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The majority of the solitary pulmonary nodules have a benign character (1). However, 
all pulmonary nodules should be considered as malignant lesions unless proven oth-
erwise (2). The differential diagnosis of these lesions may be an important problem 

in routine medical practice. Computed tomography (CT) is the standard method for the 
examination of the nodules and mass lesions (3). CT imaging of morphological features like 
size, margins, and calcification enables the investigation of malignancy (4). However, there 
is some overlap so that some malignant lesions may appear benign, while some benign 
nodules may show morphological features typical for malignancy (5). CT imaging for differ-
antial diagnosis have problems like false-negative and false-positive results, over-diagnosis, 
benign nodule resections, and exposure to radiation (6).  Biopsy is the most reliable and 
effective method for the diagnosis of the pulmonary nodules and mass lesions. However, it 
may cause serious complications such as pneumothorax, hemoptysis, air embolism, tumor 
cell seeding and death (7, 8). In addition, the tolerability of this invasive intervention is rath-
er low among patients.

Magnetic resonance imaging (MRI) provides information about the tumor morphology 
and magnetic resonance spectroscopy (MRS) provides biochemical information about the 
physiology and metabolism of the disease (9). MRS enables molecular analysis of the tissues 
based on the display of different chemical shifts of certain nuclei in the magnetic field (10). 
MRS was initially used in neuroradiology for characterization of tumor, stroke, epilepsy, in-
fection, and neurodegenerative diseases. In recent years, it was also introduced in the eval-
uation of lesions in other organs like breast (11), liver (12), pancreas (13), and prostate (14). 
There are some in vitro studies in the literature on the use of MRS in lung cancer showing 
higher lactate and total choline peaks compared with normal tissues (15, 16). Also there is 
one case report in the literature regarding the feasibility of using MRS in lung cancer (17).

PURPOSE 
The aim of our study was to evaluate the availability of magnetic resonance spectroscopy 
(MRS) for the differentiation of benign or malignant pulmonary nodules and masses.

METHODS
A total of 59 patients (45 male, 14 female) with pulmonary nodules and masses were includ-
ed in this prospective study. MRS was applied to the pulmonary lesions of the patients and 
choline levels were determined. Afterwards CT-guided percutaneous needle biopsy was per-
formed. According to the biopsy results, pulmonary lesions were benign in 25 patients and 
malignant in 34 patients.

RESULTS
Choline levels were significantly higher in malignant lesions compared with benign lesions 
(p < 0.001). When the other conditions were kept constant, the probability of malignancy 
significantly increased by 17.38-fold (95% CI, 3.78–79.93) in those with choline levels >1.65 
µmol/g compared to those with choline levels ≤1.65 µmol/g (p < 0.001).

CONCLUSION
MRS is a noninvasive method that can be used in the differential diagnosis of pulmonary 
nodules and masses.
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The objective of this study was to demon-
strate the value of MRS, which is a noninva-
sive method and does not require a con-
trast agent, in the differential diagnosis of 
pulmonary nodules and mass lesions. 

Methods
A total of 59 adult patients (45 males, 14 

females) with pulmonary nodule or mass le-
sion, were included in the study. All of these 
patients were undiagnosed and therefore 
planned for percutaneous lung biopsy. In-
clusion criteria for our study were: patients 
over 18 years old and able to provide written 
informed consent, intrapulmonary tumors 
larger than 1 cm in diameter on CT images, 
and patients accepting percutaneous lung 
biopsy. Our exclusion criteria were patients 
in whom MRI was contraindicated, intracta-
ble cough, inability to lie flat or other imped-
iment to acquisition of breath-hold MRI, and 
patients for whom percutaneous lung biop-
sy is unsuitable for technical reasons.

On CT images, 6 of the benign lesions 
had irregular margins, 2 of them had calci-
fications, 3 of them had lobulated contours, 
2 of them had spiculations and 3 of them 
had cavitation, whereas 21 of the malignant 
lesions had irregular margins, 7 of them had 
lobulated contours, 2 of them had spicula-
tions and 2 of them had cavitation. Howev-
er, there was no significant morphological 
feature in the rest of the benign and malig-
nant nodules.

The size of the largest and smallest le-
sions were 50 mm and 14 mm, respectively 
(Table 1). The median (25th–75th) percentile 
of the maximum lesion size for all cases was 
35 mm (23–50 mm) and the median (25th–
75th) percentile of the minimum lesion size 
was 26 mm (17–38 mm). 

First, single-voxel proton MRS was per-
formed to the pulmonary lesions. Thereaf-
ter, a percutaneous biopsy was performed 
by the department of interventional radiol-
ogy. A 22G Chiba needle was used for the 
biopsy. Percutaneous biopsies were carried 
out under the supervision of a cytopatholo-

gist and the intervention was repeated until 
adequate samples were obtained. Accord-
ing to the results of the pathological exam-
ination, 25 lesions were benign (18 males, 
7 females; mean age, 61.3±15.9 years) and 
34 lesions were malignant (27 males, 7 fe-
males; mean age, 67.3±9.3 years) (Table 1). 

Our study had a prospective design and 
was conducted according to the ethical 
standards of the Helsinki Declaration and 
was approved by the Institutional Ethics 
Committee (17/32).

MR spectroscopy technique
Spectroscopic evaluation was performed 

with 1.5 T MRI Scanner (Gyroscan Intera, 
Philips) and sense 8 channel body coil was 
used. In this study, breast MRS application 
was used. Single-voxel proton (1H) spectros-
copy and the point-resolved spatially local-
ized spectroscopy (PRESS) (TR, 2000 ms; 
TE, 50 ms; flip angle, 90°; readout duration, 
512  ms; spectral resolution, 1.95  Hz) was 
used for the MRS examination. The voxel 
volume was minimum 1 cm3 depending on 
the size of the lesion. 

Also, three-plan T2-weighted turbo 
spin-echo–cardiac triggering sequence 
(TR/TE, 2000/90  ms; acquisition voxel, 
1.37×1.71×5 mm3; matrix, 256×160; flip an-
gle, 90°; slice thickness of 5 mm, slice gap 
1  mm) was conducted for the placement 
of the spectroscopy voxel. The voxel was 

adjusted to cover a minimum of 80% of the 
lesion for a good spectrum and high signal/
noise ratio. Care was taken that there was 
no lung air left in the voxel. In lesions with 
cystic and necrotic component, the voxel 
was placed on the solid part of the lesion 
(Fig. 1). After automated shimming, man-
ual shimming adjustment was performed 
using linear shimming orders. In addition, 
because the lung is a mobile organ and pa-
tients could not hold their breath for a long 
time, the procedure was tried to be kept 
short. 

The chemical shift scale has the 1–7 ppm 
range and the metabolites have sufficient 
concentration, they are expressed as micro-
moles per gram (µmol/g). On proton MRS, 
choline-containing metabolites peak at 
3.2 ppm (parts per million), water at 4.7 ppm 
and lipids at 1.3 ppm (18). In our study, cho-
line peak values obtained by supressing wa-
ter and lipid were calculated (Fig. 2). 

Cytopatological examination
For all cases on-site cytological evaluation 

was done by a cytopathologist. Cytological 
material was prepared using conventional 
method. Once the slides were determined 
as sufficient, remaining sample was collect-
ed into neutral buffered formalin for cell 
block preparation. Diff-Quik stain was used 
for rapid specimen adequacy assessment. 
Rest of the slides were stained with MGG. 

vMain points

• MRS can be used in the differential diagnosis 
of pulmonary lesions.

• Choline levels can be used for the differential 
diagnosis.

• The probability of malignancy was 17 times 
higher in patients with choline level >1.65. 

Table 1. Demographical and clinical characteristics 

Benign (n=25) Malignant (n=34) p

Age (years), mean±SD 61.3±15.9 67.3±9.3 0.070a

Gender, n (%) 0.72b

   Male 18 (72.0) 27 (79.4)

   Female 7 (28.0) 7 (20.6)

Lesion size (mm), median (min–max) 

   Maximum 25 (18–47.5) 38 (27–50) 0.083c

   Minimum 19 (14–32.5) 28.5 (21–40) 0.023c

Pack-years cigarette smoking, median (min–max) 0 (0–18.8) 30 (0–46.2) 0.042c

Localization, n (%) 0.78b

   Right 15 (60.0) 18 (52.9)

   Left 10 (40.0) 16 (47.1)

Localization, n (%) 0.23d

   Upper 8 (32.0) 18 (52.9)

   Middle 3 (12.0) 4 (11.8)

   Lower 14 (56.0) 12 (35.3)

Choline, median (min–max) 0.60 (0.02–3.22) 5.80 (2.21–11.30) <0.001c

aStudent t test; bContinuity corrected chi-square test, cMann–Whitney U test, dFisher–Freeman–Halton exact test.



Ancillary studies like histochemistry and 
immunohistochemistry were done when-
ever necessary.

Statistical analysis
Data analysis was performed by using 

IBM SPSS Statistics version 17.0 software 

(IBM Corp.). Assumption of normality for 
continuous variables were examined using 
Shapiro–Wilk test. Levene test was used 
for the evaluation of homogeneity of vari-
ances. Continuous variables were shown 
as mean±SD or median (25th–75th) percen-
tiles, where appropriate. Number of cases 

and percentages were used for categorical 
data. The mean differences between groups 
were compared using Student t test. Mann–
Whitney U test was applied for the variables 
which far from normal distribution. Cate-
gorical data were analyzed by continuity 
corrected chi-square or Fisher–Freeman–
Halton exact test, where applicable. The 
optimal cutoff points of each clinical mea-
surement to determine malignancy was 
evaluated by ROC analyses as giving the 
maximum sum of sensitivity and specificity 
for the significant test. Diagnostic perfor-
mance indicators such as sensitivity, speci-
ficity, positive and negative predictive val-
ues were also calculated. Multiple logistic 
regression analysis was performed in order 
to see the affect of clinical measurements 
on malignancy after adjustment for all pos-
sible confounding factors (i.e., age, gender, 
maximum nodule size, pack-years cigarette 
smoking). The Hosmer–Lemeshow test re-
sults (χ2=8.941, df=8 and p = 0.35) indicat-
ed that goodness of fit was satisfactory. In 
addition, Cox & Snell R2 and Nagelkerke R2 
values were found as 0.37 and 0.49, respec-
tively. Odds ratios and 95% confidence in-
tervals for each independent variable were 
also calculated. A p value less than 0.05 was 
considered statistically significant. 

Results
According to the pathology results, there 

was no statistically significant difference 
between the benign and malignant groups 
regarding the mean age and gender distri-
bution (p = 0.070 and p = 0.72 respectively) 
(Table 1). 

The benign lung lesions were localized 
in the right lung in 15 patients (60%) and in 
the left lung in 10 patients (40%). The ma-
lignant lung lesions were localized in the 
right side in 18 patients (52.9%) and in the 
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Figure 1.a–c. An 83-year-old male patient diagnosed with squamous cell carcinoma. Axial (a), coronal (b), and sagittal (c) views of the lesion are shown. 
Voxel was placed in the center of the lesion. 

Figure 2. a, b. MRS image (a) shows a high choline peak (12) in pulmonary adenocarcinoma. MRS image 
(b) shows a low choline peak (0.3) in a nodule secondary to inflammation.

a

b
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left side in 16 patients (47.1%). Eight (32%) 
of the benign lesions were localized in the 
upper lobe, 3 (12%) in the middle segment 
(middle lobe of the right lung or lingular 
segment of the left lung) and, 14 (56%) in 
the lower lobe. Eighteen (52.9%) of the ma-
lignant lesions were localized in the upper 

lobe, 4 (11.8%) in the middle segment (right 
lung middle lobe or lingular segment of 
the left lung) and, 12 (35.3%) in the lower 
lobe. There was no statistically significant 
difference between the groups regarding 
the localization (right/left) of the lesions 
(p  =  0.78). There was also no statistically 

significant difference between the groups 
considering the localization in the lung 
(p = 0.23). 

We could also not detect any statistical-
ly significant difference between the be-
nign and malignant groups regarding the 
maximum nodule size (p = 0.083). Howev-
er, the minimum nodule size was signifi-
cantly larger in the benign group than in 
the malignant group (p  =  0.023). In addi-
tion, the median smoking (package/year) 
was significantly higher in the malignant 
group compared with the benign group 
(p = 0.042) (Table 1).

Eighteen of the patients in the malignant 
group (52.9%) were diagnosed with adeno-
carcinoma, 7 (20.6%) with squamous cell 
carcinoma, 5 (14.7%) with small-cell carci-
noma, 3 (8.8%) with metastatic tumors (1 
colon and 2 renal cell carcinomas) and 1 pa-
tient (3%) with mesothelioma. According to 
the pathology results, a total of 25 patients 
were in the benign group: 3 of them were 
neoplastic; 1 with solitary fibrous tumor 
(4%), 1 with neurofibroma (4%), and 1 with 
hamartoma (4%). By histopathological eval-
uation in the remaining 22 patients, no sign 
of neoplasm detected. Nineteen patients 
showed varying amounts of acute or chron-
ic inflammation (76%), 2 with necrotizing 
granulomatous inflammation (8%), and 1 
with round atelectasis (4%).

The choline levels were significantly 
higher in the malignant group compared 
with the benign group (p  <  0.001). Please 
note that this sentence is better suited for 
Discussion. Furthermore, the areas under 
the ROC were also statistically significant 
between the groups (p  <  0.001) (Table 1) 
(Fig. 3).

The most suitable cutoff points of all 
statistically significant predictive variables, 
which can be used in the distinguishing of 
the benign and malignant lesions were list-
ed in Table 2. Cutoff values were calculated 
for all variables, which had lower and upper 
limits greater than 0.50 regarding the area 
under ROC and 95% confidence interval. In 
addition, diagnostic performance measures 
such as the sensitivity, specificity, positive 
and negative predictive value related to the 
variables were calculated at the best cutoff 
points and listed in Table 2. We observed 
that all clinical variables, to which cutoff 
values were assigned according to other 
possible confounding factors (e.g., age, 
gender, nodule size, smoking history), were 
independent risk factors. After adjusting for 
age, gender, nodule size, and smoking his-

Figure 3. ROC curve for measurements of choline peak correlation with histopathologic groups. AUC: 
0.795, 95% CI 0.679–0.911, p < 0.001.

Table 2. The indicators of diagnostic performance for discrimination of benign and malignant cases 

Cutoff point Sensitivity Specificity PPV NPV Accuracy 

Choline >1.65 μmol/g 82.4% 72.0% 80.0% 75.0% 78.0%

PPV, positive predictive value; NPV, negative predictive value.

Table 3. The results of multiple logistic regression analyses 

OR 95% CI p

Age 1.05 0.98–1.13 0.15

Female factor 1.57 0.28–8.81 0.61

Maximum lesion size 0.99 0.96–1.02 0.61

Pack-years cigarette smoking 1.03 1.00–1.06 0.049

Choline >1.65 μmol/g 17.38 3.78–79.93 <0.001

Multiple logistic regression analyses were conducted after adjustment for all possible confounding factors (i.e., 
age, gender, maximum lesion size, pack-years cigarette smoking). 
OR, odds ratio; CI, confidence interval.



tory, choline remained as an independent 
indicator for malignancy. With other factors 
held constant, the probability of malignancy 
was 17.38 times higher (95% CI, 3.78–79.93) 
in patients with a choline >1.65 µmol/g 
compared with patients with a choline lev-
el ≤1.65 µmol/g (p < 0.001). All abovemen-
tioned evaluations were performed for each 
significant clinical variable to which a cutoff 
value was assigned (Table 3).

Discussion
Since pulmonary spectroscopy has not 

been performed until now, pulmonary MRS 
application is not available. In this study, 
breast spectroscopy application was used 
and choline peak values obtained by su-
pressing water and lipid were calculated. 
The lack of MRS use for pulmonary lesions 
is probably due to the mobility of the lungs. 
We thought that this could be an important 
challenge for our study. However, it was suf-
ficient for the patients to hold their breath 
for a short time to obtain the raw images 
of the spectroscopy. Percutaneous biop-
sies were performed after MRS because we 
thought that possible hemorrhage after bi-
opsy might affect the results of the study. In 
addition, factors such as age, sex, nodule di-
ameter, and smoking, which may also affect 
the results of the study, were investigated.

During the routine clinical practice, pul-
monary nodules or mass lesions may be 
incidentally detected during chest x-ray or 
CT examinations (19). Although these le-
sions may have a malignant character, they 
may also be benign lesions like cicatrized 
granuloma, tuberculosis, hamartoma, or ar-
teriovenous malformation (6). The definitive 
diagnosis of the solitary pulmonary lesions 
is always difficult. One of the most import-
ant goals of diagnostic radiology is to dis-
tinguish the benign and malignant lesions 
with the help of certain noninvasive imaging 
methods like CT, MRI, or fluorodeoxyglucose 
positron emission tomography (FDG-PET). 

In routine practice, CT is the most com-
mon imaging technique used for the detec-
tion and diagnosis of pulmonary lesions (20, 
21). On CT, the pulmonary nodules cause a 
prominent density difference due to the air 
at the background and this prominent con-
trast difference enables easy identification 
of the lesions. However, it has limitations in 
distinguishing benign lesions from malig-
nant ones (22, 23).

In patients with a mass lesion in the lungs, 
biopsy is a reliable and effective method for 

definitive diagnosis (7). The lung biopsies 
can be performed as percutaneous, bron-
choscopic and open interventions. Among 
them, the percutaneous fine-needle biop-
sy is the most noninvasive technique with 
specificity and accuracy over 90%, false 
positivity below 1% and false negativity 
below 10% (8). However, even relatively 
noninvasive percutaneous lung biopsies 
have high complication rates. The risk of 
pneumothorax is 20.5% and 3.1% of them 
require thoracic drainage. The reported 
rates of hemoptysis and mortality were 
5.3% and 0.15%, respectively (8). Mortality 
depends usually on acute massive hemop-
tysis or pulmonary hemorrhage, pulmonary 
venous air embolism and severe hemotho-
rax. In the initial studies focused on needle 
biopsy, the reported risk of the tumor cell 
seeding along the needle tract was rather 
low (0.005%) (24). However, later studies 
showed prominent tumor cell seeding 
along the needle tract depending on the 
biological activity of the tumor. Tumor cell 
seeding rates along the needle tract up to 
50% were reported in patients with malig-
nant mesothelioma (25, 26). Furthermore, 
biopsy is contraindicated in respiratory 
dysfunctions, respiratory failure, pulmonary 
hypertension and coagulation anomalies 
(8). Studies to find noninvasive methods for 
the differential diagnosis of lung lesions are 
on-going due to these serious complica-
tions and contraindications. 

FDG-PET is a noninvasive method that 
enables the definitive diagnosis of malig-
nant nodules with an accuracy of about 
90% (27). However, the sensitivity of FDG-
PET declines significantly in lesions with a 
diameter smaller than 2 centimeters (28). 
In addition, PET may lead to false positive 
results in active infections, inflammatory le-
sions and tuberculoma (29, 30). 

Dynamic MRI is used for evaluation of the 
vascular structure of tumors (microvessel 
density) and interstitium (ratio of elastic 
and collagen fibers) and for prediction of 
prognosis in patients with peripheral-type 
small cell lung cancer (31). Studies demon-
strated that kinetic indexes and morpho-
logical parameters of MRI enable accurate 
differentiation of malignant and benign 
lesions (32–34). However, as with PET, it is 
difficult to distinguish acute inflammatory 
lesions from active infections and malig-
nant lesions also on MRI (35). 

Early diagnosis is a critical factor in cancer 
treatment. Conventional imaging methods 

display the presence of the lesion and its 
morphology, while spectroscopy evalu-
ates the chemical composition of the cells. 
Therefore, evaluations done with the com-
bination of MRI and MRS provides import-
ant information regarding the early diagno-
sis of cancers in different organs and tissues, 
particularly in neurological tissues (36). MRS 
is an analytic method used in chemistry for 
the evaluation of the molecules and their 
biophysical properties. The MRI spectrums 
may be obtained from various metabolites 
in the human body using several nuclei like 
1H, 31P, 19F, 13C, and 23Na. However, as 1H nu-
cleus has a high sensitivity and is abundant-
ly found in many metabolites, it is widely 
used in MRS (37).

It is well known that cancer cells have 
an abnormal choline and lipid metabolism 
(38). Therefore, in our study, we evaluated 
choline levels in pulmonary lesions with 
MRS. Compounds that contain high levels 
of cellular phosphocholine and total cho-
line are observed in cancer cells and tumor 
tissue and are related to malignant transfor-
mation, invasion, and metastasis (39, 40). 
Increase in compounds containing high 
levels of cellular phosphocholine and total 
choline is one of the most common features 
of cancers like ovarian, prostate, lung, and 
bladder cancers (40–45).

MRS results revealed that there was a 
stastistically significant difference between 
the benign and malignant groups regard-
ing choline levels. The high levels of choline 
indicate that it may be used for the differen-
tial diagnosis of pulmonary lesions similar 
to the malignant lesions in other organs. 
In a case report published on this subject, 
it was also stated that the choline peak can 
be used to detect lung cancer, in support of 
our study (17).

We also calculated the cutoff values of 
the statistically significant parameters and 
we determined that these parameters were 
independent of all other confounding fac-
tors. For example, after adjusting for age, 
gender, nodule size, and smoking, choline 
remained as an independent indicator of 
malignancy. If other factors held constant, 
the probability of the malignancy was 
17.38 times higher (95% CI, 3.78–79.93) in 
patients with a choline level above 1.65 
µmol/g compared to the patients with 
a choline level lower than 1.65 µmol/g 
(p < 0.001). Sensitivity and specificity were 
calculated as 82.4% and 72%, respectively, 
for choline values with ROC analysis.
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The small subject size was one of the 
limitations of our study. Besides this, only 
choline levels were measured. In future pro-
spective studies, a broader spectrum of me-
tabolites can be investigated. Furthermore, 
researches may also focus on lung-specific 
metabolites.

In conclusion, MRS, is a noninvasive 
method that can be used in the differential 
diagnosis of pulmonary nodules and mass 
lesions. Our study is the first trial focused 
on this topic. Future studies encouraged by 
these findings may facilitate the routine use 
of MRS in the differential diagnosis of lung 
lesions instead of biopsy, similar to its use in 
the brain and other organs.  
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