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Abstract

Background: Peatients follow-up subsequent to conservative
breast therapy (BCT) is essential due to tumor recurrence
with rates ranging between 1% and 2% annually. It occurs
commonly during a period of 3-7 years after being subjected
to BCT. Timely and early detection of breast cancer recurrence
is believed to remarkably improve and assist long-term sur-
vival.

Aimof Sudy: To assess new advances of Magnetic Res-
onance Imaging (MRI) and Magnetic Resonance Spectroscopy
(MRS) in diagnosis of recurrent breast cancer after conservative
surgery, chemotherapy and radiotherapy and differentiate it
from post therapeutic changes.

Patients and Methods: The current study was conducted
on 20 patients proved to be breast carcinoma by histopatho-
logical grading. Six patients were presented with breast lump,
three patients were presented by nipple discharge, four patients
were presented by diffuse breast enlargement and seven
patients were presented for post-operative follow-up at El-
Demerdash Hospital during the period from October 2018 to
April 2019.

Results: A strong positive correlation is detected between
choline peak findings and the level of Ki67, the higher the
choline the higher the Ki67 the more aggressivenessis the
tumor.

Conclusion: Both dynamic contrast enhanced MRI and
MRS are valuable tools in the evaluation of post-operative
breast having high sensitivity and specificity to differentiate
between benign post-operative changes and recurrent malignant
tumor. On the other hand, MRI on the breast can assist to
avoid unnecessary interventions and optimizes diagnosis of
recurrence in its early stages.

Key Words: Magnetic resonance imaging — Magnetic reso-
nance spectroscopy — Malignant breast lesions.

Introduction

CHANGES on both physical examination and post
treatment breast imaging occur after conservative
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breast surgery followed by breast radiotherapy. It
isusually difficult to detect local tumor recurrence,
aswell as evauation of the remainder of the breast
tissue depending on conventional techniques; since
post-treatment alteration, especially within dense
breasts; hence, taking repeated biopsy is often
required [1].

Breast conservative surgeries target first surgical
excision of the breast tumors with a surrounding
margin of histologically normal breast parenchyma
while conserving the patient's breast appearance
and form. Breast conservative surgery is the most
common surgical option for patients with early
stages of breast cancer, namely T1or T2 [2].

Chemotherapy may result in fibrosis and necro-
sis, in the shape of permanent thickness on mam-
mogram. Similarly, calcifications noted in carcino-
ma can be durable even after disappearance of
viable tumor cells. Both permanent shapes and
calcification can be misdiagnosed as carcinoma
on mammogram, leading to fal se positive outcomes

3.

DCE-MRI has avital role in detection and
identification of both primary and recurrent breast
tumors. MRI sensitivity of breast for detection of
residual and recurrent tumors in the post-operative
breast exceeds 90%. Breast MR imaging has been
shown to be useful in differentiating scar tissue
from tumor recurrence regarding the non-enhancing
areas with high Negative Predictive Value (NPV)
for malignancy (88-96%0) [4].

It is also avaluable technique and more specific
in distinction between changes following irradiation
and recurrent carcinoma in patients who had un-
dergone breast irradiation [3].
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Magnetic resonance spectroscopy is used how
as an adjacent modality added to Dynamic Contrast
Enhanced MRI (DCE-MRI) in practical and clinical
evaluations of breast cancer. Malignant lesions are
considered as a marker of high levels of choline-
containing compounds compared to benign or
totally normal breast tissues. An observation which
may serve as the basis for differentiating between
malignant and benign breast tumor. DCE-MRI
together with MR spectroscopy enables the highly
accurate sort of assessment of tumor response in
cases with breast cancer after Neoadjuvant Chem-
otherapy (NAC) compared with other routine meth-
ods; asit can observe and monitor full, partial and
pOoOor responses [5)].

Aim of the study:

The purpose of our study is evaluation of the
new advances of magnetic resonance imaging and
magnetic resonance spectroscopy in diagnosing
recurrent breast cancer after conservative surgery,
chemotherapy and radiotherapy and differentiate
it from post therapeutic changes.

Patients and M ethods

This study involved 20 patients proved to be
breast carcinoma by histo-pathological grading
their mean age was 43 years old female (age range,
25-60 years). Six patients were presented with
breast lump, three patients were presented by nipple
discharge, four patients were presented by diffuse
breast enlargement and seven patients were pre-
sented for post-operative follow-up.

The study took place in El-Demerdash Hospital
during the period from October 2018 to April 2019.
Cases were referred from General Surgery Depart-
ments in El-Demerdash Hospital. All patients were
subjected to full history taking, clinical examination
in addition to full field digital mammaography and
ultrasound.

Digital mammography was performed for 20
patients (mediolateral obligue and craniocaudal
views), using General Electric Medical Systems,
Milwaukee, WI.

Ultrasound was done complementary to mam-
mography in 20 cases. In the other 2 cases who
were young ultrasound was done aone.

The study was conducted using "General Elec-
tric Medical Systems, Logiq Seven PRO" device
with a high frequency probe (5 to 7.5MHZ), scan-
ning was done in all planes (radial, antiradial,
longitudinal and transverse).

Mammographic images were inspected and
analyzed to detect any presence of masses, archi-
tectural deformation, irregular density and calcifi-
cation. Site, number, margins and density were
assessed in al detected masses; however, in mi-
crocalcification, shape and distribution were eval -
uated.

Masses were reevaluated using US focusing on
their shapes, orientation, margins, echo pattern
(anechoic, hyperechoic, complex, hypoechoic, and
isoechoic), lesion boundary (abrupt interface, echo-
genic halo), presence or absence of acoustic shad-
owing or enhancement.

Classification of breast lesions was done based
on the "Breast Imaging Reporting and Data System
(BI-RADS)". Then al patientswith BIRADS 3 &
4 were subjected to further DCEMRI & MRS
examination.

MR imaging protocol:

Dynamic contrast enhanced MRI was done
using high field strength 1.5 Tesla on Signa system
(Philips Intera) with help of dedicated double breast
coil.

Coronal T1 weighted spin echo sequence was
implemented for localization process followed by
plain sequences using T1 weighted fast spin echo
sequence (TR=501msec., TE=10msec.), in addition
to T2 weighted fast spin echo sequence (TR=
4131mesc., TE=120msec.) in axial orientation.
Respiratory triggering was applied for better reso-
lution.

A bolus of gadolinium dimeglumine (Gd-DTPA)
(Magnavist), was injected manually intravenous
at adose of (0.1mmol/kg) followed by saline flush
to ensure that contrast-enhanced images could be
obtained immediately after contrast agent injection.
Dynamic T1 WIs then performed using Gradient
echo T1 weighted image with fat suppression at
the following time points: 1.27minute, 2.55min.,
4.21min., 5.47min and 7.13min.

Image post processing on the workstation:

Post processing image subtraction was taken
between the post contrast imaging showing maxi-
mum enhancement and pre-contrast images (in the
same axia plane), applying the software subtraction
function.

A single-voxel water and fat-suppressed gener-
alized breast spectroscopy examination was per-
formed. Proceeding proton MRS, the channel con-
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tralateral to the lesion was turned off. Automated
parameter optimization involved frequency and
receiver gain adjustment in addition to gradient
tuning.

In order to minimize eddy currents and to max-
imize the water echo signal, localized MRS was
first done with water suppression for adjustments
of the gradients (“gradient tuning”).

Gradient tuning and stability were assured
through prelocalizing a VVolume of Interest (VOI)
in acase. Then localized automatic shimming of
the VOI was executed.

A semiautomatic shimming adjustment was
done to assure a Full Width at Half Maximum
(FWHM). ROI was determined for each DCE-
MRI-detected lesion and single voxel was applied
on the ROI for MR spectroscopy analysis.

Unsuppressed water peak |lower than 25Hz as
aquality parameter of the MR signal.

If FWHM values were higher than 25Hz, the
adjustment procedure was repeated. If FWHM
values were still higher than 25Hz, the quality
check was considered unsatisfactory and the MRS
examination was interrupted and considered a
failure because of technical reasons, such as patient
movement or irregular breathing.

Proton MRS spectroscopy was acquired using
the following technical parameters. TR/TE, 1500/
135; 128 acquisitions; spectral width, 1000Hz; and
1024 data points. The MRS scan time was 3 minutes
18 seconds. In addition, the time for shimming
ranged from 3 to 5 minutes according to lesion.

Therefore, the total time to acquire MRS per
one lesion, including scan time and shimming, was
usually ranged from 6 to 8 minutes. The volume
of interest was arectangular box, positioned by a
radiologist has experience in breast MRI.

The positioning of the VOI was performed on
the basis of axial, coronal, and sagittal subtraction
images. The distribution of VOI was skewed, with
amean (£ SD) of 2.66£2.34mL. Its axes were
aways parallel to the axial, sagittal, and coronal
reference planes. The VOI position and size were
chosen to encompass each enhancing lesion, lim-
iting as much as possible the inclusion of non-
enhancing gland parenchyma or surrounding fat.

MRI image inter pretation:

Subtraction images were first examined to detect
the presence or absence of lesion enhancement.
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In case of lesion enhancement the corresponding
non subtracted pre-contrast and post contrast images
in each time point was viewed together and lesions
interpretation took place whether it afocus, mass.

In case of mass enhancement evaluation was
carried out as follows: Its shape (regular or irreg-
ular). Its border (well defined, ill defined, specu-
lated). Pattern of enhancement (homogenous, het-
erogeneous), dynamic behavior of the mass with
evaluation of the % of enhancement as well asthe
shape of time/signal intensity curve (typel, type
Il or type I11) was studied. The value of the choline
height peak in the MRS study.

Histopathological methodology:

20 cases were subjected to routine histopatho-
logical examination and eosin stain sections of
both the true cut core and the surgical specimen
and were examined using the both low and high
microscopic power.

All the cases were subjected to immune histo-
chemical study using the ki67, monoclonal antibody
to access the ki67 score which reflects the prolif-
erative activity of the tumor cell population which
reflects on the grade and the biological behavior
of the lesion.

The statistical paragraph in material and methods:

Data were statistically described in terms of
mean * Standard Deviation (* SD), median and
range. Comparison between the study groups was
done using one way analysis of variance (ANOVA)
test with post-hoc multiple 2-group comparisons.
Accuracy was represented using the terms sensi-
tivity, and specificity. Receiver Operator Charac-
teristic (ROC) analysis was used to determine the
optimum cut off value for the studied diagnostic
markers. p-values less than 0.05 was considered
statistically significant. All stetistical calculations
were done using computer program SPSS (Statis-
tical Package for the Social Science; SPSSInc.,
Chicago, IL, USA) version 15 for Microsoft Win-
dows.

Satistical analysis:

Recorded data were analyzed using the statis-
tical package for social sciences, version 20.0
(SPSS Inc., Chicago, Illinois, USA). Quantitative
data were expressed as meanv+ Standard Deviation
(SD). Qualitative data were expressed as frequency
and percentage. Probability (p-value): p-value
<0.05 was considered significant; p-value <0.001
was considered as highly significant and p-value
>0.05 was considered insignificant.
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Results

Table (1): Clinical finding distribution of the study group.

Clinical finding No. %
Post-operative follow-up 7 35.0
Palpable lump 6 30.0
Diffuse breast enlargement 4 20.0
Nipple discharge 3 15.0
Total 20 100.0

This table shows that the diffuse breast enlarge-
ment 4 (20.0%), pal pable lump 6 (30.0%), nipple
discharge 3 (15.0%) and post-operative follow-up
7 (35.0%) of clinical finding.

MRI & MRSin Differentiating Post Therapeutic Changes in Malignant Breast Lesions

Table (2): Diagnosis distribution of the study group.

Finding diagnosis No. %

Diffuse skin thickening and edema 6 30.0
Recurrent malignant tumor 5 25.0
Fat necrosis 3 15.0
Seroma 2 10.0
Post-operative scar 2 10.0
Normal 2 10.0

This table shows that the fat necrosis 3 (15.0%),
seroma 2 (10.0%), recurrent malignant tumor 5
(25.0%), diffuse skin thickening and edema 6
(30.0%), post-operative scar 2 (10.0%) and normal
2 (10.0%) of finding diagnosis.

Table (3): Relation between find diagnosis and clinical finding distribution of the study group.

. - Fat Recurrent Diffuse skin Post-operative

Clinical finding necrosis Seroma malignant tumor  thickening and edema scare Normal
Diffuse breast enlargement (n=4) 1 (33.3%) 0 (0.0%) 0 (0.0%) 3 (50.0%) 0 (0.0%) 0 (0.0%)
Palpable lump (n=6) 0(0.0%) 2 (100.0%) 4 (80.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Nipple discharge (n=3) 0(0.0%) 0 (0.0%) 0 (0.0%) 1 (16.7%) 1 (50.0%) 1 (50.0%)
Post-operative follow-up (n=7) 2 (66.7%) 0 (0.0%) 1 (20.0%) 2 (33.3%) 1 (50.0%) 1 (50.0%)
Total 3 (100.0%) 2 (100.0%) 5 (100.0%) 6 (100.0%) 2 (100.0%) 2 (100.0%)

Table (4): Detection of recurrent malignant tumor distribution

of the study group.
Detection of recurrent No. %
malignant tumor
Malignant 5 25.0
Benign 13 65.0
Normal 2 10.0
Total 20 100.0

This table shows that the malignant (25%),
benign (65%) and normal (10%) of detection of
recurrence malignant tumor.

Table (5): Presence of fat on TIW1 distribution of the study

group.
Presence of fat o
on TIW1 No. %
Absent 11 55.0
Present 9 45.0
Tota 20 100.0

This table shows that the absent (55%) and
present (45%) of presenceof faton T 1 W 1.

Table (6): Margin of the lesion distribution of the study group.

Margin of the lesion No. %

Irregular 3 15.0
Regular 4 20.0
Speculated 4 20.0

This table shows that the irregular 3 (15%),
regular 4 (20%) and speculated 4 (20%) of margin
of thelesion.

Table (7): Pattern of enhancement distribution of the study
group.

Pattern of enhancement No. %

Heterogeneous enhancement 6 30.0
Marginal enhancement 4 20.0
No enhancing lesions 8 40.0
Non-mass like enhancement 2 10.0

Total 20 100.0

This table shows that the heterogeneous en-
hancement 6 (30.0%); marginal enhancement 4
(20.0%); no enhancing lesions 8 (40.0%) and non-
mass like enhancement 2 (10.0%) of pattern of
enhancement.
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Table (8): Relation between detection of recurrent malignant
tumor and presence of fat on TIW1 of the study

group.

Detection of
Presence of recurrent malignant tumor 2 p-
faton T1 W1 X value

Malignant Benign Normal

Absent (n=11) 5 (100.0%) 5 (38.5%)
Present (n=9) 0 (0.0%) 8 (61.5%)

1 (50.0%) 7.683 0.036*
1 (50.0%)

Total 5 (100.0%) 13 (100.0%) 2 (100.0%)

Thistable shows statistically significant relation
between detection of recurrent malignant tumor
and presence of fat on T 1 W 1 of the study group.

Table (9): Relation between detection of recurrent malignant
tumor and margin of the lesion of the study group.

) Detection of
Margin of recurrent malignant tumor 2 p-
the lesion X value
Malignant Benign  Normal
Irregular (n=3) 2(40.0%) 1(16.7%) 0(0.0%) 8.286 0.028*
Regular (n=4) 0(0.0%) 4(66.7%) 0(0.0%)

Speculated (n=4) 3 (60.0%) 1(16.7%) O (0.0%)

Thistable shows statistically significant relation
between detection of recurrent malignant tumor and
margin of thelesion.

Table (10): Relation between detection of recurrent malignant
tumor and pattern of enhancement of the study

group.

Detection of recurrent
Pattern of malignant tumor 2 p

value
SantEment Malignant Benign Normal

Heterogeneous 4 (80.0%) 2(15.4%) 0 (0.0%) 12.538 0.041*
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Table (11): Comparison between benign and malignant ac-
cording to choline peak.

Choline . . p-
peak Benign Malignant  Tota t-test value
Range 0.023-0556 0.4-1.2 0.023-1.2 10.523 <0.001**
Mean £ SD 0.094% 0.770+ 0.263%

0.031 0.286 0.338

t: Independent Sample t-test.  p-value <0.001 HS.

This table shows statistically significant differ-
ence between benign and malignant according to
choline peak.

Table (12): Comparison between benign and malignant ac-
cording to Ki67%.

Ki67% Benign Malignant ~ Total t-test  p-vaue
* Range 0.285- 5.033- 0.285- 9.636 <0.001**
6.950 20.53 20.53

*Mean+SD 1435+ 14155+  4.615%
0.902 5.834 2.278

t: Independent Sample t-test.  p-value <0.001 HS.

This table shows statistically significant differ-
ence between benign and malignant according to
Ki67%.

Table (13): Receiver-Operating Characteristic (ROC) curve
for prediction of malignant using the Choline peak
and Ki67%.

Items Cut_off  Sen. Spe. PPV NPV  Accuracy

Cholinepeak 048  100% 93.3% 833% 100%  98.7%
Ki67% 431 100% 86.7% 71.4% 100%  97.3%

Receiver Operating Characteristics (ROC)
curve was used to define the best cut off value of:

* Choline peak which was 0.128, with sensitivity
of 100% specificity of 93.3% positive predictive
value of 83.3%, negative predictive value of
100% with diagnostic accuracy of 98.7%.

* Ki67% which was 2.311, with sensitivity of 100%

a":g)”cemem specificity of 86.7% positive predictive value of
' 71.4%, negative predictive value of 100% with

Marginal 0(0.0%)  4(30.8%) 0 (0.0%) diagnostic accuracy of 97.3%.

enhancement

(n=4) Table (14): Correlation between Choline peak and Ki67% of
No enhancing 0 (0.0%) 6(46.2%) 2 (100.0%) the study group.

lesions (n=8) Ki67%
Non-masslike 1(20.0%) 1(7.7%) 0 (0.0%)

enhancement r p-value

(n=2) Choline peak 0.740 <0.001**
Tota 5 (100.0%) 13 (100.0%) 2 (100.0%) r: Pearson Correlation Coefficient. * * : p-value <0.001 HS.

Thistable shows statistically significant relation
between detection of recurrent malignant tumor and
pattern of enhancement of the study group.

The results of choline peak are strongly corre-
lating with the level of Ki67 (r=740 with p-value
<0.001), the higher the choline the higher the Ki67
the more aggressiveness is the tumor.
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Fig. (1): eSTIR long TE.

Fig. (3): eSTIR_longTE.

Fig. (5): 49yrs old known case of bilateral multicentric breast
cancer for MRI follow-up post chemotherapy.

Discussion

MR imaging is avery good modality in evalu-
ation of the post-operative breast, as distortion of
normal breast tissue may confuse the physical
examination and the mammaographic assessment
of the breast which make difficultiesin differenti-
ating between normal postsurgical changes and
locally recurrent breast cancer [6].

MR imaging has been used successfully to
differentiate between benign post-operative findings
and recurrent breast cancer [4] . The most important
factors of MR imaging in differentiation between
breast cancer and post-operative changes are the

Fig. (2): Tlw_TSE +c.

Fig. (4): Tlw_TSE +c.

morphology of the lesion and enhancement kinetics
following administration of gadolinium contrast
material [7]. Breast cancers, whether primary or
recurrent, will typically demonstrate early and
rapid contrast enhancement with usually delayed
washout. Benign post-operative changes, such as
fibrosis or fat necrosis, will generally demonstrate
more gradual uptake of contrast material [g].

Inour study T 1 WI played agreat rolein differ-
entiating between post-operative fat necrosis and
tumor recurrence, as post-operative fat necrosis
was present in 9 cases from 20 cases with percent-
age 45% which were proved pathologically to be
of benign nature. The clue for the diagnosis of
post-operative fat necrosisis the presence of fat
on T 1 WI. Thisin agreement with [9] who stated
that T 1 W 1 has avery important role in the assess-
ment of post-operative breast lesions mimicking
malignant lesions such as fat necrosis.

Post-operative seromas are common finding
following breast surgery. In this study seromawas
present in 2 cases from 20 cases with percentage
10% and they showing well defined margins, hy-
pertense on STIR images and smooth marginal
enhancement, thisisin agreement with [4]. Which
reported that posto-perative seromas have high
signal intensity on T2-weighted images and smooth.

In our study, we had 2 patients with non-mass-
like enhancement with Type | time signal intensity
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curve. Severa studies [4] stated that a minimal or
small focal area of enhancement or thin linear Non-
Mass-Like Enhancement (NMLE) can be seen for
up to 18 months (in some cases even longer) with-
out nodularity or an associated mass and they
consider it probably benign and appropriate for 6-
month MR imaging follow-up.

Petralia (2011) and Drukteinis [4] stated that
recurrent malignant lesions showed rapid enhance-
ment following administration of contrast material.
Other features including heterogeneous enhance-
ment and speculated margins increase the suspicion
of malignancy, comparable with our results; 5
patients proved pathologically to have recurrent
breast cancer astheir MRI study showed masses
with speculated margins and heterogeneous en-
hancement.

In our study, we found irregular & speculated
marginsin 3 & 4 mass lesions respectively, 5 of
them proved to be malignant, 1 of them were grade
| carcinoma, 2 of them were grade Il and 2 of them
were grade 1.

Thisis comparable with Macuraet al., [11] who
reported that the marginal morphology of afocal
mass is the most predictive feature of the breast
MR image interpretation.

In our study we foundl choline peak in MR
spectroscopy of positive results ranging from 0.086
to 0.5in 15 cases of benign natures while 1 case
of grade | carcinoma range about 0.4 whileitis
ranging from 0.1 to 0.7 to 0.75 in 2 cases of grade
Il carcinomaalso it rangesfrom 0.8t0 1.21in 2
cases of grade 111 carcinomawith amean of 1.017.

So it is noted that by increasing the grade of
malignancy there is relative increase of the mean
value of choline, denoting that breast MRS using
the Cho peak integral show significant correlation
with the grade of the malignancy. On the other hand
thereis significant difference between benign and
malignant lesions according to the choline peak.

p-value lessthan 0.001 * * between the benign
and malignant lesions.

* Suggested cut off value is assumed when choline
value reaches 0.48.

*» Above this value malignancy is highly suggested
below it benignity is highly suggested.

* Sensitivity at thislevel = 100%.

« Specificity at thislevel = 93.3%.

From the above we can conclude that the results
of choline peak are strongly correlating with the
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level of Ki67, the higher the choline the higher the
Ki67 the more aggressiveness is the tumor.

Conclusion:

Dynamic contrast enhanced MRI and Magnetic
resonance spectroscopy are avaluable toolsin
evaluation of post-operative breast as they have
high sensitivity and specificity in differentiation
between benign post-operative changes and recur-
rent malignant tumor. Breast MRI minimizes un-
necessary intervention and optimizes diagnosis of
recurrencein its early stages.
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