tumor.

- Useful for surgical planning
and identifying multicentric
cancer (multiple tumors).

- May not be definitive for
differentiating benign from
malignant lesions.

Evaluation of Treatment
Response

- Monitors response to
neoadjuvant chemotherapy
(chemo before surgery). - Helps
assess if breast-conserving
surgery is feasible.

- Not a substitute for biopsy for
definitive diagnosis

High-Risk Screening

- Valuable for women with a
high risk of breast cancer due to
genetics or family history.

- Not recommended for routine
screening in average-risk
women due to cost and
potential for false positives.

Non-invasive and Painless

No radiation exposure
compared to X-ray
mammography. It's a more
comfortable procedure than
some biopsies.

- Can be claustrophobic for
some patients.

- It requires contrast injection,
which may not be suitable for
everyone (allergies, kidney
issues)
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8. AIM AND OBJECTIVES

Aim: to determine the diagnostic value of magnetic resonance imaging (MRI) for the assessment of the

non-invasive breast cancer.

Objectives:
1. To identify the most common features of the non-invasive breast cancer by magnetic resonance

imaging (MRI) examination.

2. To evaluate the accuracy, sensitivity, specificity, and positive (PPV) and negative predictive value

(NPV) of MRI in detecting non-invasive breast cancer.

3. To identify the factors that lead to misleading results of MRI in determining a non-invasive breast
cancer.

4. To assess the changes of MRI features of non-invasive breast cancer after neoadjuvant chemotherapy.
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9. LITERATURE REVIEW

9.1 Breast anatomy

The breasts are paired structures located on the anterior thoracic wall, in the pectoral region.
They are present in both males and females, yet are more prominent in females following puberty (18).

At the center of the breast is the nipple, composed mostly of smooth muscle fibres. Surrounding
the nipple is a pigmented area of skin termed the areolae (18).

The breast is composed of mammary glands surrounded by a connective tissue stroma. The
mammary glands contains tens of thousands of lobules, which are small grape-like clusters of glands
lined by epithelial cells specialized to produce milk. The lobules are interconnected by small ducts,
which join to form larger ducts that eventually exit through the nipple, transmitting milk to nourish our
young. The connective tissue stroma is a supporting structure which surrounds the mammary glands. It
has a fibrous and a fatty component. The fibrous stroma condenses to form suspensory ligaments (of
Cooper). These ligaments have two main functions: attach and secure the breast to the dermis and

underlying pectoral fascia and separate the secretory lobules of the breast (18). (Fig. 1).

Blood
vessels

Pectoral
muscle

Lymph
nodes
Areola

g

Nipple

The glandular parenchyma is estrogen dependent. During adolescence, the growing breast
becomes increasingly glandular. During pregnancy and lactation, the number of acini increases. When
lactation stops, the becomes even less glandular when compared to before pregnancy. Thus, the breast
of a parous woman is less glandular when compared to a nulliparous woman of the same age. Breast
parenchyma starts to atrophy in adulthood and accelerated in menopause with increasing amount of fat
(18).
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9.2 Breast parenchymal density and background parenchymal enhancement

The term breast density exclusively refers to the amount of epithelial and stromal elements in a
breast. The fat is radiographically lucent and appears dark on a mammogram, while the epithelium and
stroma are radiographically dense and look light. The denser the breast, the more difficult it is to identify
a lesion (19).

There were formulated many classifications to describe breast parenchyma and mammography
density patterns. The most widely used in daily practice is American College of Radiology (ACR)

classification.

ACR has proposed a classification according to the percentage of density of the breast: ACR-1-
almost entirely adipose (<25% fibro-glandular density), ACR-2 — scattered fibro-glandular densities (25-
50% fibro-glandular density), ACR-3 — heterogeneously dense (51-75% fibro-glandular density), ACR-
4 — extremely dense (>75% fibro-glandular density) (19). (Fig. 2)

Level 1 ¢ Level 2 | Level 4

BPE describes the enhancement of normal breast tissue at MR imaging after the administration
of intravenous contrast material. BPE is independent of the mammographic density and the amount of
fibroglandular tissue. The amount of BPE is thought to be a function of vascular flow to and contrast
material uptake in breast tissues and is usually symmetric and bilateral. Per BI-RADS guidelines, BPE
should be qualitatively assessed with the first contrast-enhanced subtraction series and should be
categorized as “minimal,” “mild,” “moderate,” or “marked”; and BPE should also be described

individually in each breast if asymmetric (20). (Fig. 3)
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(a) (b) (c) (d)

Fig. 3. Background parenchymal enhancement: a — minimal, b — mild, c — moderate, d — marked

9.3 Breast pathology
9.3.1 Benign breast disorders

Benign breast disorders (BBDs) and their wide range of symptoms represent the majority (~90%) of
breast-related complaints and abnormalities. There are different types of benign breast lumps. In general,

benign breast masses are divided into three types:

1) No proliferative - this type of mass has normal cells. It may be a cyst (a fluid-filled sac) or a
simple fibroadenoma (a solid, well-defined lump). Most of these masses do not increase the risk
of breast cancer and go away without treatment. If cysts are large or causing discomfort, the fluid
can be drained.

2) Proliferative without atypia - in this type of breast mass, the cells are increasing in number but
are otherwise normal. Having this type of mass slightly increases the risk of future breast cancer.
These masses may be surgically removed, but sometimes they can just be watched to make sure
they are not growing.

3) Atypical hyperplasia of the breast - in this type of mass, the cells are not normal and are
increasing in number. Having this type of mass greatly increases the risk of future breast cancer.

It is recommended that you have surgery to remove the cells and the area around them (21).

9.3.2 High risk breast disease

Breast lesions with uncertain malignant behavior, also known as high-risk or B3 lesions. The
main high-risk lesions of the breast are: atypical intraductal epithelial proliferation (atypical ductal
hyperplasia), lobular neoplasia (including the subcategories lobular carcinoma in situ and atypical

lobular hyperplasia), flat epithelial atypia, radial scar and papillary lesions, and phyllodes tumor (21).
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9.3.3 Malignant breast disease

Breast cancer is a heterogeneous disease with various molecular subtypes that behave differently due

to their biology. Common types of breast cancer include:

1) Invasive (infiltrating) ductal carcinoma (IDC): this cancer starts in the milk ducts and spreads to
nearby breast tissue. It’s the most common type of breast cancer in the world.

2) Lobular breast cancer: this breast cancer starts in the milk-producing glands (lobules) of the
breast and often spreads to nearby breast tissue. It’s the second most common breast cancer.

3) Ductal carcinoma in situ (DCIS): like IDC, this breast cancer starts in the milk ducts. The
difference is DCIS doesn’t spread beyond the milk ducts (21).

9.4 Ductal carcinoma in situ

Ductal carcinoma in situ of the breast is characterized by malignant epithelial cells confined to
the ductal system of the breast without evidence of invasion through the basement membrane into the
surrounding stroma. DCIS is a non-obligate precursor of invasive breast cancer, and up to 40% of these

lesions progress to invasive disease if untreated (22). (Fig. 4)

Lobule
Duct

®)

Normal duct

s

[/

Abnormal cells
in duct

Fig. 4. Ductal carcinoma in situ

The early classification of DCIS was based on histological features viewed under the microscope.
These features included the architectural arrangement or growth pattern of cells, the size and shape of
cells and their nuclei, estimates of growth rate based on counting dividing cells referred to as mitotic
figures, and the amount of cell necrosis. The architectural subtypes of DCIS were classically divided
into noncomedo and comedo subtypes; noncomedo subtypes were further subdivided into cribriform,
micropapillary, solid and papillary, while the comedo subtype was defined by high-grade cells,

prominent central necrosis, and associated pleomorphic microcalcifications. However, a large proportion
18



of DCIS shows complex mixtures of growth patterns, which is difficult to classify in the
noncomedo/comedo architectural subtypes. (23)

Currently the European classification took into account the degree of atypia of the nuclei was the
one correlating the best with clinical outcomes. In this system, the nuclear grade of the DCIS lesions is
defined as low grade (grade 1), intermediate grade (grade 2), and high grade (grade 3), and this
information is now one of the necessary components of a breast pathology report for DCIS, as
emphasized in the 2009 College of American Pathologists-American Society for Clinical Oncology
protocol for reporting of DCIS lesions. (23)(11)

9.5 Imaging modalities for detection ductal carcinoma in situ
9.5.1 Mammography

Mammography is a highly sensitive diagnostic procedure for detecting DCIS. Several studies
show that the diagnosis of DCIS mainly depends on the detection of microcalcifications on
mammographic screening (70-90% of cases), while only a smaller percentage of cases is diagnosed as
a palpable mass or a nipple discharge or ulceration (Paget’s disease). The mammographic features of
DCIS have been well described in the literature, with microcalcifications being the dominant feature.
Other findings, such as masses, architectural distortions, dilated retroareolar ducts, and developing

densities, have also been reported. (24)(7) (Fig. 5)

Fig. 5. Spot magnification mammogram with a small cluster of pleomorphic microcalcification
suspicious for ductal carcinoma in situ (DCIS)
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9.5.2 Ultrasound

While the visibility of DCIS on ultrasound has a wide range in the literature (8%—-50%), it is
generally regarded as the least valuable imaging modality for DCIS detection and depiction. However,
ultrasound can be useful to further evaluate mammographic findings that are not pure calcifications (eg,
mass, asymmetry, or distortion). The appearance of DCIS on ultrasound is variable, and it include benign
appearing masses, complex solid and cystic masses, masses with a “pseudomicrocystic” appearance,
hypoechoic irregular masses, and “nonmass” presentations such as hypoechoic areas, dilated ducts and
echogenic foci. “Nonmass” presentations of DCIS on ultrasound are likely under recognized because of

their overlap in appearance with benign duct ectasia. (25) (Fig. 6)

Fig. 6. “Nonmass” presentations of DCIS on ultrasound - hypoechoic area, followed by
abnormalities of the ducts

9.5.3 Magnetic resonance imaging

MRI is the most sensitive imaging tool for detection of all grades of DCIS. The most common
morphologic manifestation of DCIS on MRI is nonmass enhancement (NME) (60-81% of cases) (Fig.
7), and less commonly DCIS presents as a mass (14-41% of cases) or focus (1-12% of cases) on MRI.
Breast MRI may play a vital role indetecting DCIS that will impact a patient’s outcome. This is related
to the fact that contrast enhancement is a biomarker of angiogenic and protease activity. With increasing
grades of DCIS, vascularity increases. DCIS lesions that enhance on MRI are therefore more likely to
have potential to progress to invasive carcinoma with higher likelihood than those detected on

mammaography. (14)
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Fig. 7. Nonmass enhancement of DCIS on magnetic resonance imaging (T1+contrast and
subtraction)

9.6 Breast Imaging Reporting and Data System (BI-RADS)

This system provides standardized breast imaging (MG, US, MRI) terminology, reporting,
structure assessment, classification of the results and assures clear and consistent communication
between radiologists and the referring physicians. BI-RADS classification divides the findings,

according to the probability of malignancy, into 6 different categories (Table 1). (26)

Table 2. BI-RADS Classification

CATEGORY DEFINITION

Caterogy O MG: Incomplete — additional imaging eveluation and / or
comparison to prior MG is needed
US & MRI: Incomplete — additional imaging evaluation is needed

Category 1 Negative

Category 2 Benign

Category 3 Probably benign (follow-up in short time frame is suggested)

Category 4 Suspitious (biopsy should be considered)

Category 4A Low suspicion of malignancy

Category 4B Moderate suspicion of malignancy

Category 4C High suspicion of malignancy

Category 5 Higly suggestive of malignancy

Category 6 Known biopsy-proven malignancy

9.7 Treating ductal carcinoma in situ

Management strategies for DCIS treatment include surgery (mastectomy or lumpectomy),

radiation therapy, and adjuvant endocrine therapy. (7)

In the majority of DCIS patients (70-80%), the current standard therapy for DCIS begins with
breast-sparing surgical excision of the tumor, with tumor-free resection margins. Obtaining clear
resection margins with accurate preoperative evaluation helps decrease operation time and reduces the

chances of repeating surgery or early local recurrence.

Sentinel lymph node biopsy (SLNB) is not routinely performed in patients with DCIS because,
in theory, DCIS does not metastasize to adjacent lymph nodes. In clinical practice, however, a
preoperative diagnosis of DCIS as determined by pathologic analysis of biopsy specimens does not
preclude invasive disease in excised specimens. Some studies have shown that up to 50% (range, 3.5—
56%) of excised DCIS specimens that were initially diagnosed preoperatively by core needle biopsy

(CNB) or vacuum-assisted core biopsy (VACB) have an invasive component. In such cases the patient
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will have to undergo sentinel lymph node biopsy (SLNB) and possibly a second surgery. Therefore an
accurate preoperative lesion detection and determination of lesion extent are essential if breast

conserving therapy is planned. (11)(8)(7)

To prevent recurrence adjuvant radiotherapy is usually advised. The National Comprehensive
Cancer Network Clinical Practice Guidelines in Oncology for Breast Cancer recommend that primary
treatment options for DCIS are lumpectomy plus whole breast radiation therapy with or without boost
to tumor bed. And then, endocrine therapy with tamoxifen or an aromatase inhibitor may be considered
as a strategy to reduce the risk of recurrence in women with estrogen receptor positive DCIS. (11)(8)(7)

DCIS is often treated more aggressively than its true biology warrants. (9) A retrospective
Surveillance, Epidemiology,and End Results (SEER) study demonstrated for the first time that patients
with low-grade DCIS had the same overall survival and breast-cancer-specific survival rates with or
without surgery. The need to reframe perceptions of risk and to avoid overtreatment is urgent, as
overtreatment leads to physical and emotional harm for patients and to unnecessary costs for society.
Recently, three clinical trials (LORIS (United Kingdom, NCT02766881), COMET (United States of
America, NCT02926911) and LORD (The Netherlands, NCT02492607)) have opened to randomise

patients with low-risk DCIS between active surveillance and standard treatment. (27)

9.8 DCIS and neoadjuvant chemotherapy

Currently, neoadjuvant chemotherapy is offered to patients with locally advanced breast cancer
and also those breast cancer patients who may benefit from size reduction before conservation
therapy. Invasive breast cancers are often (33% - 53%) accompanied by adjacent ductal carcinoma in
situ (DCIS) that frequently presents as multiple calcifications on mammograms. The presence of
extensive DCIS in association with invasive breast cancer is often considered to be an absolute indication
for mastectomy, even for patients receiving neoadjuvant chemotherapy. This dogma is based on the

widely held assumption that DCIS does not respond well to neoadjuvant chemotherapy.

Neoadjuvant chemotherapy response is divided in to: complete response (CP), partial response (PR), no
response (NR) and progressive disease (PD). Also it can be clinical (c) and pathological (p). One of our
tasks is to analyze the literature on non-invasive breast cancer and neoadjuvant chemotherapy: is there

a response to treatment of DCIS and what are its signs on breast MRI. (28) (29)
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10. RESEARCH METHODOLOGY AND METHODS

10.1. Type of study
This study is a systematic literature review .
10.2. Search methods

This literature review is carried out according to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines, The search for scientific publications was

"o ons

conducted using PubMed online database Keywords used: "ductal carcinoma in situ", "imaging features
of ductal carcinoma in situ", "value of MRI in detection of ductal carcinoma in situ", "ductal carcinoma
in situ and neoadjuvant chemotherapy". The search was further limited by applying additional filters

such as "full text", "10 years", and "English".

10.3. Inclusion and exclusion criteria

Table 3. Inclusion and exclusion criteria

Inclusion Exclusion
Publications in English Publications not in English
Published within the last 10 years (2014-2024) Published more than 10 years ago
Full text articles available Not full text articles
Articles with abstracts Articles without abstracts
Studies conducted on humans Studies conducted on animals
Studies performed in adult populations (age 18+) | Studies performed in paediatric populations (age
0-17)

10.4. Search strategy for article selection

The PRISMA principles were complied with to throughout this systematic study in order to
ensure open and honest reporting. From the beginning, we conducted a thorough search in PubMed using
pertinent keywords, which resulted in the discovery of 385 publications. It was then that we filtered the
results to include only English language publications from the past ten years, which resulted in 368
articles. This was done to ensure that the information was both current and pertinent. After that, the titles
and abstracts of the papers were examined to determine how relevant they were to the study issue. As a
result, 122 of the articles were cut out of consideration. In the end, the remaining 212 articles were
subjected to a thorough evaluation based on the criteria that had been established beforehand, and only

32 of them were eventually chosen for inclusion in this review.
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The purpose of this literature review is to evaluate the significance of magnetic resonance
imaging (MRI) in the evaluation of non-invasive breast cancer without the necessity for invasive
procedures. To locate scholarly papers that emphasize the value of magnetic resonance imaging (MRI)
in treating non-invasive breast cancer, a comprehensive search was conducted on the PubMed database
by the PRISMA guidelines. Several words that were associated with breast cancer, imaging, magnetic
resonance imaging (MRI), and ductal carcinoma in situ were included in the search process. Boolean
operators, specifically AND, integrated terms throughout the search process. This assisted in conducting
a targeted analysis of the literature concerning non-invasive approaches for making a diagnosis of breast
cancer. The results of the search were narrowed by applying parameters such as "full text,” "10 years,"
and "English." A preliminary search was conducted with the keyword list, and the subsequent search
results were thoroughly examined to increase the results' accuracy. The iterative technique aimed to
uncover the most relevant information regarding magnetic resonance imaging (MRI) to evaluate non-
invasive breast cancer while minimizing unnecessary trials. By examining shared characteristics,
evaluating diagnostic measures, identifying factors that may lead to erroneous outcomes, and evaluating
alterations in MRI features following neoadjuvant chemotherapy for non-invasive breast cancer, the
review is focused on achieving the research objectives. This methodology, which is deliberate and
repetitious, ensures that the most recent information in this sector is incorporated in a manner that is
both comprehensive and focused. The purpose of this review is to investigate the possible advantages of
utilizing magnetic resonance imaging to enhance the evaluation of breast cancer that does not involve
invasive procedures. Our top priority will be to priorities research that focuses on outcomes directly

related to the evaluation of non-invasive breast cancer. There are a few outcomes that could occur:

1. Diagnostic accuracy: How does the use of MRI impact the accuracy of non-invasive breast cancer

assessments?

2. Treatment planning: Does MRI contribute to more effective treatment planning for individuals with

non-invasive breast cancer?

3. Patient outcomes: What are the long-term outcomes for individuals whose non-invasive breast cancer

was assessed using MRI?

By focusing on these outcomes, we aim to gain a comprehensive understanding of the value of magnetic
resonance imaging in the assessment of non-invasive breast cancer and inform future research

endeavors.
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11. RESULTS AND THEIR DISCUSSION

11.1 The most common features of the non-invasive breast cancer by magnetic resonance imaging

(MRI) examination

We analyzed 10 research articles for assessing the most common DCIS features on breast MRI

examination.

Publication characteristics:

A retrospective study was carried out in 9 of the analyzed articles and a prospective study in 1.

A total of 1367 patients were included in the study. Patients ranged in age from 24 to 84 years (mean

age 57.5 years). All included patients underwent breast MRI. Final pathologic findings: pure DCIS was

detected for 1027 (75.1%) patients, for 50 (3.7%) patients was found microinvasive carcinoma, 225

(16.5%) patients after surgery showed evidence of DCIS with invasive components, for 61 (4.5%) -

bening changes were detected and for 4 (0.3%) patiens final pathologic findings were unavailable.

Characteristics of the patients and studied lesions can be seen in the table below (Table 2):

Table 4. Characteristics of the patients and studied lesions

No enhancement or
benign 56 (91.8%)

Study Patients Patients age MR imaging Final pathology | MRI diagnostic
authors, number enhancement findings value in
year, type | (MRT) detecting DCIS
or study
3 |HS Mun |78 Mean age 50 No enhancement 2 Pure DCIS 78 Se 97%
etal, years; range 30- | (3%)
2013, R (6) 76 years Mass 43 (55%)
NME 33 (42%)
8 | A Bauret |58 Mean age 52 Mass 24 (46.2%) Pure DCIS 58 Se 79.3%
al., 2013, years; range 30— | NME 28 (53.8%)
R (11) 80 years
2 | J. Noriet 125 Median age 50 No enhancement 18 | Pure DCIS 91 Se 85.6%
al., 2014, years (standard (14.4%) DCIS+IC 34
R (5) deviation [SD] Focus 8 (6.4%)
10.7; range 24— | Mass 38 (30.4%)
79; mean 51.5) NME 49 (39.2%)
Mist 12 (9.6%)
5 | Ch.W. Lee | 128 Mean age 53.65 | Mass 55(43.3) NME | Pure DCIS 73
atal., + 9.48 years DCIS+IC 55
2015, R (8) 72(56.7)
10 | G.M. 99 Average 56.6 38 DCICor IC: Pure DCIS 25 Se 96%
Badan et years, median 55 | No enhancement 1 IC 13 Sp 75.67%
al., 2016, years, range 33- | (2.6%) Benign 61 PPV 57.14%
R (15) 84 years Mass 11 (29.0%) NPV 98.24%
NME 26 (68.4%) Ac 80.80%
61 benign:
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Mass 1 (1.6%)
NME 4 (6.6%)
4 | S.H.Baek |56 Mean age 51 No enhancement 1 Pure DCIS 56 Se 98.2%
etal, years; range (1.8%)
2017, R (7) 28-72 years Mass 33 (59%)
NME 22 (39%)
1 | KH. Lee 217 Mean age Mass 114 (52.5%) Pure DCIS 202
etal., 50.2 +10.6 NME 103 (47.5) DCIS+IC 15
2019, R (4) 50.3+114
9 |R.L.Lamb |61 Mean age 52 Mass 10 (16.4%) Pure DCIS 48
etal, years, range 30- | NME 48 (78.7%) DCIS+IC 13
2019, R 76 years NME+Mass 2
(12) (3.3%)
Focus 1 (1.6%)
7 | G.Y.Yoon | 206 Mean age 49.7 £ | No enhancement 12 | Pure DCIS 112 | Se 94.2%
etal, 10.7 years (5.8%) DCIS+mIC 50
2020, R Mass 87 (42.4%) DCIS+IC 44
(10) NME 107 (52.0%)
6 | Sh.S. Chou | 339 Median age, 60 | Mass 61 (18%) Pure DCIS 284 | Se 86%
etal., years; range 51— | NME 195 (58%) DCIS+IC 51
2021, P (9) 66 years Focus 34 (10%) Unavailable 4
Missing 49 (14%)

R — retrospective; P — prospective; NME — non mass enhancement; DCIS — ductal carcinoma in situ, IC — invasive cancer;
MRI — magnetic resonance imaging; Se — sensitivity; Sp — specificity; PPV — positive prognostic value; NPV — negative
prognostic value; Ac — accuracy.

MRI features of DCIS

The most common feature of DCIS on MRI is nonmass enhancement ~53.5%, in differents

studies it varies between 39% and 78.7%, Less commonly DCIS presents as a mass ~39.2% (16.4% -

59.0%). In 3 studies singled out focus enhancement ~6% (1.6% - 10.0%) and in Lamb et al. study bouth

features (mass and non-mass like enhancment) were detected in 3.3%. In 6 studies in some cases were

no enhancement detected ~6.9% (1.8% - 14.4%). (Fig. 8)

DCIS lesions enhancement (%)

3.3

6

= Mass

= Non-mass enhancement
Focus Non-mass enhancement+Mass

= No enhancement

Fig. 8. DCIS lesions enhencement on breast MRI
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The most common morphologic manifestation of DCIS on MRI (nonmass enhancement) was
detected in R.L.Lamb et al. study — 78.7% and mass enhancement was found only in 16.4% of cases.
(12) Three studies found the higher mass enhancement of DCIS (52.5% - 59.0%) and non mass
enhancement was detected in less cases of DCIS (39.0% - 47.5%). (4)(6)(7)

In MRI examination it is important to determine not only the extent of disease, but also the

possible invasive component.

In K.H.Lee et al. study of the 431 patients with a preoperative diagnosis of DCIS, 34 (7.9%)
showed IC during the postoperative pathological investigations. Among MRI-related factors, mass-like
enhancement on MRI was the sole but significant predictor of IC (HR = 0.26, C.I. = 0.07-0.93, p =
0.038), while nipple-areolar complex invasion, enhancement peak and pattern were not statistically

significant. (4)

Ch.W.Lee reported that of the 128 patients with a preoperative diagnosis of DCIS, 73 (57.0%)
had postoperative histopathologic evidence of true DCIS and 55 (43.0%) showed evidence of DCIS with
invasive components. Results of statistical analyses revealed that MRI evidence of a mass-like lesion (P
= 0.025), nipple-areolar complex (NAC) invasion (P = 0.029), larger tumor volume (P = 0.010), larger
maximum measurable apparent diffusion coefficient (ADC) area (P = 0.039), heterogenous or rim
enhancement pattern (P = 0.010) were predictive of DCIS with an invasive component in postoperative

surgical specimens. (8)

In G.Y.Yoon et al. study among the 206 biopsy-confirmed DCIS lesions, 112 (54.4%) were
found to be pure DCIS in the final surgical pathology, 50 (24.3%) were upgraded to mIDC, and 44
(21.4%) were upgraded to IDC. MRI features of DCIS lesions: an irregular shape, not-circumscribed
margins, heterogeneous or rim-enhancing masses, clumped or clustered ring-enhancing NMEs, a larger

size, and high peak enhancement were significantly associated with histologic upgrade. (10)

So in cases of DCIS when we see mass-like enhancement, nipple-areolar complex invasion, an
irregular shape, not-circumscribed margins, heterogeneous or rim-enhancing masses, clumped or
clustered ring-enhancing NMEs, a larger size, we can predict an invazive component. In this cases
histologic upgrade should be considered before surgical planning, to include sentinel lymph node biopsy

in view of possible axillary lymph node metastasis.
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11.2 The sensitivity of MRI in detecting non-invasive breast cancer

MRI is the most sensitive imaging tool for detection of all grades of DCIS. Of our analysed 10
research articles (Table 2) in one article the MRI sensitivity, specificity, positive predicted value,

negative predicted value and accuracy were calculated. (15) The results can be seen below. (Fig. 9)

120

98.24
100 96

80 75.67

60 57.14

Percentages

40

20

Sensitivity Specificity PPV NPV Accuracy

Fig. 9. MRI diagnostic value in detecting DCIS

In 6 studies the MRI sensitivity in detecting DCIS is described and it varies between 79.3% and
98.2%. (5,6,7,9,10,11).

A.Baur et al. retrospectively reviewed and analyzed 58 patients with pathologically proven pure
DCIS and preoperatively performed breast MRI. MRI detected pure DCIS with a sensitivity of 79.3%.
MRI detection rate of DCIS decreased significantly (p = 0.0458) with increasing nuclear grade.
Calculated sensitivities were 100% for low-grade DCIS, 84.6% for intermediate-grade DCIS, and 66.7%
for high-grade DCIS. (11) These results are doubtful, because we found a different results in 2009 years
systematic review writen by A. C. Schmitz et al. In this study 26 articles were finally included, a total
of 1051 patients with 1059 lesions. Sensitivity for diagnosis of pure DCIS ranged from 58% to 100%,
with an overall of 84%. Sensitivity was highest for high-grade DCIS (95%). (30)

Anyway, MRI is the most sensitive imaging tool for detection of all grades of DCIS.
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11.3 Factors that lead to misleading results of MRI in determining a DCIS

The aim of MRI examination it is to determine the extent of disease and the possible invasive
component due to avoid ouvertreatment or repeated surgery. Analysing our selected articles we have

singled out several reasons of false-positive and false-negative results.

Patients position. By performing MRI in the prone position, the breast may be stretched by gravity.
Although most instances of DCIS can be visualized on MRI, inaccurate tumor size assessment or false
negative results remain a problem. Overestimating tumor size may lead to unnecessary mastectomies.
There is a tendency toward overestimating tumor size on MRI and 38-50% of tumors are reportedly

overestimated.

Non-enhancing disease. A major contributor to the false-negative MRI diagnoses in breast cancer
patients is non-enhancing DCIS. Due to the too small assessment of the extent of disease, the changes

may not be removed during the surgery or there can be tumor cells on resection margins.

Hormonal influence and benign proliferative changes. Regional or segmental enhancing DCIS can
be masked by stippled enhancement due to hormonal influence and fibrocystic changes. The most
common morphologic manifestation of fibrocystic changes on MRI is nonmass enhancement. It can

mimic DCIS and the unnecessary interventions could be done.

Background parenchymal enhancement (BPE). Marked BPE can masked the known DCIS lesion if

the enhancement is subtle.

Biopsy. Usually MRI is done after US-guided biopsy. Enhancement can be influenced by biopsies,
which can influence in tumor size assessment. There is a recommendation to underwent breast MRI

before biopsy or 48 hours after biopsy.

11.4. Features of non-invasive breast cancer after neoadjuvant chemotherapy

Ductal carcinoma in situ (DCIS) frequently presents as multiple calcifications on mammograms,
but also many studies have found that remnant calcifications after neoadjuvant chemotherapy are not
correlated with residual tumor burden. Therefore remnant calcifications on mammography after
neoadjuvant chemotherapy should not be considered to constitute evidence of residual DCIS.
(29)(31)(28) U.Wasir et al. have denied the dogma that DCIS does not respond well to neoadjuvant
chemotherapy and revealed that 40% of DCIS can be eradicated by neoadjuvant chemotherapy.

The National Surgical Adjuvant Bowel and Breast Project defines pathological complete

response (pCR) as no residual invasive cancer in the breast but allows ductal carcinoma in situ
29



components and positive axillary lymph nodes. (32) Although residual ductal carcinoma in situ
components of breast cancer after neoadjuvant chemotherapy are considered as pathological complete
response (pCR); however, surgery is differently planned if these components are of no residual invasive
and in situ carcinoma (ypTO0). So obtaining clear resection margins with accurate preoperative evaluation

helps decrease operation time and reduces the chances of repeating surgery.

We found one research where authors assessed pathological and radiological features to
discriminate no residual carcinoma (ypTO0) from residual ductal carcinoma in situ (ypTis) in breast cancer
patients who received neoadjuvant chemotherapy.(31) S. Park et al. assessed that an enhancing area
distinct from the background parenchymal enhancement was considered to indicate the presence of
residual tumors, while the absence of a distinct enhancing area was considered to indicate complete
response to chemotherapy. They also detected that in MRI examination the main lesion of the ypTO
group was more likely to present as a mass, but non-mass enhancement was more frequent in the ypTis
group. In this study, the triple-negative breast cancer subtype and complete response on MRI after
neoadjuvant chemotherapy were independent predictors for discriminating ypTO from ypTis. The
sensitivity and specificity for the detection of residual DCIS at the time before surgery was 68.0% and
70.1%, for MRI in Park et al. study while in H. Goldberg et al. study the sensitivity of MRI for persistent
disease reached 91% and specificity was 66%. (31)(29) Therefore breast MRI could be suggested as a
modality that accurately discriminates between ypTO and ypTis after NCT.
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12. CONCLUSION

Magnetic resonance imaging (MRI) is important in medical diagnostics, particularly non-
invasive breast cancer assessment. Even though there have been tremendous breakthroughs in diagnostic
and treatment methods, ongoing research is still investigating the relationship between magnetic
resonance imaging (MRI) and non-invasive breast cancer assessment measures. With the help of this
systematic review, an attempt is made to make sense of the complicated relationship by highlighting

significant findings and providing potential avenues for further investigation.

Based on the findings of the research, magnetic resonance imaging (MRI) has two impacts that
can be used to evaluate breast cancer without the need for invasive procedures. By providing
comprehensive images of breast tissue, magnetic resonance imaging (MRI) can assist in the early
diagnosis and characterization of ductal carcinoma in situ (DCIS). This is beneficial for both the planning
of treatment and the prognosis, and it may also reduce the adverse consequences that are associated with

invasive breast cancer.

1) Identification of Common Features of Non-Invasive Breast Cancer by MRI

The analysis of 10 research articles provided valuable insights into the features of non-invasive
breast cancer, particularly ductal carcinoma in situ (DCIS), as detected by magnetic resonance imaging
(MRI). The predominant finding across studies was the prevalence of non-mass enhancement (NME) as
the most common morphologic manifestation of DCIS on MRI, accounting for approximately 53.5% of
cases. Mass enhancement, although less frequent, was still significant, observed in approximately 39.2%
of cases. Additionally, focus enhancement was noted in about 6% of cases, while a combination of mass
and non-mass enhancement was detected in a small percentage of cases. Notably, a minority of cases

showed no enhancement on MRI.

These findings underscore the importance of MRI in detecting and characterizing DCIS lesions,
with NME emerging as a prominent feature. The varying prevalence of different enhancement patterns
highlights the complexity of DCIS imaging and the need for comprehensive evaluation to ensure

accurate diagnosis and treatment planning.

Moreover, MRI plays a crucial role in identifying the invasive component of DCIS, aiding in
distinguishing pure DCIS from DCIS with invasive components. Studies have demonstrated the
significance of certain MRI features, such as mass-like enhancement, nipple-areolar complex invasion,

tumor volume, and enhancement pattern, in predicting the presence of invasive cancer. These findings
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emphasize the value of MRI in guiding clinical decision-making and surgical planning, particularly
regarding the need for sentinel lymph node biopsy in cases with suspected invasive components.

2) Evaluation of MRI Accuracy, Sensitivity, Specificity, PPV, and NPV in Detecting Non-Invasive
Breast Cancer

The study also evaluated the accuracy, sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) of MRI in detecting non-invasive breast cancer. Across multiple
studies, MRI demonstrated high sensitivity, ranging from 79.3% to 98.2%, reaffirming its status as the
most sensitive imaging tool for detecting DCIS. Additionally, MRI exhibited strong accuracy and
specificity, further supporting its utility in the comprehensive evaluation of breast lesions. These findings
underscore the reliability and effectiveness of MRI in the detection and characterization of non-invasive

breast cancer, facilitating informed clinical decision-making and treatment planning.

3) ldentification of Factors Leading to Misleading MRI Results in Determining Non-Invasive

Breast Cancer

The study identified several factors that can lead to misleading MRI results in determining non-
invasive breast cancer. These factors include patient positioning, non-enhancing disease, hormonal
influences, background parenchymal enhancement (BPE), and biopsy-related effects. Awareness of
these potential pitfalls is crucial for radiologists and clinicians to minimize diagnostic errors and ensure

accurate treatment planning for patients with non-invasive breast cancer.

4) Assessment of MRI Features Changes after Neoadjuvant Chemotherapy

Furthermore, the study assessed the changes in MRI features of non-invasive breast cancer after
neoadjuvant chemotherapy (NCT). While residual calcifications on mammography after NCT may not
necessarily indicate residual DCIS, MRI emerged as a valuable tool for assessing treatment response
and residual disease burden. Studies demonstrated MRI's ability to accurately discriminate between
residual DCIS and complete response to chemotherapy, guiding surgical planning and optimizing patient

outcomes.

In conclusion, this study provides comprehensive insights into the role of MRI in the
identification, evaluation, and management of non-invasive breast cancer. Despite challenges such as
misleading results and treatment response assessment, MRI remains an invaluable imaging modality for

detecting and characterizing DCIS, facilitating informed decision-making and improving patient care
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and outcomes. Continued research and technological advancements will further enhance the role of MRI

in non-invasive breast cancer imaging and management, ultimately benefiting patients worldwide.
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