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Background: We sought to determine the value of combining diffusion-weighted (DW) and per-
fusion-weighted (PW) sequences with a conventional magnetic resonance (MR) sequence to as-
sess solid components of borderline ovarian tumors (BOTs) and stage I carcinomas. 
Methods: Conventional, DW, and PW sequences in the tumor imaging studies of 70 patients 
(BOTs, n=38; stage I carcinomas, n=32) who underwent surgery with pathologic correlation were 
assessed. Two independent radiologists calculated the parameters apparent diffusion coefficient 
(ADC), Ktrans (vessel permeability), and Ve (cell density) for the solid components. The distribution 
on conventional MR sequence and mean, standard deviation, and 95% confidence interval of 
each DW and PW parameter were calculated. The inter-observer agreement among the two ra-
diologists was assessed. Area under the receiver operating characteristic curve (AUC) and multi-
variate logistic regression were performed to compare the effectiveness of DW and PW sequenc-
es for average values and to characterize the diagnostic performance of combined DW and PW 
sequences. 
Results: There were excellent agreements for DW and PW parameters between radiologists. The 
distributions of ADC, Ktrans, and Ve values were significantly different between BOTs and stage I 
carcinomas, yielding AUCs of 0.58 and 0.68, 0.78 and 0.82, and 0.70 and 0.72, respectively, with 
ADC yielding the lowest diagnostic performance. The AUCs of the DW, PW, and combined PW 
and DW sequences were 0.71±0.05, 0.80±0.05, and 0.85±0.05, respectively. 
Conclusion: Combining PW and DW sequences to a conventional sequence potentially improves 
the diagnostic accuracy in the differentiation of BOTs and stage I carcinomas.  
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Introduction 

The presence of solid components in ovarian tumors strongly 
suggests carcinoma, but solid components can also be seen in 

borderline ovarian tumors (BOTs). BOTs are a class of epithelial 
tumors; histologically, they show atypical nuclei without cell pro-
liferation and epileptic involvement. Resection is considered to 
be sufficient treatment for BOTs; adjuvant chemotherapy after 
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surgery has no significant correlation with the recurrence rate. 
BOTs have been shown to have a low recurrence rate and a high 
survival rate [1-5]. 

The preoperative diagnosis of BOTs and stage I carcinomas re-
mains difficult, despite the development of various imaging tech-
niques. Ultrasonography is generally used to assess ovarian tu-
mors, but its accuracy is not high because of the overlapping fea-
tures of different tumor types. Magnetic resonance imaging 
(MRI) is superior to ultrasound or computed tomography in the 
evaluation of tissue components and easily identifies solid com-
ponents. Therefore, MRI is often used to diagnose ovarian can-
cers, focusing on detection of solid areas, among other features, 
in distinguishing tumor types. However, even with conventional 
MRI, it is difficult to distinguish between BOTs with solid com-
ponents and primary carcinomas [5-7]. 

Recent advances in MRI have improved the preoperative diag-
nosis of ovarian tumors. The usefulness of diffusion-weighted 
(DW) and perfusion-weighted (PW) sequences has been report-
ed in several studies; these imaging sequences have been used to 
assess the density of tumor cells and evaluate neovasculature and 
microvasculature [7-9]. Solid components in BOTs and stage I 
carcinomas are characterized by high signal intensity, reflecting 
long tumor relaxation time with prolonged T2 relaxation time 
on DW images, and early dynamic enhancement reflecting tu-
mor angiogenesis associated with microvessel densities [9-12]. It 
has already been shown that combining DW or PW imaging with 
a conventional magnetic resonance (MR) sequence is effective 
in discriminating benign and malignant ovarian tumors [11-13]. 
However, no reports have been published to date that demon-
strate the contribution of DW and PW sequences to the differen-
tial diagnosis of BOTs and stage I carcinomas. Therefore, the 
purpose of this study is to assess the combination of PW and 
DW sequences with a conventional MR sequence to potentially 
improve diagnostic accuracy in the differentiation of BOTs and 
stage I carcinomas. 

Materials and methods 

This study was approved by the Kyungpook National Universi-

ty Hospital Institutional Review Board (Approval No. S-201221) 
with waiver of informed consent. We reviewed the medical re-
cords dating from December 2015 to May 2017 of 118 patients 
with BOTs or stage I carcinomas treated in our institution. Of 
these patients, 70 with solid tumors on MRI were included 
(BOTs, 38 patients; stage I carcinomas, 32 patients). All tumor di-
agnoses were confirmed histopathologically. MRI, including con-
ventional, DW, and PW sequences, was performed in 57 of the 70 
patients. DW sequences were excluded in 7 patients (T1-weight-
ed high-intensity mass, 3 patients; artifact shadow, 4 patients), and 
9 patients (contrasted myometrial defects, 4 patients; technical 
problems such as artificial shadowing, 5 patients). Table 1 sum-
marizes the results of the exponential test in the patient groups 
that underwent imaging with DW and PW sequences in combi-
nation with conventional MRI. Of the patients with tumors iden-
tified as BOTs, 12 had mucinous tumors and 26 had serous tu-
mors, whereas 11 of the patients with stage I carcinoma had muci-
nous tumors and 21 had serous tumors. The ages of the patients 
with BOTs ranged from 19 to 62 years (mean, 40.8 ± 14.2 years). 
The ages of the patients with stage I carcinoma ranged from 25 to 
71 years (mean, 43.2 ± 13.2 years). Thirteen patients had under-
gone unilateral or bilateral salpingo-oophorectomy (BSO) due to 
clinical conditions such as fertility problems. The remaining pa-
tients had undergone hysterectomy, BSO, and lymphadenectomy 
for a clinical diagnosis of carcinoma. 

MRI was performed with a 1.5-T scanner (Avanto; Siemens, 
Erlangen, Germany) using a pelvic phased array coil. Patients 
were given 1 mg of glucagon into the muscle just before the test 
to reduce intestinal peristalsis. Table 2 summarizes the MR se-
quence parameters. First, conventional T1-weighted turbo spin-
echo imaging with both axial and sagittal T2-weighted turbo 
spin-echo images and fat suppression and fat suppression exclu-
sion was performed. Next, DW sequences were obtained from 
the axial plane using a single-shot echo plane image using the 
sensitivity coding technique. The b values corresponding to the 
diffusion detection gradient were 0 and 1,000 mm2/sec. T1- and 
T2-weighted and DW images were acquired with a cut thickness 
of 5 mm and a cutoff interval of 1 mm. The motion search gradi-
ent pulses were arranged in 3 orthogonal directions. Finally, PW 

Table 1. Patient population and index test results

Conv MR (n=70)
Conv MR+DW (n=63) Conv MR+PW (n=61) Conv MR+DW+PW (n=57)

BOT Stage I carcinoma BOT Stage I carcinoma BOT Stage I carcinoma
n=33 n=30 n=33 n=28 n=32 n=25

BOT, borderline ovarian tumor; n, number of patients; Conv MR, conventional magnetic resonance sequence; DW, diffusion-weighted sequence; PW, 
perfusion-weighted sequence.
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sequences were performed on all tumors, with emphasis on the 
area of the solid component in the non-enhanced MRI. The im-
ages were acquired on an axial plane including the myometrium 
adjacent to the tumor on the optimal plane. Three-dimentional 
(3D), radiofrequency, and time resolved angiography stochastic 
trajectories (TWISTs) images (GRAPPA factor 2; Simens 
Healthcare, Erlangen, Germany) were used. Conventional dy-
namic contrast enhancement images were obtained using the 
TWIST technique. Gadolinium chelate (Gadovist; Bayer, Ger-
many) was intravenously injected at a concentration of 0.1 mmol 
per/kg. Injection was performed with a high-pressure automatic 
injector (Medrad Spectris, Polkhach, Germany). The flow rate of 
2 mL/sec was equivalent to 5 seconds of transient injection up to 
120 mL. Then, 20 mL isotonic saline was immediately injected at 
the same flow rate. 

Two experienced radiologists (10 and 12 years of abdominal 
imaging) analyzed the masses according to the following crite-
ria: size, bilaterality, presence of multiple locules with various 
signal intensities, multiseptation, presence of solid component, 
presence of multiple, peritoneal seeding, and lymphadenopathy. 
Solid portions in cystic tumors refers to the proliferation, solid 
portion, and thickened septum of the wall or septum of the 
mass, as defined by Timmerman et al. [14]. All of the solid com-
ponents showed enhancement after contrast injection. On 
T2-weighted image (T2WI), the signal intensity in the solid 
component was low or intermediate compared with myometri-
um. Two radiologists referenced the region of interest (ROI) 
(average, 10.2 mm; range, 8.8–12.8 mm in the largest dimen-
sion) with reference to a T2WI. The ROI was selected for each 
of the 3 regions with relatively low signal intensities in the solid 
phase, and then the mean value was calculated as the representa-

tive value for the calculated values of the diffusivity in each ROI. 
In order not to include the edge of the solid portion, the ROI is 
mainly included in the center portion. Similar to the method of 
calculating the current apparent diffusion coefficient (ADC), a 
ROI average of 10.0 mm (range, 8.0–12.0 mm in the largest di-
mension) was set for the same region to derive the time course 
enhancement pattern of the solid component. Perfusion coeffi-
cients were determined using commercial perfusion analysis 
software (Syngo Tissue 4D; Siemens Medical Solutions, Erlan-
gen, Germany). In addition, color maps were fused to T2WIs. 
To calculate the contrast ratio (Ktrans) and the extracellular and 
extracellular fraction (Ve) between the vessels and the tissues, a 
known Tofts model was applied. When using the Tofts model, 
we used the estimated mean values from various clinical perfu-
sion imaging studies to evaluate the contrast injection function 
that is always applied together. 

To determine whether the distribution of BOT and stage I 
carcinomas differs statistically from their distribution on con-
ventional MRI, we used Mann-Whitney and Fisher's exact tests 
for each criterion for continuous and categorical criteria, respec-
tively. The mean, standard deviation, and 95% confidence inter-
val range of each DW and PW sequence parameter were then 
calculated. The quadratic k coefficients were calculated to evalu-
ate the agreement between the 2 radiologist observers (k-value, 
0–0.19; poor, 0.20–0.39; fair, 0.40–0.59; moderate, 0.60–0.79; 
substantial, 0.80–1.00; excellent). A linear mixture model with 
both p-values was used to verify whether the differences be-
tween the distributions of each parameter were statistically sig-
nificant. We also performed a receiver operating characteristic 
(ROC) curve analysis to evaluate the efficacy of conventional 
MRI, DW, and PW sequences in discriminating BOTs and stage 

Table 2. Magnetic resonance imaging protocols

Parameter
T2-weighted turbo spin-echo Axial T1-weighted turbo 

spin-echo Axial DW echo-plana Axial PW time resolved angiog-
raphy stochastic trajectoriesAxial Sagittal

Repetition time (msec) 3,100.0 3,700.0 500.0 5,500.0 12.0
Echo time (msec) 100.0 110.0 9.4 87.0 4.2
Echo train length 23 25 3 1 1
Flip angle (degree) 150.0 150.0 149.0 90.0 12.0
Sectional thickness (mm) 5 5 5 5 3.5
Intersection gap (mm) 1 1 1 1 1
Field of view (mm) 260×260 250×250 260×260 260×220 300×200
Matrix 380×260 380×260 320×250 160×80 190×80
Number of acquired signals 2 2 1 3 1
Number of sections 25 30 25 35 4
Acquisition time (sec) 150 165 25 110 60

DW, diffusion-weighted; PW, perfusion-weighted.
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I carcinoma. The area under the ROC curve (AUC) was used to 
determine diagnostic performance and the sensitivity and speci-
ficity were calculated from this curve analysis. Multivariate logis-
tic regression analysis was performed to determine whether the 
combination of conventional MRI findings and the associated 
parameters such as ADC, Ktrans, and Ve improved the differentia-
tion between BOTs and stage I carcinomas. All statistical analy-
ses were performed using SAS 9.2 software (SAS Institute, Cary, 
NC, USA), and p< 0.05 was considered statistically significant. 

Results 

Table 3 summarizes the features of conventional MR sequence 
for BOTs and stage I carcinomas. The most prevalent features of 

stage I carcinoma were bilaterality (17 of 53 patients, 53%), 
peritoneal implants (9 of 14, 64%), and lymphadenopathy (4 of 
8 patients, 50%). There was no statistically significant difference 
in size, multilocularity, the presence of loculi with various signal 
intensities, the presence of multiple septa, and distributions of 
solid components. Table 4 summarizes the 2 radiologists’ mea-
surement results of the prevalence of the ADC, Ktrans, and Ve val-
ues for BOTs and stage I carcinomas. A case of BOTs and stage 
1 carcinoma is presented (Figs. 1, 2). 

There was good consensus between the radiologists for the 
values (BOT, k= 0.850; stage I carcinoma, k= 0.890). The linear 
composite model of dispersion showed that the distribution of 
the ADC was significantly different between BOTs and stage I 
carcinomas (p< 0.03). In this analysis, multiple lesions of a giv-

Table 3. Conventional MR sequence characteristics of borderline tumors and stage I carcinomas

Characteristic No. of findings Borderline tumors (n=38) Stage I carcinomas (n=32) p-value
Mean patient age (yr) 70 40.8±14.2 43.2±13.2 0.58a)

Mean lesion size (cm) 70 12.5±4.4 14.1±5.2 0.42a)

Bilaterality 70 16 (6/38) 53 (17/32) 0.005b)

Multilocularity 48 59 (13/22) 69 (18/26) 0.01b)

Loculi with different signal intensity 25 50 (5/10) 47 (7/15) 0.38b)

Multiseptation 50 71 (20/28) 64 (14/22) 0.08b)

Solid components 70 - -
Vegetation 32 58 (7/12) 65 (13/20) 0.08a)

Solid portion 20 57 (4/7) 62 (8/13) 0.10a)

Thickened septa 18 62 (5/8) 70 (7/10) 0.08a)

Ascites 31 40 (4/10) 43 (9/21) 0.07a)

Peritoneal implants 20 33 (2/6) 64 (9/14) 0.03b)

Lymphadenopathy 8 0 50 (4/8) 0.001b)

Signal intensity of solid component on T2 70 - -
Low signal intensity 25 43 (6/14) 45 (5/11) 0.10b)

Intermediate signal intensity 45 54 (15/28) 64 (11/17) 0.09b)

Values are presented as mean±standard deviation or number. Numbers in parentheses are numbers of lesions.
a)Calculated with the Mann-Whitney test. b)Calculated with the Fisher exact test.

Table 4. Results of the comparison of ADC, Ktrans, and Ve values for borderline tumors and stage I carcinomas between 2 radiologists

Parameter
Radiologist 1 Radiologist 2

k-value
Mean SD 95% CI Mean SD 95% CI

Borderline tumors 0.850
 ADC (×10-3 mm2/sec) 1.151 0.282 1.201-1.335 1.132 0.301 1.094-1.412
 Ktrans (/min) 0.236 0.054 0.201-0.284 0.258 0.051 0.214-0.291
 Ve 0.148 0.053 0.132-0.197 0.156 0.056 0.125-0.207
Stage I carcinomas 0.890
 ADC (×10-3 mm2/sec) 1.053 0.214 0.924-1.103 1.087 0.195 0.956-1.102
 Ktrans (/min) 0.309 0.053 0.291-0.359 0.326 0.038 0.279-0.346
 Ve 0.305 0.041 0.288-0.374 0.318 0.046 0.288-0.356

SD, standard deviation; CI, confidence interval; ADC, apparent diffusion coefficient.
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en patient were randomly selected to ensure that one lesion of a 
certain type was correctly included in the analysis. Therefore, it 
is necessary to correct the analysis by the fixation effect, and the 
distribution of ADC is significantly different between the BOT 
and the stage I carcinoma (p= 0.02). Fig. 3 shows the distribu-
tion of individual ADCs. Although the mean ADCs differ sig-
nificantly, the distribution of some values overlap. The mixed 
model analysis of variance showed that Ktrans and Ve values were 

significantly different between BOTs and stage I carcinomas 
(p< 0.01). In this analysis, multiple lesions in a given patient 
were randomly selected. Estimates of the fixation effect indicate 
that the distribution of Ktrans and Ve values is significantly differ-
ent between BOTs and stage I carcinomas (p= 0.009 and 
p= 0.02, respectively). The ROC of the ADC yielded AUCs of 
0.58 and 0.68 for differentiation between BOTs and stage I car-
cinomas. The ROC of the ADC yielded AUCs of 0.58 and 0.68 

Fig. 1. Images of a serous cystadenoma borderline tumor in a 46-year-old woman. (A) T2-weighted fast spin-echo axial MR image shows 
a right ovarian tumor with cystic and solid components as solid portions (arrows) with low signal intensity. Ascites (arrowhead) is shown. 
(B) ADC map obtained at b=1,000 mm2/sec shows restricted diffusion in the solid portions (arrows, measured mean ADC map=1.12×10-3 
mm2/sec). (C) Ktrans and Ve map color overlain on a T2-weighted MR image shows increased Ktrans and Ve values throughout the solid portions 
(measured Ktrans and Ve of the ROI2=0.254/min and 0.150). (D) Relative enhancement time fitting curve of the solid component of the 
borderline tumor is shown. MR, magnetic resonance; ADC, apparent diffusion coefficient; ROI, region of interest.

A

C

B

D
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for differentiation between BOTs and stage I carcinomas. The 
AUCs of Ktrans were 0.78 and 0.82, and those of Ve were 0.70 and 
0.72 (Fig. 4). DW sequences of BOTs and stage I carcinomas 
showed relatively low diagnostic performance, while PW se-
quences showed slightly higher diagnostic performance. Fig. 5 
shows the AUC of the ADC, Ktrans, and Ve parameters.

Discussion 

The results of this study demonstrate the diagnostic value of DW 
and PW sequence techniques in discriminating between BOTs 
and stage I carcinomas. In this study, all of the solid components 
on T2WIs showed low or intermediate signal intensity and could 
not be used as a reference for discrimination. Previous studies 
have suggested that bilaterality, peritoneal implants, and lymph-

Fig. 2. Images of a stage I serous adenocarcinoma in a 42-year-old woman. (A) T2-weighted fast spin-echo axial MR image shows a 
right ovarian tumor with predominant solid portions (arrows) with low to intermediate signal intensity. (B) ADC map obtained at b=1,000 
mm2/sec shows restricted diffusion in the solid portions (arrows, measured mean ADC map=1.07×10-3 mm2/sec). (C) Ktrans and Ve map 
color overlain on a T2-weighted MR image shows increased Ktrans and Ve values over the area corresponding to the carcinoma (measured 
Ktrans and Ve of the ROI1=0.323/min and 0.332). (D) Relative enhancement time fitting curve of the solid component of the carcinoma is 
shown. MR, magnetic resonance; ADC, apparent diffusion coefficient; ROI, region of interest.

A

C

B

D

https://doi.org/10.12701/yujm.2019.00234236

Kim SH.  Borderline ovarian tumor and stage I carcinoma



low in this study [6,12]. 
Recent studies of the DW sequences related to solid compo-

nents in ovarian tumors have been reported but are limited in 
number [5,15]; the mean ADC value of the ovarian carcinoma 
was 1.03 × 10-3 mm2/sec and the sensitivity and specificity were 
74% and 80% for the differentiation between BOTs and stage I 
carcinomas, using a cutoff value of 1.15 × 10-3 mm2/sec. In the 
present study, the mean ADCs of BOTs and stage I carcinomas 
were 1.12 × 10-3 mm2/sec and 1.05 × 10-3 mm2/sec, respectively. 
Despite various reports that a low ADC value is more prevalent 
in carcinoma, wide ranges of values have been seen. Although 
these values do not recognize pathologic variation in cell density 
in BOTs and stage I carcinomas, the use of a single ADC to rep-
resent all solid components is considered a cause of this result. 
Nevertheless, the results of this study show significant differences 
in mean ADC between BOTs and stage I carcinomas. Some car-
cinomas may have a small necrotic or cystic area in the solid 
component and may appear as solid tissue with accumulation of 
cystic fluid intercalated between the ovarian processes. These 
have contributed to increasing diffusion. However, in general, 
carcinoma has more cellularity and a denser substrate. These dif-
ferences can be explained by a further reduction of the ADC in 
carcinoma. Therefore, DW sequences may be helpful to differen-
tiate between BOTs and stage I carcinomas, although the ADCs 
partially overlap. 

The role of PW sequences in the diagnosis of ovarian tumors is 
debatable. Previous studies have described the initial area under 

Fig. 3. Box and whisker plot of ADC values for borderline tumors 
and stage I carcinomas. Data box=individual ADC value, horizontal 
lines=average and associated 95% confidence intervals. ADC, 
apparent diffusion coefficient.

Fig. 4. ROC curves of ADC, Ve, and Ktrans parameters in the differentiation of borderline tumors (A) and stage I carcinomas (B). 1=ADC, 
2=Ve, and 3=Ktrans. ROC, receiver operating characteristic; ADC, apparent diffusion coefficient.

adenopathy may be useful in the diagnosis of stage I carcinoma. 
It is known that BOTs have a smaller solid area, thinner septa, 
and lower cancer antigen-125 values when they are in the solid 
and septum [9]. Epithelial tumors appear to be predominantly 
cystic, regardless of the margin tumors and carcinomas, and con-
tain varying degrees of solid components. As in many previous 
studies of conventional MRI for the differential diagnosis of 
BOTs and stage I carcinomas, sensitivity and specificity were also 
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the curve of time intensity curve as the most important factor for 
carcinoma differentiation. Therefore, to accurately perform the 
discrimination decision of a mass with high accuracy, the maxi-
mum slope ratio and the initial area under the time intensity curve 
must be considered together. Furthermore, a type 3 time-weight-
ed curve, which defines a steeper initial rise in signal intensity of 
solid tissue compared to the normal myometrial signal, appears 
unusual in carcinoma [16-18]. In contrast, in this study, quantita-
tive analysis of PW sequences was conducted to differentiate 
BOTs and stage I carcinomas. Recent studies have shown that the 
presence of vulnerable neovasculature, initially incompletely 
formed, acts as an optimal mediator, as the malignant tumor pro-
gresses more rapidly than the BOTs or benign tumors, and that 
enhancement and detachment may occur [19-23]. In carcinoma, 
blood vessel formation occurs due to the synthesis and secretion 
of angiogenic factors. The number of blood vessels is increased 
and the integrity of the blood vessel wall is low, so that the per-
meability of the tumor wall increases and the interstitial space is 
increased. Because of these differences, carcinomas with angio-
genic neovasculature have prominent enhancement [24-26]. 
Thus, quantitative physiological parameters such as perfusion 
volume, blood volume, capillary permeability, and fraction vol-
ume contribute to this enhancement. In this study, contrast en-

hancement characteristics were different between BOTs and stage 
I carcinomas, and quantitative perfusion imaging parameters such 
as Ktrans and Ve were helpful in differentiating between BOTs and 
stage I carcinomas. In brain, prostate, and breast tumors, diagnos-
tic information from multiple parameters, including DW and PW 
sequences, is obtained and provides better accuracy than is possi-
ble with the use of a single parameter [21-26]. 

In this study, the ADC has low statistical significance in the lo-
gistic regression model analysis and the AUCis only 0.71. Fur-
ther, ADC is less effective than Ktrans and Ve in differentiating be-
tween BOTs and stage I carcinomas, but diagnostic accuracy 
when combined with Ktrans and Ve increases sensitivity with a low 
false positive rate. Prospective study of the association of DW and 
PW sequences is needed to evaluate the clinical usefulness of this 
approach to discriminate between BOTs and stage I carcinomas. 

This study has some limitations. First, histopathologically 
proven cases involving only solid components are considered. 
This might have introduced selection and verification bias. In ad-
dition, there were few cases of BOTs and it was difficult to per-
form precise analysis to distinguish them from stage I carcino-
mas. Second, the current implementation plan for MRI has lim-
itations with respect to planar resolution and image sharpness. 
These can affect the computation of quantitative parameters of 
the DW and PW sequences. In cases where the amount of solid 
content is small, the accuracy of DW and PW sequences may de-
crease due to the increase in motion artifacts. However, recent 
techniques such as multi-shot DW and volume isotropic turbo 
spin-echo acquisition segmented 3D sequences have enabled im-
proved quantification of tissue components and dynamic signal 
time course features. Third, only 57 patients underwent imaging 
with both DW and PW sequences. Larger populations are need-
ed to verify whether there is a meaningful difference between 
conventional MRI with both DW and PW sequences compared 
with the respective ones. In addition, in this study, the diagnosis 
could not be corrected for the same tumor misdiagnosed on DW 
and PW sequences. In some cases, the PW sequence was useful 
for diagnosis and the DW sequence was irrelevant, and in other 
cases, the opposite occurred. Finally, these techniques require ex-
ternal validation, such as establishing a firm cutoff value for the 
standardized ADC, Ktrans, and Ve for universal use. Because the 
accuracy of this study was based on thresholds set from the same 
population, performance may have been overestimated. Im-
provement of DW and PW techniques enables evaluation of the 
overall solid content, thereby reducing the possibility of overlap-
ping parameters. Therefore, the sensitivity and specificity for 
predicting the solidity of a solid component can be improved. 

In conclusion, the parameters of DW and PW sequences were 

Fig. 5. ROC curves of diagnostic performance for PW sequence, 
DW sequence, and combining PW and DW sequences to a 
conventional sequence in the differentiation of borderline tumors 
and stage I carcinomas. 1=DW sequence only, 2=PW sequence 
only, and 3=combined PW+DW sequences. ROC, receiver 
operating characteristic; PW, perfusion-weighted; DW, diffusion-
weighted.
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significantly different between BOTs and stage I carcinomas. Al-
though the use of a quantitative DW sequence alone is not effective 
for discrimination, combination of the ADC, Ktrans, and Ve can im-
prove the differentiation compared to the use of the ADC alone. 
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