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Background. The aim of the study was to evaluate the role of diffusion-weighted magnetic resonance imaging in
the differential diagnosis of lung lesions.

Patients and methods. Sixty-seven patients with lung lesions (48 malignant, 19 benign) were included in this pro-
spective study. Signal intensities (SlIs) were measured in diffusion-weighted MR images that were obtained with b=0,
500 and 1000 s/mm? values. Apparent diffusion coefficient (ADC) maps were calculated by using images with b=0
and 1000 s/mm? values. The statistical significance was determined using the Student-t test.

Results. The SIs of malignant lesions were significantly higher than those of benign lesions (p<0.004 for b=0 s/mm?2
and p<0.000 for the other b values). Using b=500 s/mm?2, SI2391 indicated a malignant lesion with a sensitivity of 95%,
specificity of 73% and positive predictive value of 87%. Using b=1000 s/mm?, SI2277 indicated a malignant lesion
with a sensitivity of 93%, specificity of 69% and positive predictive value of 85%. There was no significant difference
between malignant and benign lesions regarding ADC values (p=0.675). There was no significant difference in Sls or
ADC values between small cell carcinoma and non-small cell carcinoma. When comparing undifferentiated with
well- partially differentiated cancers, Sls were higher with all b values, but the difference was statistically significant
only with b=1000 s/mm? (p<0.04).

Conclusions. Diffusion-weighteted MR trace image Sl is useful for the differentiation of malignant versus benign lung
lesions.
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Introduction

Lung cancer is one of the leading causes of death.!
It usually arises as a solid nodule or mass on chest
radiography or computed tomography (CT).
Although many well known characteristics have
been described for nodule differentiation on CT, it
remains a challenge for radiologists to differentiate
lesions as malignant or benign.>® In recent years,
fluorine-18 fluorodeoxyglucose positron emission
tomography (PET) has been used for this purpose.
Both CT and PET deliver high doses of radiation.
In addition PET has been known to give false-pos-
itive results in inflammatory masses.®® For these
reasons, an accurate and safe alternative method is
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still desirable for the determination of malignant
versus benign pulmonary lesions.

Recent advances in fast imaging techniques like
echo-planar imaging, makes magnetic resonance
imaging (MRI) more suitable for chest applica-
tions.!%12 There are reports using dynamic contrast
MRI of lung masses.’>** Diffusion-weighted mag-
netic resonance imaging (DWI), initially used in
the central nervous system, has been increasingly
applied in other body areas, such as the mediasti-
num®, pancreas'¢, and liver.!”!8

The aim of our study was to determine whether
quantitative analysis of DWI could be helpful in
the differentiation of malignant and benign pul-
monary lesions.

doi: 10.2478/v10019-012-0021-3
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FIGURE 1. A 56-year-old man with poorly-differentiated non-small cell carcinoma. (A) Axial T2-weighted MR image shows mass in the right lung.
(B) diffusion-weighted magnetic resonance image with b value of 500 sec/mm? shows hyperintense mass (SI = 1069). (C) diffusion-weighted mag-
netic resonance image with b value of 1000 sec/mm? shows hyperintensity of the mass is still remarkable (SI = 643). (D) ADC map shows ADC value is

(0.97x10-3) sec/mm?2.

Patients and methods
Patients

The study was approved by our institutional
review board and protocol review committee.
Because the tests used were a part of the routine
clinical workup of these patients, the informed
consent was not required by the review board. We
obtained a blanket consent from all patients for the
use of their findings for research and educational
purposes, with patient privacy secured.

From March 2009 to July 2010, 66 consecutive
patients (49 males, 17 females) with 67 lung le-
sions found on CT were included in this prospec-

tive study according to our entry criteria. The entry
criteria were: (a) presence of a solid pulmonary
lesion. In the case of ground glass opacity (GGO)
with the solid part on CT images, the GGO part
was avoided to the extent possible and the solid
part was measured on DWI with the reference of
CT images, since air itself in GGO might reduce
the true apparent diffusion coefficient (ADC) value
of the lesion.’® Lesions containing large amounts
of necrosis and calcification were also excluded;
(b) lesion size >10 mm in diameter in view of the
limited planar resolution of DWI; (c) presence of
a specific proven diagnosis of the lesion either
histopathologically or by using clinical, radiologi-
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cal and laboratory data or based on at least 1-year
radiological follow-up; (d) no current administra-
tion of chemotherapeutic or radiotherapeutic treat-
ment; (e) absence of any contraindications for MRI;
and (f) ability of patients to lie still and hold their
breath approximately 26 seconds in the MRI unit.

Biopsies of lung lesions were carried out by the
radiologist (EC) in the interventional radiology de-
partment of the same hospital. MRI was performed
on these patients on the same day but before the
percutaneous biopsy in order to avoid hemor-
rhage-related distortions.

The study was carried out according to the
Helsinki Declaration.

MR Imaging

All patients were examined with a 1.5 Tesla MR
unit (Gyroscan Intera; Philips Medical Systems,
Eindhoven, The Netherlands) using a four-element
phased-array body coil. This system had a maxi-
mal gradient strength of 30 mT/m and a slew rate
of 150 mT/m/msec. All patients were examined ini-
tially with the routine MRI protocol for the thorax
that included: precontrast axial T1-weighted (W)
breath-hold spoiled gradient echo (fast field echo:
FFE) (TR/TE/FA/NEX:169/4.6/80/1) and coronal
and axial T2-W single-shot turbo spin-echo (TR/TE/
NEX/TSE factor: 700/80/1/72). Subsequently, three
series of axial single-shot spin-echo echo-planar
(SS-SE-EPI) DWI (1,000/81; echo-planar imaging
(EPI) factor, 77; sensitizing gradients in x, y, and z
directions) were acquired using b = 0, 500 and 1000
s/mm? values. ADC maps were reconstructed from
the b =0 and b = 1000 s/mm? images. MRI, includ-
ing DWI, consisted of a multisection acquisition
with a slice thickness of 6 mm, an intersection gap
of 1 mm, and an acquisition matrix of 128 x 256. All
sequences were acquired using a partially parallel
imaging acquisition and SENSE (sensitivity encod-
ing) reconstruction with a reduction factor (R) of 2.
The scanning time of the acquisition of each DWI
series during a single breath-hold was 26 seconds.

Quantitative analysis

Quantitative measurements were made using a
dedicated Workstation (Dell Workstation Precision
650, with the View Forum software platform pro-
vided by Philips Healthcare). All images were
assessed by two radiologists (SG, NI) who were
blinded to the clinical history of the patients. First,
CT images were evaluated in order to assess the
calcification, necrosis and GGO components. CT
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TABLE 1. Histopathological and clinical diagnosis of lesions

Diagnosis

Chronic inflammatory changes (n=9)
Sarcoidosis (n=3)

Acute bacteriel pneumonia (n=2)
Tuberculosis pneumonia (n=2)
Romatoid nodule (n=1)

Granuloma (n=1)

Hamartoma (n=1)

Benign lesions
(n=19)

SCLC (n=¢)
NSCLC (n=42)
. ) NSCLC subgroup;
Malignant lesions d ) -13
(n=48) Adenocarcinoma (n=13)

Squamous cell carcinoma (n=5)
Large cell carcinoma (n=2 )
Nonidenfified NSCLC (n=22)

SCLC = small cell lung cancer, NSCLC = non-small cell lung cancer

scans were also evaluated for contour characteris-
tics of the lesions (irregular or smooth) and con-
comitant interstitial findings were recorded. Those
findings were compared with the DWI findings.
The range of interval between the CT and MRI ex-
aminations was 0-10 days (mean, 5. 6 days). Then,
the lesion was visualized once more on the conven-
tional T1-W and T2-W MRI in terms of location,
size and content of cystic-necrotic parts to detect
interval changes since the time of the CT scan.
These conventional images were only used for
the lesion identification and not for the analysis.
Afterwards, signal intensity (SI) of the lesion was
measured for each b value (0, 500 and 1000 s/mm?)
on DWI using a round or elliptical region of inter-
est (ROI). The ROI was placed centrally, and the
size of the ROI was kept as large as possible, cover-
ing at least two-thirds of the lesion, yet avoiding
the interference from the surrounding lung tissue,
necrotic parts and major blood vessels. ADCs were
then calculated from the ADC maps that were re-
constructed from b = 0 and b = 1000 s/mm? values.

Statistical analysis

SIs and ADCs were compared between the groups.
The fitness of numeric data set to normal distri-
bution was determined using the Kolmogorov-
Smirnov test. The data were normally distributed,
so the differences in SlIs and ADCs were analyzed
using the Student-t test. A p value of less than 0.05
was considered statistically significant. To evalu-
ate the diagnostic performance of the quantitative
tests for differentiating malignant and benign le-
sions and to describe the sensitivity and specifi-
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FIGURE 2. A 32-year-old woman with bacterial pneumonia. (A) Axial T2-weighted MR image shows ill-defined peripheral mass in the superior segment
of the lower lobe of the left lung (arrows). (B) diffusion-weighted magnetic resonance image with b value of 500 sec/mm? shows minimal hyperintense
mass (Sl = 203). (C) diffusion-weighted magnetic resonance image with b value of 1000 sec/mm? shows hyperintensity of the mass is less remarkable
(SI'=162). (D) ADC map shows ADC value is (2.76x10-3) sec/mm?=.

city of the tests, receiver operating characteristic
(ROC) analysis was performed. The optimum cut-
off value was determined as the value that best
discriminates between the two groups in terms
of maximum sensitivity and minimum number of
false-positive results. All statistical analyses were
performed using the statistical software SPSS.15

Results

The mean age of all patients was 64 + 21 years
(range: 41-83 years). The mean age of the patients
in the benign group was 61 + 19 years (range: 41-72
years) and in the malignant group was 66 + 21 years

(range: 44-83 years). The difference in age between
groups was not statistically significant (p = 0.5).
The mean diameter of masses for the entire
group was 33 + 18 mm. The mean diameter of ma-
lignant lesions was 37 + 19 mm (range: 20-130 mm)
and of benign lesions was 25 + 15 mm (range: 15-
60 mm), respectively. The difference in diameter
between groups was statistically significant (p =
0.005). Except for one patient who had two nodules
(the primary tumor and its pulmonary metastasis),
one lesion was measured in the remaining patients.
Of the 67 lesions, 48 were malignant and 19 were
benign (Table 1). The malignant lesions consisted
of 42 non-small cell lung cancers (NSCLCs) and 6
small cell lung cancers (SCLCs). NSCLC subgroups
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TABLE 2. Quantitative analysis of diffusion-weighted magnetic resonance imaging (mean  SD) of malignant and benign lesions (b=0, 500, 1000 sec/mm?

and ADC values)

b and ADC values malignant lesions (n=48) benign lesions (n=19) P
b0 (sec/ mm?) 1500.40 + 820 960.31 + 550 0.004
b 500 (sec/ mm?) 611.32 + 343 24710+ 124 0.000
b 1.000 (sec/ mm?) 371.00 £ 194 175.68 £ 94 0.000
ADC (x10?) mm?/sec 1.65+0.90 1.75+0.70 0.675

TABLE 3. Quantitative analysis of diffusion-weighted magnetic resonance imaging (mean + SD) of poorly-differentiated and medium- well differentiated
malignant lessions (b=0, 500, 1000 sec/mm?2 and ADC values)

b and ADC values poorly-differentiated (n=11) medium-well differentiated (n=31) P
b0 (sec/ mm?) 1646 + 787 1453.3 + 837 0.497
b 500 (sec/ mm?) 751.4 + 440 568.87 + 304 0.245
b 1.000 (sec/ mm?) 517.27 £273 323.67 £135 0.044
ADC (x10®) mm?/sec 1.5+0.5 1.8+0.8 0.240

TABLE 4. Quantitative analysis of diffusion-weighted magnetic resonance imaging (mean * SD) of non-small cell lung cancer (NSCLC) and smalll cell
lung cancer (SCLC) (b=0, 500, 1000 sec/mm?2 and ADC values)

b and ADC values NSCLCs (n=42) SCLCs (n=4) P
b0 (sec/ mm? 1110.8 £ 209 1705 £ 873 0.001
b 500 (sec/ mm?) 468.6 + 238 646.9 + 350 0.186
b 1.000 (sec/ mm?) 366+ 177 379.1 197 0.881
ADC (x10®) mm?/sec 1.9+0.8 1.5+1.0 0.464

included 13 adenocarcinomas, 5 squamous-cell
carcinomas, 2 large-cell carcinomas, and 22 uni-
dentified NSCLCs that could not be subgrouped in
any of these. Eleven of the malignant lesions were
poorly-differentiated, the others were medium- or
well- differentiated. The benign lesions consisted
of 9 chronic inflammatory changes, 3 sarcoidosis,
2 acute bacterial pneumonias, 2 tuberculosis pneu-
monias, 1 rheumatoid nodule, 1 granuloma, and 1
hamartoma.

In 51 patients, the final diagnosis was made by
histopathological confirmation on the basis of per-
cutaneous biopsy, and included 48 primary lung
cancers, 2 nonspecific inflammatory changes and
1 hamartoma. The diagnosis was confirmed with
laboratory, radiological and clinical parameters in
3 sarcoidosis, 2 bacterial pneumonias, and 2 tuber-
culosis pneumonias. In sarcoidosis patients, the
lesions regressed with a specific treatment. Two
tuberculosis (Mycobacterium tuberculosis) and 2
bacterial pneumonia cases were diagnosed bacte-
riologically. In 9 patients (1 granuloma, 1 rheuma-
toid nodule and 7 chronic inflammatory changes)
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lesions remained stable on follow-up CT for 12
months or more.

We could obtain DWI SI and an ADC value for
all lesions. The results of the quantitative analysis
of SIs and ADC values are reviewed in Table 2.
The mean SI of malignant lesions was higher than
that of benign lesions (Figure 1, 2). The difference
between malignant and benign lesions was sig-
nificant for all b values (p < 0.004 for b = 0 s/mm?
and p < 0.000 for the other b values) (Figure 3). The
area under the ROC curve was 0.933 + 0.031 for the
SI on images with b = 500 s/mm?. Using b = 500 s/
mm?, a SI 2391 indicated a malignant lesion with a
sensitivity of 95%, specificity of 73% and positive
predictive value of 87%. Six among 48 malignant
lesions (4 NSCLCs and 2 SCLCs) revealed SIs <391,
which could be confused as benign.

For the SI on images with b = 1000 s/mm?, the
area under the ROC curve was 0.831 + 0.055. A SI
2227 with b = 1000 s/mm? indicated a malignant
lesion with a sensitivity of 93%, specificity of 69%
and positive predictive value of 85%. Seven among
48 malignant lesions (6 NSCLCs and 1 SCLCs) re-
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vealed Sls <227 which could be confused as benign.
Among the benign lesions, 1 sarcoidosis and 1 acute
bacterial pneumonia had SI higher than the cut-off
value on DWI with both b = 500 and b = 1000 s/
mm?. A patient with a chronic inflammatory lesion
had a SI higher than the cut-off value only for b =
1000 s/mm?. Although the mean ADC of the malig-
nant lesions (1.5 x10° mm?/sec) was lower than of
the benign group (1.9 x10°*mm?/sec), the difference
was not statistically significant (p < 0.675).

The results of the subgroup quantitative analy-
sis are reviewed in Table 3. When we analyzed the
malignant lesions in accordance with the histologic
differentiation, the SI of poorly-differentiated can-
cers was higher for all b values, but statistically a
significant difference was observed only with b =
1000 s/mm? (p < 0.04). Although the ADC of poorly-
differentiated lesions was lower than of the medi-
um-well differentiated lesions, the difference was
not statistically significant (p < 0.240). A compari-
son of the NSCLCs and the SCLCs demonstrated
that the SIs of SCLCs were higher than those of
NSCLCs. Although the ADC value of the SCLCs
was lower than the ADC value of the NSCLCs,
the difference was not statistically significant (p <
0.464) (Table 4).

When we compare CT images with the DWI, all
of the malignant lesions had irregular contours on
CT images. Of the benign lesions 16 had also irreg-
ular contours but 3 (1 rheumatoid nodule, 1 granu-
loma, and 1 hamartoma) had smooth contours. The
difference was not statistically significant (p = 0.3).
Lymphangitic tumoral spread as irregular septal
thickening was detected as a concomitant intersti-
tial finding in 6 of the malignant masses on CT im-
ages.

Discussion

The aim of DWI is to evaluate the diffusion process
in vivo. ADC values are quantitative expressions of
the diffusion characteristics of tissues. These char-
acteristics are related to several factors such as tis-
sue cellularity, cell density and extracellular-intra-
cellular components.’® DWI has been an important
diagnostic tool for neuroradiology, especially for
ischemic events of the brain.’” Although DWI has
been used to differentiate malignant and benign
lesions in several other locations, there are few
studies about the intrathoracic lesion characteriza-
tion.20/21-27

In our study, we found Sls of malignant masses
on diffusion trace imaging were significantly high-

Qutliers are hidden

1000,00—
500, () —

500,00 =

I for b1000 sec/mm® value

250,000 m—

Malignant lesions Benign lesions
n=48 n=19

FIGURE 3. Comparison of SI with b value of 1000 s/mm? in malignant and benign le-
sions. The SIs of malignant lesions were significantly higher than those of benign lesions.

er than of benign masses with low (b = 500 s/mm?)
and high (b = 1000 s/mm?) b values. In the study
of Uto et al. the SI ratio of malignant lesions to the
spinal cord was found higher than that of benign
lesions.?! Satoh et al. also found a higher qualitative
score in SI of malignant versus benign masses but
they did not measure quantitatively.?? In our study,
the patient population was larger than in these two
studies.

Although malignant lesions showed lower ADC
values than benign masses in our study, the dif-
ference was not significant. One reason may be
the use of fixed TRs, due to which the DW series
were acquired in different phases of the cardiac
cycle. Therefore, DW images of different patients
may have been affected differently by the pulsa-
tile motion. Another reason may be the distortion
artifacts, which limited the reliability of the ADC
measurements for small and low-lateral segmental
lesions. In the literature, some studies did not eval-
uate ADC values probably because of susceptibil-
ity artifacts.»? Uto et al. found no significant dif-
ference between malignant and benign lesions by
means of ADC.%! Mori et al. found a significant dif-
ference between malignant and benign lesions by
using an ADC cut-off value of 1.1x10° mm?/sec.?
The large number of patients may be the explana-
tion for this result. Liu ef al. reported that ADC val-
ues in malignant lesions were significantly lower
than in benign lesions.?* In the same study, there
was no significant difference between malignant
and benign lesions in DWI SIs.
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Histopathologically, tumoral cellularity of
SCLC is high, and these tumoral cells have very
large nuclei and almost no cytoplasm.? All these
features were expected to restrict the tissue diffu-
sion and reduce ADC values. In our study, the SI of
SCLC lesions was higher than of the NSCLC sub-
group but the difference was significant only with
b = 0 s/mm?. Thus, hyperintensity of lesions may
be related to the T2 shine-through effect. Although
ADCs were lower in the SCLC subgroup, the dif-
ference was not statistically significant. This may
be because of the limited number of patients (n=6).
In their study of tissue characterization in lung
cancers, Abdel Razek ef al. found significantly
lower ADC values for SCLC when comparing with
NSCLC groups in a similar patient population.?
Liu et al. also found lower ADC values for the
SCLC than the NSCLC group.?* However, Koyama
et al. found no significant differences between sub-
types of lung cancers.?”

In our study, SI of poorly- differentiated malig-
nant masses was higher than of medium-well dif-
ferentiated masses on all trace images and the dif-
ference with b value of 1,000 s/mm? was statistically
significant. ADC values were lower in the poorly-
differentiated subgroup although the difference
was not statistically significant. Histologically,
tumor cellularity is higher in the poorly-differenti-
ated cancers which could explain the low ADC val-
ues.” Similar results of significantly lower ADCs in
poorly-differentiated adenocarcinomas compared
medium-well- differentiated cancer types are re-
ported in the literature and are in accordance with
our findings.20263031

When compared with CT images, contour char-
acteristics of the lesions cannot be assessed with
DWI but it does not seem to be a significant dis-
ability because contour characteristics are not re-
liable in differentiating malignant and benign le-
sions. On CT images lymphangitic tumoral spread
was detected as a concomitant interstitial finding
in some of the malignant masses. This finding is
very helpful to estimate the malignant character of
the lesion. The sensitivity and specificity achieved
by DWI suggest it could be used for malignant
versus benign differentiation. However, the in-
ability of MRI to properly assess the interstitium
and lymphangitic tumoral spread is a limitation for
predicting malignancy. In addition, although just
primary lung cancers are involved into our study,
it must be kept in mind that calcified metastases
such as those from osteosarcoma may be difficult
to detect because of relatively lower proton density
resulting in low signal intensity.
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Our study had some technical limitations. The
use of DWTI in the thorax was hindered by certain
limitations such as physiologic motion artifacts
(respiration and cardiac motion), low signal-to-
noise ratio (SNR) of the low lung proton density
and the susceptibility artifacts caused by air-tissue
interfaces.!® We used the EPI sequence with high b
values, which had a lower SNR, thus resulting in
greater image distortion. In addition, we obtained
DW images using a breath-hold echo-planar se-
quence with SENSE and this made the measure-
ments vulnerable to susceptibility effects. We did
not use pulse-triggered DWI, known to reduce the
accuracy of ADC measurements.'® Finally, the pa-
tient population, especially the benign subgroup,
was relatively small, which might compromise the
accuracy of the results.

In conclusion, DWI may be used to differenti-
ate malignant and benign lung lesions in addition
to other radiologic imaging techniques even with
high b values such as b =1000 s/mm? DW trace im-
age SI, together with ADC measurements is useful
for the differentiation of malignant versus benign
lung lesions.
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