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INTRODUCTION

Quantitative techniques including fluorodeoxyglucose posi-
tron emission tomography, perfusion CT, and dynamic contrast 
material enhanced magnetic resonance imaging (DCE-MRI) 
have recently been used for differentiating benign and malignant 
lesions (1-5). Among these, DCE-MRI was able to assess endo-

thelial volume transfer, providing information about pharmaco-
kinetic parameters such as volume transfer constant (Ktrans), the 
rate constant that represents transfer of the contrast agent from 
the extravascular extracelluar space (EES) to the blood plasma 
(Kep), and extravascular extracellular volume fraction (ve) (3-5). 
Using these parameters, DCE-MRI has been used in the diag-
nosis and management of many oncological cases, including 
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Purpose: To evaluate the clinical usefulness of tissue permeability factor in differ-
entiating benign and malignant pulmonary lesions on dynamic contrast-enhanced 
(DCE) MRI.
Materials and Methods: 30 patients (14 women, 16 men; median age, 64 years; 
age range, 41-80 years) who had a pulmonary lesion underwent DCE MR imaging 
at 3.0 T. Fifteen patients had lung cancer and 15 patients had benign pulmonary 
nodules. To calculate the perfusion parameters of the pulmonary lesions, quantita-
tive analysis was carried out on all 30 pulmonary nodules or masses: volume trans-
fer constant (Ktrans), reflux constant (Kep), and extravascular extracellular space vol-
ume fraction (ve). A Mann-Whitney test was used to calculate the statistical 
significance of quantitative perfusion parameters between malignant and benign 
pulmonary lesions. Receiver operating characteristic curve analysis was also per-
formed for evaluation of sensitivity and specificity of perfusion parameters to diag-
nose lung cancer.
Results: Malignant pulmonary lesions had higher Ktrans and ve values than benign 
pulmonary lesions (0.227 ± 0.065 vs. 0.133 ± 0.054; p = 0.001, 0.479 ± 0.156 vs. 
0.357 ± 0.13; p = 0.038, respectively). However, the difference in Kep between the 
benign and malignant pulmonary lesion was not significant (0.648 ± 0.44 vs. 0.797 
± 0.93; p = 0.709). With a threshold of 0.202 (min-1), the sensitivity and specificity 
to diagnose malignant pulmonary lesions of the Ktrans value were 66.6% and 93.3%, 
respectively.
Conclusion: Ktrans and ve value of perfusion parameters on DCE-MRI can help to 
discriminate between malignant and benign pulmonary nodules or masses.
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All 30 pulmonary nodules or masses were histologically proven 
by percutaneous transthoracic needle biopsies (n = 28) and 
transbronchial lung biopsies (n = 2). Biopsies were routinely 
performed before initiating the appropriate therapy. In addition, 
5 patients subsequently underwent lung resection.

MR Protocol

All patients underwent MR imaging, which was performed 
with a 3.0-T (Magnetom Verio, Siemens Healthcare, Erlangen, 
Germany) in the supine position. A six-channel phased-array 
body coil with parallel imaging capability was placed over the 
thorax to reduce susceptibility artifacts and improve imaging 
quality. Initially, scout images were obtained using turbo-inver-
sion recovery with a coronal plane. Subsequently, pre-contrast 
three-dimensional (3D) T1-weighted volumetric interpolated 
breath-hold examination (VIBE) sequences using different flip 
angles (2° and 15°) were obtained for anatomic images. All imag-
es were obtained in the transverse plane. The MRI scanning 
range was applied differently in each case to include the entire tu-
mor within a volume of section. After the pre-contrast phase was 
completed, DCE-MRI was performed using a 3D T1-weighted 
VIBE sequence with a 15° flip angle (repetition time/echo time: 
3.78/1.28, flip angle: 15°, matrix: 184 × 256, field of view: 350 × 
350, slice thickness: 5 mm, slice per slab: 30, bandwidth: 450 
Hz/pixel, NEX: 1, scan time: 4 min 57 s). Thirty-five dynamic 
measurements were performed. The acquisition time was 8.5 
seconds with a single dynamic measurement. After the first 
three measurements, an intravenous bolus of 0.1 mmol gadobu-
trol (gadolinium-DO3A-butriol, Gadovist 1.0; Bayer Health-
Care, Berlin, Germany) per kilogram of body weight was inject-
ed at amounts of 10 cc at 3 mL/sec using a power injector 
(Spectris®; Medrad, Pittsburgh, PA, USA). DCE-MRI obtained 
the repeated acquisition of a VIBE sequence before, during, and 
after a contrast agent.

Image Analysis and Statistical Analysis 

Post-processing of all DCE-MRI data was performed by using 
a commercial software tool (Tissue 4D; Siemens Healthcare, Er-
langen, Germany). Initially, motion correction was carried out 
automatically, after which we registered morphological and pre-
contrast data to the dynamic series using software (Tissue 4D; 
Siemens Healthcare, Erlangen, Germany). A value for the arteri-

breast, bone, abdomen, and hematologic cancers (6-10).
However, it is still not easy to apply DCE-MRI to pulmonary 

lesions due to motion artifacts caused by respiration, cardiac 
pulsation, relatively low spatial resolution, and low reproducibil-
ity. Recently, studies have been reported that compare malignant 
and benign lung lesions from the enhancement pattern of DCE-
MRI using kinetic and morphologic parameters (11-14). To the 
best of our knowledge, however, no study has been conducted 
that differentiates benign from malignant pulmonary lesions us-
ing quantitative perfusion parameters. 

The purpose of our study was therefore to determine whether 
tissue permeability factor (Ktrans, Kep, or ve) on DCE-MRI can 
help to discriminate between malignant and benign pulmonary 
nodules or masses.

MATERIALS AND METHODS

Patient

A total of 43 consecutive patients with diagnosis of pulmo-
nary nodules or masses underwent DCE-MRI from June 2010 
to May 2011. All data were retrospectively reviewed and the 
study received institutional review board approval. However, in-
formed consent was not waived for all patients. Inclusion crite-
ria were as follows: 1) pulmonary nodule or mass sizes between 
1 cm and 5 cm on chest CT regardless of enhancement; 2) pul-
monary nodules or masses had been pathologically proven us-
ing biopsy after patients underwent MRI; 3) subjects had not 
undergone radiation therapy or chemotherapy previously if they 
had been diagnosed with lung cancer. Subsequently, 11 patients 
were excluded from analysis because their pulmonary lesions 
were unable to be detected correctly on dynamic contrast-en-
hanced MR images due to combined pneumonia or atelectasis. 
Two patients were excluded from post-processing analysis ow-
ing to substantial motion artifact. Finally, the remaining 30 pa-
tients (14 women, 16 men; median age, 64 years; age range, 41-
80 years) were included in this study. Among the 30 nodules or 
masses, 15 were benign, including chronic granulomatous in-
flammation with/without necrosis (n = 7), nonspecific chronic 
inflammation (n = 4), organizing pneumonia (n = 2), and fi-
brotic nodule (n = 2). Fifteen cases of malignancy were detected, 
including adenocarcinoma (n = 9, mean size: 32.8 ± 1.25 mm) 
and squamous cell carcinoma (n = 6, mean size: 40 ± 1.05 mm). 
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of quantitative perfusion parameters as follows: upper lobe vs. 
middle/lower lobe, central vs. peripheral, size (less than 30 mm, 
more than 30 mm), and benign vs. malignant nodules or mass-
es. Receiver operating characteristic analysis was also performed 
for the evaluation of the sensitivity and specificity of perfusion 
parameters for diagnosis of malignancy. p < 0.05 was considered 
to be statistically significant.

RESULTS

The characteristics of our patients are shown in Table 1. No 
significant difference occurred in sex, location, or distribution 
between benign and malignant pulmonary lesions. However, 
the age and size of lesion of the malignant group were signifi-
cantly greater than those of the benign group (p = 0.032 and 
0.005, respectively). 

Table 2 and 3 show the quantitative perfusion parameters for 
the location and size of pulmonary lesions regardless of benig-
nancy and malignancy. No significant difference of quantitative 
perfusion parameters occurred for the location and size of pul-
monary lesions, regardless of the presence of malignancy. Table 
4 shows the quantitative perfusion parameters between benig-
nancy and malignancy of lesions regardless of size. Among the 

al input function was automatically calculated using the soft-
ware without an arterial region of interest (ROI). After obtain-
ing a kinetic modeling parameter map, ROI was drawn on the 
post-contrast subtracting image. The ROIs were drawn along 
the contours of each pulmonary nodule to encompass the entire 
tumor; this was performed by a radiologist who was blind to the 
patient history with care taken to exclude areas of artifact and 
blood vessels. One month later, the same radiologist again drew 
the ROIs along contours of pulmonary nodules to obtain the av-
erage value of parameters. Three parameters, Ktrans, ve, and Kep 
were automatically calculated from the fitted model and con-
centration curve. Finally, the means of these parameters of pix-
els within the drawn regions of interest were recorded for all pa-
tients. Ktrans is the volume transfer constant that represents the 
transfer of contrast agent between the blood plasma and the 
EES (min-1). Kep is the rate constant that represents transfer of the 
contrast agent from the EES to the blood plasma (in min-1), and ve 
= Ktrans / Kep is the volume of EES per unit volume of tissue (5). 

Statistical analysis was performed using a Graphpad prism, ver-
sion 5.0 (GraphPad Software, San Diego, CA, USA). A Mann-
Whitney test was used to compare the age, sex, size, location, and 
distribution of benign lesions with malignant lesions. A Mann-
Whitney test was also used to calculate the statistical significance 

Table 1. Patient Characteristics in Our Study: Benignancy vs. Malignancy
Benignancy (n = 15) Malignancy (n = 15) p Value

 Age (years) 60.3 68.5 0.032
Sex (male : female) 10 : 5 6 : 9 0.157
Size (mm) 22.4 35.6 0.005
Location 0.735
    Upper   8 (26.6) 9 (30)
    Middle 2 (6.6)  1 (3.3)
    Lower   5 (16.6)    5 (16.6)
Distribution 0.149
    Central   7 (23.3)   11 (36.6)
    Peripheral   8 (26.6)   4 (13.3)

Note.-Data in parentheses are percentages. p value < 0.05 is statistically significant.

Table 2. Comparison of Quantitative Perfusion Parameter for Location of Lesions (n = 30) Regardless of Benignancy and Malignancy

Parameter
Location

Upper 
(n = 17)

Middle/Lower 
(n = 13) p Value Central 

(n = 12)
Peripheral 
(n = 18) p Value

Ktrans 0.182 ± 0.08 0.177 ± 0.078 0.769     0.18 ± 0.058   0.18 ± 0.087 0.949
Kep   0.862 ± 0.884 0.539 ± 0.379 0.072   0.588 ± 0.228 0.812 ± 0.909 0.783
ve  0.366 ± 0.117 0.485 ± 0.174 0.066 0.433 ± 0.13 0.407 ± 0.171 0.512

Note.-Data are means ± standard deviation. Mann-Whitney test was used. Ktrans means forward volume transfer constant. Kep means reverse reflux rate 
constant between extracellular space and plasma. ve means extravascular extracellular volume fraction. p value < 0.05 is statistically significant.
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differentiating malignant from benign pulmonary lesions. Mean-
while, the sensitivity and specificity of Ktrans value at a threshold 
of 0.158 (min-1) were 93.3% and 66.6%, respectively, for predict-
ing malignancy. To produce a specificity of 100% while we max-
imized sensitivity, the optimal Ktrans threshold values for the pre-
diction of differentiation of malignant pulmonary lesion from 
benign lesion was greater than 0.23 (min-1).

Table 5 shows the quantitative perfusion parameters between 
benign lesions and malignant lesions according to size. In lesion 
size of less than 30 mm, no significant difference of perfusion 
parameters was detected between benign and malignant lesions. 
Meanwhile, in lesion size of more than 30 mm, only the Ktrans val-
ues of malignant pulmonary lesions were significantly higher 
than the benign lesions (0.233 ± 0.07 vs. 0.104 ± 0.054;  p = 0.007) 
(Figs. 3, 4).

Among malignant lesions, no significant difference of perfu-
sion parameters between squamous cell carcinomas and adeno-
carcinomas was detected (mean Ktrans; 0.256 ± 0.076 vs. 0.208 ± 
0.052, mean Kep; 1.183 ± 1.431 vs. 0.54 ± 0.221 mean ve; 0.451 ± 
0.172 vs. 0.497 ± 0.152). 

DISCUSSION

Recently, quantitative perfusion parameters using DCE-MRI 
are emerging as potential methods for differentiating benign 
from malignant lesions (15-20). Many investigators have sug-
gested that Ktrans measured using DCE-MRI shows relatively 
high sensitivity and specificity for differentiating normal from 

three perfusion parameters, the Ktrans and ve values showed a sig-
nificant difference. The mean Ktrans and ve values of malignant le-
sions were significantly higher than those of benign lesions 
(0.227 ± 0.065 vs. 0.133 ± 0.054; p = 0.001, 0.479 ± 0.156 vs. 
0.357 ± 0.13;  p = 0.038, respectively) (Figs. 1, 2). However, the 
difference in Kep between the two groups was not significant. 
With a Ktrans value threshold of 0.202 (min-1), the sensitivity and 
specificity of Ktrans value were 66.6% and 93.3%, respectively, for 

Table 3. Comparison of Quantitative Perfusion Parameter for Size of 
Lesions Regardless of Benignancy and Malignancy

Parameter
Size (mm)

≤ 30 (n = 14) > 30 (n = 16) p Value
Ktrans 0.165 ± 0.056 0.193 ± 0.089 0.394

Kep 0.615 ± 0.391 0.817 ± 0.092 0.603

ve 0.411 ± 0.146 0.423 ± 0.16 0.787

Note.-Data are means ± standard deviation. Mann-Whitney test was used. 
Ktrans means forward volume transfer constant. Kep means reverse reflux rate 
constant between extracellular space and plasma. ve means extravascular 
extracellular volume fraction. p value < 0.05 is statistically significant.

Table 4. Comparison of Quantitative Perfusion Parameter between 
Benignancy and Malignancy Regardless of Lesion Size 

Parameter
Final Diagnosis

Benignancy 
(n = 15)

Malignancy 
(n = 15) p Value

Ktrans   0.133 ± 0.054   0.227 ± 0.065 0.001

Kep 0.648 ± 0.44 0.797 ± 0.93 0.709

ve 0.357 ± 0.13   0.479 ± 0.156 0.038

Note.-Data are means ± standard deviation. Mann-Whitney test was used. 
Ktrans means forward volume transfer constant. Kep means reverse reflux rate 
constant between extracellular space and plasma. ve means extravascular 
extracellular volume fraction. p value < 0.05 is statistically significant.

Fig. 1. A 63-year-old woman with pulmonary cryptococcosis.
A. Chest CT shows solitary pulmonary nodule (SPN) in peripheral portion of left lower lobe (1.8 cm). 
B. Region of interest is drawn along contour of lesion manually on contrast-enhanced T1-weighted axial image. 
C. Corresponding parametric map of perfusion obtained by Tissue 4D software using two-compartment kinetic model shows low permeability in 
SPN (mean Ktrans value = 0.037 min-1). 
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as malignant status (24). Meanwhile, Ng et al. (25) suggested 
that tumor size is not a significant variable for Ktrans, at least in 
the range of tumor size; that is, 2.5-9.3 cm. However, in our 
study, we found that Ktrans was affected by the size of the pulmo-
nary lesion. In Ktrans values of lesions more than 30 mm in size, a 
statistically significant difference occurred between benign and 
malignant pulmonary nodules. This might be explained by the 

cancerous tissue in colorectal and prostate cancer in selected pa-
tients (21-23). Similar to these results, our study demonstrated a 
significant difference in Ktrans value between benign and malig-
nant pulmonary nodules or masses measured using DCE-MRI. 
Considering that Ktrans is positively coupled to blood flow, endo-
thelial permeability and surface area, high Ktrans values imply an 
increased vascular permeability with disease progression such 

Fig. 2. A 61-year-old woman with lung malignancy (adenocarcinoma). 
A. Chest CT shows solitary pulmonary nodule (SPN) in central of left upper lobe (2 cm). 
B. Region of interest is drawn along contour of lesion manually on contrast-enhanced T1-weighted axial image. 
C. Corresponding parametric map of perfusion for the SPN shows heterogeneous high permeability within tumor (mean Ktrans value = 0.223 min-1). 

BA C

Table 5. Comparison of Quantitative Perfusion Parameter between Benignancy and Malignancy by Size of Lesions

Parameter
Size (mm)

≤ 30 (n = 14) > 30 (n = 16)
Benignancy (n = 10) Malignancy (n = 4) p Value Benignancy (n = 5) Malignancy (n = 11) p Value

Ktrans 0.148 ± 0.05   0.21 ± 0.054 0.106 0.104 ± 0.054 0.233 ± 0.07 0.007
Kep   0.559 ± 0.413 0.755 ± 0.339 0.304 0.827 ± 0.485   0.812 ± 1.085 0.257
ve   0.387 ± 0.131 0.475 ± 0.184 0.454 0.297 ± 0.118     0.48 ± 0.155 0.054

Note.—Data are means ± standard deviation. Mann-Whitney test was used. Ktrans means forward volume transfer constant. Kep means reverse reflux rate 
constant between extracellular space and plasma. ve means extravascular extracellular volume fraction. p value < 0.05 is statistically significant.

Fig. 3. A 56-year-old man with pulmonary tuberculosis. 
A. Chest CT shows solitary pulmonary nodule (SPN) in peripheral portion of right upper lobe (3.3 cm). 
B. Region of interest is drawn along contour of lesion manually on contrast-enhanced T1-weighted axial image. 
C. Corresponding parametric map of perfusion of the SPN shows homogeneous low permeability (mean Ktrans value = 0.038 min-1).

BA C
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al. (25). We then demonstrated that the mean value of Ktrans in 
malignant nodules or masses can be affected by MR contrast 
concentration. 

Another quantitative parameter, ve, representing the volume 
fraction of the contrast agent in the extravascular extracellular 
space, increases in proportion to capillary leakage (29). Much 
attention has been given to the change of ve before and after 
treatment; recently, ve has been regarded as a prognostic param-
eter for the outcome of cancer treatment, especially chemother-
apy or radiotherapy (30). However, discrepancies between stud-
ies remain. A study of prostate cancers showed that no significant 
difference was shown in perfusion parameters (ve) between pros-
tate tumors and benign inflammations (31). Furthermore, some 
overlaps still appear to exist in the enhancement patterns be-
tween tumors and benign areas of the peripheral zone such as 
those affected by prostatitis, post-biopsy hemorrhage, and be-
nign prostatic hyperplasia (31). In our study, however, a margin-
ally significant difference was detected in the ve value between 
benign and malignant pulmonary lesions of more than 30 mm 
size. In pulmonary lesions less than 30 mm in size, no signifi-
cant difference of ve value was detected between benign lesions 
and malignant lesions. This might be due to tumor angiogene-
sis, characterized structurally by abnormal blood vessels lacking 
the vessel hierarchy and having a heterogeneous distribution, 
while the extravascular extracellular space could vary according 
to lesion size (24). These results suggest that ve values may not 
be important biomarkers to discriminate benign and malignant 
pulmonary nodules or masses. 

Our study also suggests that tumor location in the lung was 

relative paucity of the functional blood vessels in small tumors, 
even if highly permeable. In addition, our results show no signifi-
cant difference of perfusion parameters between squamous cell 
carcinomas and adenocarcinomas. The high Ktrans values of both 
malignant groups might be explained by the mean size of lesions 
of over 30 mm for both malignant groups.

In adenocarcinoma, the poorly represented microvascular 
component could be explained by the functional impairment of 
the vessel, incompletely formed, and by the presence of a promi-
nent stromal matrix that embeds the vessels (26). This could also 
explain why small malignant pulmonary nodules have relatively 
low Ktrans values. Thus, we suspect that perfusion parameter val-
ues would be compromised with smaller pulmonary lesions. Our 
study shows that the Ktrans value was a useful parameter for dis-
criminating malignant from benign pulmonary lesions. The Ktrans 
threshold value of more than 0.23 (min-1) shows 100% specificity 
for the differentiation of malignant from benign pulmonary le-
sions. 

The range of Ktrans values of malignant pulmonary nodules or 
masses in our study is 0.16-0.39 min-1 (mean value = 0.227 ± 
0.065 min-1). Our results differ from those of prior studies. Ng et 
al. (25) reported Ktrans values for liver and lung tumors in the range 
of 0.028-0.16 min-1. Galbraith et al. (27) reported Ktrans values for 
a variety of tumors in the range 0.07-1.03 min-1. Ktrans values for a 
variety of tumors are influenced by various factors such as per-
meability of vascular surface area, contrast of concentration in 
the vessel as well as vascular density, blood flow, and cardiac out-
put (28). In our study, the high osmolar MR contrast was twice 
that of the high Ktrans in malignant nodules or masses than Ng et 

Fig. 4. A 81-year-old woman with lung malignancy (adenocarcinoma). 
A. Chest CT shows a lobular shaped mass in peripheral of right lower lobe (4 cm). 
B. Region of interest is drawn along contour of lesion manually on contrast-enhanced T1-weighted axial image. 
C. Corresponding parametric map of perfusion for the pulmonary mass shows high permeability within tumor (mean Ktrans value = 0.406 min-1).

BA C
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dynamic contrast-enhanced MRI. Magn Reson Imaging 

2008;26:1334-1341

13.	Schaefer JF, Vollmar J, Schick F, Vonthein R, Seemann MD, 

Aebert H, et al. Solitary pulmonary nodules: dynamic con-

not a significant variable for all three perfusion parameters, re-
gardless of benignancy and malignancy. This suggests that per-
fusion parameters may not be influenced by location or zonal 
distribution of lesions, but of course must exclude other abnor-
malities such as pneumonia. However, this speculation will need 
further experimental studies for confirmation.

Our study has several limitations. First, we did not fully ex-
clude tumor necrosis in the selection of ROIs and we did not 
consider hotspot areas in the tumors. Thus, the quantitative pa-
rameters from the axial T1 weighted MR imaging might not re-
flect the tumors’ real burden. Second, the total number of pul-
monary lesions studied was relatively small. In particular, the 
numbers of pulmonary lesions according to size may be too 
small to perform reliable comparisons of the subgroup of benign 
and malignant lesions presented here. As such, a further study 
with a larger patient group and a more extensive histological type 
should be performed to appraise the diagnostic value of DCE-
MRI in pulmonary lesions. Thirdly, the within-patient coefficients 
of variation for Ktrans for lung lesions was known to be about 20% 
because of MRI susceptibility artifacts, vascular pulsation arti-
facts, and difficulty in delineating tumor margins (25). Because 
we did not assess the intra-individual variability of pharmacoki-
netic parameters in our patient population, our data might not 
be widely accepted due to decreased confidence.

In conclusion, our study shows that the Ktrans values of malig-
nant pulmonary lesions are higher than those of benign pulmo-
nary lesions, and that the optimal value of Ktrans shows high sensi-
tivity and specificity for pulmonary malignant nodules or masses. 
Thus, the Ktrans value of perfusion parameters on DCE-MRI can 
help to discriminate between benign and malignant pulmonary 
nodules or masses. 
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악성과 양성 폐병변의 감별에 있어 역동적 자기공명영상 조직 투과 
인자의 유용성1

백성현1 · 진공용1,2 · 한영민1,2 · 이용철3 · 권근상4

목적: 역동적 조영증강 자기공명영상의 투과 인자가 양성과 악성 폐병변 감별에 임상적 유용성이 있는지 알아보고자 하였다.

대상과 방법: 2010년 6월에서 2011년 5월에 걸쳐 폐암이 의심되어 역동적 조영증강 자기공명영상을 촬영한 환자 30명

(여자 14명, 남자 16명, 평균나이 64세, 나이 분포 41~80세)을 대상으로 하였다. 이 중 15명의 환자들은 폐암으로 나머지 

15명은 양성 폐결절 또는 종괴로 진단 받았다. 30개의 폐병변에 대해 부피 이동 상수(Ktrans), 혈관외 세포외 공간 부피 분

율(ve)과 유출 비율 상수(Kep)의 관류 지표를 구하였으며, Mann-Whitney test를 이용하여 악성과 양성 폐병변의 정량적 

관류 지표들의 통계학적 차이를 알아보았다. 또한 receiver operating characteristic curve를 이용하여 관류 지표들의 악성 

폐병변 예측에 민감도와 특이도를 구하였다. 

결과: 악성은 양성보다 높은 Ktrans와 ve 값을 보였다(0.227 ± 0.065 vs. 0.133 ± 0.054; p = 0.001, 0.479 ± 0.156 

vs. 0.357 ± 0.13; p = 0.038, 각각). 하지만 양성과 악성 폐병변에서 Kep 값은 의미 있는 차이를 보이지 않았다(0.648 

± 0.44 vs. 0.797 ± 0.93; p = 0.709). Ktrans의 값을 0.202(min-1)로 정했을 때 폐암을 진단하기 위한 민감도와 특이

도는 각각 66.6%와 93.3%였다.

결론: 역동적 조영증강 자기공명영상의 관료 지표 중 Ktrans와 ve는 악성과 양성 폐병변 감별에 도움이 된다.
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