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Abstract: This study investigated the correlation between dynamic contrast-enhanced magnetic resonance imaging 
(DCE-MRI) and intravoxel incoherent motion diffusion-weighted imaging (IVIM DWI) to differentiate thyroid nodules. 
Quantitative DCE-MRI parameters, including the transfer constant (Ktrans), rate constant (Kep) and volume fraction of 
the extracellular extravascular space (Ve), were calculated. The diffusion coefficient (D), pseudo-diffusion coefficient 
(D*), and perfusion fraction (f) were derived from biexponential fitting of IVIM DWI. A total of 38 nodules, including 
22 malignant and 16 benign nodules, were analyzed. The Ktrans, Kep and Ve for benign lesions were 1.32 ± 0.76  
min-1, 6.44 ± 1.44 min-1, and 2.02 ± 0.89 min-1, respectively, and for malignant lesions, the values were 0.84 ± 0.30 
min-1, 5.43 ± 1.38 min-1, and 1.71 ± 0.83 min-1, respectively (P = 0.027, 0.036, and 0.257, respectively). The D, f, 
and D* for benign lesions were 1.51 ± 0.52 mm2/s, 26.63 ± 8.75%, and 15.84 ± 8.71 mm2/s, respectively, and for 
malignant lesions, the values were 0.68 ± 0.17 mm2/s, 31.63 ± 10.72%, and 11.10 ± 4.21 mm2/s, respectively 
(P [< 0.0001, 0.135, 0.058], respectively). No significant correlations were found between IVIM DWI and DCE-MRI 
quantitative parameters (all P > 0.05). In benign nodules, a moderate inverse correlation was found between D and 
Kep (r = -0.54, P = 0.031). IVIM DWI shows no significant correlation with perfusion parameters derived from DCE-
MRI; however, IVIM DWI combined with quantitative DCE-MRI may be a useful imaging tool for the assessment of 
thyroid nodules in clinical studies.
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Introduction

Thyroid cancer is the most common malignant 
disease of the endocrine system. Although 
most papillary carcinomas exhibit poor inva-
siveness, some malignant nodules with abun-
dant blood supply have obvious distant metas-
tasis and a poor prognosis [1]. Early imaging 
approaches include ultrasound, computed to- 
mography (CT) and conventional diffusion-wei- 
ghted imaging (DWI). These methods are typi-
cally used to observe the morphology of thyroid 
nodules, but they cannot be quantified and 
compared with each other. In recent years, dif-
fusion-weighted functional imaging has been 
gradually applied for the diagnosis of thyroid 
disease. Many research foused on the diag-
nositic value of quantitative dynamic contrast-

enhanced magnetic resonance imaging (DCE-
MRI) and intravoxel incoherent motion (IVIM) 
DWI.

DCE-MRI parameters are likely attributed to 
their direct reflection of tissue physiology based 
on the concentration of contrast agent and are 
more closely linked to perfusion and permea- 
bility; thus, they are related to tumor angiogen-
esis [2, 3]. The application of DCE-MRI in differ-
entiating thyroid nodules has been investigated 
for more than twenty years. Due to limitations  
in hardware and software applications and the 
heterogeneity of thyroid nodules, initial studies 
focused on the time-intensity curve. The semi-
quantitative parameters in these studies yield-
ed different results upon applying semiquanti-
tative DCE-MRI in benign and malignant thyroid 
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nodules [4-7]. Quantitative DCE-MRI, a phar- 
macokinetic model, was originally proposed by 
Tofts et al. [8] to quantitatively determine capil-
lary blood flow in tumors. These parameters 
can describe complex microcirculation in living 
tissues and provide quantitative information 
about vascular permeability and angiogenesis. 
However, quantitative DCE-MRI analysis using  
a 1.5T scanner in differentiate benign and 
malignant thyroid nodules need further explo-
ration [9]. Nevertheless, with improvements in 
MRI hardware and image acquisition technolo-
gy, image quality and time resolution have sig-
nificantly improved. This study analyzed the 
dynamic contrast enhancement of benign and 
malignant thyroid nodules using a 3.0T scan-
ner. DCE-MRI requires contrast agents to pro-
vide perfusion information, which may limit its 
application in patients who cannot receive con-
trast agents. IVIM DWI has shown great po- 
tential for reflecting the diffusivity and micro-
vascular perfusion of tissues without the use  
of contrast agents [10]. In early studies of thy-
roid nodules, IVIM DWI successfully showed its 
feasibility for differentiating benign and malig-
nant nodules [11, 12]. Furthermore, several 
studies have demonstrated correlations bet- 
ween parameters from IVIM DWI and DCE-MRI 
in the head and neck, mainly in the nasophar-
ynx and nasal sinus and in parotid gland tumors 
and metastatic lymph nodes [13-15]. However, 
Xu et al. [16] suggested that IVIM DWI cannot 
replace DCE-MRI for benign and malignant tu- 
mors of the head and neck, especially squa-
mous cell carcinoma. Conversely, no related 
reports on thyroid nodules have been pub- 
lished.

The aim of this study was to assess the corre- 
lations of IVIM DWI parameters with quantita-
tive DCE-MRI parameters and evaluate their 
diagnostic performance.

Materials and methods

Patient population

This study was approved by the local ethics 
committee in our institution, and written in- 
formed consent was obtained. Patients meet-
ing the following inclusion criteria were includ-
ed in this study: 1) thyroid nodules or masses 
detected by physical examination or incidental-
ly; 2) thyroid nodules larger than 1.5 cm detect-
ed by ultrasonography; and 3) a belief of clini-

cians and/or patients that the lesion should be 
removed surgically. For some nodules that we- 
re suspected to be benign, surgical treatment 
was planned according to the patient’s prefer-
ences or symptoms. The exclusion criteria were 
as follows: 1) pure cysts/necrotic nodules; 2) 
the presence of any MRI-incompatible metallic 
device; or 3) motion artifacts during MRI exams.

Between November 2017 and April 2019, 36 
patients (5 men, 31 women; mean age, 54 ± 11 
years; age range, 21-69 years) with 38 thyroid 
nodules were recruited. The pathological find-
ings confirmed 16 benign nodules and 22 ma- 
lignant nodules with the following diagnoses: 
papillary thyroid cancer (n = 21), medullary thy-
roid carcinoma (n = 1), nodular goiter (n = 14) 
and thyroid adenoma (n = 2). Thirty-four pa- 
tients had solitary thyroid nodules, and 2 
patients had two nodules.

MRI protocol

All patients underwent preoperative MRI exams 
(Philips 3.0T Ingenia, Philips Medical System, 
the Netherlands). Before performing DCE-MRI, 
routine T1-weighted imaging (T1WI), T2-weight- 
ed imaging (T2WI) and IVIM DWI data were 
acquired using an 8-channel phased-array ca- 
rotid coil. First, T1/T2-weighted turbo spin-echo 
sequences were used to capture morphologic 
features of the thyroid nodules. The imaging 
parameters for T1WI/T2WI were as follows:  
repetition time (TR): 525/3600 ms; echo-time 
(TE): 36/100 ms; field of view (FOV): 22 × 22 × 
29 cm; in-plane resolution: 0.85 × 0.85 mm/ 
0.76 × 0.76 mm; number of slices: 20; slice 
thickness: 4 mm; slice spacing: 0.6 mm; turbo 
factor: 8/22; and total acquisition time: 6:34 
min. Second, iZOOM DWI was performed using 
a 2D RF pulse with the following parameters: 
TR/TE: 1351/69 ms; turbo factor, 29; echo-
planar imaging factor: 29; FOV: 160 × 47 mm; 
acquisition matrix: 106 × 144; number of aver-
ages: 4; number of slices: 10; slice thickness: 5 
mm and slice spacing: 1 mm. Eight b-values  
(0, 20, 50, 100, 200, 400, 600, and 990 s/
mm2) were used, and the acquisition time was 
5:37 min. DCE-MRI involved a 3D fast field echo 
with two flip angles (5° and 15°) to determine 
the T1 relaxation time of the tissue before con-
trast agent injection (TR/TE: 3.3/1.6 ms; FOV: 
220 × 220 mm; acquisition matrix: 184 × 158; 
reconstruction matrix: 224 × 224, number of 
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Netherlands) that utilizes a commonly used 
2-compartment pharmacokinetic model pro-
posed by Tofts et al. [8]. T1 map images were 
generated using a dual-flip angle method and 
registered to the motion-corrected images. The 
two-compartment model and perfusion param-
eters were calculated as follows: dCt(t)/dt = 
KtransCp(t)-KepCt(t), where Ct(t) is the gadolinium 
concentration in the tumor, Cp(t) is the concen-
tration in the arterial plasma, Ktrans is a rate  
constant representing the transfer of contrast 
agent from arterial blood to the extravascular 
extracellular space (EES), Kep is a rate constant 
representing the transfer of contrast agent fr- 
om the EES to blood plasma, and Ve = Ktrans/Kep 
is the EES volume of distribution.

IVIM DWI processing was conducted using 
MATLAB (Mathworks, Natick, MA, R2012b). 
Nonlinear fitting of the biexponential model 
was performed as described by Le Bihan et al. 
[10]. The IVIM DW images were also subjected 
to autocorrection, and the IVIM DWI model was 
mathematically expressed as follows: Sb/S0 = 
(1-f) × e-bD + f × e-b (D + D*), where Sb and S0 are the 
signal intensities in the diffusion gradient fac-
tors of b and 0, respectively, f is the fractional 
volume of capillary blood, D is the diffusion 
coefficient, and D* is the perfusion-related dif-
fusion coefficient.

Statistical analysis

Statistical analysis was performed using Med- 
Calc Online (v17.7.2). Continuous variables wi- 

slices: 9; slice thickness: 8 mm, and slice spac-
ing: 4 mm). By setting the flip angle to 10°, we 
were able to keep the remaining scanning pa- 
rameters consistent with those described abo- 
ve. Thirty-five dynamics were acquired consec-
utively, with a temporal resolution of 4.3 s, and 
the acquisition time was 4:36 min. At the four- 
th dynamic, 0.1 mmol/kg of gadopentetate di- 
meglumine contrast agent was administered 
intravenously at a rate of 2.5 ml/s, followed by 
20 ml of 0.9% saline flush.

Image analysis

Region of interest placement: First, a T2W MRI 
slice showing the largest range of solid signals 
was selected. Second, the region with the most 
obvious enhancement was selected from the 
dynamic enhancement sequence for delinea-
tion of the regions by avoiding necrotic tissues 
and vascular regions as much as possible. 
Third, oval regions of interest (ROIs) ranging 
from 20 to 50 mm2 in size were placed on DCE 
and IVIM DW MRI images while every effort was 
taken to ensure that the ROIs were located at 
the same place and had the same shape (Fi- 
gures 1 and 2). The positions of the ROIs were 
verified by a head and neck radiologist (S.M.H., 
with 10 years of post-fellowship experience in 
reading MRI data). Each lesion was measured 
twice, and the measurements were averaged.

Quantitative measurements: DCE-MRI process-
ing was performed using commercial software 
(ISP Permeability; Philips Healthcare, Best, the 

Figure 1. MRI Images of a 48-year-old man with a nodular goiter in the right lobe. Pre-contrast T1-weighted MRI (A), 
contrast-enhanced MRI (B) and T2-weighted MRI (C) showing a mass in the right palatine tonsil. Color coded: Ktrans 
(D), Kep (E), and D (F) maps derived from DCE-MRI and IVIM DWI. Ktrans = 2.41 min-1, Kep = 7.80 min-1, and D = 1.21 
× 10-3 mm2/s.
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Figure 2. MRI images of a 62-year-old man with right lobe papillary thyroid cancer. Pre-contrast T1-weighted MRI 
(A), contrast-enhanced MRI (B) and T2-weighted MRI (C) showing a mass in the right palatine tonsil. Color coded: 
Ktrans (D), Kep (E), and D (F) maps derived from DCE-MRI and IVIM DWI. Ktrans = 1.19 min-1, Kep = 5.40 min-1, and D = 
0.59 × 10-3 mm2/s.

th a normal distribution are expressed as the 
mean ± standard deviation. The mean values 
of the parameters of the malignant group and 
the benign group were compared using inde-
pendent-sample T-tests. Receiver operating ch- 
aracteristic (ROC) curve analysis was used to 
determine the optimal cut-off values of the sig-
nificant parameters. The area under the ROC 
curve (AUC), sensitivity, specificity, positive pre-
dictive value (PPV), negative predictive value 
(NPV) and accuracy were computed. Multiva- 
riate logistic regression analysis was used to 
assess the diagnostic effects of DCE-MRI and 
IVIM DWI models, gauge their independent pre-
dictive value, and determine which combina-
tion of models (parameters with a significant 
difference in distinguishing benign and malig-
nant thyroid nodules) was the most predictive 
of thyroid nodules. Pearson’s correlation coef-
ficients were computed to characterize associ-
ations between DCE-MRI and IVIM DWI param-
eters. A correlation coefficient |r| < 0.5 was 
considered a poor correlation, an |r| value 
between 0.5 and 0.8 was considered a moder-
ate correlation, and |r| > 0.8 was accepted as 
a strong correlation. P < 0.05 indicated a statis-
tically significant difference.

Results

Quantitative DCE-MRI and IVIM DWI param-
eters

The largest diameters of the lesions ranged 
from 15 mm to 89 mm, with a mean of 38.8 

mm. In the benign group, the values of the DCE-
MRI parameters were as follows: Ktrans: 1.32 ± 
0.76 min-1, Kep: 6.44 ± 1.44 min-1, and Ve: 2.02 
± 0.89 min-1. In the malignant group, the values 
of the DCE-MRI parameters were as follows: 
Ktrans: 0.84 ± 0.30 min-1, Kep: 5.43 ± 1.38 min-1, 
and Ve: 1.71 ± 0.83 min-1. Among the three 
DCE-MRI parameters, the Ktrans and Kep values 
were significantly lower in malignant nodules 
than in benign nodules (P = 0.027 and 0.036, 
respectively), while the Ve value showed no  
significant difference between malignant and 
benign nodules (P = 0.257).

In the benign group, the values of the IVIM DWI 
parameters were as follows: D: 1.51 ± 0.52 × 
10-3 mm2/s, f: 26.63 ± 8.75%, and D*: 15.84 ± 
8.71 × 10-3 mm2/s. In the malignant group, the 
values of the IVIM DWI parameters were as  
follows: D: 0.68 ± 0.17 × 10-3 mm2/s, f: 31.63 ± 
10.72%, and D*: 11.10 ± 4.21 × 10 -3 mm2/s. 
Among the three IVIM DWI parameters, the D 
value was significantly lower in malignant  
nodules than in benign nodules (P < 0.0001), 
while the f and D* values showed no signifi- 
cant differences between malignant and be- 
nign nodules (P = 0.135 and P = 0.058, 
respectively).

The respective optimal cut-off values obtained 
from ROC curve analyses (i.e., the sensitivity, 
specificity, PPV, NPV and accuracy) were as  
follows: Ktrans: 1.36 min-1 (100%, 50%, 73.33%, 
100%, and 78.95%, respectively); Kep: 7.39 
min-1 (63.64%, 81.25%, 84.21%, 68.42%, and 
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Table 1. Comparisons of parameters from DCE-MRI and IVIM DWI between benign and malignant 
thyroid nodules

Ktrans (min-1) Kep (min-1) Ktrans + Kep D (× 10-3 mm2/s) D + Ktrans + Kep

AUC (95% CI) 0.668 (0.496-0.812) 0.682 (0.538-0.843) 0.719 (0.550-0.852) 0.969 (0.854-0.999) 0.991 (0.892-1.000)
Cut-off value 1.36 5.60 0.56 0.81 0.69
Sensitivity 100% 63.64% 81.82% 81.82% 90.91%
Specificity 50% 81.25% 62.50% 100% 100%
PPV 73.33% 84.21% 66.67% 100% 100%
NPV 100% 68.42% 63.64% 80% 88.89%
Accuracy 78.95% 76.32% 65.79% 89.47% 94.74%
Note: AUC, Area under the receiver operating curve; CI, Confidence intrerval; PPV, Positive predictive value; PPV, Positive predictive value.

76.32%, respectively); and D: 0.81 × 10-3 
mm2/s (81.82%, 100%, 100%, 80%, and 
89.47%, respectively) (summarized in Table 1). 
Respective ROC curves and AUC values are  
presented in Table 1 and Figure 3. Regard- 
ing independent parameters, D achieved the 
highest AUC (0.969; 95% CI: [0.854-0.999]) in 
differentiating malignant from benign thyroid 
nodules. The DCE-MRI model constructed by 
multivariate logistic regression analysis yield- 
ed the following results: AUC: 0.719, sensiti- 
vity: 81.82% and specificity: 62.50%. The DCE-
MRI model combined with the D value con-
structed by multivariate logistic regression an- 
alysis yieled the following results: AUC: 0.991, 
sensitivity: 90.91% and specificity: 100%, whi- 
ch did not significantly differ from those of D  
(P = 0.224).

Relationship between IVIM DWI and DCE-MRI 
parameters

In thyroid nodules, no significant correlations 
were found between IVIM DWI and DCE-MRI 
quantitative parameters (Table 2).

The stratified analysis showed that in benign 
nodules, a significant inverse but moderate  
correlation existed between D and Kep (r = 
-0.54, P = 0.031), and no significant correla- 
tion was found between D and Ktrans (r = -0.09, 
P = 0.754). In malignant nodules, no signifi- 
cant correlation was found between D and  
Ktrans (r = -0.42, P = 0.050) or between D and  
Kep (r = 0.10, P = 0.650) (Figure 4).

Discussion

In this study, both DCE-MRI parameters (Ktrans 
and Kep) and the IVIM DWI parameter (D) were 
able to significantly differentiate malignant and 
benign thyroid nodules. Ktrans and Kep combined 
with D achieved the greatest AUC value. The D 
value demonstrated a strong correlation with 
the Kep value in the benign group.

The quantitative parameters of DCE-MRI (Ktrans 
and Kep) have been described in many studies 
as potentially powerful tools that can be used 
to assess lesion perfusion and may increase 
with increasing microvascular blood flow, vas-
cular permeability, and microvessel density of 
the diseased tissue. The quantitative parame-
ters of malignant lesions in the head and neck 
[15, 16], breast [17] and rectum [18] have be- 
en found to be significantly higher than those  
in benign lesions, which might suggest that a  
high Ktrans and Kep may reflect increased micro-
vascular and endothelial permeability. Theore- 
tically, permeability in the malignant nodule 

Figure 3. ROC curve analysis of the combination of 
DCE-MRI parameters, IVIM parameters, Ktrans, Kep and 
D. Regarding independent parameters, D achieved 
the highest AUC (0.969). The AUC of the DCE-MRI 
model combined with the D value was 0.991, which 
did not significantly differ from that of D (P = 0.224).
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Table 2. Correlation coefficients (P Values) between 
perfusion parameters derived from DCE-MRI measure-
ments and IVIM DWI parameters

D f D*

Ktrans 0.16 (P = 0.328) 0.17 (P = 0.317) -0.03 (P = 0.830)
Kep -0.05 (P = 0.785) 0.10 (P = 0.545) -0.23 (P = 0.159)
Ve 0.14 (P = 0.392) 0.20 (P = 0.219) 0.04 (P = 0.800)

group is assumed to be higher than that in the 
benign nodule group. Some inconsistencies 
have emerged between ultrasound and pathol-
ogy findings in microvessel density studies of 
benign and malignant thyroid nodules. One pa- 
thological study showed that the microves- 
sels of thyroid cancer were more numerous 
[19]. However, some ultrasound imaging stud-
ies have found that the parameters related to 
microvessels in malignant nodules are signifi-
cantly lower than those in benign nodules [20, 
21]. Ktrans and Kep were significantly lower in the 
malignant group than in the benign group in 
this study, which is consistent with the above-
mentioned ultrasound study and with a previ-
ous DCE-MRI study in thyroid nodules [9]. The 
main reasons are as follows: 1) most of the 
malignant nodules were papillary carcinoma, 
and no further stratification was performed;  
2) although many microvessels are present in 
malignant thyroid nodules, we speculate that 
most may be dysplastic microvessels, and per-
meability measurement represents a type of 
functional microvessel density; and 3) the ap- 
plication of a quantitative permeability model 
to calculate thyroid nodules and selection of 
the arterial input function (AIF) still require fur-
ther discussion. This model is based on a we- 
ll-described two-compartment model, and the 
thyroid is an endocrine organ with an abundant 
blood supply. Because the results of manually 
drawing the AIF in the preliminary experiment 
were not stable, this study used a universal AIF 
derived mainly from healthy subjects and bas- 
ed on the head and neck research basis that 
the AIF has very similar profiles in similar sub-
jects [22]. Notably, a previous quantitative st- 
udy failed to distinguish benign from malignant 
thyroid nodules [9], which we speculate may be 
related to the data and sample size deviations 
caused by the heterogeneity of lesions and  
the high variability of the patients. The analysis 
selected the largest areas of the thyroid nod-
ules, including cystic necrosis and calcificati- 
on areas, to delineate the ROIs, which might in- 

crease interference from heterogeneous 
factors in lesions. The purpose of this 
study was to explore whether IVIM DWI 
parameters were correlated with DCE-
MRI quantitative parameters. Patients wi- 
th thyroid nodule diameters greater than 
1.5 cm were enrolled in the study, and 
necrotic lesions were avoided. We found 
that measurements of quantitative DCE-

MRI parameters for lesions with diameters less 
than 1 cm were unstable. Based on the experi-
mental design described above, the quantita-
tive DCE-MRI parameters obtained in this stu- 
dy have significant differences. Our sensitivity 
and specificity measures were based on thre- 
sholds derived from our population and there-
fore likely represent overestimations of poten-
tial findings in other populations. This study 
found no significant difference in Ve values 
between benign and malignant thyroid nod-
ules. Ve reflects the volume of contrast agent 
outside the EES, which is highly unstable.

No significant differences in the f and D* values 
related to IVIM perfusion were identified. As a 
diffusion-related parameter, the D value could 
effectively differentiate between benign and 
malignant thyroid nodules, as reported in other 
studies [11, 23]. We speculate that the reason 
for the above results is related to the structure 
of the thyroid gland and the pathological char-
acteristics of malignant lesions. Approximately 
90% of thyroid cancers are papillary carcino-
mas originating from the follicular epithelium. 
Current studies on DWI mostly suggest that the 
diffusion-limited signal of malignant nodules is 
caused by a change in normal acinar compo-
nents [9, 24, 25]. However, other studies have 
shown that the f value has statistical signifi-
cance in differentiating benign and malignant 
thyroid nodules [12]. Because of the heteroge-
neity of thyroid nodules and the complexity of 
head and neck DWI technology, different scan-
ning parameters, ROI delineations and enroll- 
ed patients may lead to inconsistent data.

In theory, the transport of tracers to tissues 
depends on the intravascular flow; therefore, 
the exact relationships between IVIM DWI pa- 
rameters and DCE-MRI parameters may prove 
to be close [26]. Our results showed no signifi-
cant correlations between IVIM DWI and DCE-
MRI quantitative parameters in thyroid nodul- 
es, even in the malignant nodule group. Notab- 
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ly, the IVIM DWI and DCE-MRI parameters in 
this study did not clearly show the characteris-
tic of high perfusion in malignant thyroid nod-
ules. The poor correlations between the two 
methods may be explained by the above phe-
nomena. Another explanation for the poor cor-
relations is that the quantitative parameters of 
DWI and DCE-MRI are used to evaluate the dif-
ferent contents of tumor tissues, the former of 
which is mainly affected by changes in cell den-
sity in tumor tissues, while the latter is mostly 
affected by changes in blood perfusion and 
capillary permeability in tumor tissues. DCE-
MRI quantitative parameters change earlier th- 
an those of DWI. Further stratification confir- 
med that the D value (a robust parameter) was 
significantly and moderately correlated with  
Kep (a more accurate parameter in DCE-MRI). 
Compared with Ktrans, Kep was affected only by 
the concentration of contrast agent and the  

volume fraction in the extracellular space of  
the tumor vessels and may therefore more ac- 
curately reflect the actual permeability of tu- 
mor capillaries [17]. This phenomenon indicat- 
es that to some extent, the D value is related  
to the quantitative parameter of DCE-MRI and 
reflects an opportunity for further research. On- 
ly approximately 10% of undifferentiated can-
cers are considered to be closely related to  
vascular endothelial growth factor [27, 28]. Fur- 
ther stratification studies correlating histologi-
cal findings with parameters from IVIM DWI or 
DCE-MRI may be helpful for clarifying the rela-
tionships between IVIM DWI and DCE-MRI of 
parameters. The AUC of the D value combined 
with DCE-MRI parameters (Ktrans and Kep) was 
significantly powerful, achieving a specificity 
and PPV of 100%, suggesting the usefulness  
of IVIM DWI and the quantitative parameters  
of DCE-MRI in thyroid nodules.

Figure 4. Pearson’s correlation between DCE-MRI perfusion parameters (Ktrans, Kep) and the IVIM DWI perfusion 
parameter (D). In benign nodules, no significant correlation was found between D and Ktrans (r = -0.09, P = 0.754) 
(A), and a significant inverse but moderate correlation was found between D and Kep (r = -0.54, P = 0.031) (B). In 
malignant nodules, no significant correlation was found between D and Ktrans (r = -0.42, P = 0.050) (C) or between 
D and Kep (r = 0.10, P = 0.650) (D).
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The main limitation of our study was the retro-
spective design. An analysis of index lesions 
using retrospectively drawn ROIs manually de- 
fined on MRI images by a single reader based 
on a surgical histology report is subjective  
and does not assess inter-reader agreement. 
Second, a relatively small cohort of patients 
was included in our study design. Therefore, a 
follow-up investigation is needed to correlate 
IVIM DWI parameters with various immunohis-
tochemical results.

Conclusion

In conclusion, our results suggest that the per-
fusion parameters of DCE-MRI in thyroid nod-
ules should not be replaced by those of IVIM 
DWI. We demonstrated a moderate correlati- 
on between the IVIM DWI parameter D and  
the quantitative DCE-MR parameter Kep in the 
benign group. Therefore, IVIM DWI combined 
with quantitative DCE-MRI may be a useful 
imaging tool for the assessment of thyroid  
nodules in clinical practice.
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