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OBJECTIVES: The aim of this study is to assess magnetic resonance imaging (MRI), diffusion-weighted imaging (DWI), T2-weighted im-
age (T2WI), and apparent diffusion coefficient (ADC) maps’ threshold values before computed tomography (CT)-guided transthorasic
biopsy in solitary pulmonary nodules (SPN) by describing tumoral cell density.

MATERIALS AND METHODS: Patients who had SPN were prospectively evaluated with MRI (TTWI, T2WI) and DWI (b=0, b=500,
b=1000).The ADC maps were created for each patient. Before the biopsy, lesion muscle ratios (LMR) at T2WI, ADC value, and lesion
spinal cord ratio at each b values were noted. The measurements were correlated with the histopathological results.

RESULTS: A total of 53 patients were included in the study: 30.2% (n=16) were female, and 69.8% (n=37) were male. Among them, 17
lesions (32.1%) were benign, and 36 lesions (67.9%) were malignant. The age varied between 40 and 82 years, with a mean of 61.7+9.1
years. The SPN diameters were between 10 and 30 mm, and the median was 24 mm. The LSRO and LMR values were not statistically
significant in detecting malignancy. LSR500 >0.53 value can predict malignancy with 100% sensitivity and 70.6% specificity. LSR1000
>0.53 can predict malignancy with 88.9% sensitivity and 88.2% specificity. Setting the cut-off value at 0.9x107, the ADC values had a
sensitivity of 72.2% and a specificity of 88.2% for predicting malignancy.

CONCLUSION: For SPN follow-up, a new following-up protocol can be safely established using DWI and ADC mapping. Using these
MRI parameters might decrease unnecessary biopsy rates and complications of biopsies.
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INTRODUCTION

Solitary pulmonary nodule (SPN) is a relatively well-defined round or oval pulmonary parenchymal lesion, surrounded
by pulmonary parenchyma and/or visceral pleura, and it is not associated with lymphadenopathy, atelectasis, or pneu-
monia, measured equal or smaller than 30 mm [1]. SPNs are detected by pulmonary plain graphy with an incidence of
0.2%. With the increasing use of computerized tomography (CT), the rate of SPN presence increases [2].

Multiple pathologies (granulomas, lung cancer, hamartomas, etc.) can cause SPN [3]. Detecting and identifying SPNs is very
crucial because of the possibility of lung cancer. Mortality rates of lung cancer can increase up to 85%. Therefore, its early
diagnosis is very important. On the other hand, approximately 40-60% of SPN cases are benign nodules [4]. Correctly dif-
ferentiating benign and malign nodules provides early diagnosis, and it prevents unnecessary biopsy procedures.

Diffusion-weighted imaging (DWI) is a magnetic resonance imaging (MRI) type based on measuring the random
Brownian motion of water molecules. In general, highly cellular tissues or those with cellular swelling show restricted
diffusion coefficients, so that DWI can be useful in tumor characterization and cerebral ischemia.

Apparent diffusion coefficient (ADC) is a measurement for the magnitude of water molecule diffusion. DWI represents
the random motion of water molecules. Diffusion of water molecules can be expressed quantitatively by using the ADC
value. The ADC values are generally acquired by using different b values (0,500, or 1000) via changing gradient ampli-
tude. The DWI and ADC parameters are used in combination to effectively detect diffusion restriction [5,6]. Lately, the
diagnostic success of DWI and ADC in differentiating benign and malign SPNs has been evaluated [7,8].

The aim of this study is to evaluate diagnostic performance of the DWI and ADC maps in the differentiation of malign
and benign SPN cases.
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MATERIALS AND METHODS

Approval for the study was granted by the institutional ethics
review board (Ankara Training and Research Hospital, deci-
sion number: 5348). Written informed consents were taken
from the participants. The study was performed between
March 2016 and September 2017.

Fifty-three patients having an SPN detected with CT were
included in this prospective study. We excluded the patients
with nodules less than T cm or more than 3 cm in diameter;
the ones with calcified nodules or ground glass nodules; and
the ones without pathologic diagnosis.

The MRI examinations were performed with 1.5 Tesla MRI
systems (Magnetom Aera, Siemens Healthcare GmbH,
Erlangen, Germany). We used DWI, axial T1-weighted
images (TTWI), coronal T2-weighted images (T2WI), and the
ADC maps (axial TITWI vibe: TR/TE: 4.4 msn/ 2,1 msn, thick-
ness 3 mm, FOV 276x340 mm, matrix 196x320, bandwidth
400 Hz/pixel, NEX: 1, distance factor 20%, scan time 20 s;
coronal T2WI HASTE P2 mbh: TR/TE: 1200 msn/ 91 ms,
thickness 3 mm, FOV 400x400, matrix 256x256, bandwidth
700Hz/pixel, NEX: 1, distance factor 20%, scan time 38 s;
DWI: TR/TE: 5500 ms/90 ms, thickness 6 mm, FOV 285x380,
matrix 116x192, bandwidth 1735 Hz/pixel, NEX: 4, distance
factor 20%, scan time 3 m, 2 s, b values 0, 500, 1000 mm?/s).

We used TIWI for image detection of the localization and for
measurement of dimensions. On coronal T2WI, we placed a
region of interest (ROI) on both the lesion and neighboring
muscles (on a muscle part without containing fat signal), and
then we calculated the lesion muscle intensity ratio (LMR).
On DWI, we placed an ROI on both the lesion and spinal
cord. Lesion spinal cord intensity ratio (LSR) was calculated
for all b values (LSR , LSR, , LSR, ). The ADC values for all
lesions were also recorded (Figure 1-3).

Some patients (22 patients) had positron emission tomogra-
phy-computed tomography (PET-CT) results. However, we
could not acquire the PET-CT results of the other patients.
Hence, we could not involve the PET-CT results into the sta-
tistical evaluation.

Histopathological diagnosis was noted.

Statistical Analysis

Statistical analyses were performed using Statistical Package
for the Social Sciences Statistics software (Version 21.0; SPSS
IBM Corp.; Armonk, NY, USA). Continuous parameters were
stated as mean + standard deviation, and skewed continuous
parameters were evaluated with the Mann-Whitney U test.
Categorical data were stated as frequencies (n) and percent-
ages (%), and they were compared using the Fisher exact or
chi-square tests where appropriate. Student’s t test and Mann-
Whitney U test were used to analyze numerical variables in
two groups. The power and success of diagnostic tests were
defined by using the ROC curve analysis, and expressed with
positive/negative predictive value, sensitivity, and specificity.
Prediction values were calculated with Youden index.

A two-tailed value of p<0.05 was considered statistically
significant.
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RESULTS

Population

The study population consisted of 53 patients (17 benign,
32.1%; 36 malign, 67.9%). There were16 females (30.2%)
and 37 males (69.8%). Patients’ age varied between 40 and
82 years, with the mean age 61.7+9.1 years.

Diameters of SPNs varied between 10 and 30 mm, with
median 24mm. LSR varied between 0.2 and 1.3, with
median 0.5. LSR,  varied between 0.2 and 2.0, with median
0.7; and LSR,  varied between 0.4 and 4.6, with median
0.9. The ADC values of the lesions were between 0.4 and
1.6x1072, with mean 1.0+£0.3 x10°. The LMR values were
between 1.6 and 5.9, with mean 3.1+0.8 (Table 1).

According to the pathology results, there were 16 adenocar-
cinomas (30.2%), 9 metastasis (17%), 8 anthracosis (15.1%),
8 squamous cell carcinoma (15.1%), 4 fibrotic nodule
(7.5%), 3 small cell carcinoma (5.7%), 2 abscess (3.8%), 1
hamartoma (1.9%), 1 organized pneumonia (1.9%), and 1
tuberculoma (1.9%) (Table 2).

Malignant and Benign Subgroups

Mean age was higher in malignant subgroup (64.6+6.7 vs
55.5£10.4; p<0.001). Sex was not different between the two
groups. The mean SPN diameter was higher in malignant
subgroup (25.5 mm vs 18 mm; p=0.026). Median LSR_, and
LSR, ., Values were higher in patients in the malignant sub-
group. The mean ADC values were fewer in patients in the
malignant subgroup (0.9+0.3 x102 vs 1.3x0.3 x107;

p<0.001).

Patients in the malignant subgroup had mostly the diagnosis
of adenocarcinoma (44%). Metastasis (25%), squamous cell
carcinoma (22.2%), and small cell carcinoma (8.3%) diag-
nosis were also present.

Table 1. Population characteristics according to variables

Whole population

n=53
Sex
Female 16 (30.2%)
Male 37 (69.8%)
Age (years) 61.7+9.1
SPN diameter 24 (10-30)
<20 mm 19(35.8)
20-30 mm 34(64.2)
LSR
LSR; 0.5 (0.2-1.3)
LSR, 0.7 (0.2-2)
LSR, 50, 0.9 (0.4-4.6)
ADC (10) 1.0+£0.3
LMR 3.1+0.8

SPN: solitary pulmonary nodule; LSR: lesion spinal cord ratio; ADC:
apparent diffusion coefficient; LMR: lesion muscle ratio
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Table 2. Histopathological results

Whole population

Histopathology n=53
Adenocarcinoma 30.2%; n=16
Metastasis 17.0%; n=9
Anthracosis 15.1%; n=8
Squamous cell cancer 15.1%; n=8
Fibrotic nodule 7.5%; n=4
Small cell lung cancer 5.7%; n=3
Abscess 3.8%; n=2
Hamartoma 1.9%; n=1
Organized pneumonia 1.9%; n=1
Tuberculoma 1.9%; n=1

Table 3. Distribution of variables according to malignant
and benign SPNs

Malignant Benign
n=36 n=17 p

Sex
Female 11 (30.6) 5(29.4) 0.933
Male 25 (69.4) 12 (70.6)
Age (Years) 64.6+6.7 55.5£10.4 <0.0071*
SPN diameter (mm) 25.5 (10-30) 18 (12-29)  0.026*
<20 mm 8(22.2) 11 (64.7) 0.005*
20-30 mm 28 (77.8) 6 (35.3)
LSR
LSR, 0.6 (0.2-1) 0.4 (0.2-1.3) 0.178
LSR,, 0.9 (0.6-1.9) 0.4(0.2-2) <0.001*
LSR, 00 1(0.6-2.7) 0.6 (0.4-4.6) <0.001*
ADC (10%%) 0.9+0.3 1.3+£0.3 <0.001*
LMR 3.2+0.8 3.1+0.6 0.669

SPN: solitary pulmonary nodule; LSR: lesion spinal cord ratio; ADC:
apparent diffusion coefficient; LMR: lesion muscle ratio
*1XXXXXXXXXX

Patients in the benign subgroup consisted of anthracosis
(47.1%), fibrotic nodule (23.5%), hamartoma (5.9%), orga-
nized pneumonia (5.9%), abscess (11.8%), and tuberculoma
(5.9%) (Table 3).

LSR Values
A positive correlation was observed betweentheLSR,  values
and age (r=0.378; p=0.005). In the whole population, the
LSR, , values and SPN diameters correlated positively. This
correlation was present in the malignant subgroup (r=0.256;
p=0.070), whereas there was no correlation in the benign

subgroup (r=0.380; p=0.022).

A negative correlation was observedbetweentheLSR,  values
and ADC values in whole population. This correlation was
present in the malignant subgroup (r= -0.791; p<0.001),
whereas there was no correlation in the benign subgroup (r=

-0.213; p=0.277).

A positive correlation was observed between LSR, ~values
and age (r=0.431; p=0.001). In whole population, theLSR, .
values and SPN diameters correlated positively. This correla-
tion was present in the malignant subgroup (r=0.398;
p=0.016), whereas there was no correlation in the benign

subgroup (r=0.306; p=0.126).

A negative correlation was observed between the LSR,
values and ADC values in whole population. This correlation
was present in the benign subgroup (r= -0.591; p=0.012),
whereas there was no correlation in the malignant subgroup
(r=-0.277; p=0.102)

Predictive Values of the Parameters for Malignancy

The SPNs measuring more than 22 mm were found to be
malignant with 72.2% of sensitivity and 70.6% of specificity
(AUC=SE: 0.690£0.08; p=0.014). An LSR_ value of >0.53
predicts malignancy with 100% of sensitivity and 70.6% of
specificity (AUC£SE:0.861+0.07; p<0.001). An LSR, value
of >0.70 predicts malignancy with 88.9% of sensitivity and
88.2% of specificity (AUC+SE:0.875+0.07; p<0.001).The
ADC values lesser than 0.9 predict malignancy with 72.2%
of sensitivity and 88.2% of specificity (AUC+SE:0.828+0.07;

p<0.001).

The lesion muscle intensity ratio values were not found to be
successful in predicting malignancy (Table 4).

Table 4. Diagnostic performance of variables in discriminating benign and malignant SPNs

Variables AUC p Sensitivity
SPN diameter 0.690+0.08 0.014* 72.2
LSR; 0.615+0.08 0.172 66.7
LSR,,, 0.86140.07  <0.001* 100
LSR 100 0.875+0.07  <0.001* 88.9
ADC 0.828+0.07 <0.001* 72.2
LMR 0.490+0.08 0.908 11.1

*p<0.05 statistical significance

Specificity PPV NPV Predictive value
70.6 97.9 11.8 >22.0
70.6 97.7 10 >0.40
70.6 98.5 100 >0.53
88.2 99.3 29.5 >0.70
88.2 99.1 14.3 <0.90
100 100 5.6 <2.0

SPN: solitary pulmonary nodule; LSR: lesion spinal cord ratio; ADC: apparent diffusion coefficient; LMR: lesion muscle ratio; AUC: area under

curve; NPV: negative predictive value; PPV: positive predictive value
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Figure 1. a-f. A 58-year-old male with 40 pack-year smoking. SPN at left lung, upper lobe, posterior segment (arrows). SPN is measured 25x17 mm
on axial TIWI (a). LMR on coronal T2Wl is 2.8 (b).The LSR_  and LSR, values are 0.55 and 0.73, consequently on axial DWIs (c-e).The ADC

value is 0.7 mm?/s (f). Histopathological diagnosis is adenocarcinoma
SPN: solitary pulmonary nodule; LSR: lesion spinal cord ratio; LMR: lesion muscle ratio; ADC: apparent diffusion coefficient

1000

~
Figure 2. a-d. A 45-year-old female without history of smoking. SPN at left lung, upper lobe, inferior lingular segment (arrows). Axial

TIWI image (a).The LSR,  and LSR,  values are 0.69 and 0.82, consequently on axial DWIs (b,c). The ADC value is 0.73 mm?s (d).
Histopathological diagnosis is squamous cell carcinoma

LSR: lesion spinal cord ratio; SPN: solitary pulmonary nodule
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Figure 3. a-f. A 50-year-old male, without smoking history, working at coal mine. SPN at right lung, upper lobe, posterior segment (arrows). On

coronal T2WI, LMR is 2.5 (a). On axial TIWI, SPN is measured 16x11 mm (b).The LSR

and LSR

00 1000 Values are 0.41 and 0.6, consequently on

axial DWIs (c-e). The ADC value is 1.6 mm?s (f). Histopathological diagnosis is anthracosis
SPN: solitary pulmonary nodule; LMR: lesion muscle ratio; LSR: lesion spinal cord ratio

DISCUSSION

The incidence of cancer for SPNs varies between 5% and
70% in literature [9]. Because of the relatively small diame-
ters, cancers presenting as SPN can be treated. Therefore,
early diagnosis and differentiation of benign and malignant
SPNs is an important point.

The risk factors for a malignant SPN are age, sex, nodule diam-
eters, smoking, localization, and history of cancer [10-12].
According to our data, malignant SPNs are seen mostly in aged
patients. This observation is consistent with the literature.
Different from the literature [13], we could not find any rela-
tionship between sex and the risk for malignancy. However, our
female population is less than the male population. Different
results can be obtained with a larger female population.

In a study from Turkey [14], tuberculosis has been found to
be the most frequent cause for a benign SPN. However,
according to our study, fibrotic nodules have been found to
be the most frequent cause.

There are multiple studies in the literature emphasizing the
positive correlation between the SPN diameter and malig-
nancy risk [15-18]. Our results are consistent with those of
the literature, stating the increased risk of malignancy for
SPNs with increasing diameter. We showed that an SPN
larger than 22 mm could be malignant with a sensitivity of
72.2% and specificity of 70.6%.

The apparent diffusion coefficient values provide quantita-
tive information for malignant and benign SPN differentia-
tion. Liu et al. [19] stated that the ADC values are signifi-
cantly lesser in malignant lesions, whereas Mori et al. [20]
said that there is no significant difference in the ADC values.
The results of our study support those of Liu et al. We
showed that the ADC values are significantly low in the
malignant SPN subgroup. In Mori’s study, benign SPNs con-
sisted of mainly active or chronic inflammatory lesions; these
are mainly highly cellular lesions. Therefore, the ADC values
might be decreased in the benign SPN group.

Bernardin et al. [21] stated that sensitivity of the ADC values
is insufficient in characterization of lesions fewer than 2 cm
in diameter. Differently, according to our results, the ADC,
LSR,,,, and LSR, . values can be useful in predicting malig-
nancy both for the lesions lesser or more than 2 cm in diam-
eter. Bernardin’s study examines not only SPNs, but also
larger lung masses, and there is limited number of cases.

These can be the causes of the mentioned difference.

Some studies stated that visual evaluation of diffusion charac-
teristics is equally successful with the LSR assessment [22-24].
However, we believe that using ratios decreases the differences
causing from the usage of different MRI devices. Consequently,
we preferred using LSR instead of only visual assessment.

Koyama et al. [25] stated that the LSR values are more useful
than the ADC values in predicting malignancy. Our results are



consistent with those of the literature; all LSR values obtained
from malignant SPNs are higher than those obtained from the
benign ones. Both LSR_, and LSR, = values are more sensi-
tive than ADC in predicting malignancy. In the above men-
tioned study, the researchers said that different b values do not
change the diagnostic power of the LSR values [25]. Consistent
with the literature, the LSR_  and LSR,  values have similar
diagnostic performances. In the literature, it is generally
advised to use higher b values for the SPN characterization,
especially more than 600 s/mm? [23, 26]. Our results are
consistent with those of the literature; the LSR. and LSR

500 1000
values are more successful than the LSR  values.

In the literature, we cannot find any study examining the
relationship between LSR and lesion diameter. We showed a
positive correlation between the LSR values and nodule
diameter in the malignant SPN subgroup. We believe that the
finding indicates that as larger the lesion gets, cellular vol-
ume and diffusion restriction increases. However, we do not
have so many necrotic tumors; the results might change with
the degree of necrosis presence.

In the literature, the T2 signal characteristics of SPNs are usu-
ally assessed visually [22]. Instead of this, we used the LMR
values. We cannot find any study examining the LMR values.
However, we could find any significant correlation between
the LMR values and SPN histopathology. Further prospective
studies using the LMR parameter might discover any poten-
tial relationships.

The study has some limitations. Only little amount of benign
lesions are directed to biopsy, only the ones with suspicious
imaging characteristics are examined histopathologically.
Therefore, the malignant SPNs constitute the majority of the
population. Calcified nodules are excluded from the study.
Therefore, the study cannot provide information about calci-
fied nodules. As stated in the literature, granulomas might
show restricted diffusion because of high cellularity [23,25].
Our population contains only one granuloma case, so the
study cannot give sufficient information about granuloma
DWI characteristics. PET-CT provides valuable information
about benign/malign nature of the SPNs. A malignant SPN
greater than 8 mm in diameter is expected to uptake fluoro-
deoxyglucose (FDG) on PET-CT [27]. Unfortunately, we can-
not acquire PET-CT results of all patients, so our result cannot
give information about PET-CT correlations.

To conclude, ADC, LSR_ ., and LSR,  ~values can be handy
parameters for differentiation of benign-malignant SPNs.
Using these MRI parameters might decrease unnecessary
biopsy rates and complications of biopsies. The MRI results
can also be useful in following the patients without sufficient
PET-CT results. Also, they can be used for the follow-up of
SPNs, instead of thorax CT, especially in patients who are

more sensitive to ionizing radiation.
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