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Role of apparent diffusion coefficient measurement in 
differentiating histological subtypes of  
brain metastasis of lung cancer
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INTRODUCTION
The annual incidence of primary and secondary central nervous 
system (CNS) tumors is 10–17 per 100,000 people, accounting 
for 2% of all cancers in the adult population1-4. Brain tumors 
have the lowest survival rates among malignant tumors and they 
benefit poorly from the current treatment options5. However, 
early diagnosis and accurate pretreatment staging significantly 
affect the survival rates. 

Metastatic brain tumors are the most common brain 
tumor in adults, constituting 20–40% of all CNS tumors4. 

Lung cancer is the most common tumor that metastasizes to 
the brain. Lung cancer has two different histological subtypes: 
small cell lung carcinoma (SCLC) and non-small cell lung 
carcinoma (NSCLC). Treatment of lung cancer depends on 
the histological subtype of the tumor and its stage at the time 
of diagnosis. While chemotherapy or radiotherapy is used in 
SCLC, surgery is performed in the early stage of NSCLC and 
chemoradiotherapy in the advanced stage.

Diffusion-weighted imaging (DWI) is a functional imag-
ing method that evaluates the random movement of water 
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SUMMARY
OBJECTIVE: The aim of this study was to investigate the role of apparent diffusion coefficient of diffusion-weighted imaging in differentiating 

histological subtypes of brain metastasis of lung cancer. 

METHODS: Diffusion-weighted imaging of 158 patients (mean age: 61.2±10.68 years) with brain metastasis of lung cancer (36 small cell lung cancer 

and 122 non-small cell lung cancer) were retrospectively evaluated. The minimum and mean apparent diffusion coefficient values of the metastasis, 

apparent diffusion coefficient of edema around the metastasis, and apparent diffusion coefficient of contralateral brain parenchyma were measured. 

Normalized apparent diffusion coefficient was calculated by proportioning the mean apparent diffusion coefficient of the metastasis to the apparent 

diffusion coefficient of the contralateral brain parenchyma. Minimum and mean apparent diffusion coefficient of the metastasis, apparent diffusion 

coefficient of edema around metastasis, and normalized apparent diffusion coefficient were compared between small cell lung cancer and non-small 

cell lung cancer metastases. 

RESULTS: Minimum
 
apparent diffusion coefficient, mean

 
apparent diffusion coefficient, and normalized apparent diffusion coefficient values of small 

cell lung cancer metastases (0.43±0.19×10−3mm2/s, 0.63±0.20×10−3mm2/s, and 0.81 [0.55–1.44], respectively) were significantly lower than those of 

non-small cell lung cancer metastases (0.71±0.26×10−3mm2/s, 0.93±0.29×10−3mm2/s, and 1.30 [0.60–3.20], respectively; p<0.001). Mean apparent 

diffusion coefficient
 
of edema of small cell lung cancer metastases (1.21±0.28×10−3mm2/s) was significantly lower than that of non-small cell lung cancer 

metastases (1.39±0.26×10−3mm2/s, p=0.020). The best cutoff values of minimum apparent diffusion coefficient, mean apparent diffusion coefficient, 

normalized apparent diffusion coefficient, and apparent diffusion coefficient of edema for the differentiation of small cell lung cancer and non-small 

cell lung cancer were found to be 0.56×10−3mm2/s, 0.82×10−3mm2/s, 1.085, and 1.21×10−3mm2/s, respectively. The area under the receiver operating 

characteristic curve, sensitivity, and specificity values were, respectively, 0.812, 80.6, and 73.8% for minimum apparent diffusion coefficient; 0.825, 

91.7, and 61.5% for mean apparent diffusion coefficient; 0.845, 80.6, and 73.8% for normalized apparent diffusion coefficient; and 0.698, 75.0, and 

67.7% for apparent diffusion coefficient of edema. 

CONCLUSIONS: Minimum apparent diffusion coeff﻿icient, mean apparent diffusion coefficient, normalized apparent diffusion coefficient, and apparent 

diffusion coefficient of edema around metastasis can differentiate histological subtypes of brain metastasis of lung cancer. 
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molecules in biological tissues6. There are many studies in the 
literature investigating the benefit of DWI in the diagnosis of 
brain tumors7-12. Low apparent diffusion coefficient (ADC) 
values are often associated with a poor prognosis13-15. Some 
recent studies have shown that DWI is useful for the differ-
entiation of low-grade and high-grade glial tumors, metas-
tases from high-grade gliomas, and posterior fossa tumors 
such as ependymoma and medulloblastoma16-18. There are 
also studies in the literature investigating the value of ADC 
measurements in metastatic brain tumors7-11. The develop-
ment of noninvasive biomarkers in brain metastases of lung 
cancer is important because it helps clinicians make early 
diagnosis and chose appropriate treatment modalities. DWI 
can be used for this purpose as it is a fast imaging method 
and allows quantitative measurements.

This study aimed to evaluate whether ADC measurement 
in DWI contributes to the differentiation of the histological 
subtypes of brain metastasis from lung cancer.

METHODS
This retrospective study was approved by the Institutional 
Ethics Committee, and the requirement for informed consent 
was waived. The standards for reporting of diagnostic accuracy 
studies were used19.

Patient selection
The hospital database was retrospectively searched to iden-
tify patients who were diagnosed with lung cancer and had 
metastases to the brain on magnetic resonance imaging (MRI) 
between January 2015 and January 2019. There were 200 
patients. The histopathological diagnosis of lung cancer was 
made by bronchoscopy or percutaneous or surgical biopsy. In 
all, 10 patients with signs of intratumoral hemorrhage on con-
ventional MRI and 32 patients who received radiotherapy for 
the brain metastasis before MRI were excluded. As a result, 
158 patients (145 males and 13 females) were included in the 
study. The mean age of the patients was 61.2±10.7 years (range: 
28–89). Notably, 56 patients had a single metastatic lesion and 
102 patients had more than one metastatic lesion. The patients 
were divided into two groups according to the histopathology 
of lung cancer: SCLC metastasis (n=36) and NSCLC metas-
tasis (n=122). The NSCLC group consisted of 89 adenocar-
cinomas and 33 squamous cell carcinomas. The diagnosis of 
46 cases was made according to the histopathological evalua-
tion of the brain tumor after an operation. The brain lesions 
of 112 patients were diagnosed as metastasis with clinical and 
radiological findings.

Magnetic resonance imaging acquisitions
MRI of patients were acquired with a 1.5-T MRI device 
(Philips Achieva, Koninklijke, The Netherlands) using a ded-
icated head coil. In our center, the routine MRI protocol of 
the patients who were referred to imaging with a preliminary 
diagnosis of metastasis included conventional MRI and DWI 
sequences. Conventional sequences were as follows: axial and 
sagittal T2W images, axial T1W images, coronal FLAIR, and 
axial contrast-enhanced 3D MP-RAGE. DWI was acquired 
using single-shot spin echo, echo planar imaging (SS SE-EPI) 
technique with the b values of 0 and 1,000 s/mm2. ADC maps 
were automatically reconstructed at the console of the MRI 
device. All MRI images including DWI and ADC maps were 
transferred to a dedicated workstation (Philips IntelliSpace 
Portal version 6.0.4) for further analysis.

Image interpretation and apparent diffusion 
coefficient measurements
Image interpretation and ADC measurements were performed 
by a senior radiology resident who was blinded to the histo-
pathological results of the cases. ADC measurements were per-
formed by drawing manual regions of interest (ROIs) on the 
tumor using the ADC maps. During the measurement, ROIs 
were drawn on three different regions: 

1.	 the solid component of the tumor, 
2.	 the contralateral normal brain parenchyma, and 
3.	 the edematous area around the metastatic tumor.

In conventional MRI sequences, the size of the mass, its loca-
tion, whether it contained cystic and/or necrotic components, 
the presence of enhancement, and the presence of peritumoral 
edema were evaluated. The most enhancing region of the tumors 
was determined using the contrast-enhanced MRI sequence. 
On the ADC maps, three ROIs were placed on the tumor 
that corresponded to the most enhancing areas without cys-
tic/necrotic changes. The average and the lowest ADC values 
in the drawn ROI were noted. The mean ADC (ADCmean) and 
the minimum ADC (ADCmin) of those three ROIs were calcu-
lated. For the patients with more than one metastatic lesion, 
the mean of ADCmean and ADCmin of the three largest lesions 
were calculated and used in statistical analysis.

Three different ROIs were placed on the perilesional edema, 
and the mean of these ROIs was calculated as ADCedema. The mean 
ADC value of the contralateral normal brain parenchyma was 
measured. Then, normalized ADC (nADC) was obtained by 
proportioning the mean ADC of the tumor to the mean ADC 
of normal brain parenchyma. An example of the ROI place-
ments is demonstrated in Figure 1.
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Statistical analysis
ADCmin, ADCmean, ADCedema, and nADC were compared 
between SCLC and NSCLC metastases. The data were ana-
lyzed with SPSS version 18.0. Continuous variables were 
expressed as mean and standard deviation or median and 
ranges as appropriate. Categorical variables were compared 
using Pearson’s chi-square or Fisher’s exact tests. Continuous 

variables were compared using the t-test. Receiver operating 
characteristics (ROC) curve analysis was used to assess the 
diagnostic performances of ADC values in the differentiation 
of SCLC and NSCLC metastases. The best cutoff values were 
found by maximizing the Youden’s index (Youden index=-
Sensitivity+specificity−1). A p-value <0.05 was indicative of 
statistical significance. 

 
Figure 1. A metastatic lesion in left postcentral gyrus with surrounding vasogenic edema. A) T2-weighted image demonstrates metastatic lesion 
and peripheral edema. B) The lesion is enhancing heavily in T1-weighted contrast-enhanced images. C) On diffusion-weighted images, the lesion 
is heterogeneous with a low signal. D) On the apparent diffusion coefficient map, the measurements are obtained by placing regions of interests 
on the lesion, on the peripheral edema area, and on the contralateral white matter.
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RESULTS

Comparison of apparent diffusion coefficient 
values between the histological subtypes of 
lung cancer metastases
The mean ADCmin and ADCmean and the median nADC of 
the brain metastases of NSCLC were 0.71±0.26×10−3mm2/s, 
0.93±0.29×10−3mm2/s, and 1.30 (0.60–3.20), respectively. 
The mean ADCmin and ADCmean and the median nADC of 
the brain metastases of SCLC were 0.43±0.19 ×10−3mm2/s, 
0.63±0.20 ×10−3mm2/s, and 0.81 (0.55–1.44), respectively. 
ADCmin, ADCmean, and nADC of the SCLC metastases were sig-
nificantly lower than those of the NSCLC metastases (p<0.001 
for each, Table 1). For the NSCLC group, ADCmean and ADCmin 
of the squamous cell carcinomas (0.82±0.24×10−3mm2/s and 
0.60±0.19×10−3mm2/s, respectively) were significantly lower 
than those of the adenocarcinomas (0.97±0.29×10−3mm2/s 
and 0.74±0.26×10−3mm2/s, respectively; p=0.010).

In our series, 56 (35.4%) patients had a single meta-
static lesion whereas 102 (64.6%) had more than one met-
astatic lesion. We compared the ADCmin, ADCmean, and 
nADC of the patients with single metastases with those of 
the patients with multiple metastases. The mean ADCmin 
and ADCmean and the median nADC of the single metasta-
ses (0.64±0.26×10−3mm2/s, 0.85±0.29×10−3mm2/s, and 1.20 
[0.60–2.90], respectively) were not statistically different from 
those of the multiple metastases (0.65±0.27×10−3mm2/s, 
0.87±0.30×10−3mm2/s, and 1.20 [0.55–3.20]; p=0.875, 
p=0.723, and p=0.923, respectively).

In 109 patients with peritumoral edema around the metastatic 
lesions (SCLC=16, NSCLC=93), the ADCedema of SCLC metas-
tases (1.22±0.28×10−3mm2/s) was significantly lower than the 
ADCedema of NSCLC metastases (1.39±0.26×10−3mm2/s; p=0.020).

Receiver operating characteristic curve analyses
ROC curve analysis of ADCmin, ADCmean, nADC, and ADCedema 

for the differentiation of SCLC and NSCLC is demonstrated 
in Table 2. According to the ROC curve analysis, the best 
cutoff value for the ADCmean in the differentiation of SCLC 
and NSCLC metastases was found to be 0.82×10−3mm2/s. For 
this cutoff value, the sensitivity, specificity, and AUC were 
found to be 91.7, 61.5%, and 0.825, respectively (95%CI 
0.750–0.900, p<0.001). The best cutoff value for the nADC 
in the differentiation of SCLC and NSCLC metastases was 
1.085. For this cutoff value, the sensitivity, specificity, and 
AUC were 80.6, 73.8%, and 0.845, respectively (95%CI 
0.777–0.913, p<0.001).

DISCUSSION
The MRI device we used had 1.5-T field strength. Similar stud-
ies in the literature used the same field strength machines, and 
the field strength of the machine can affect DWI parameters. 
Jung et al.7 also used a 3.0-T device. In our study, we tried to 
standardize our measurements by calculating the ratio of lesion 
ADC to normal parenchyma ADC (nADC). Our study results 
showed that nADC can also be used in the differentiation of 
brain metastasis of lung cancer.

ADC parameter (×10−3mm2/s) SCLC NSCLC p-value

ADC
min 0.43±0.19 0.71±0.26 <0.001

ADC
mean 0.63±0.20 0.93±0.29 <0.001

nADC 0.81 (0.55–1.44) 1.30 (0.60–3.20) <0.001

ADC
edema 1.22±0.28 1.39±0.26 0.020

Table 1. Apparent diffusion coefficient measurements of small cell lung cancer and non-small cell lung cancer metastases.

ADC: apparent diffusion coefficient; SCLC: small cell lung cancer; NSCLC: non-small cell lung cancer.

Table 2. Sensitivity, specificity, and area under the receiver operating characteristic curve of the best apparent diffusion coefficient cutoff values 
in the differentiation of small cell lung cancer and non-small cell lung cancer metastases.

ADC: apparent diffusion coefficient; AUC: area under the receiver operating characteristic curve.

ADC parameter Cutoff Sensitivity (%) Specificity (%) AUC

ADC
min 0.56 ×10−3 mm2/s 80.6 73.8 0.812

ADC
mean 0.82 ×10−3 mm2/s 91.7 61.5 0.825

nADC 1.085 80.6 73.8 0.845

ADC
edema 1.21 ×10−3 mm2/s 75.0 67.7 0.698
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In a study conducted on 26 patients by Hayashida et al.8, 
T2W and DWI of metastatic brain lesions of lung cancer were 
evaluated. They reported that well-differentiated adenocarci-
noma metastases demonstrated lower T2 signal intensity and 
higher nADC values compared to SCLC and poorly differ-
entiated adenocarcinoma metastases. The low ADC values of 
poorly differentiated adenocarcinoma and SCLC metastases 
were attributed to high tumoral cellularity. 

Duygulu et al.9 evaluated 76 metastatic brain tumors and 
concluded that there was no association between primary cancer 
and ADC values of a metastatic lesion. Since there were only 37 
lung cancer metastases in their study, the low number of cases 
might have led to this conclusion. The authors also emphasized 
that studies with larger patient groups would be beneficial. 

Jung et al.7 evaluated 74 patients and compared the ADCmin 
and nADC values of SCLC metastases with other lung cancer 
subtypes. The ADCmin was 623.02±163.0×10−6 mm2/s in adeno-
carcinoma metastases, 682.76±182.0×10−6mm2/s in squamous 
cell carcinomas, and 531.75±160.12×10−6mm2/s in SCLC metas-
tases. The nADC values were found to be 1.04 in adenocarci-
noma metastases, 1.11 in squamous cell carcinoma metastases, 
and 0.88 in SCLC metastases. Although the differences were 
not statistically significant (p=0.131), the numerical results of 
the ADC measurements of the tumors were similar to our study.

Yıldırım et al.10 compared the ADCmean and nADC of the 
brain metastases of 60 lung cancer patients according to the his-
tological subtypes of the tumors. The differences were not statis-
tically significant and these results were not consistent with our 
data. They also compared the ADC values of metastatic lesions 
according to whether they are single or multiple and found that 
the ADC values of the tumor were significantly lower in patients 
with multiple metastatic lesions compared to the patients with a 
single metastasis. They thought that this situation might be due 
to the tumor grade rather than histological diagnosis. However, 
in our study, we did find a significant difference between the 
ADC measurements of single and multiple metastases. 

Peritumoral edema in noninfiltrative brain tumors such 
as meningioma is pure vasogenic and no tumor cells are pres-
ent11. In high-grade gliomas, the peritumoral edema area is 
composed of vasogenic edema and infiltrative tumoral cells 
that pass through the blood-brain barrier and invade the 
white matter. Zakaria et al.12 measured ADC values from the 

peritumoral edema of different primary tumor metastases and 
claimed that the difference in ADC values of the peritumoral 
edema in some tumor metastases may be due to the different 
infiltrative properties of different metastases. For example, they 
found that the peritumoral ADC values of melanoma metasta-
ses were significantly higher than those of NSCLC metastases. 
They attributed this to the fact that melanomas use existing 
vessels while growing, and NSCLC triggers neo-angiogenesis. 
In our study, peritumoral ADC values of SCLC metastases 
were significantly lower than the peritumoral ADC values of 
NSCLC. SCLCs are more aggressive tumors, and the meta-
static tumor cells may infiltrate peritumoral areas. 

We had some limitations. First of all, it was a retrospec-
tive study with related limitations. Second, histopathological 
diagnosis was obtained for only 46 of the metastatic tumors. 
Third, pathological grades of the adenocarcinomas (i.e., well, 
intermediate, or poorly differentiated) were not considered, 
which might affect the results of DWI parameters. Fourth, 
ADC measurements were performed only by one radiologist 
and we did not assess inter- or intraobserver variation, which 
might influence the level of the accuracy of ADC. 

CONCLUSIONS
ADC measurements can differentiate histological subtypes of 
brain metastases of lung cancer. ADCmin, ADCmean, nADC, and 
ADCedema values of SCLC metastases are significantly lower than 
those of NSCLC metastases. 
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