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Suspicious lung lesions for malignancy: gk

the lesion-to-spinal cord signal intensity
ratio in T2WI and DWI-MRI versus PET/CT;
a prospective pathologic correlated study
with accuracy and ROC analyses
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Abstract

Background The multi-detector computed tomography (MDCT) and tissue biopsy are the gold standards for the
evaluation of lung malignancies. However, there is a wide range of pulmonary indeterminate lesions that could mimic
lung cancer. Furthermore, the diagnosis of malignancy could be challenging if the lesion is small and early present-
ing by a part-solid or ground-glass nodule or if surrounded by parenchymal lung reaction with consolidation and
atelectasis. The previous literature focused on the role of diffusion-weighted image—-magnetic resonance imaging
(DWI) and the apparent diffusion coefficient (ADC) mapping in the evaluation of lung malignancy. A novel quanti-
tative T2 assessment is provided and tested in this study. Aim of the work: To evaluate the accuracy of specific non-
invasive quantitative magnetic resonance imaging (MRI) parameters in the characterization of suspicious lung lesions
and the discrimination between the malignant and benign nature. They included the lesion-to-spinal cord signal
intensity ratio in T2-WI and DWI as well as the mean and minimum apparent diffusion coefficient (ADC) values. This is
performed using a prospective pathologic correlated study with receiver-operating characteristics (ROC) analysis and
comparison with positron emission tomography (PET-CT) accuracy results.

Results This study was prospectively performed during the period between June/2021 and June/2022. It was
conducted on 43 suspicious lung lesions detected by MDCT. MRI and PET/CT examinations were performed for all
patients, and the results were compared to the final diagnosis obtained after biopsy and pathological assessment,
using the statistical tests of significance and P-value. Cutoff values were automatically calculated, and then, accuracy
tests and ROC analyses were performed. Five expert radiologists and a single consulting pulmonologist participated
in this study. The inter-rater reliability ranges between good and excellent with the intra-class correlation coefficient
(ICO) ranging between 0.85 and 0.94. In T2-WI: The lesion-to-spinal cord signal intensity ratio was higher in the malignant
group (1.3540.29) than in the benign group (0.88 £0.40), (P<0.001). At the estimated cutoff value (> 1), the sensitiv-
ity was 96.43%, the specificity was 80.00%, and AUC=0.86. In b500-DWI: The lesion-to-spinal cord signal intensity ratio
was higher in the malignant group (0.70-1.35) than in the benign group (0.20-0.70) (P<0.001). At the estimated cut-
off value (>0.7), the sensitivity was 71.43%, the specificity was 86.67%, and AUC=0.86. The mean and minimum ADC
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values were lower in the malignant group (0.6-1.3 and 0.3-1.1 x 107> mm?/s) than the benign group (1-1.6 and 0.7-
14 x 107> mm?/s), (P<0.01 and <0.001, respectively). At their estimated cutoff values (< 1.2 and < 0.9 x 10> mm?/s,
respectively), the sensitivity was (71.4 and 85.7%), specificity was (83.3 and 66.7%), respectively, and AUC=10.77 for
both. PET/CT had 96.4% sensitivity, 92.3% specificity, and AUC=0.94.

Conclusions PET-CT remains the most specific and sensitive tool for the differentiation between benign and
malignant lesions. The lesion-to-cord signal intensity ratios in T2WI and DWI-MRI and to a minor extent the mean and
minimum ADC values are also considered good parameters for this differentiation based on their accurate statistical
results, particularly if PET/CT was not available or feasible. The study added to the previous literature a novel quantita-
tive T2WI assessment which proved a high sensitivity equal to PET/CT with a lower but a good specificity. The avail-
ability, expertise, time factor, and patients’tolerance remain challenging factors for MRI.

Keywords Suspicious lung lesions, DWI, MRI, PET

Background

Multi-detector computed tomography (MDCT) is the
gold standard for the evaluation of lung pathologies.
However, there is a wide range of pulmonary pseudole-
sions or equivocal lesions that could mimic lung cancer
clinically and radiologically [1]. For example, diseases
with fibrosis and parenchymal distortion such as sar-
coidosis and progressive massive fibrosis may mimic lung
malignancy [2, 3]. Early scar carcinoma on top of pulmo-
nary tuberculosis could also pass unnoticed [4].

On the other hand, other locally malignant and malig-
nant lung lesions may be presented with innocent-look-
ing lesions. For example, the adenocarcinoma in situ
(AIS), the minimally invasive (MIA), and the invasive
mucinous carcinoma (old termed bronchoalveolar carci-
noma BAC) could be presented by either pure, part-solid,
or solid lung nodules [5, 6]. Lung carcinoid is a central
peri-bronchial tumor with small endo-bronchial bud-
ding that presents with hemoptysis. It could be equivo-
cal in CT examinations when small or give false negative
results in PET/CT examinations [7].

The high-quality lung MRI can contribute to evaluat-
ing numerous pulmonary diseases including lung cancer
and malignant pleural tumors. Similar to CT, proton MRI
can reveal structural evaluation concerning mucus distri-
bution, bronchiectasis, inflammatory airway wall thick-
ening, consolidation, and atelectasis [8]. It has also the
advantage of the lack of ionizing irradiation, particularly
in patients who require frequent follow-up examinations
[9].

Additionally, the T2-weighted images provide good
lesion-to-background contrast. The healthy lung has no
signal, so high sensitivity is achieved in the detection of
lung infiltrates, atelectasis, and solid lesions [10]. The
DWI-MRI can be also used in lung examination and
gives promising results in differentiation between malig-
nant and benign pulmonary lesions [11]. Qualitatively,
it can delineate the parenchymal lesions from the adja-
cent pleura and mediastinum [12]. Quantitatively, it also

provides the ADC value in addition to signal intensity
(SI)-related parameters such as lesion-to-spinal cord sig-
nal intensity ratio [13].

The previous literature focused on the role of diffusion-
weighted image-magnetic resonance imaging (DWI) and
apparent diffusion coefficient (ADC) mapping in the
evaluation of lung malignancy. A novel quantitative T2
assessment is furtherly provided and tested in this study.

Aim of the work: To evaluate the accuracy of specific
non-invasive quantitative magnetic resonance imaging
(MRI) parameters in the characterization of suspicious
lung lesions and the discrimination between the malig-
nant and benign nature. They included the lesion-to-spi-
nal cord signal intensity ratio in T2-WI and DWTI as well
as the mean and minimum apparent diffusion coefficient
(ADC) values. This is performed using a prospective
pathologic correlated study with receiver-operating char-
acteristics (ROC) analysis and comparison with positron
emission tomography (PET-CT) accuracy results.

Methods
A flow diagram (Fig. 1) is provided to demonstrate the
study design, methodology, steps, and brief results.

This study was prospectively performed during the
period between June/2021 and June/2022. It was con-
ducted on 43 suspicious lung lesions detected by MDCT.
MRI and PET/CT examinations were performed for all
patients, and the results were compared to the final diag-
nosis obtained after biopsy and pathological assessment,
using the statistical tests of significance and P-value. Sta-
tistical cutoff values were automatically calculated, and
then, accuracy tests and ROC analyses were performed.

The inclusion criteria were as follows: (1) Suspicious
lung nodules or masses in chest CT having speculated
outlines and/or desmoplastic reaction (17 lesions,
including four solitary pulmonary nodules), (2) Suspi-
cious atypical pulmonary consolidations in chest CT
showing interrupted or absent air bronchogram (ten
lesions), (3) Suspicious fibrotic lesions or scarring in
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Fig. 1 Aflow diagram is demonstrating the study design, methodology, and brief results

chest CT associated with parenchymal distortion (nine
lesions), (4) Suspicious cystic lung lesions in chest CT
having thickened wall and minimum or absent air—
fluid leveling (one lesion), (5) Persistent or progressive
lesions in chest CT examination with failure of thera-
peutic trials (six lesions).

Benign
(15/43-35%)

Malignant
(28/43-65%)

(5) Non-small cell (5) Fibrotic
lung carcinomas scarring without
(5) atypia
Undifferentiated (4) Progressive
carcinomas mass fibrosis
(4) Squ.cC (2) Central
(4) Carcinoid bronchial
(2) Small.CC hyperplasia
(96%) (2) Invasive AC without atypia
Sensitivity (2) Metastatic (2) T8
(1) Sarcoidosis
(92%) (1) Complicated
Specificity cyst without
(0.94) atypia
AUC

The exclusion criteria were as follows: (1) Densely cal-
cific lesions in chest CT, (2) Contraindications for MRI or
PET/CT application, (3) Poor quality of images and arti-
facts because of patients’ tachypnea, (4) Absent patholog-
ical confirmation, and finally (5) Patients who refused to
give an ethical consent.
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The study was approved by the "Institutional Ethics
Committee" [IRB No: (00012098), FWA No: (00018699)].
Written informed consent was obtained from every
patient. This manuscript does not overlap with any previ-
ously published works.

Five expert radiologists participated in this study. Their
experience ranged from 7 to 36 years. They worked inde-
pendently and were blinded by the clinical data. A single
consulting pulmonologist with 22 years of experience
shared also in this study.

MRI scanning and sequences

Respiratory gated closed 1.5 T MRI examinations were
performed on either PHILIPS Achieva (Netherlands)
or TOSHIBA titan (Japan) scanners. The following MRI
spin echo sequences were applied without IV contrast
administration:

A. T1WI (axial and coronal): the repetition time/echo
time=10/5 ms, the slice thickness=5 mm, the
gap=0.5 mm, and the field of view =35-40 cm.

B. T2WT (axial and coronal): the repetition time/echo
time =665/80 ms, the slice thickness=5 mm, the
gap=1.5 mm, and the field of view =35-40 cm.

C. Axial DWI was acquired at intermediate to high b
value (500—800—1000 s/mm?) with 4—9 slice thick-
ness and 0.5-1.5 mm interslice gap.
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D. ADC mapping using single-shot echo-planar spin-
echo sequences.

MRI qualitative and quantitative assessment

The "OsiriX MD 11.0" software (Pixmeo SARL, Geneva,
Switzerland) and the "Radiant” dicom viewer were uti-
lized for imaging review.

The qualitative assessment of the lesions was per-
formed in the T2WI, DWI, and ADC mapping. The
lesions with high T2 signal intensity are considered sus-
picious in comparison to fibrotic lesions with low T2 sig-
nal intensity. Extra-pleural space, mediastinal or vascular
invasions were carefully observed. The diffusion restric-
tion was determined by the bright signal in the DWI and
the low signal in the ADC mapping.

Three quantitative parameters were utilized in this
study, as follows:

(1) The lesion-to-spinal cord signal intensity ratio in
T2WI (novel procedure): Two ROIs were placed:
one over the center of the lesion (excluding necrotic
or calcific core) and the other over the spinal cord
in T2WI at the same slice. Recording of the signal
intensities was repeated twice by each of two inde-
pendent expert radiologists, and average values
were taken and divided to give the ratio (Table 1).

Table 1 Inter-rater reliability and intra-class correlation coefficient (ICC)

No. 1st group reading 2nd group reading P-value ICC 95% Cl Level of agreement

T2WI based L-to-SC Sl ratio

Malignant 28 1.354+0.29 1324031 <0.001" 0.899 0.794-0.952 Good

Benign 15 0.88+£040 089+£033 <0001" 0.941 0.833-0.980 Excellent

Overall 43 1.194+040 1.17£037 <0.001" 0.942 0.896-0.968 Excellent
b500-DWI based L-to-SC Sl ratio

Malignant 28 1.05+041 1.08£037 <0.001" 0922 0.840-0.963 Excellent

Benign 15 048+0.30 0.50+£0.24 <0001 0911 0.760-0.969 Excellent

Overall 43 0.85+046 0.88+043 <0001 0.950 0.909-0.972 Excellent
Mean ADC value in 10-*mm?/s

Malignant 28 1.10+£0.27 1.15+£0.32 <0001 0.845 0.711-0915 Good

Benign 15 1.194+0.26 1.23+£032 <0.001" 0.890 0.729-0.958 Good

Overall 43 1.13£0.29 1.18+£0.32 <0001 0.861 0.760-0.927 Good
Minimum ADC value in 103 mm?/s

Malignant 28 0.80£0.29 0.85£0.33 <0.001" 0.851 0.705-0.928 Good

Benign 15 0.89+0.28 093+£0.31 <0001" 0.897 0.727-0.964 Good

Overall 43 0.83£0.29 0.88£0.32 <0.001" 0.865 0.762-0.925 Good

L-to-SC Sl ratio Lesion-to-spinal cord signal intensity ratio

Cl Confidence interval

Data were expressed using mean + SD (standard deviation)
*Statistically significant at P-value <0.05
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(2) The lesion-to-spinal cord signal intensity ratio in
intermediate to high DWI: Two ROIs were placed:
one over the center of the lesion (excluding necrotic
or calcific core) and the other over the spinal cord
in DWTI at the same slice. Again, recording of the
signal intensities was repeated twice by each of two
independent expert radiologists and average values
were taken and divided to give the ratio (Table 1).

(3) The mean and minimum ADC values were calcu-
lated using a wide region of interest (ROI) over the
center of the lesion which showed the most diffu-
sion restriction excluding necrotic areas, foci of cal-
cifications, and peripheral areas of lung consolida-
tions or collapse. This step was also repeated twice
by each of two independent expert radiologists, and
the average of each value was then calculated and
used as the estimated value (Table 1).

N.B: The ROI sizes over the lesions were standardized
and equal to that over the spinal cord at the same level
in cases of pulmonary nodular lesions (<3 c¢cm) [13], but
they differed in cases of lung consolidations or masses;
according to the size of their solid components, they were
widened as much to involve the solid restricting compo-
nents and exclude the necrotic changes.

PET/CT examinations

All patients performed PET/CT examinations on a
hybrid PET/CT scanner (Siemens Biograph 64 PET/
CT scanner, Germany). The following routine precau-
tions and preparation steps were respected: (1) Fasting
except for water and avoiding heavy muscular exercises
were instructed six hours before the examinations, (2)
Voiding of urine was instructed before the examination,
(3) The blood sugar level should be less than 150 mg/dl,
and (4) Patients were instructed to stop talking during
the examination. 18-FDG was injected at a rate of around
5MBg/kg body weight. The above 3 standardized uptake
values (SUV) are universally utilized as a cutoff value of
malignancy.

Clinical contribution

A full clinical examination and laboratory profile were
performed. Either bronchoscopic-guided or open lung
biopsy was taken. Finally, the tissue pathological diagno-
sis was encountered and compared with the clinical and
radiological data.

Reference and statistical analyses (in order)

(1) The inter-observer agreement or inter-rater reliabil-
ity between two expert consulting radiologists was
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estimated using an online calculator "https://www.
raterreliability.com/" and the intra-class correlation
coefficient (ICC) was calculated.

(2) IBM SPSS software package version 20.0. (Armonk,
NY: IBM Corp) was utilized. The quantitative data
were described using the range (minimum and
maximum), the mean, the standard deviation, the
median, and the interquartile range (IQR). After
the comparison with the final diagnosis obtained
by pathological assessment, the significance of the
obtained results was judged using the Chi-square
test at P value <0.05.

(3) Mann—Whitney U test compared T2WTI lesion-to-
spinal cord SI ratio and estimated the cutoff value
according to Youden index.

(4) Student T-test compared the DWI lesion-to-spinal
cord SI ratio, evaluated the mean and minimum
ADC values, and estimated the cutoff values.

(5) Accuracy tests were then performed. They included
the sensitivity, the specificity, and the positive and
negative predictive values.

(6) ROC analysis using the "QI Macros" system evalu-
ated the diagnostic role of T2WI and DWT in the
differentiation of benign and malignant lesions.

Results

Demographic features, clinical data, and final
pathologically proven diagnoses

The male-to-female ratio in the included patients was
76%:24%. Their age ranged from 24 to 80 years while
their mean age was 56+£17 SD years. Smoking history
was positive in 37% of patients, and history of distant
malignancy was only positive in two patients. All patients
complained of cough, while 80% complained of dyspnea,
60% complained of chest pain, and 20% complained of
hemoptysis.

The included lung nodules ranged between 1.6 and
3 c¢m in diameter; meanwhile, the lung consolidations
and masses reached 7 cm in size. The upper-to-lower
lobar lung involvement ratio was 60%:40%.

28/43 (65%) lesions were pathologically proved with
malignancy (Fig. 1), including five non-small cell lung
carcinomas (Fig. 2), five undifferentiated carcinomas,
four squamous cell carcinomas, four large cell lympho-
mas (Fig. 3), four carcinoid tumors (Fig. 4), two small cell
carcinomas (Fig. 5), two invasive adenocarcinomas, and
two metastatic lesions (Fig. 6).

15/43 (35%) lesions were pathologically proved to
be benign (Fig. 1) as follows: Fibrotic scarring without
atypia was proved in five lesions. Progressive mass fibro-
sis was proved in four lesions (Fig. 7). Central bronchial
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L-to-C
SIR =0.9

Fig. 2 A 50-year-old male patient complained of chronic cough and chest pain. A Axial chest CT cut (lung window) showed left upper lobar apical-
posterior large sub-pleural homogeneous solid lung nodule showing two pleura tags and surrounded by parenchymal ground-glass reaction/halo;
this is on a background of bilateral upper lobar para-septal emphysema. B Axial chest PET-CT image showing high 18F-FDG uptake. C Axial T2WI
shows the high signal intensity of the nodule. After placing two ROIs within the nodule and the spinal cord, the lesion-to-spinal cord signal intensity
ratio was calculated =0.9. D Same axial T2WI showing iso-intense signal of the surrounding lung parenchyma. After placing two ROIs within the
parenchyma around the lesion and the spinal cord, the lesion-to-spinal cord signal intensity ratio was calculated = 1.2. E Axial DWI showing bright
signal of restricted diffusion and lesion-to-spinal cord signal intensity ratio was calculated = 1.9. F ADC mapping images showing low signal
intensity with minimum ADC=0.5 x 107> mm?/s and mean ADC=0.8 x 10~> mm?/s. Referring to the estimated cutoff values, T2WI L-to-SC Sl ratio,
DWI L-to-SC Sl ratio, minimum ADC, and mean ADC suggested a malignant process. Pathologically proven non-small cell lung cancer (NSCLC)
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Fig. 3 A 24-year-old female patient complained of chronic cough and dyspnea. A Axial contrast-enhanced chest CT cut (mediastinal window)
showed bilateral hilar and posterior mediastinal sub-carinal nodal enlargement. B Coronal chest PET-CT image showing high 18F-FDG uptake

at thoracic, bilateral supra-clavicular, and left cervical nodal enlargement. C, D Axial T2WI showing the high signal intensity of bilateral nodal

and parenchymal masses. After placing two ROIs within the largest lesion and the spinal cord, the lesion-to-spinal cord signal intensity ratio was
calculated =1.4. E Axial DWI showing bright signal of restricted diffusion and lesion-to-spinal cord signal intensity ratio was calculated =0.8. F ADC
mapping images showing low signal intensity with minimum ADC (1 x 107> mm?/s) and mean ADC (1.3 x 1073 mm?/s). Referring to the estimated
cutoff values, T2WI L-to-SC Sl ratio, DWI L-to-SC Sl ratio, minimum ADC, and mean ADC suggested a malignant process. Pathologically proven large
cell lymphoma
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Mean=2134.58 SD=250.30
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Fig. 4 A 30-year-old male patient complained of chest pain, dyspnea, and hemoptysis. A Axial chest CT cut (mediastinal window) showed right
middle lobar consolidation collapse with interrupted air bronchogram and suspected iso-dense central obstructing lesion. B Axial chest PET-CT
image showing high 18F-FDG uptake at the right peri-hilar lesion. C, D Axial T2WI showing the heterogeneous high signal intensity of central
obstructing lesion with distal atelectasis. After placing two ROIs within the largest lesion and the spinal cord, the lesion-to-spinal cord signal
intensity ratio was calculated =1.1. E Axial DWI showing bright signal of restricted diffusion and lesion-to-spinal cord signal intensity ratio was
calculated =0.5. F ADC mapping images showing low signal intensity with minimum ADC (0.9 x 10~> mm?/s) and mean ADC (1.1 x 107> mm?/s).
Referring to the estimated cutoff values, the T2WI L-to-SC Sl ratio, minimum ADC, and mean ADC suggested a malignant process; however, the DWI
L-to-SC Sl ratio was mismatched. Pathologically proven carcinoid neoplasm
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Fig.5 A 76-year-old male patient complained of hemoptysis and dyspnea. A Axial contrast-enhanced chest CT cut (mediastinal window) showed
left medial basal consolidation collapse with internal CT-angiogram and absent air bronchogram with a suspected iso-dense mass lesion. B Axial
chest PET-CT image showing high 18F-FDG uptake at most of the lesion. C, D Axial T2WI shows the high signal intensity of the lesion. After placing
two ROIs within the largest lesion and the spinal cord, the lesion-to-spinal cord signal intensity ratio was calculated = 1.5. E Axial DWI showing
bright signal of restricted diffusion and lesion-to-spinal cord signal intensity ratio was calculated = 1.1. F ADC mapping images showing low signal
intensity with minimum ADC (0.5 x 107> mm?/s) and mean ADC (0.6 x 10~2 mm?/s). Referring to the estimated cutoff values, T2WI L-to-SC S| ratio,
DWI L-to-SC Sl ratio, minimum ADC, and mean ADC suggested a malignant process. Pathologically proven small cell lung cancer (SCLC)
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Mean=0.6042 SD=0.1658
Max=0.9043 Min=0.3462
Area=0.2488 cm? (12 px)

Fig. 6 A 67-year-old male patient with a history of primary hemangiopericytoma complained of chronic cough. A Axial chest CT cut (lung window)
showed solitary right upper lobar posterior segmental sub-pleural solid homogeneous lung nodule showing minimum speculated outlines and
faint pleural tag. B Coronal chest PET-CT image showing high 18F-FDG uptake at the right upper lobar nodular lesion. C, D Axial T2WI showing

the iso-to-high signal intensity of the lesion. After placing two ROIs within the largest lesion and the spinal cord, the lesion-to-spinal cord signal
intensity ratio was calculated = 1.2. E Axial DWI showing bright signal of restricted diffusion and lesion-to-spinal cord signal intensity ratio was
calculated = 1.9. F ADC mapping images showing low signal intensity with minimum ADC (0.3 x 10~> mm?/s) and mean ADC (0.6 x 107> mm?/s).
Referring to the estimated cutoff values, T2WI L-to-SC Sl ratio, DWI L-to-SC Sl ratio, minimum ADC, and mean ADC suggested a malignant process.
Pathologically proven solitary metastatic lung deposit
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SIR =0.2

Fig. 7 A 22-year-old male patient with occupational history correlated with the glass industry complained of chronic cough. A, B Axial chest CT
cuts (lung window) showed bilateral peri-hilar and peripheral sub-pleural large consolidative mass-like lesions without smooth air bronchogram.
C, D Axial T2WI showing the low signal intensity of the bilateral large confluent lesions. After placing two ROIs within the largest lesion and the
spinal cord, the lesion-to-spinal cord signal intensity ratio was calculated = 0.6. E Axial DWI showing low signal intensity denoting non-restricted
diffusion and lesion-to-spinal cord signal intensity ratio was calculated =0.2. F ADC mapping images showing low signal intensity with minimum
ADC (1.1 x 107> mm?/s) and mean ADC (1.5-1.7 x 1072 mm?/s). Referring to the estimated cutoff values, T2WI L-to-SC Sl ratio, DWI L-to-SC Sl ratio,
minimum ADC, and mean ADC suggested a benign process. Pathologically proven progressive massive fibrosis sequel to pneumoconiosis. PET/CT
result was negative



Samir et al. Egypt J Radiol Nucl Med (2023) 54:67 Page 12 of 17

L-Sl 3265 L-to-C Mean

C-SI=3111 SIR=1 ADC=1~1.3 ADC=0.7~9

-

Fig. 8 A 69-year-old male patient complained of dyspnea. A, B Axial chest CT cuts (lung window) showed a right main endo-bronchial lesion
attenuating the lumen of the right main bronchus with distal air trapping and the peripheral sub-pleural solid lesion was also noticed. C Axial chest
PET-CT image showed minimum 18F-FDG uptake. D Axial T2WI showing iso-intense signal of the central and peripheral lesions. After placing two
ROIs within the peripheral lesion and the spinal cord, the lesion-to-spinal cord signal intensity ratio was calculated = 0.96. E Axial DWI showing
bright signal denoting restricted diffusion and lesion-to-spinal cord signal intensity ratio was calculated = 1. F ADC mapping images showing low
signal intensity with minimum ADC (0.7-0.9 x 107> mm?/s) and mean ADC (1-1.3 x 1072 mm?/s). Referring to the estimated cutoff values, DWI
L-to-SC Sl ratio, minimum ADC, and mean ADC suggested a malignant process except for the T2WI L-to-SC Sl ratio which suggested a benign

nature. Pathologically proven central bronchial hyperplasia without atypia and peripheral benign nodule. (Example for truly positive T2WI ratio and
false positive DWI and PET-CT)
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Fig.9 A 25-year-old male patient complained of chronic cough and dyspnea. A Axial contrast-enhanced chest CT cut (mediastinal window)
showed bilateral upper lobar peri-hilar lung masses and scattered peripheral lung nodules. B Axial chest PET-CT image showing high bilateral
18F-FDG uptake. C, D Axial T2WI shows the low signal intensity of the lesion. After placing two ROIs within the largest lesion and the spinal cord,
the lesion-to-spinal cord signal intensity ratio was calculated = 1.4. E Axial DWI showing low signal intensity denoting non-restricted diffusion

and lesion-to-spinal cord signal intensity ratio was calculated =0.1-0.4. F ADC mapping images showing low signal intensity with minimum

ADC (1.4 x 107> mm?/s) and mean ADC (1.6 x 1072 mm?/s). Referring to the estimated cutoff values, only the T2WI L-to-SC Sl ratio concerned
malignant nature; meanwhile, the DWI L-to-SC Sl ratio, minimum ADC, and mean ADC suggested a benign process. Pathologically proven fibrosing
parenchymal sarcoidosis. (Example for truly positive DWI parameters and false positive T2WI ratio and PET-CT)

hyperplasia without atypia was proved in two lesions
(Fig. 8). TB was proved in two lesions. Mixed nodal and
parenchymal fibrosing sarcoidosis was proved in one
lesion (Fig. 9). A complicated cyst without atypia was
proved in one lesion.

The inter-observer agreement or inter-rater reliability

The inter-observer agreement or inter-rater reliability
ranges between good and excellent with the intra-class
correlation coefficient (ICC) ranging between 0.85 and
0.94. The results are detailed in Table 1.
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Table 2 Comparative analytic performance of quantitative MRI parameters
P-value AUC Cutoff Sensitivity Specificity PPV NPV
T2WI based L-to-SC Sl ratio

<0.001* 0.860 >1# 96.4% 80.0% 90% 92.3%
b500-DWI based L-to-SC Sl ratio

<0.001* 0.863 >0.7* 71.4% 86.7% 90.9% 61.9%
Mean ADC value in 10=>mm?/s

<0.01* 0.77 <1.2* 71.4% 83.3% 84% 70.5%
Minimum ADC value in 10=*mm?/s

<0.001* 0.77 <09* 85.7% 66.7% 75.9% 79.2%

L-to-SC Sl ratio Lesion-to-spinal cord signal intensity ratio
AUC area under curve, NPV negative predictive value, PPV positive predictive value
*Statistically significant at p <0.05

# Cutoff value was estimated by Mann-Whitney U and Student-T tests and chosen according to Youden index

Estimation of the cutoff values according to the Youden
index
The MRI quantitative parameters showed overlap
between the pathologically proven benign and malig-
nant lesions; still a significant correlation was proven
(P-value ranging from<0.001 to<0.01). The cutoff
value for each parameter was then automatically cal-
culated using Mann—Whitney U and Student-T tests
according to the Youden index. They are detailed in
Table 2.

Further statistical tests of accuracy and ROC analysis
were performed as follows.
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Fig. 10 ROC curve for T2WI and b500-DWI L-to-cord signal intensity
ratios

T2-WI-MRI lesion-to-spinal cord signal intensity ratio
results and statistical analysis

In T2-WI: The lesion-to-spinal cord signal intensity
ratio was higher in the malignant group (1.35+0.29)
than in the benign group (0.88+0.40), (P<0.001).
At the estimated cutoff value (> 1), the sensitivity was
96.43% and the specificity was 80.00% in differentiat-
ing the benign from the malignant lung lesions with
AUC=0.86. The results are detailed in Table 2 and
Fig. 10.

DWI-MRI lesion-to-spinal cord signal intensity ratio results
and statistical analysis

In b500-DWI: The lesion-to-spinal cord signal inten-
sity ratio was higher in the malignant group (0.70-1.35)
than in the benign group (0.20-0.70), (P <0.001). At the
estimated cutoff value >0.7, the sensitivity was 71.43%
and the specificity was 86.67% in differentiating the
benign from the malignant lesions with AUC=0.86.
The results are detailed in Table 2 and Fig. 10.

Mean ADC value results and statistical analysis

The mean ADC value was lower in the malignant
group (0.6-1.3 x 107> mm?/s) than the benign group
(1-1.6 x 1073 mm?/s), (P<0.01). At the estimated cut-
off value (<1.2 x107® mm?/s, respectively), the sen-
sitivity was (71.4%) and the specificity was (83.3%),
respectively, with AUC=0.77. The results are detailed
in Table 2.

Minimum ADC results and statistical analysis

The minimum ADC value was lower in the malignant
group (0.3-1.1 x 10 mm?/s) than in the benign group
(0.7-1.4 x 10~ mm?/s), (P<0.001). At the estimated cut-
off value (< 0.9 x 102 mm?/s, respectively), the sensitivity



Samir et al. Egypt J Radiol Nucl Med (2023) 54:67

was (85.7%) and the specificity was (66.7%), respectively,
with AUC =0.77. The results are detailed in Table 2.

PET-CT results and statistical analysis

27/28 (96.4%) malignant lesions showed high SUV in
PET/CT examination (true positive results) while one
carcinoid lesion showed false low SUV (false negative
result). On the other hand, 3/15 (20%) benign lesions
showed false high SUV (false positive results), including
two bronchial hyperplastic lesions without atypia (Fig. 8)
and one parenchymal sarcoidosis lesion (Fig. 9). Con-
sequently, the PET/CT accuracy tests’ results revealed
96.4% sensitivity and 92.3% specificity for differentiating
the malignant from benign lesions with AUC=0.94.

Discussion

Lung cancer is notorious because of its rapid spread and
high mortality rates. It is mainly diagnosed by CT and
tissue biopsy. It showed variable CT patterns. The diag-
nosis of malignancy is challenging if the lesion is small or
early presenting by the part-solid or ground-glass nodule,
and also if it is surrounded by parenchymal lung reac-
tion with consolidation and atelectasis [14]. Similarly, the
diagnosis of lung metastatic lesions might be controver-
sial sometimes. Tissue biopsy is not also an option for
patients with a bleeding tendency. Here comes the role of
MRI and PET/CT evaluation of the suspicious or indeter-
minate lesions which are defined in the methodology sec-
tion. The human spinal cord proved to have comparable
stable ADC values to be used as a calibrating factor for
lesions signal intensity evaluation [15].

This study added to the previous literature a novel quan-
titative T2W1T assessment for the differentiation between
malignant and benign lung lesions using lesion-to-spinal
cord signal intensity ratio, which proved a high sensitivity
equal to the PET/CT with a lower but a good specificity.

This study defined and included the suspicious lung
lesions in chest CT examinations. It was quite similar to
study of Cakmak et al. [13] which included lung nodules
and masses. On the other hand, it was different from the
previous studies of Koyama et al. [11], Uto et al. [16], and
Guan et al. [17] which focused on the characterization of
solitary lung nodules. It was also different from the study
of Kolta et al. [18] which expanded its inclusion criteria
to involve random benign and malignant lung lesions.

The included number of lesions in this study was 43. It
is intermediate between Uto et al. [16], Kolta et al. [18],
and Koyama et al. [11] studies which included 28, 30,
and 36 lesions, respectively, and Guan et al. [17] as well
as Cakmak et al. [13] studies which included 58 and 62
lesions, respectively.
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Similar previous research [11, 16—18] presented the
quantitative DWI and ADC parameters that could be
utilized for the discrimination of malignant and benign
lesions including the DWI-based lesion-to-spinal cord
signal intensity ratio and minimum ADC value. They all
agreed on their acceptable accuracy.

The estimated cutoff value for the DW1I-based lesion-
to-spinal cord signal intensity ratio in this study was
equal to Guan et al. [17] study (>0.7) but less than Uto
et al. [16] and Kolta et al. [18] studies (>1.1 and>1.3,
respectively).

The sensitivity of the DW1I-based lesion-to-spinal cord
signal intensity ratio in this study was equal to Guan et al.
[17] study (74.1%). On the other hand, its sensitivity in
Kolta et al. [18] study was higher (85.7%).

The specificity of the DW1I-based lesion-to-spinal cord
signal intensity ratio in this study (86.6%) was higher than
that estimated by Guan et al. [17] and Kolta et al. [18]
(75% each) and slightly lower than that estimated by Koy-
ama et al. [11] (88.9%).

This study is discordant with the Koyama et al. [11] and
Uto et al. [16] studies which, respectively, reported low
sensitivity and specificity in addition to low AUC of the
minimum ADC value for the characterization of malig-
nant lung lesions. This is also totally disagreeing with
Guan et al. [17] and Kolta et al. [18] studies as well as Li
et al. [19] and Chen et al. [20] large meta-analysis stud-
ies which reviewed the literature and reported 88%—80%
sensitivity and 89%-93% specificity for using the ADC
values for discrimination of malignant from benign lung
lesions.

The other advantage also novel in this study was the
comparison between the accuracy of specific quantita-
tive MRI parametric tools and the accuracy of PET/CT
results in the discrimination of malignant lesions. This
fact may justify the low number of included lesions.
However, future research on large cohorts of patients is
strongly encouraged.

Finally, the discussed MRI quantitative parameters are
strongly recommended to be added to any qualitative
assessment of chest MRI. The main advantage for the
MRI over PET/CT remains the low cost effectiveness and
avoidance of irradiation exposure hazards.

The common limitations of chest MRI were encoun-
tered in this study including the long time factor of
the examination and patients’ tolerance as well as the
magnetic susceptibility effects of air-filled lung tissue
subjected to large magnetic field gradients. Addition-
ally, the cost of a combination between MRI and PET/
CT forced many patients to refuse to participate in this
study because of economic issues.
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Conclusions

PET-CT remains the most specific and sensitive tool
for the differentiation between benign and malignant
lesions which are indeterminate in chest CT examina-
tions. The lesion-to-spinal cord signal intensity ratios
in T2WI and DWI-MRI and to a minor extent the
mean and minimum ADC values are also considered
good parameters for this differentiation based on their
accurate statistical results, particularly if the PET/CT
was not available or feasible. This study added to the
previous literature a novel quantitative T2WI assess-
ment which proved a high sensitivity equal to the PET/
CT with a lower but a good specificity. The availability,
expertise, time factor, and patients’ tolerance remain
challenging factors for MRI application.
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