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Summary

Background: Dynamic contrast enhanced MRI (DCE MRI) is able to reflect changes in vascula-
rity, vessel permeability and extracellular diffusion space of tissues. The goal of this study was
to investigate the use of DCE MRI to differentiate benign and malignant breast lesions. Patients
and Methods: From a database, five patients with malignant and five patients with benign le-
sions were randomly chosen. All patients underwent measurement in a 3T MR scanner using
a breast coil. A series of T1-weighted MRI were performed using an intravenously delivered
contrast agent. Then, 17 post-contrast sets were acquired within a timeframe of 13 seconds. All
DCE MRI data were evaluated using the JIM image analysis package. We observed changes in
signal intensity over the acquisition time - curves of dynamic contrast enhancement. Conclu-
sion: We investigated parts of the curves with the largest increase in signal intensity during the
timeframe. For further comparison, we used values of the highest signal intensity increases be-
tween the timeframes. Analysis of these results led to the proposal that the threshold between
benign and malignant lesion had a relative value of 100. Furthermore, there was a significant
difference between these two types of lesions.
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Suhrn

Vychodiskd: Dynamické, kontrastnou latkou sytené MRI (DCE MRI) dokaze reflektovat zmeny
vo vaskularite tkaniva, v permeabilite cievnych stien ale aj v difuzii v rdmci extracelularneho
priestoru. Cielom tejto $tudie bolo overit aplikovatelnost DCE MRI pri odliSeni benignych a ma-
lignych 1ézii prsnika. Pacienti a metdody: Z databazy bolo nahodne vybranych pat pacientov
s malignou a pét s benignou Iéziou prsnika. Vsetci pacienti podstupili meranie v 3T MR skeneri
vykonané pomocou prsnikovej cievky. Série T1-vazenych MRI boli ziskané za pouzitia intra-
vendzne aplikovanej kontrastnej latky. Nasledne bolo zmeranych 17 post kontrastnych sérii
snimok v priebehu 13 sekdnd. Vsetky DCE MRI data boli vyhodnocované pomocou grafického
balika JIM. Pozorovali sme zmeny intenzity signalu pocas doby akvizicie — krivky dynamického
sytenia tkaniva kontrastnou latkou. Zdver: Skiimali sme casti kriviek s najvacsim narastom in-
tenzity signalu v rdmci ¢asového rdmca. Pre dalsie porovnanie sme pouzili hodnoty najvéacsich
narastov intenzity signalu medzi ¢asovymi intervalmi. Analyza tychto vysledkov viedla k pozo-
rovaniu, ze rozhranie medzi benignymi a malignymi léziami mé relativnu hodnotu 100. Navyse
sme potvrdili vyznamny rozdiel medzi uvedenymi typmi 1ézii.
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Background

Breast cancer is a major cause of can-
cer-related deaths among women in
most western countries. According to re-
cent statistics, mortality and morbidity
rates of breast cancer are the highest of
all cancers in women all over the world.
Therefore, early detection and treatment
of breast cancer is necessary to save
more lives [1-4].

The use of MRI as a diagnostic tool for
analysis of breast cancer began in the
1970s [2,5]. Development of new imag-
ing protocols was possible with the use
of contrast agents and advances in sur-
face coil technology. MRI has emerged
as a promising modality for detection,
diagnosis and staging of breast can-

cer [5-9]. MRl also enables a helpful and
an investigative method known as the
dynamic contrast enhanced MRI (DCE
MRI) [10-12].

DCE MRI yields appropriate pharma-
cokinetic data of physiological parame-
ters that relate to tissue perfusion, micro-
vascular vessel wall permeability and
extracellular volume fraction [12-15]. Its
technological process includes a serial of
T1-weighted 3D MRI of a tissue acquired
before and repetitively after the admini-
stration of a contrast agent. This agent,
usually gadolinium based (gadolinium -
diethylenetriamine penta acetic acid;
Gd - DTPA [10,11]), is a paramagnetic
substance which generates its own mag-
netic field [7,14]. This magnetic field dec-
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Graph 1. Signal intensity values over acquisition time.

The graph represents signal intensity values over acquisition time from wash-in rates of the

DCE MRI curve for each lesion.
M —malignant lesion, B — benign lesion

reases relaxation times (T,, T,) and thus
enables differences to be distinguished
between tissues [14,16]. Changes in the
post-contrast signal intensity help to dis-
tinguish lesions according to characte-
risticenhanced accumulation of the con-
trast agent that can be related to higher
tissue microvascularity [13,15,17,18].

Tumor growth is dependent on an-

giogenesis, which provides the tumor

with oxygen and nutrients. Therefore,
the microvessel density is much higher
in cancers when compared to healthy

tissue [14,16,19].

Subsequently, a small region of inte-
rest (ROI) is drawn over the region that
appears to be the most enhanced in the
lesion, and the enhancement values at
different pre- and post-contrast time
points are calculated over this to form
the kinetic DCE MRI curve [10,20,21].
There are two methods used to describe
lesion enhancement kinetics. The most
common practice is to observe the sig-
nal intensity behavior in intermediate
and late post-contrast phases of the DCE
MRI curves [9,22,23]. These parts of the
kinetic curve depend on their shapes
and are categorised into three types as
follows [10,11,13]:

1.a persistent curve with continuous
increase in enhancement for benign
lesions;

2. a washout curve with decreasing sig-
nal intensity after peak enhancement
for malignant lesions;

3. a plateau curve which signal intensity
remains constant after reaching the
maximum. This type is complicated
because it can be observed in both
benign and malignant lesions.

A rarely used method for investigat-
ing DCE MRI curves is to analyze the be-
havior of signal intensity in the early
phase after the administration of con-
trast material, which is referred to as
a wash-in rate. The analysis of the fol-
lowing parameters has been described
previously [1,7,11,21] - the early-phase
enhancement rate, the enhancement
velocity, the percentage of increase in
signal intensity or the curve slope. These
always demonstrated a maximum sig-
nal intensity, which the DCE MRI curve
reaches.
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/Tab. 1. Signal intensity values. The table shows the signal intensity values over acquisition time from the DCE MRI curve of each le-
sion. Timeframes after 65 seconds appeared to be a wash-in rates part of the curves. The largest signal intensity increases were ob-
served between 78-104 seconds (blue numbers).

Malignant Benignant

time/s M_B25 M_K29 M_S24 M_V35 M_H34 B_A36 B_B47 B_H33 B_S31 B_L31
0 336.0 264.5 350.9 3544 383.9 141.6 219.9 147.1 365.9 295.7
13 339.0 267.5 329.2 330.6 381.6 140.8 204.0 136.9 362.4 265.9
26 331.8 249.8 3314 344.9 376.6 142.2 192.4 138.6 368.0 258.1
39 340.5 261.8 325.0 333.6 369.8 154.5 212.0 137.8 366.7 2629
52 330.5 256.4 322.8 3341 374.7 149.0 200.5 137.8 367.6 260.6
65 340.5 258.4 326.4 341.4 378.0 136.7 195.5 136.9 367.6 264.8
78 344.3 278.1 334.1 340.1 364.7 147.3 202.5 139.1 360.7 263.6
91 365.3 506.5 540.2 487.7 615.6 172.1 271.5 170.6 376.8 335.5
104 477.3 580.0 540.2 579.4 774.6 237.0 352.0 212.7 402.5 375.5
117 516.3 604.1 626.1 618.0 806.5 250.9 384.5 222.2 411.8 381.7
130 581.5 614.9 672.9 649.0 827.8 2533 408.9 229.2 426.5 388.2
143 574.0 629.4 682.6 649.9 852.7 269.4 415.9 237.3 426.5 396.3
156 581.5 640.8 690.9 679.2 860.4 268.0 439.2 247.6 427.8 396.4
169 600.3 642.8 694.6 679.8 874.3 263.9 435.5 249.0 444.5 381.8
182 601.3 645.3 696.5 707.5 885.3 276.2 460.3 251.6 447.0 396.7
195 589.0 645.0 684.8 722.7 883.5 279.6 451.1 257.1 454.8 390.0
208 606.5 653.2 696.2 712.7 886.7 291.1 481.1 262.7 453.2 3954
M — malignant lesion, B — benign lesion

Therefore, we decided to investigate
the largest increase in signal intensity
per timeframes as a different entity to
the maximum signal intensity. The re-
sults therefore bring a new insight into
analysis of DCE MRI curves. The main
goal of this study was to investigate the
use of DCE MRI in differentiating be-
tween benign and malignant breast
lesions.

Patient Group and Methods

Case Description

MRI data of 10 patients with a total of
10 lesions were chosen from a large
database of patients who had under-
gone MRI for breast examination and
subsequently, biopsy and histologi-
cal confirmation. Out of the patient da-
tabase we randomly chose five pa-
tients with malignant and five patients
with benign lesions. DCE MRI were ob-
tained using a T1-weighted 3D spoiled

gradient echo sequence with the fol-
lowing parameters — repetition time
“TR"=3.61 ms, echo time“TE"=1.21 ms,
flip angle = 6 °. Fat suppression was not
employed. The patients were scanned
using a standard double-breast coil on
a 3 Tesla whole-body MR scanner Sie-
mens (MAGNETOM Trio, A Tim System,
Erlangen, Germany). After the acquisi-
tion of the pre-contrast series, gadobe-
nic acid contrast agent (Multihance) was
delivered intravenously by power injec-
tion (dose: 0.2 ml per kilogram of body
weight) [8,9,13]. Seventeen post-con-
trast sets were then acquired within a ti-
meframe of 13 seconds. Each set con-
tained 72 coronal slices, 2mm thick.
Ensuing sets were not acquired as the
goal of this study was to investigate the
behavior of signal intensity only in the
early phase after the administration of
the contrast agent. The experimental
protocol and informed consent proce-

dure were in compliance with the Hel-
sinki Convention and were approved by
the relevant local ethics committee.

Data Analysis
All DCE MRI data were evaluated using
the JIM image analysis package (Version
5.0. Xinapse Systems Ltd., Northants,
UK) [24]. Among the series of MRI, we
first selected slices showing the highest
enhanced lesion. Subsequently, a small
ROI outside the necrotic or surround-
ing tissue was drawn over this lesion.
The enhancement values of signal in-
tensity at different pre- and post-con-
trast time points were calculated over
the ROI to form the kinetic DCE MRI
curve [10,20,21]. For all data sets, we
evaluated a wash-in rate of DCE MRI
curves and investigated their features
and differences.

All statistical analyses were performed
by using a software program known as
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Graph 2. Signal intensity increases between timeframes.

The graph below represents the signal intensity increases between timeframes for each lesion.
We compared only parts with the highest maximum signal intensity increase per timeframes.

M — malignant lesion, B — benign lesion

GraphPad InStat® (GraphPad Software,
Inc.; version 3.01). The significance in dif-
ference between benign and malignant
lesion groups was tested with a two-tai-
led unpaired t-test and the significance
in the threshold value between these
two lesion groups with a two-tailed one
sample t-test, p < 0.05 was considered to
be a statistically significant difference.

Results

The first step was to evaluate the DCE
MRI curves for all lesions (Graph 1). The
signal intensity values over time acqui-
sition from all these curves are shown in
Tab. 1. These demonstrated that timefra-
mes after 65 seconds appear to be the
wash-in rate part of the DCE MRI curves.
There were different signal intensity in-

creases between timeframes of acquisi-
tion in the wash-in rate of the DCE MRI
curves (Graph 2). Our interest was to find
the highest one - in other words, finding
the maximum difference in signal inten-
sity between two consecutive timefra-
mes (Tab. 2). Because of a relative value
of signal intensity increase, it was possi-
ble to compare all signal intensity inc-
reases with regard to a common baseline
(for these purposes it was given a value
of 0). As shown in our analysis, the largest
signal intensity increase was observed
between 78 and 104 seconds (highligh-
ted in Tab. 2). In our study, all malignant
lesions had higher enhancement ma-
ximum when compared to benign le-
sions (Graph 3). We performed a stati-
stical analysis of differences between
relative values of the largest signal in-
tensity increases in the malignant and
the benign group. Thus, we found that
the mean values in the malignant group
(mean £ SD = 189.0 + 57.7) and the be-
nign group (mean + SD = 57.0 £ 22.6)
differ very significantly (p = 0.0014)
(Graph 4). Furthermore, we observed
that the relative values of the largest sig-
nal intensity increases for malignant le-
sions exceeded 100, whereas those for
benign lesions remained below this
value.We analyzed that the means values
of the largest signal intensity increases in
the malignant lesion group differ signifi-
cantly (p = 0.0261) from threshold value
of 100, as well as the mean values in the
benign lesion group (p =0.0131).

Discussion

After establishing the existence of a le-
sion in the breast, it is critical to deter-
mine whether this lesion is benign or ma-
lignant. The sensitivity of breast cancer
detection by mammography is 69-90%.
Sonographic classification of benign
and malignant tumors is of low specifi-
city as well-approximately 30% [25-271].
The sensitivity reported for diagnosis of
breast cancer using MRI is larger than
90%, and using DCE MRI is in the range
of 90% to 100%. The specificity in both
methods varies considerably and may
be substantially lower (between 20%
and 90%) [28-31]. The biggest advan-
tage of both MRI methods is the lack
of ionizing radiation and non-invasi-
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Tab. 2. Signal intensity increases between timeframes. The table contains the values of signal intensity increases between timefra- )
mes for each patient. The highest maximum signal intensity increase per timeframes for each DCE MRI curve (blue numbers).
Malignant Benignant
time/s M_B25 M_K29 M_S24 M_V35 M_H34 B_A36 B_B47 B_H33 B_S31 B_L31
0-13 3 3 21.7 2338 23 0.8 15.9 10.2 35 29.8
13-26 7.2 17.7 22 143 5 14 11.6 1.7 5.6 7.8
26-39 87 12 6.4 1.3 6.8 123 19.6 0.8 13 4.8
39-52 10 5.4 2.2 0.5 4.9 5.5 1.5 0 0.9 23
52-65 10 2 3.6 7.3 33 123 5 0.9 0 4.2
65-78 3.8 19.7 7.7 1.3 13.3 10.6 7 2.2 6.9 1.2
78-91 21 228.4 206.1 147.6 250.9 24.8 69 315 16.1 71.9
91-104 112 73.5 0 91.7 159 64.9 80.5 42.1 25.7 40
104-117 39 241 85.9 38.6 31.9 13.9 325 9.5 9.3 6.2
117-130 65.2 10.8 46.8 31 21.3 24 244 7 14.7 6.5
130-143 7.5 14.5 9.7 0.9 249 16.1 7 8.1 0 8.1
143-156 7.5 1.4 83 29.3 7.7 14 233 10.3 13 0.1
156-169 18.8 2 37 0.6 13.9 4.1 37 1.4 16.7 14.6
169-182 1 25 1.9 27.7 11 123 248 2.6 25 14.9
182-195 123 0.3 1.7 15.2 1.8 3.4 9.2 5.5 7.8 6.7
195-208 17.5 8.2 1.4 10 3.2 1.5 30 5.6 1.6 5.4
M - malignant lesion, B — benign lesion

vity [20]. Despite these facts, MRl and its
modality are still not so frequently used
in comparison to mammography and
breast ultrasound. From current consen-
sus, there are particularly suited for spe-
cific cases, such as patients who have
undergone breast-conserving therapy,
patients who have a high risk of deve-
loping breast cancer, patients with im-
plants, plus postoperative scars, or clini-
cal evidence of breast cancer that could
not be detected by other diagnostic
methods [1,5,12,15,23].

Whereas it is still not standardized,
the best evaluation method is to use the
DCE MRI curves. We decided to try a new
development approach of breast DCE
MRI analysis. We investigated the rarely
studied early phase after the administra-
tion of contrast material. A breast tumor
leads to angiogenesis, i.e. the forma-
tion of new vessels and/or the sprout-
ing of existing capillaries. Moreover, the
vessels, as a result of the tumor activity,
become highly permeable. These yield

early contrast agent enhancement, and
therefore, strong contrast agent wash-in
would be expected in the tumorous tis-
sue [2,9,16,19]. This is the essence of
wash-in rate DCE MRI curves. The usual
analysis includes parameters describ-
ing enhancement rate or steepness of
increase in signal intensity [13,14,21].
These always displayed the maximum
of signal intensity, which the DCE MRI
curve reaches.

The aim of this analysis was to find the
largest increase of signal intensity per ti-
meframes. It is important to realize that
the largest increase of signal intensity
in wash-in rate DCE MRI curves not to
be the same as the maximum value of
signal intensity. The signal intensity in-
crease occurs over all timeframes, but
does not show similar big differences
between time intervals (Graph 2). The
signal intensity increases are relative va-
lues which represent changes related
to the previous value of signal intensity
increase. In other words, each value of

signal intensity increase is obtained by
adding the difference in signal intensity
values of the two subsequent timefra-
mes to the previous value of signal inten-
sity increase. Therefore we can observe
a gradual increase of signal intensity.
We were interested in the maximal va-
lues of signal intensity increase in these
gradual curves, which were for benign
lesions 57.0 £ 22.6 (mean + SD) and for
malignant lesions 189.0 + 57. We found
a very significant (p = 0.0014, unpaired
t-test) difference between these two
types of lesions. According to these find-
ings, a relative value of 100 appeared to
be a possible threshold between these
types of lesions. Furthermore, the mean
values in both groups significantly di-
ffer from this threshold. Although in
our study significant differences were
observed, we realize that only a small
sample group of patients were exami-
ned, which should be extended to vali-
date the findings. This group was cho-
sen for the initial research and testing
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Graph 3. Maximum signal intensity increases over acquisition time.

The graph below shows the maximum signal intensity increases over acquisition time from all
wash-in rates of the DCE MRI curves with respect to a baseline value of 0.

The threshold between benign and malignant lesions had a relative value of 100 (horizon-
tal line). Both lesion type groups significantly differ from this threshold (for the benign lesion
group: p = 0.0131; for the malignant lesion group: p = 0.0261).

M — malignant lesion, B — benign lesion

methodology. Our results were consis-
tent with basic theoretical findings that
malignant tissue is characterized by

a faster and stronger signal enhance-
ment than that of benign lesions with re-
lation to their neoangiogenesis [5,14,20].

300 e

M B
- %

Graph 4. Difference between benign and
malignant groups.

The graph below shows statistical differen-
ces (unpaired t-test) between relative values
of the largest signal intensity increases in the
malignant and the benign lesion group. The
mean values in the malignant group (mean +
+ SD = 189.0 £ 57.7) and the benign group
(mean + SD = 57.0 + 22.6) differ very signifi-
cantly (p =0.0014; *¥).

M —malignant lesion, B — benign lesion

Conclusion

In this study, we demonstrated that
DCE MRI helps to differentiate lesions
in healthy breast tissue according to
characteristically enhanced accumu-
lation of contrast agent that can be re-
lated to higher tissue microvascula-
rity [17-19,22]. Thus, we showed that
in this field of interest it is possible and
important to continue developing new
methods of data evaluation. Finally, we
considered it important to highlight the
major disadvantage of using DCE MRI
analysis. It uses contrast agents, which
are contra-indicated in some cases. The
Committee for Medicinal Products for
Human Use (CHMP) agency does not
recommend their use in patients with
a high-risk of nephrogenic systemic fib-
rosis or kidney problems, in patients re-
ceiving liver transplant, in neonates or
infants, in the elderly, in pregnant or
breastfeeding women [10,15,32].
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