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Objective: MRI is being used increasingly as a
modality that can provide important information about
breast cancer. Diffusion-weighted imaging (DWI) is
an imaging technique from which apparent diffu-
sion coefficient (ADC) values can be calculated in
addition to obtaining important structural informa-
tion which cannot be obtained from other imaging
studies. We did not find any significant relationships
between ADC values and prognostic factors, but did
provide some explanations for conflicting results in the
literature.

Methods: The ADC results of 61 females with invasive
ductal carcinomas were evaluated. DWI was performed
and ADC values were calculated from the area in which
restriction of diffusion was the highest in ADC mapping.
B value was 500 and region of interest (ROI) was desig-
nated between 49 and 100 mm?. Calculations were
performed automatically by the device. Tissue samples
were obtained for prognostic factor evaluation. The rela-
tionships between ADC and prognostic factors were
investigated. Comparisons between groups were made
with one-way ANOVA and Kruskal Wallis test. Pairwise

INTRODUCTION

Currently, most of the imaging modalities available to
physicians can be used —one way or another- in the inves-
tigation of breast cancer.'”” MRI has been shown to be
one of the best modalities in the detection and evalua-
tion of breast cancer.!® MRI excels in areas in which
mammography, ultrasonography and physical examina-
tion are weak, such as the detection of lesions in dense
breast tissue, identification of invasive components,
screening of high-risk individuals and evaluation of
metastatic cancers.'' !¢

comparisons were made with Dunn’s test. Analyses of
categorical variables were made with Chi-square test.
Results: We found a weak negative correlation between
ADC and Ki-67 values (r = —=0.279; p = 0.029). When we
compared ADC values in regard to tumour type, we
found no significant differences for tumour grade, Ki-67
positivity, estrogen receptor positivity, progesterone
receptor positivity, C-erb B2, l[ymphovascular invasion
and ductal carcinoma in situ or lobular carcinoma in
situ component. On a side note, we found that mean
ADC values decreased as tumour grade increased;
however, this was not statistically significant.
Conclusion: The literature contains studies that report
conflicting results which may be caused by differences
in B values, ROl area and magnetic field strength. Multi-
centre studies and systematic reviews of these findings
may produce crucial data for the use of DWI in breast
cancer.

Advances in knowledge: To determine if any significant
relationship exists between DWI findings and prognostic
factors of breast cancer.

Determining the histological prognosis of breast cancer is
important for both the determination of management and
the patient. Currently, the routine method of prognosis
determination is the Nottingham Grading System.'” This
system is based on histological type and grade, lymph node
status and tumour size."®!® The results of this approach are
found to be significantly correlated with recurrence-free
and overall survival?® With the advance in molecular
biomarker identification, various biomarkers from blood
or biopsy material including Ki-67 and cerbB2 (HER2
and sHER2) have been found to determine prognosis at
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different reliability levels.*' Steroid hormone receptor (oestrogen
and progesterone receptors) expressions are also important for
prognosis due to their influence on hormone therapy efficacy.?**

Diffusion-weighted imaging (DWI), which is utilized widely in
the evaluation of brain tissue, especially in stroke cases,* has been
also suggested to provide important diagnostic data on breast
tumours with its ability to quantify the amount of water diffusion
in tissue.”” This quantification results in the apparent diffusion
coefficient (ADC) value. When a tissue or part of a tissue contains
a higher number of cells, water diffusion is restricted by the cell
membranes and extracellular fluid is reduced, which both lead to
a lower amount of diffusion and lower ADC in DWI. Naturally,
a tumour with uncontrolled cell multiplication should “light-up”
in DWL Another highlight of DWT is that ADC value can differ-
entiate between benign and malignant tumours.?**’ As expected,
they report that ADC is lower in malignant lesions which indicates
restriction of water diffusion. A meta-analysis including 12 previous
studies showed that ADC value could distinguish between benign
and malignant lesions with a sensitivity of 89% and specificity of
77%.%® While literature is almost unanimous on the usefulness of
ADC in the determination of benign or malignant tumours, ADC’s
correlation with prognostic factors and tumour characteristics is a
lesser researched area.

We hypothesized that patients with lymphovascular invasion and/
or higher grade tumours who should have higher mitosis resulting
in decreased amount of extracellular fluid would show a more
restricted diffusion pattern and thus have lower ADC values. Other
factors indicative of poor prognosis were also evaluated.

METHODS AND MATERIALS

Patients with invasive ductal breast cancer who had been treated at
Ankara Oncology Training and Research Hospital between 2015
and 2016 were prospectively evaluated. A total of 105 patients
who presented with breast imaging and reporting data system
(BIRADS)-4 and BIRADS-5 tumours (identified by breast ultra-
sonography or mammography) underwent diffusion-weighted
MR imaging of the breast. Among these patients, those who were
diagnosed with primary invasive breast tumours were included
in the study. 18 patients who had ductal carcinoma in situ, 1
patient with phylloides tumour and 1 patient who had breast
invasion of acute lymphocytic leukaemia were excluded from the
study. A further 24 patients were excluded because their tumours
were benign. Thus, a final group of 61 patients were enrolled. The
ADC values of these patients were recorded. Patient characteris-
tics, lab results and other factors (Ki-67 index, ER positivity, PR
positivity, c-erb-B2 value, lymphovascular invasion and neoadju-
vant chemotherapy) were also recorded.

Ethical approval was obtained from the local ethics committee.
Additional approval was obtained from the hospital board as our
institution is considered as a reference hospital for breast cancer.

MR imaging

MR imaging results were acquired with a 1.5 Tesla scanner
(Signa HDx, 1.5 T, GE Healthcare) prior to biopsy and treat-
ment in all patients. All images were evaluated in the clinical
routine according to breast imaging and reporting data system
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(BI-RADS)-MR imaging lexicon, by at least one of three radiol-
ogists with at least 5 years of experience in breast MRI evalu-
ation. Images consisted of: Inversion recovery magnitude axial
sequence [Repetition Time (TR) = 6500.0, Echo Time (TE) =
45.0, inversion time (TT) = 150 ms, Matrix 416 x 224, Thickness
= 5.0 mm, Field of View (FOV) = 320 mm, Number of Exci-
tations (NEX) = 2], T; weighted fast spin echo axial sequence
(TR = 400, TE = 8.80, NEX = 1, Thickness = 5.0 mm, Matrix
448 x 224, FOV = 320 mm) and pre- and post-contrast T;
weighted three-dimensional fat-suppressed axial sequence
(TR = 4.00, TE = 1.50, FA = 10.0, Matrix 350 x 350, Thick-
ness 2.80, FOV = 320 mm, NEX = 1). Images were taken once
before contrast and five times after contrast injection with 80
s intervals. Contrast was gadobutrol/gadopentetate dimeglu-
mine with a dose of 0.1 mmol kg™'. Diffusion-weighted images
[TR/TE = 1000/83, FOV = 320 mm, Matrix 192 x 192, NEX =
4 and Slice Thickness = 5 mm] were obtained with single-shot
echo planar imaging technique and ADC mappings were calcu-
lated. Additionally, re-evaluation of all imaging data (to ensure
that ADC acquisition was objective) was performed by a single
radiologist. During re-evaluation, ADC mapping was evalu-
ated and the site which showed highest diffusion restriction
was chosen for ADC measurement. Region of interest (ROI)
was designated between 49 and 100 mm? and calculations were
performed automatically by the device. B 500 value was used
for diffusion MRI.

Histopathology

Tumour, node and metastasis (TNM) staging was used in the
histopathological evaluation of tumours. All assessments were
performed by certified pathologists. Tissue obtained in surgery
or biopsy was fixed in %10 formalin and was processed to paraffin
blocks at 5 um thickness, which was the routine protocol. Tumour
type was determined by the WHO classification. The modified
Bloom-Richardson protocol was used to grade tumours (Grade
1, 2 and 3). Classical guidelines were used in the determination
of prognostic factors. Haematoxylin-eosin staining was used in
the assessment of lymphovascular invasion. Standardized proto-
cols were used in the staining of samples from the invasive part
of the tumour for Ki-67, oestrogen, progesterone and c-erbb2
(Her2/neu) receptors, results were obtained by calculating the
percentage of stained cells.

Statistical analysis

All analyses were performed with SPSS v. 21. Normality testing
was done by the Shapiro-Wilk test. Normally distributed
continuous variables are given as mean * standard deviation
and non-normally distributed variables are given as median
(minimum-maximum). Normally distributed data groups
were compared with one-way ANOVA while non-normally
distributed data groups were compared with Mann-Whitney
U and Kruskal-Wallis tests. Dunn’s test was used for pairwise
comparisons. The relationship between two continuous vari-
ables was evaluated by the calculation of the Spearman Correla-
tion Coefficient. All categorical variables are given as frequency
(percentage). Categorical variable analyses were done with the
Chi-square test. A p value below 0.05 was accepted to be statisti-
cally significant in all evaluations.
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RESULTS

We included 61 female patients into our study, mean age was
47.46 +12.72. 48 (78.7%) patients had invasive ductal carcinoma
(IDC) while 6 (9.8%) patients had invasive lobular carcinoma
(ILC). When we evaluated tumour grades there were 7 (12.5%)
patients with Grade 1, 21 (37.5%) patients with Grade 2 and 28
(%50.0) patients with Grade 3 while data for 5 patients were
missing. 37 (60.7%) patients had DCIS component while 8
(13.1%) patients had LCIS component. 21 (34.4%) patients had
lymphovascular invasion and 4 (6.6%) patients received neoad-
juvant chemotherapy.

Eight of our patients had non-mass enhancement (NME).
Restriction of diffusion was found in three of these patients.
Seven of the lesions were determined as segmental type NME
and one was linear type NME. Two patients had accompanying
masses; one patient had linear NME and a mass identified as
invasive ductal carcinoma, while the other had segmental NME
and a mass identified as DCIS + IDC. Among these eight patients
with NME, four had lymphovascular invasion (LVI) positivity of
which only one was found to have an ADC value consistent with
diffusion restriction.

When we made comparisons between tumour grades, we found
Ki-67 percentages were significantly higher in patients with

Grade 3 tumours (p < 0.001). ADC values were lower for Grade 3
Tumours than Grade 1 and Grade 2 tumours but this result was not
significant. There were no significant differences between groups
regarding age, ER (%) and PR (%). Also we found that 10 of the 11
(90.9%) patients with a C-erb-B2 score of 3 had Grade 3 tumours.
This result was also found as significant (p = 0.003) (Table 1).

There was a weak negative correlation between ADC and Ki-67
values (r = —0.279; p = 0.029) (Figure 1a,b). ADC values had no
significant correlation with age, ER and PR. When we compared
ADC values between patients regarding tumour type, tumour
grade, Ki-67 positivity, ER positivity, PR positivity, C-erb B2,
lymphovascular invasion and DCIS or LCIS component, we
found no significant differences (Table 2). Mean ADC values
decreased as tumour grade increased; however, this was not
statistically significant.

DISCUSSION

Our aim was to determine if ADC values had any relationship
with prognostic factors, especially tumour grade and lympho-
vascular invasion. Tumour characteristics are crucial in the
management of tumours and DWI is a very sensitive method
in determining tissue structure; this structure may accurately
represent the aggressiveness of the tumour, thus important data
may be derived from DWI.

Table 1. Patients’ characteristics regarding tumour grade. a and b, same letter denotes the lack of statistically significant difference

between groups.

Gradel (n=7) Grade 2 (n=29) Grade 3 (n=34) p
Age, mean = SD 46.14 £ 6.26 51.38 +13.32 44.04 +12.93 0.134
Type, n (%)
IDC 4(9.3) 15 (34.9) 24 (55.8) 0.271
ILC 1(16.7) 4(66.7) 1(16.7)
Other 2(28.6) 2(28.6) 3(42.9)
ADC-B 500 (x107%), median (min-max) 1.190 (0.108-1.630) 1.020 (0.155-1.410) 0.979 (0.108-1.630) 0.485
Ki-67 (%), median (min-max) 5.00 (2.00-20.00)" 6.00 (2.00-70.00)" 40.00 (5.00-95.00)" <0.001**
ER (%), median (min-max) 90.00 (0.00-100.00) 90.00 (20.00-100.00) 75.00 (0.00-100.00) 0.077
PR (%), median (min-max) 90.00 (0.00-90.00) 90.00 (0.00-100.00) 70.00 (0.00-100.00) 0.263
C-erb-B2, n (%)
0 7(21.2) 13 (39.4) 13 (39.4) 0.003*
1 0(0.0) 7(77.8) 2(22.2)
2 0(0.0) 0(0.0) 3(100.0)
3 0(0.0) 1(9.1) 10 (90.9)
Lymphovascular Invasion, # (%)
Negative 6(16.2) 15 (40.5) 16 (43.2) 0.291
Positive 1(5.3) 6(31.6) 12 (63.2)
Neoadjuvant Chemotherapy, 1 (%)
Absent 6(11.3) 19 (35.8) 28 (52.8) 0.182
Present 1(33.3) 2 (66.7) 0(0.0)

Same letter (a, b, ¢, * and **) denotes the lack of statistically significant difference between groups. ADC, apparent diffusion coefficient; ER,

estrogen receptore; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; PR, progesteron receptore; SD, standard deviation.
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Figure 1. (a, b) Diffusion-weighted MRI and ADC values of a malignant mass in a 49-year-old female. Final pathology showed
Grade 2 invasive ductal carcinoma. ADC value was 0.898 x 1073, lymphovascular invasion was positive and Ki-67 value was

5%. ADC, apparent diffusion coefficient.
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In our study, we did not find any relationships between ADC
values and any of the factors analysed. However, several studies
have reported relationships between ADC value and factors
such as oestrogen receptor positivity,”’3 ! progesterone receptor
positivity,*>*? lymph node metastasis,”>** HER2/c-erb-B2 posi-
tivity,® Ki-67 index,”® tumour grade,”’ tumour type.”** An
almost equal number of studies also report contrasting results on
the same factors.*>***! Furthermore, some studies that simultane-
ously show a relationship with a specific factor, report drastically
different results in other factors. If a consensus is to be identi-
fied, it is that tumour size is almost unanimously shown to not
correlate with ADC values.”>***>*! We believe these contrasting
results may be explained by differences in B values, ROI area and
device magnetic power. In Table 3, we have provided the results
and technical parameters of various studies. Although suggested
values in different tissues exist, ADC is usually calculated with
a B value between 0 and 1000. However, in order to accurately
determine slow diffusion, a B value of at least 500 s mm ™ should
be chosen. However, optimal B values for each and every tissue
have not been determined. Thus, while we believe that an ADC
value of at least 500 should be used in ADC calculation, factors
such as device magnetic power, mechanical artefacts, noise,
patient pathology and the varying density of breast tissue should
be taken into account when determining B values.

In the present study, no relationship was found between LVI and
ADC with 1.5T imaging. Similarly, in a very recent study, Shin et
al also found no relationships between quantitative MRI param-
eters and LVI with 3.0T imaging. However, it should be noted
that they found significantly lower ADC values in tumours with
larger size, higher histological grade and axillary lymph node
metastasis, contrary to our results.** On the other hand, two
studies, both done with 3.0T strength, reported that ADC values
were significantly lower in LVI-positive patients.*>*® Although
various studies (at 1.5T and 3.0T) report significant differences
in ADC values when IDC, DCIS and ILC are compared,’®**®
the same cannot be said when the relationship between ADC
values and parameters such as lymph node involvement and
vascular invasion are evaluated.*”***°

Series: 500 Image: 3 o
nd S

-

-

The Ki-67 index is accepted to accurately define cell prolifera-
tion. Thus, a strong negative correlation between ADC value
and Ki-67 values may be expected. Although various studies
have found Ki-67 and ADC to be correlated,’>** the correlation
coefficients are low and several studies show conflicting find-
ings.*”*! This may be because the ADC value is derived from
a larger portion of tissue, while the Ki-67 index is a very local
representation of the tumour tissue. Another explanation may
be that, although increased Ki-67 index represents an increase
in cell multiplication, this may not directly translate to increased
density of cells due to the varying density of breast tissue among
patients.

In the light of greatly contrasting results, a study by Rabasco et
al®® drew our interest due to a 3-year follow up of 60 breast cancer
patients. They found ADC values were correlated with patients’
clinical condition in the third year. After regression analysis
of factors, they reported ADC value, ER and PR positivity and
presence of lymph nodes to be the only statistically significant
differences. Thus, it may be suggested that ADC values should
not only be compared with prognostic factors, but also the actual
prognosis of patients. A large study comprised of 289 patients
found that Grade 1 lesions, in situ carcinomas and tumours
without lymphovascular invasion had significantly higher ADC
values compared to Grade 2-3 tumours, invasive carcinomas and
tumours with lymphovascular invasion, respectively.*?

Kim et al,*? consistent with our findings, found no relationship
between ADC values and prognostic factors. Another finding
that was similar to our findings was that they also reported ADC
values decreased with the increase in grade; however, they also
found that the differences were not significant.

In our study, eight patients were found to have NME. Among
these patients, only 1 had an ADC value consistent with restric-
tion of diffusion. A study by Yabuuchi and colleagues found
that malignant tumours had significantly lower ADC values
compared to benign tumours. They also reported high sensi-
tivity, specificity, positive predictive value (PPV) and negative

4 of 8 birpublications.org/bjr

Br J Radiol;91:20170705


http://birpublications.org/bjr

Full paper: relationship between DWI and prognostic factors of IDC of breast BJR

Table 2. ADC values regarding other prognostic factors

N ADC values (x10-3) p
Tumour type
IDC 48 0.988 (0.108-1.520) 0.867
ILC 6 1.081 (0.155-1.300)
Other 7 0.874 (0.686-1.630)
Tumour grade
Grade 1 7 1.190 (0.108-1.630) 0.485
Grade 2 21 1.020 (0.155-1.410)
Grade 3 28 0.979 (0.108-1.630)
Ki-67
Negative 22 1.045 (0.108-1.630) 0.080
Positive 39 0.965 (0.569-1.520)
Oestrogen receptors
Negative 11 0.970 (0.108-1.430) 0.632
Positive 50 0.993 (0.155-1.630)
Progesterone receptors
Negative 18 0.968 (0.108-1.630) 0.658
Positive 43 1.010 (0.155-1.520)
C-erb B2
0 35 1.020 (0.108-1.630) 0.859
1 9 0.940 (0.874-1.290)
2 3 0.850 (0.834-1.090)
3 14 0.980 (0.569-1.520)
Lymphovascular Invasion
Negative 40 1.001 (0.155-1.630) 0.154
Positive 21 0.951 (0.108-1.360)
Component
Absent 16 0.893 (0.108-1.630) 0.187
DCIS 37 0.993 (0.569-1.520)
LCIS 8 1.040 (0.155-1.300)

ADC values given as median (minimum-maximum). ADC, apparent diffusion coefficient; DCIS, ductal carcinoma in situ; LCIS, lobular carcinoma in

situ; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma

predictive value (NPV) when other factors were included in
the analysis.”® However, in a study by Imamura et al, although
ADC values were again lower in the malignant group, the differ-
ence was not statistically significant. When they combined
ADC findings with dynamic contrast-enhanced MRI pattern,
they reported better negative predictive value and accu-
racy, but lower specificity.”' Thus, we may conclude that the
evaluation of NME lesions via ADC is also a controversial
matter. We believe these differences may be due to the pres-
ence of normal tissue within tumour sites which complicates
evaluation.

A strength of our study is that most of the major prognostic
factors of invasive breast cancers were assessed; thus comparisons

with DWI findings were done for all of these factors. Another
strength is that the distribution of patients among our major
points (grade and lymphovascular invasion) can be considered
diffuse. Finally, the site for ADC measurement was determined
as the area in which diffusion restriction was highest on ADC
mapping. Thus, objective ADC sampling was ensured; however,
it is likely that this area was not the same area from which patho-
logical samples were obtained, which brought an inherent limita-
tion. There are several other limitations to our study. First, the
number of patients can be considered low. Second, as the study
is comprised of patients from a single centre, homogeneity may
also be considered low. However, the regional reference status of
our hospital for breast cancer causes a high number of referrals
from other hospitals. Nevertheless, this is still a limitation. Third,
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Table 3. The technical parameters and results of various studies investigating the relationship between ADC and prognostic

factors of IDC

Author (year) Field strength B values (s mm™2) Factors found to be associated with ADC
Kim et al (2009)*2 15T 1000 None

Costantini et al (2010)%¢ 15T 0 and 100 Grade

Jeh et al (2010)* 1.5and 3T 750 and 1000 ER and HER2 expressions

Razek et al (2010)* 15T 200 and 400 Lymph node metastasis, histological grade, tumour size
Martincich et al (2012)*! 15T 0 and 900 HER?2 expression

Kamitani et al (2013)* 15T 0,500 and 1000 Lymph node metastasis, ER and PR expressions

Belli et al (2014)* 15T 0 and 1000 Grade and lymph node metastasis

Park et al (2016)* 3T 0 and 1000 Lymph node metastasis and Ki-67 expression

Rabasco et al (2017)% 3T 0 and 750 Metastasis

ADC, apparent diffusion coefficient; ER, estrogen receptor; IDC, invasive ductal carcinoma.

other results obtained from MRI were not evaluated in our study;,
whereas some studies included these findings in their analyses.
This may be seen as a limitation; however, our study was focused
on the ADC values and their correlation with prognostic factors,
thus the exclusion of other MRI results should not directly affect
our evaluation. A final limitation may be the B value (500) we
used in ADC determination. Although higher B values may
identify restriction better, we decided to use B 500 as it was avail-
able in all patients.

CONCLUSIONS

Although some literature on this topic reports significant correla-
tions with various factors, none of the prognostic factors have
been unanimously deemed related to ADC value. And several

studies, such as ours, found no relationship between ADC values
and prognostic factors. Further studies, especially multicentre
studies and systematic reviews of contemporary literature are
required to identify relationships. Another important point
is that, DWTI of the breast may not be practiced consistently in
different centres. Small differences in factors such as B values,
ROI area, device magnetic power and the location of ADC
measurement may result in conflicting results; thus studies may
have to account for these differences when presenting their
findings.

IRB STATEMENT
Institutional review board approval was obtained for this
prospective study.
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