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PURPOSE
This article will examine the usefulness of diffusion tensor imaging (DTI) and diffusion-weighted
imaging (DWI) on the assessment of axillary lymph nodes (ALN) of breast cancer patients.

METHODS

Axillary lymph nodes in 66 breast cancer patients were examined by DTl and DWI, and the larg-
est lymph node with increased cortical thickness in axilla was selected. Morphological features,
apparent diffusion coefficient (ADC), volume anisotropy, and fractional anisotropy values were
measured by using a special software. Imaging findings and histopathological results were
recorded.

RESULTS

Metastatic ALN were detected in 43 (65.1%) patients. Cortical thickness of the metastatic ALN
was significantly higher than the non-metastatic ALNs (P < .001), and the long-axis-to-short-
axis ratio was significantly lower in metastatic ALNs (P < .001). There was a statistically signifi-
cant difference between the ALN status and fatty hilum presence (P < .001). Apparent diffusion
coefficient values of metastatic ALNs were statistically lower than those of non-metastatic ALNs
(P < .001) using a cutoff value of 1.26 x 10~> mm?/s for b=500 ADC and 1.21 x 10~ mm?/s for
b=800 ADC which had 97.7% sensitivity and 91.3% specificity. Fractional anisotropy and volume
anisotropy values were significantly different between both groups. A cutoff value of 0.47 for
b-500 fractional anisotropy had 83.7% sensitivity, 69.6% specificity 69.6% positive predictive
value, and 83.7% negative predictive value. A cutoff value of 0.33 for b=500 volume anisotropy
had 76.7% sensitivity, 78.3% specificity, 86.8% positive predictive value, and 64.3% negative pre-
dictive value.

CONCLUSION

Apparent diffusion coefficient value of metastatic ALNs was found to be significantly lower than
those of non-metastatic ALN, and DTl metrics of metastatic ALN were found to be significantly
higher than those of non-metastatic ALN. Overall, ADC had a better diagnostic performance than
morphological features, fractional anisotropy, and volume anisotropy. Diffusion tensor imaging-
derived diffusion metrics may be used to complement breast magnetic resonance imaging in the
future after further standardization of the imaging parameters.

reoperative staging is the most important step of clinical management and predic-
tion in breast cancer.! Axillary lymph nodes (ALN) involvement has significant impor-
tance in these terms. Therefore, preoperative ALN evaluation has become one of
the most important parameters in the surgical decision of axillary dissection in addition to

breast-sparing surgery or radical mastectomy.?
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tion of the axillary region.? Ultrasound (US) is the initial method of choice for evaluating ALN
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You may cite this article as: Kurt N, Kurt BB, Gulsaran U, et al. Diffusion tensor imaging and diffusion-weighted imaging on axillary lymph node status

in breast cancer patients. Diagn Interv Radiol. 2022;28(4):329-336.

329


http://orcid.org/0000-0001-5618-1785
http://orcid.org/0000-0002-7161-1496
http://orcid.org/0000-0001-6459-7473
http://orcid.org/0000-0002-0240-299X
http://orcid.org/0000-0002-3324-6053
http://orcid.org/0000-0001-6678-482X
http://orcid.org/0000-0002-7686-7765
http://orcid.org/0000-0002-9502-0711
http://orcid.org/0000-0002-8734-1849
mailto:nazmikurtx@gmail.com

presence of metastasis in a suspicious node
on imaging, but these are invasive methods
and require an experienced pathologist.*®

Dynamic contrast-enhanced magnetic
resonance imaging (DCE-MRI) is an impor-
tant tool to detect breast cancer and meta-
static ALN with high sensitivity. However,
due to lower specificity, additional support-
ive tools may be required to differentiate
benign lesions from malignancy.” Moreover,
in some cases, it is difficult to obtain clear
results in breast MRl examination because
contrast material cannot be administered
to patients for various reasons, like an
allergy.® Therefore, MRI sequences such as
diffusion tensor imaging (DTIl) and diffu-
sion-weighted imaging (DWI) are increas-
ingly important as they enable us to detect
cellular environmental changes.®'®

Recent studies showed the importance
of DWI in detecting ALN metastasis in
breast cancer and the apparent diffusion
coefficient (ADC) value has been found to
be significantly lower in metastatic lymph
nodes."' Diffusion tensor imaging, a more
specific variant of DWI, can detect the
degree of diffusion in at least 6 directions
using additional gradients and provide
more information about the microstruc-
ture. Fractional anisotropy (FA) and vol-
ume anisotropy (VA) provide quantitative
analysis of anisotropic water diffusion in
the tissue.''> Diffusion tensor imaging has
been used in limited studies to differenti-
ate breast lesions, and variable FA values
have been obtained."'%"” This is the only
detailed study that evaluates DTI metrics
for the ALN status in breast cancer patients
in the English literature.

Due to the importance of ALN status in
preoperative setting to avoid unnecessary
lymph node dissection, further imaging
techniques are required to define optimal

- Metastatic axillary lymph nodes (ALN)
showed significantly higher fractional
anisotropy (FA) values and lower apparent
diffusion coefficient values.

- Apparent diffusion coefficient value has
higher specificity and sensitivity com-
pared to FA value in detecting metastatic
lymph nodes.

- Diffusion-weighted imaging and diffu-
sion tensor imaging magnetic resonance
imaging metrics can both be used in the
decision-making algorithm in differential
diagnosis of ALN in preoperative period.

results for all patients. In order to contrib-
ute, we aimed to evaluate FA, VA, and ADC
values obtained from DTl and DWI in deter-
mining the ALN status in breast cancer.

Methods

In this retrospective research, informed
consent was obtained from the patients
participating in the study, and approval
was given by the Scientific Research Ethics
Committee of Trakya University Medical
Faculty (2019/31).

Sixty-six patients who had been diag-
nosed with breast cancer between May
2016 and July 2019 and underwent DTl in
addition to preoperative DWI and DCE-MRI
in our center were included in the study.
Positive lymph nodes were determined by
sentinel lymph node sampling and/or axil-
lary dissection. When several metastatic
lymph nodes were detected in axillary dis-
section, the largest lymph node size was
reported by pathologists and this lymph
node was evaluated by imaging techniques.
Cases for which sentinel lymph node sam-
pling resulted as tumor negative were
accepted as non-metastatic lymph nodes.

Patients who did not give consent, who
were not able to have an MRI examination
(e.g., claustrophobia or MRI incompatible
implant), who had a history of breast sur-
gery or received neoadjuvant chemother-
apy for breast cancer, and who had images
with poor diagnostic quality (e.g., due to
artifacts or distortions) were excluded from
the study.

Image analysis

Breast MRI was performed with a 1.5
Tesla scanner (Signa HDxt Excite Il, GE
Healthcare) and with a dedicated 7-channel
coil on patients in the prone position. The
time required to obtain the DTl sequence
ranged from 10 to 15 minutes in addition
to routine breast MRI. Short-time inversion

recovery (STIR) images, turbo spin-echo
T2-weighted images, single-shot echo-pla-
nar images, and dynamic pre-contrast and
post-contrast fat-suppressed images were
obtained. The T2-weighted axial spin-echo
sequence was obtained with the follow-
ing parameters: repetition time (TR)=4700
ms, echo time (TE)=90 ms, field of view
(FOV)=360, and slice thickness=3 mm.
Then, axial STIR was obtained with the fol-
lowing parameters: TR=4700 ms, TE=90
ms, FOV =360, and slice thickness=3 mm.
Morphologically, the long axis, long-axis-
to-short-axis ratio, cortical thickness, and
the presence of a fatty hilum of the ALN were
noted. Similar to many studies, we evalu-
ated the largest lymph node with increased
cortex thickness and obliterated hilum in
our study.'® All data were compared with
perioperative sentinel lymph node sam-
pling and axillary dissection results.
Diffusion gradients were applied in
6 directions for DTI, and FA and VA values
from DTl were measured with b values of
200 and 500 s/mm?. Diffusion-weighted
imaging and DTl were obtained with
the following parameters: TR=5000 ms,
TE=90 ms, slice thickness=3.0 mm, inter-
slice gap=1, and FOV=360 mm. The
apparent diffusion coefficient, FA, and VA
value maps were created automatically by
the imaging console for the quantitative
analysis. Apparent diffusion coefficient val-
ues were measured separately with b values
of 0, 500, and 800 s/mm?>.
Diffusion-weighted imaging and DTI
parameters were calculated by selecting
the largest lymph node on the ADC, FA, and
VA map, placing 3 regions of interest (ROl) in
the cortex of the selected lymph node and
calculating the mean. Three ROIs were
attentively placed on the cortex. Necrotic
and cystic components as well as axillary
fat or hilum were excluded. The ROI area
in the selected axillary lymph nodes was
between 27 and 32 mm? (fixed 16 pixels).

Table 1. Evaluation of morphological status of axillary lymph nodes

Non-metastatic (n=23) Metastatic (n=43) P

Long/short axis 2.42 (1.33-3.80) 1.33(1.06-2.42) <.001
Cortical thickness (mm) 2(2-7) 8(5-30) <.001
Long axis 14 (10-25) 16 (10-42) .058
Fatty hilum, n (%)

Absent 1(4.4) 34(79.1) <.001

Present 22(95.6) 9(20.9)
Data are presented as median (min-max) except when noted otherwise.
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Figure 1. a-e. A 39-year-old woman was diagnosed with invasive breast carcinoma NST in the left breast with metastatic ALN. Axial fat-suppressed T2
sequence image (a) shows a lymph node (white arrow) with an increased cortical thickness. Measurements were made by ROI from 3 different parts of the
lymph node and the mean was calculated: (b), DWI b=800, mean ADC 0.93 x1 0-* mm?/s; (c), DTI FA b=200, mean FA 0.80; (d), DTI VA b=200, mean VA
0.82. H&E staining (x20) (e) shows axillary lymph node with thick capsule located in fat tissue, light eosinophilic areas below the capsule consisting of
high-grade carcinoma metastasis enlarging the lymph node (stars). NST, no special type; ALN, axillary lymph node; ROI, regions of interest, ADC, apparent
diffusion coefficient; DT, diffusion tensor imaging; FA, fractional anisotropy; VA, volume anisotropy; H&E, hematoxylin and eosin.

All images were evaluated by 2 radiologists.
The observers were blinded to the patient's
information and histopathological informa-
tion to avoid bias. The consensus was made
in cases of disagreement.

Histopathological assessment

Surgical pathology records were examined
to determine ALN status. Histopathological
evaluations were done under a light micro-
scope by 2 pathologists experienced in

breast pathology. Sentinel lymph nodes
are determined as tumor negative (non-
metastatic) in frozen (intraoperative con-
sultation) and/or paraffin sections. Positive
sentinel lymph nodes were further assessed

4L Mari =N

Figure 2. a-e. A 47-year-old woman was diagnosed with invasive breast carcinoma NST in the right breast with a reactive sentinel lymph node. Axial
fat-suppressed T2 image (a) shows normal lymph node with thin cortex on the right axilla (white arrow). Measurements were made by ROl from 3 different
parts of the lymph node and the mean was calculated: (b), DWI b =500, mean ADC 1.13 x 10> mm?/s; (c), DTI FA b =500, mean FA 0.43; (d), DTI VA b=200,
mean VA 0.28. H&E staining (x40) (e) shows normal axillary lymph node surrounded by fat with expanded sinuses and reactive follicles. NST, no special
type; ALN, axillary lymph node; RO, regions of interest, ADC, apparent diffusion coefficient; DT, diffusion tensor imaging; FA, fractional anisotropy; VA,

volume anisotropy; H&E, hematoxylin and eosin.
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as axillary dissections and the largest meta-

’ Table 2. Apparent diffusion coefficient, fractional anisotropy, and volume anisotropy values
static lymph node measurements were

L Non-metastatic (n=23) Metastatic (n=43) P
recorded in final reports.
DWI b=500 ADC 1.02 (1.02-2.12) 1.01 (0.11-2.04) <.001
Statistical analysis . DWI b=800 ADC 151 (1.01-2.10) 0.94 (0.50-1.97) <001
Statistical evaluation was done using B — 0524010 065 40,14 001
International Business Machines Statistical - PeED O£ 5 <
Package for the Social Sciences software for ~ DTIb=500 FA 0.42+0.09 0.59+0.14 <.001
Windows, Version 21.0. The suitability of the ~ DTIb=200VA 0.36+0.14 0.52+0.16 <.001
data to the normal distribution was evalu-  prp=500vA 0.26 +0.11 0.46 + 0.15 <001

with the Shapiro-Wilk normali .

ated_ th the S apiro ormality test Data are presented as median (min-max) or mean + standard deviation. ADC values are factors of 10~> mm?/s.

A chi-square test was used to evaluate cat- DWI, diffusion-weighted imaging; ADC, apparent diffusion coefficient; DTI, diffusion tensor imaging; FA, fractional
egorical variables. Morphological features,  anisotropy; VA, volume anisotropy.

ADC, and FA values were compared using

Student’s t test when variables showed nor-

mal distribution and Mann-Whitney U test ROC Curve

when variables were not distributed nor- 4 —_— Sourcjrvoe“he

mally. Descriptive analysis of the data was [ ]—" )

-FA.200
made and non-normalized variables are [ FA.500

shown as median (min-max) and normal 081 | J—Jf" Reference Line
distributions are shown as mean + stan- , = -
dard deviation. The receiver operating char- J‘_[

acteristic (ROC) analysis method was used 06 '

to determine the power of ADC, FA, and
o.a—j

VA values in detecting metastasis. Cutoff
values were determined using the Youden
index. Specificity, sensitivity, negative pre-
dictive value (NPV), and positive predictive
value (PPV) were calculated. The diagnos-
tic ability to determine lymph node status 0.2
was also assessed based on the area under

the curve (AUQ). First, the effect of each

factor on lymph node status was assessed - : : :
by using the univariate logistic regression 00 02 04 08 08 10
analysis, and then multivariate logistic 1 - Specificity

regression analysis with enter method was
performed to determine the independent
variables associated with metastatic ALN,

Sensitivity

Figure 3. Receiver operating characteristic (ROC) curve analysis of fractional anisotropy.

including all of the significant factors from - ROC Curve

univariate analysis. All tests were 2-tailed Soug:woefthe

and the statistical significance level for JJ P

P value was accepted under .05. / ADC 500
084/ Reference Line

Results /

The median age of a total of 66 women
was 48 years (27-76 years). For metastatic
and non-metastatic groups, the median age
was 50 years (28-71 years) and 47 years (27-
76 years), respectively. The time between 04-
breast MRI and pathological examination
ranged from 0 to 15 days.

In a histopathological evaluation of the
malignant breast tumors, 55 (83.4%) were
invasive breast carcinoma of no special type
and 11 (16.6%) were other types of breast
cancer.There were 23 women with negative 00 T T T
sentinel lymph node in the non-metastatic 00 02 04 08 08 10
group and 43 women with pathologically 1 - Specificity
proven metastasis in the metastatic group. Figure 4. ROC curve analysis of apparent diffusion coefficient.

064

Sensitivity
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Among 66 patients, 30 (45.5%) women
were in the premenopausal period and
36 (54.5%) women were in the postmeno-
pausal period. Within these patients,
19 women (63.3%) were in the premeno-
pausal period and 24 women (66.7%) in
the postmenopausal period had metastatic
axillary lymph nodes. There was no sta-
tistically significant relationship between
ALN involvement and menopausal status
(P=.777).

Cortical thickness median value was
2 mm (2-7 mm) in non-metastatic ALN
and 8 mm (5-30 mm) in metastatic lymph
nodes. Cortical thickness of the metastatic
ALN was significantly higher than non-
metastatic ALN (P < .001). Fatty hilum was
seen in 95.6% (n=22) non-metastatic ALN
although it was only seen in 20.9% of meta-
static ALN (n=9). There was a statistically
significant difference between ALN status
and fatty hilum presence (P=.007). The
long-axis median value was 14 mm (10-25
mm) in non-metastatic ALN and 16 mm (10-
42 mm) in metastatic ALN. There was no
statistically significant difference between
the long axis and ALN status (P =.058). The
long-axis-to-short-axis ratio median value
was 2.42 (1.33-3.80) in non-metastatic ALN
and 1.33 (1.06-2.42) in metastatic ALN. The
long-axis-to-short-axis ratio was signifi-
cantly lower in metastatic ALN when com-
pared to non-metastatic ALN (P < .001)
(Table 1).

Apparent diffusion coefficient, FA, and
VA values were measured in metastatic
and non-metastatic ALN (Figures 1 and 2).
The DWI b=500 median value was 1.51
(1.02-2.12) in non-metastatic ALN and 1.01
(0.11-2.04) in metastatic ALN. The DWI
b=800 median value was 1.51 (1.01-2.10)
in non-metastatic ALN and 0.94 (0.50-1.97)
in metastatic ALN. The DTl b=200 FA mean
value was 0.52 + 0.10 in non-metastatic
ALN and 0.65 + 0.14 in metastatic ALN. The
DTl b=500 FA mean value was 0.42 + 0.09
in non-metastatic ALN and 0.59 + 0.14 in
metastatic ALN. The DTl b=200 VA mean
value was 0.36 + 0.14 in non-metastatic
ALN and 0.52 + 0.16 in metastatic ALN.
The DTl b=500 VA mean value was 0.26
+ 0.11 in non-metastatic ALN and 0.46 +
0.15 in metastatic ALN (Table 2). Diffusion-
weighted imaging b=500 and b=800 ADC
values of the metastatic ALN were signifi-
cantly lower than non-metastatic ALN (P <
.001 and P < .001, respectively). However,
DTl b=200 and b=500 FA values were sta-
tistically significantly higher in metastatic

ROC Curve
l Source of the
Curve
~—VA 500
VA.200
Reference Line
g
2
=
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Figure 5. ROC curve analysis of volume anisotropy.
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Figure 6. Graphic shows cutoff, sensitivity, and specificity values obtained by ROC curve analysis.

Table 3. Cutoff values for the differentiation of metastatic and non-metastatic lymph nodes

Cutoff  Sensitivity Specificity PPV NPV

value (%) (%) (%) (%) AUC
DWI b=500 ADC <1.26 97.7 91.3 95.5 95.5 0.94 + 0.03 (P < .001)
DWI b=800 ADC <1.21 97.7 91.3 95.5 95.5 0.96 + 0.02 (P < .001)
DTl b=200 FA >0.56 72.1 65.2 76.7 69.6 0.77 +0.05 (P < .001)
DTl b=500 FA >0.47 83.7 69.6 69.6 83.7 0.83 + 0.04 (P < .001)
DTl b=200VA >0.41 76.7 69.6 82.5 61.5 0.77 + 0.06 (P < .001)
DTl b=500 VA >0.33 76.7 783 86.8 64.3 0.84 + 0.04 (P < .001)

ADC values are factors of 107> mm?/s.

DWI, diffusion-weighted imaging; ADC, apparent diffusion coefficient; DT, diffusion tensor imaging; FA, fractional
anisotropy; VA, volume anisotropy; PPV, positive predictive value; NPV, negative predictive value; AUC, area under
the curve.

ALN compared to non-metastatic ALN (P <
.001 and P < .001, respectively). Similarly,
DTl b=200 and b=500 VA values were

statistically significantly higher in meta-
static ALN compared to non-metastatic
ALN (P <.001 and P < .001, respectively).
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Table 4. Univariate logistic regression analysis of variables associated with axillary lymph node

metastasis
Variable B OR 95% Cl P
Morphology
Long axis 0.11 1.11 0.99-1.26 .058
Long/short axis —4.59 0.01 0.00-0.08 .001
Cortical thickness 2.53 6.77 2.09-21.9 <.001
Fatty hilum-absent (Ref) —4.42 83.1 9.8-702.4 <.001
DWI ADC
b=500 —8.88 0.010 0.00-0.09 <.001
b=800 —-8.9 0.010 0.00-0.08 <.001
DTI
FA b=200 741 1660 17.9-15362 <.001
FA b=500 9.62 15061 95.4-237749 <.001
VA b=200 6.56 712 14-35936 <.001
VA b=500 10.14 25352 151.6-423698 <.001

DWI, diffusion-weighted imaging; ADC, apparent diffusion coefficient; DTI, diffusion tensor imaging; FA, fractional
anisotropy; VA, volume anisotropy; B, beta; OR, odds ratio.

Table 5. Multivariate logistic regression analysis of variables with enter models for predicting
axillary lymph node metastasis from morphological features

Variable B OR 95% Cl P

Cortical thickness 2.81 16.72 1.15-242.65 .039
Fatty hilum-absent (Ref) 4.07 58.80 0.01-3399.22 466
Long/short axis 0.99 2.69 0.03-237.37 .665

B, beta; OR, odds ratio.

Table 6. Multivariate logistic regression analysis of variables with enter models for predicting

axillary lymph node metastasis from DWI

Variable B OR 95% Cl P
DWI ADC b=500 1.26 3.53 0.04-306.01 .580
DWI ADC b=800 —10.09 0.001 0.001-0.01 .001

DWI, diffusion-weighted imaging; ADC, apparent diffusion coefficient; B, beta; OR, odds ratio.

Table 7. Multivariate logistic regression analysis of variables with enter models for predicting

axillary lymph node metastasis from DTI

Variable B OR 95% Cl P

DTI FA b=200 1.05 2.85 0.001-53194.7 .835
DTI FA b=500 2.14 8.48 0.003-27086.9 603
DTIVA b=200 1.49 443 0.003-7766.3 .696
DTIVA b=500 7.64 2081 1.7-24102.8 .034

DT, diffusion tensor imaging; FA, fractional anisotropy; VA, volume anisotropy; B, beta; OR, odds ratio.

Based on the ROC curves, the diagnostic
performance of the DWI and DTl param-
eters with cutoff values for the differentia-
tion of non-metastatic and metastatic ALN
were measured (Figures 3-6). A cutoff value
of 1.26 x 103 mm?/s for b=500 ADC and
1.21 X 10*mm?/s for b=800 ADC had 97.7%

sensitivity and 91.3% specificity. In these
cutoff values, there were 2 false-positive
and 1 false-negative cases for b=500 and
b =800 DWI, respectively, and the PPV and
NPV for the 2 measurements were 95.5%. A
cutoff value of 0.56 for b=200 FA resulted
in 8 false-positive and 12 false-negative
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cases with 72.1% sensitivity, 65.2% speci-
ficity, 76.7% PPV, and 69.6% NPV. A cut-
off value of 0.47 for b=500 FA resulted in
7 false-positive and 7 false-negative cases
with 83.7% sensitivity, 69.6% specificity,
69.6% PPV, and 83.7% NPV. A cutoff value
of 0.41 for b=200 VA resulted in 10 false-
positive and 7 false-negative cases with
76.7% sensitivity, 69.6% specificity, 82.5%
PPV, and 61.5% NPV. A cutoff value of
0.33 for b=500 VA resulted in 10 false-pos-
itive and 5 false-negative cases with 76.7%
sensitivity, 78.3% specificity, 86.8% PPV, and
64.3% NPV (Table 3).

The risk of metastatic ALN status associ-
ated with each morphologic, DWI, and DTI
parameters was evaluated by univariate
logistic regression (Table 4). There were
significant differences between cortical
thickness, hilum presence, long-axis-to-
short-axis ratio, DWI and DTl parameters,
and ALN status. However, the long axis
showed no significant association with
ALN status on univariate analysis (P =.058).
Those variables which showed statistics
significance on univariate analysis were
used for the multivariate logistic regression
analysis.

On multivariate analysis, cortical thick-
ness was found to be independent pre-
dictors for metastatic ALN status from
morphological features (Table 5). Also,
ADC b =800 was found to be independent
predictors for metastatic ALN status from
DWI (Table 6) and VA 500 was found to be
independent predictors for metastatic ALN
status from DTI (Table 7). In the comparison
of the most important factors of morpho-
logical, DWI, and DTI parameters in logistic
regression analysis with enter model, ADC
b=800 was maintained independently
in predicting metastatic ALN (Table 8). In
addition, when ADC b=800, cortical thick-
ness, and VA b=500 parameters are used
together to detect metastatic ALN, the
specificity and sensitivity were 95.7% and
100% respectively. PPV was 100% and NPV
was 97.7%.

Discussion

Axillary lymph node is considered to
be the most significant prognostic fac-
tor in the clinical management of breast
cancer patients.*® Image-based methods
for detecting ALN metastasis is an active
research area to prevent unnecessary axil-
lary dissection. Although the morpho-
logical features of the ALNs can be better

Kurt et al.



Table 8. Multivariate logistic regression analysis of variables with enter models for predicting

axillary lymph node metastasis

Variable B OR 95% ClI P

Cortical thickness 2.51 6.65 0.57-77.11 21
DWI ADC b=800 —6.15 0.001 0.00-3.5 .042
DTIVA b=500 4.21 29577 0.10-3744810 331

DWI, diffusion-weighted imaging; ADC, apparent diffusion coefficient; DTI, diffusion tensor imaging; VA, volume

anisotropy; B, beta; OR, odds ratio.

visualized in US, there are some features
to identify metastatic lymph nodes like
loss of hilum, irregular edges, and irregular
cortical thickness in MRI.* Mortorello et al.*’
reported a statistically significant cor-
relation between metastatic ALN and
the absence of fatty hilum in contrast-
enhanced MRL*' Similarly, our study found a
statistically significant correlation between
the absence of fatty hilum and metastatic
lymph nodes. Kim et al.?? found that all cor-
tical thickness parameters showed signifi-
cant association with nodal metastases in
both US and MRI. In the same study, they
reported the long-axis-to-short-axis ratio
in MRI was not significantly associated with
nodal metastases.? In our study, cortical
thickness and long-axis ratio in MRI were
significantly associated with ALN metasta-
sis, and cortical thickness was found to be
one of the most important morphological
parameters.

Extracellular random motion of water
molecules together with isotropic diffu-
sion rate is quantified with ADC value in
DWI. Diffusion-weighted imaging can also
provide information about microenviron-
ments such as perfusion, flow effects, intra-
cellular macromolecules, and extracellular
matrix volume.?? In diffusion restricted
by surrounding cells or basement mem-
branes, diffusion toward certain directions
increases more. In this way, diffusion is
fast and anisotropic in limited directions.
Fractional anisotropy value shows the ratio
of the anisotropic part of the diffusion to
the whole diffusion in the tissue. Diffusion
restriction in surrounding tissues in the
presence of malignancy causes a change in
anisotropic motion.

The results of this study suggest that
metastatic ALN showed significantly higher
FA values and lower ADC values. Diffusion-
weighted imaging b=800 ADC was the
most discriminative variable for predicting
metastatic lymph nodes (AUC: 0.96 + 0.02;
cutoff value 1.21 X 107> mm?/s).

In a meta-analysis consisting of 13 stud-
ies by Xing et al.,'> ADC value of metastatic

ALN was found to be statistically sig-
nificantly lower than non-metastatic
ALN."> However, in recent studies, there
are conflicting data on ADC value in ALN
status. Atallah et al?® revealed that in
breast cancer patients, the difference in
ADC values between ipsilateral and con-
tralateral lymph nodes is not significantly
associated with ALN positivity and Ramirez-
Galvan et al? stated that the ADC value
of metastatic ALN was significantly higher
than non-metastatic ALN in 44 cases. In
line with the previous meta-analysis study,
our study showed that metastatic ALN had
lower mean ADC values than non-meta-
static ALN and the difference was statisti-
cally significant.

Studies are emerging in terms of DTI
and FA in the evaluation of breast can-
cer to enable optimal patient manage-
ment.”*'*2 Cakir et al.”® examined ADC
and FA in malignant and benign breast
lesions in 55 patients. They reported that
FA was not discriminative for benign
and malignant lesions. In another study,
Jiang et al."™ reported in their study that FA
value was found to be statistically signifi-
cantly higher in malignant mass compared
to benign mass. In line with this study, we
found that FA and VA values were signifi-
cantly higher in metastatic ALN compared
to non-metastatic ALN.

In astudy of 99 patients, Chayakulkheeree
et al.® found the sensitivity of breast MRI for
detecting metastatic ALN to be 98.5%, the
NPV to be 96.4%, specificity to be 57.8%,
and the PPV to be 71%.2 In our study, the
specificity and PPV of MRI, in which ADC, FA,
and morphological features were evaluated
together, detecting ALN status were 95.7%
and 100% respectively, while its sensitiv-
ity and NPV were 100% and 97.7%. These
results show that useful information may be
gained on the axilla in patients undergoing
breast MRI.

The relatively low number of patients and
the usage of conventional ROI-based tech-
nique for quantifying the diffusion tensor
image were limitations of our study. Further

larger prospective studies are needed
to validate the clinical usefulness of our
research.

In conclusion, we evaluated the con-
tribution of FA and ADC values obtained
from DTl and DWI in determining the sta-
tus of the ALN in breast cancer patients.
Metastatic ALN had a significantly lower
ADC value than non-metastatic ALN, and
FA values of metastatic ALN were found to
be significantly higher than non-metastatic
ALN. Also, ADC value had a better diagnos-
tic performance than morphological fea-
tures and FA. Based on the results of this
study, we believe that DWI and DTl may
contribute to differentiating metastatic ALN
from non-metastatic ALN in a preoperative
setting.
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