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Abstract

Background: The apparent diffusion coefficient (ADC) values of tumors are highly correlated with tumor
cellularity and used as a neuroimaging marker with the potential to differentiate between major histological
subtypes. Here, we will attempt to determine the sensitivity and specificity of the ADC to distinguish
between types of metastatic brain metastases from lung cancer.

Methods: One hundred and fifty-six patients (136 [%87, 18] male, 20 [%12.82] female) admitted to our
hospital with the diagnosis of primary lung cancer were included in the study. In addition to conventional
magnetic resonance imaging sequences, Diffusion-weighted imaging (DWI) and ADC images were evaluated
qualitatively and quantitatively.

Results: We found hyperintensity in most of the metastatic lesions on a qualitatively evaluated DWI sequence.
In quantitative assessment according to ADC value comparisons between the different histologic subtype
metastatic lung carcinoma groups, small-cell carcinoma (SCLC) had the highest value (1.93 X 10 mm?s = 0.95)
and nonsmall-cell-combined (NSCCLC) type was the least (0.55 X 10 mm?s £ 0.46). When we tried to
distinguish lung cancer-induced brain metastases into two main groups as SCC and NSC by considering
the mean ADC ratios we obtained 0.65 = 0.14 for SCC and 1.51= 0.30 for NSC. On the other hand, there
was no significant statistical difference between the specific histological subtype groups with comparison
of ADC values (P > 0.05).

Conclusion: Quantitatively quantified DWI-ADC can distinguish metastatic lesions from the normal brain
parenchyma. Although we realized whether differentiation of SCLC and non-SCLC in brain metastases can
be achieved with DWI, we could not define any correlation between DWI/ADC values and primary histology
of the metastatic foci. We believe that more accurate results can be achieved with advanced studies with
more patients included and common sequence features.
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INTRODUCTION

Metastasis is the most common intracranial tumor
in adults.! The incidence of central nervous system
metastases is approximately 8.3/100,000/year, similar
to primary brain neoplasms.”” The most common types
of cancers are lung, breast, colon cancers, malignant
melanoma, and paranasal sinus cancers.'>* In patients
with known primary cancer, multiple cerebral lesions
indicate metastasis rather than primary brain neoplasm.
If the patient does not have a primary cancer history,
it is difficult to differentiate metastasis from other glial
tumors. Although lung cancers are responsible for
40%—60% of brain metastases, half of the lung cancer
cases are lost due to brain metastasis. The majority of
lung cancer cases with brain metastasis are small-cell
lung cancers.>

Although diffusion-weighted imaging (DWI) is a
contrast-free technique, it was previously used only
in the early diagnosis of stroke. DWI has begun to be
used for early visualization of cerebral ischemia and
has become an indispensable diagnostic tool due to its
contributions.” !’

Later, with the development of echo-planar imaging
with short acquisition times, DWI became available for
evaluation of different structures when long acquisition
times and draft artifacts were eliminated.""""? In these
studies, apparent diffusion coefficients (ADC) of the
requested structures were measured by DWI and it was
shown that different values could be used for differential
diagnosis. Similarly, there are many studies showing that
calculating DWI and ADC values helps conventional
magnetic resonance imaging (MRI) in imaging brain
tumors.!”! Lower ADC values and significantly increased
DWTI signal intensity (SI) have been demonstrated in
high-stage and highly cellular brain neoplasms.!” In DWI,
metastatic tumors of the brain may appear at different
signal intensities depending on their histology and cellular
content.”! Statistically, in solid tumor parts, more cell
membranes should be included in 1 cm?® of a small-cell
carcinoma (SCLC) than in non-SCLC (NSCLC), because
the cytoplasmic diameter is smaller in SCLC." Thus, we
predict that the diffusion of water molecules should be
less restricted in NSCLC compared to SCLC. We realized
whether differentiation of SCLC and NSCLC in brain
metastases can be achieved with DWI. The purpose of
this study was to determine the diagnostic performance
of the ADC values in the discrimination of all types of
metastatic brain lesions from lung cancer.

West African Journal of Radiology | Volume 29 | Issue 2 | July-December 2022

METHODS

Subjects

The patients who have primary lung tumor with brain
metastasis admitted to our center between September
2010 and January 2018 were enrolled in the study. This
retrospective study was approved by the local ethics
committee. Informed written consent was obtained from
each patient and the study was performed according to
the World Medical Association Declaration of Helsinki.
A total of 156 patients with 244 lesions were evaluated.
One hundred and thirty-six (%87, 18) of the cases were
male and 20 (%12.82) were female. The average age of
male cases was 59.8, while the average age of female cases
was 55.7. The youngest patient included in the study was
44 years old, while our oldest patient was 84 years old.
In the distribution of patients according to histological
types, 61 patients (%39.1) had NSCLC, 20 patients (%12.8)
had adenocarcinoma (AC), 21 patients (%13.4) had
squamous cell carcinoma (SqCC), 40 patients (%25,6) had
SCLC (SCLC), seven patients (%04.48) had undetermined
malignant type cancer, three patients (%1.92) had
large cell carcinoma, two patients (%1.28) had round
cell malignant cancer and two patients (%1.28) had
small-cell/non-small-cell combined cancer. All of the
lung tumors included in our study were diagnosed after
being evaluated histopathologically. This evaluation was
performed by using bronchial biopsy (96 cases, %61.5),
transbronchial, transthoracal needle aspiration (40 cases,
%25.0), pleural biopsy (9 cases, %5.76), pleural fluid
and bronchial lavage (3 cases, %1.92), lobectomy or
pneumonectomy (8 cases, %05.12).

Inclusion criteria were: (1) patients who have primary
lung tumor with brain metastases, (2) patients with
known histopathological type of lung cancer, (3) patients
who have multiple brain metastatic lesions, (4) patients
without any history of systemic chemotherapy or local
lesion treatments, (5) lesions with sufficient ADC
Region of Interest (ROI) images at least 1 cm diameter.
Exclusion criteria were: (1) patients with general
condition disturbances, (2) patients with insufficient
respiratory compliances, (3) patients who have had
intratumoral hemorrhage, (4) patients who have previously
undergone radiotherapy or chemotherapy, (5) patients who
have confirmed histological diagnosis of brain tumor.

Two radiology specialists ((MDA] and [OT], over 14 years’
experience in MRI diagnostics, blinded to clinical
information) independently evaluated the cases and
measutred the ADC values.
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Imaging properties

All MR imaging scans were obtained with a 1.5 T
superconducting system (Signa HDxt, GE Medical Systems,
Milwaukee, Wisconsin, ABD). Conventional MR imagingand
DWIwere acquired during the same procedure. Conventional
MR imaging study consisted of a axial T1-weighted
(TR/TE/NEX/BANDWIDTH=400ms/1ms/0.75/22),
sagittal and axial T2-weighted (TR/TE/NEX/
BANDWIDTH = 4500ms/100ms/1/40), and axial
fluid-attenuated inversion recovery (FLAIR) (TR/TE/
NEX/BANDWIDTH = 8000ms/90ms/1/30) sequences,
and triplanar contrast-enhanced T1-weighted sequences.
The T1-weighted, T2-weighted, and FLAIR sequences
were acquired at a section thickness of 5mm with a Imm
intersection gap, a 320320 matrix, and a 22 cm field of
view (FOV). DWI was performed in axial plane using a
spin-echo, echo-planar imaging sequence with the following
parameters: TR/ TE/inversion time, 12000/100/2200;
diffusion gradient encoding in 3 orthogonal directions;
b = 0 s/mm? 500 s/mm? and 1000 s/mm? FOV,
230-340 mm; matrix size, 128 X 128 pixels; section
thickness, 5 mm; section gap, 1 mm; and the number of
signals acquired, 1. DWI scans were performed before
contrast-enhanced T1-weighted imaging. The ADC values
were calculated as follows: ADC = —(In [§/50])/ b, where
S is the SI of the ROI obtained through 3 orthogonally
oriented DWIs or diffusion trace images, S| is the Sl of the
ROI acquired through reference T2-weighted images, and
bis the gradient b factor with a value of 1000 smm* ADC
maps were calculated on a pixel-by-pixel basis.

Quantitative evaluation was performed using DWI
and ADC images for each case and 30-50 mm?* of
interest (ROI) was selected from metastatic lesions and
normal parenchyma. The edema around the masses was
excluded from the measurement area while generating the
ROL. In the presence of large-sized lesions, 3 separate ROI
measurements were averaged.

In addition, the mean ADC value was determined by taking
the mean of ADC measurements with successive sections
in each lesion. In non-homogenous lesions and masses
with cystic components, routine and contrast-enhanced
sequences were measured from solid areas as possible.
Also for determining the ADC ratio, we measured the solid
tumor part and the contralateral white mater and divided
both values as depicted in our figures. Lesions with a
diameter of 1 cm were evaluated with a single ROI. Large
lesions were attempted to be measured. In our study of
156 cases, measurements were also made from normal brain
parenchyma areas, and mean ADC values were calculated.
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Statistical evaluations

While evaluating the study data, as well as descriptive
practices methods (Mean, standard deviation),
the Pearson-Chi-square test was used to compare
qualitative data. Kruskal-Wallis and Unpaired-#test was
used to compare quantitative data. The values of ADC
mean in the differentiation of different types of tumor
lesions were assessed by analyzing the Receiver Operating
Characteristic curve and in this regard, the best cut-off
value and sensitivity and specificity of each parameter
were determined. The software SPSS version 16.0 for
windows (SPSS Inc., Chicago, IL, USA) was used to analyze
the data. P < 0.05 were considered statistically significant.

RESULTS

In the current study, on the distribution of metastases
in the brain parenchyma according to their location, the
most common metastatic lesion was seen in the frontal
lobe (59 cases), followed by the parietal lobe (33 cases) and
cerebellum (34 cases) respectively. In 30 cases, metastatic
lesions were detected in more than one site. In the
distribution of metastatic lesions according to gray-white
matter separation, the most common lesion was limited to
white matter (70 cases). Metastasis was frequently related to
the supratentorial region (74.6%) followed by infratentorial
region (18.5%). The size of lesion more than 30 mm was
found in 38%. Lesion necrosis was found in 80.0% and
most of the patients (95.4%) had edema in their metastatic
lesions.

In the distribution of patients according to histological
types, 61 patients (%39.1) had NSCLC, 20 patients (%12.8)
had adenocarcinoma (AC), 21 patients (%013.4) had SqCC,
40 patients (%25,6) had SCLC, seven patients (%4.48) had
undetermined malignant type cancer, three patients (%01.92)
had large-cell carcinoma, two patients (%1.28) had
round-cell malignant cancer and two patients (%1.28) had
small-cell/non-small-cell combined cancer. When the
distribution of cases was classified according to gender,
NSCLC (56 cases) was most common in males, while
adenocarcinoma (12 cases) was more common in females.
The mean age was 59.675  9.348 overall and 62 years in
NSCLC with the highest number of cases.

Pearson-Chi-square test was used for comparison of
primary tumor and DWI signal in visual evaluation
performed separately for DWI and ADC. Accordingly,
visual assessment and qualitative descriptions of DWI
are commonly employed in current practice. In addition,
the ADC darkness is less visually sensitive than the DWI
brightness on images. DWI hyperintensity was detected

West African Journal of Radiology | Volume 29 | Issue 2 | July-December 2022



SMIAGZIUMIPXZOBBAeATIAEIDVIHSALLIAIPOOAEIEAHIOINI/AOAU

MV TXOMADUOINXFOHISABZIUTO+RrNIOITWNOTZTABYHAOSHNQUE AQ Afem/woo mm|sfeulnolj/:dny woly papeojumoq

G202/T0/S0 uo

Aybar and Turna: ADC in lung tumor with brain metastasis

in the majority of tumor lesions and this was statistically
significant (P < 0.005).

Furthermore, we used ROIs instead of average SI values
for DWI of metastatic lesions, since the mean value may
downgrade the tumor because of its low-grade area, as
metastases are commonly heterogeneous in terms of
tissue content. The mean signal intensities obtained from
the tumor center, white matter, and homologous normal
brain parenchyma. In this evaluation, a significant statistical
difference was found between normal brain parenchyma
and metastatic tissue DWI ROI measurements (P < 0.05).
When metastatic lesions were compared among themselves,
no statistically significant DWI ROI differences were
found (P > 0.05). The mean intratumoral ADC value was
founded 1.49 X 10 mm?/sn * 0.72 while it was 1.20 X 107
mm?*/sn * 0.30 in normal brain patenchyma. The highest
ADC value was founded 1.93 X 10 mm?/sn £ 0.95 in
SCLC [Figure 1].

When we tried to distinguish lung cancer-induced brain
metastases into two main groups as SCLC and NSC by
considering the mean ADC ratios we obtained 0.65 £0.14
for SCLC and 1.51£0.30 for NSC. Thus, we observed a
significant statistical difference between SCLC and NSC
(P < 0.001) [Figure 2].

However, regarding the association between the values
and the presence of edema, more severe edema in the
peritumoral zone was related to significantly higher
ADC mean values. Unpaired #test was used when
comparing normal brain parenchyma ADC values with
metastatic lesions. Accordingly, metastatic lesions and
brain parenchyma ADC measurements showed significant
differences (P < 0.05) [Figures 3 and 4].
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ADCROI
§

0.75+

0.50-]

AC LCC COMB  NSC SCC  SqGG  UDC  BswndcelGA.

Figure 1: The Kruskal-Wallis test was used to evaluate between
groups in metastatic lesions. Accordingly, when the apparent diffusion
coefficient values between the groups were compared, no statistically
significant difference was found (P > 0.05). The highest apparent
diffusion coefficient value was founded 1.93 x 10°® mm?sn + 0.95
and was seen in small cell carcinoma, the lowest value was seen in
nonsmall-cell combined carcinoma (0.55 x 10° mm?/s + 0.46)
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DISCUSSION

DWTI is the technique of diffusion of water molecules
(Brownian motions). With DWI, information can be
provided on the microscopic structure and regulation of
biological tissues and thus pathological changes in different
organs and tissues can be identified. The most important
clinical use of DWI is in the early detection of cerebral
ischemia and is also used in neurological pathologies such
as brain tumors, abscesses, white matter diseases.'” DWI
sequences can be obtained by adding diffusion gradients
to MRI sequences. Eco Planar Imaging (EPI) is the most
important sequence of DWI. EPIis not affected by motion
artifacts with its fast viewing time.'>'l As the b value
decreases, the diffusion effect decreases and the T2 effect
on the image increases."”! In our study, we selected the
b-value as 1000 sec/mm? to dominate the diffusion effect.

The incidence of central nervous system metastases is
approximately 8.3/100,000/year, similar to primary brain
neoplasms. Malignant brain tumors are composed of
high-grade gliomas, metastases, and lymphomas according
to high contrast enhancement rates. Contrast agent
involvement, tumor-edema, hemorrhage, necrosis, and
mass effect are important clues for tumor aggression on
conventional MRIL.P

Although the diagnosis of brain metastatic tumors can
be made by clinical history and imaging studies, some
metastatic brain lesions cannot be distinguished from
high-grade glioma, lymphoma, abscess, tumoral multiple
sclerosis and subacute infarct on conventional MRI.? If

2.00 p < 0.001
1.50 1.51
1.00

+ 0.65

0 1§ T T T
NSCLC SCLC

0.50

Figure 2: The mean apparent diffusion coefficient ratios (enables
differentiation between small cell carcinoma -nonsmall cell carcinoma)
were 0.65 +0.14 for small cell carcinoma and 1.51+0.30 for nonsmall
cell carcinoma
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Figure 3: (a) Axial T1WI (b) Axial T2WI (c) fluid-attenuated inversion
recovery sequence (d) Axial contrast T1WI (e) Diffusion-weighted
imaging (f) Apparent diffusion coefficient images of the 53-year-old male
with round cell malignant lung tumor. Large vasogenic edema around
the left occipital mediobasal, cortico-subcortical area, measurements
were made from the irregularly limited mass lesion with ring and nodular
contrast enhancement. apparent diffusion coefficient value calculated
1.26 x 10 mm?/sn in this patient

the primary lesion of the patient is known and the lesion
is multiple, there is no dilemma in the differentiation of
metastasis and malignant tumor in MRL™"™ However,
if the patient has no history of primary malignancy, it is
difficult to distinguish from glioblastoma and anaplastic
astrocytoma."”! Brain metastases occur in 8%—10%
of cancer patients and are one of the leading causes of
cancer-related morbidity and mortality worldwide. The
most common types of cancers are lung, breast and
colon cancers, malignant melanoma, and paranasal sinus
cancers. Lung cancer is responsible for 40%—60% of brain
metastases and half of the cases are lost due to progressive
brain metastasis. Small-cell lung cancers are the most
common metastatic cases. Brain metastases are frequently
seen in the skull, leptomeninges, and brain parenchyma.
In parenchymal metastases, 80%—85% of the cases are
observed in the supratentorial region and high frontal lobe,
as in our study.”"!

In the study of Yurdakul ez a/.”**! the patietal lobe was
ranked first and the frontal lobe was the second in the
distribution of metastatic lesions. Lung tumors developing
from brain metastases are mostly located in the upper lungs
and peripherally according to the regional distribution.!"”
The lesions are 30%—-50% solitary in brain metastases due
to lung cancer.P!
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Figure 4: A 66-year-old male with non-small cell lung carcinoma
(a) Axial T1WI (b) Axial T2WI (c) Fluid-attenuated inversion
recovery sequence (d) Axial contrast TIWI (e) Diffusion-weighted
imaging (f) apparent diffusion coefficient images. We had done our
measurements in central necrotic peripherally enhancing lesion with
surrounding edema, extending from the lateral ventricular level to the
right parietal convexity. apparent diffusion coefficient value calculated
1.29 x 10 mm?/sn in this patient

Although it has been reported in different studies that
SCLC s have low ADC values and appears hyperintense
on DWI, the reason for their high signal is still unknown.
In their study, Hayashida ez a/® hypothesized that
hyperintensities in DWIs had a potent effect of restricted
diffusion and T2 brightness. In conclusion, hyperintensity
was found in the majority of tumor lesions in our study
and this appearance was statistically significant (P < 0.005).

Well-differentiated adenocarcinomas in DWI tend to be
hypointense compared to gray matter. In addition, they
show significantly lower SI than pootly differentiated
adenocarcinomas and other histologic types of tumors. In
DWI S1 is affected by T2, ADC, b value, spin attenuation
and TE. Hayashida e @/ suggested that in their study
of b-value and TE stable, all 6 well-differentiated
adenocarcinomas showed low SNR and high ADC values at
T2WI. Therefore, the hypointensity of well-differentiated
adenocarcinomas was attributed to low T2 and high water
permeability in tissues, resulting in increased SI on DWI.
Furthetly, Hayashida e# @/ evaluated 26 brain metastasis
cases, 13 of which were referred to the surgical service after
MRI. Metastatic lung, esophagus, breast, synovium, and
skin tumors were evaluated in their studies. The intensity
of the lesions was defined as 0 isointense, (—) hypointensity,
and (+) hyperintensity according to cortical gray matter
in DWIL In their studies, they have shown lower SI in
well-differentiated adenocarcinomas compared to poorly
differentiated and other metastatic lesions. There was no
significant difference in mean SI of poorly differentiated
adenocarcinomas compared to non-adenocarcinoma
lesions. They found stage +2 in three SCLCs and one
large cell neuroendocrine carcinoma, and stage-1 SI'in one
malignant melanoma.” In our study, we saw that DWI was
variable in metastatic lesions. We reasoned that this variable
appearance was due to the altered cellular content and
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differentiation of the metastatic lesion and the high SNO
ratio of the tissue in T2WI. 44.4% of SCLCs and 64.2%
of NSCLCs showed hyperintensity while monitoring. In
conclusion, hyperintensity was detected in the majority
of tumoral lesions in our study, and this appearance was
statistically significant (P < 0.005).

ADC values of tumors are highly correlated with tumor
cellularity; Hayashida e 4/ in their studies showed a
high degree of tumor cellularity in SCLCs and large cell
neuroendocrine carcinomas. They also assumed that the
cellularity of metastatic brain tumors contributed to ADC
values. On the other hand, Calli ¢ 2/ in their study
of 48 cases, and Duygulu ¢ 2/ on 87 cases in which
11 patients with hemorrhagic metastases were excluded,
found no statistically significant difference between the
ADC values of the group with and without diffusion
restriction, supporting our findings and there was no
correlation between the metastatic lesion with the primary
tumor and the histologic type. In the data of Zakaria ez a/*”
2015 study, ADC values were lower for the group of pootly
differentiated metastases, such as melanoma and small cell
lung cancer, compared to carcinoma metastases (including
breast and colorectal). When we made a comparison in
terms of ADC values between the groups we considered
in our study, the highest ADC value was found in SCLC
with 1.93 X 107 mm?/sn & 0.95, while the lowest ADC
value was found in with/without small-cell combined
carcinoma 0.55 X 107 mm?*/sn + 0.46. When they reviewed
data from 129 patients, Miiller SJ e# a/.* revealed that there
would be less diffusion restriction in NSC since SCC has
smaller cytoplasmic diameters and will contain more cell
membranes in 1 cm? area.

We tried to distinguish lung cancer-induced brain metastases
into two main groups as SCLC and NSCLC by considering
the mean ADC ratios and we obtained 0.65 £0.14 for
SCLC, 1.51+0.30 for NSCLC. Meyer ¢f al*! also shared
similar data between SCLC and NSCLC in their study in
2015. In summary, we observed a significant statistical
difference between SCLC and NSCLC (P < 0.001). Thus,
we concluded in our study that there is a correlation
between the histology of the two main groups of related
metastatic lesions according to ADC values. Therewithal
values obtained in MRI examination demonstrated that
ADC values did not contribute to the diagnosis of tumor
type histologies.

In some studies for tumor and brain edema, ADC values
of edema and tumor were higher than normal brain
parenchyma; central necrosis has been shown to have higher
values than tumor lesion, edema, and normal parenchymal
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structure. Tien ¢ o/ found that the contrast-enhanced
tumor had a significantly lower ADC value than adjacent
edema, Brunberg ez 2/l found that there was no significant
difference between edematous and contrasted tumot.
However, both concluded that ADC alone cannot be
used to differentiate tumor without contrast enhancement
from adjacent edema.”*" Since higher ADC values will
be obtained in measurements made from the edematous
area around the lesion and necrotic components at prior
studies,?*?! we have tried to make measurements outside
the edema area and from the solid component showing
contrast enhancement.

CONCLUSION

Although the measurement of ADC values, especially on
solid parts enables differentiating SCLC and NSC during
routine non-invasive MRI examinations, it can be seen that
ADC values did not contribute to the diagnosis of detailed
tumor type histologies. We believe that further studies
considering the common sequence characteristics including
more cases, more accurate results will be obtained.
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