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Abstract- Prophylactic cranial irradiation (PCI) is known to
improve survival to a significant degree in Small Cell Lung
Cancer (SCLC) patients. The aim of our study is to investigate
changes in structural connectivity between healthy-volunteers
and patients with SCLC, before and after PCI treatment. In this
preliminary study we use diffusion tensor imaging (DTI) to
identify changes in white matter structure in patient group pre
radiotherapy to control group. The results have showed
alterations in white matter structure. In the patient group lower
fractional anisotropy (FA) and higher eigenvaluesin white matter
regions are observed compared to the control group. The results
presented herein are subject to further investigation with larger
patient and control groups.
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. INTRODUCTION

Small cell lung cancer (SCLC) has a very poor posis
when untreated. The use of chemotherapy, with dhowt
chest radiotherapy, results in survival improvensemd a small
percentage of cures. However the majority of théepts
relapse and only <25 % of complete responders bedong-
term survivors [1, 2, 3]. At the time of initialatinosis, 10% to
14% of patients with SCLC have detectable brainastases.
At the time of death, at least one-third (33% t&o3df patients
present clinically recognized brain metastases,
approximately 50% of patients have brain metastabes sent

extensive disease [2, 5, 6]. As these patientsitaneh risk for

cognitive deficits from multiple causes, such asmshtherapy
effects, there has been much controversy in theicaled
community regarding the extent to which PCI conitds to

observed neurocognitive disorders [1-6].

White matter (WM) is recognized as the elementhia t
brain that is most vulnerable to irradiation. Pastiem studies
showed a broad spectrum of radiation induced Issianging
from vascular damage to coagulation necrosis [7, T8le
response of cerebral tissue to radiation is dynafjcl0] and
extending beyond the targeted tumor volume affgcbmain
neural structures directly and indirectly. Clinicadnd
neurological symptoms can occur within minutes rafte
radiation therapy and up to 30 years after compietdf
treatment [11]. The most significant neurotoxic eefs of
radiation is demyelination, inflammation and breakd of the
blood-brain barrier [9, 10, 11]. Dysfunction in ebrum white
matter including the corpus callosum can lead tficite in
sensory and neurocognitive functions [10, 11].

Diffusion tensor imaging (DTI) is a non-invasive MR
technique that is very sensitive to white mattencitre than
conventional MRI [12, 13]. DTl measures the diffarsiof
water molecules in the brain, which varies depegdin the
direction, density and myelination of white matfirers [13,
14]. Typical parameters of the DTI are mean diffitgi(MD)

anand fractional anisotropy (FA), which define thegmidude of

iffusion and the preferential directionality of tea diffusion
along the white matter tracts, respectively [14, & reflects

to postmortem examination. The frequency of bragtastases ,yerall white matter density and integrity, and réased FA

increases as survival time increases [1, 2, 3, 4].

has been seen in many brain pathologies. Recentéchnique

Prophylactic cranial irradiation (PC|) has become dhat permits voxelwise statistical analySiS of Didta USing

standard of care for selected patients with liméad extensive
SCLC showing positive outcome with systemic treatin&he
main goal of PCl is to eliminate any possible msoapic parts
of metastatic tumor in the brain before they becaiimécally
manifest. Without PCI, brain metastases will evaliyuoccur
in more than 60% of small cell lung cancer patieanid PCI
reduces this rate to approximately 20% [6]. In palaPCI
greatly prolongs life expectancy both in the casinuted and
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tract based spatial statistics (TBSS) has beerpdated
enabling robust assessment of local differenceghite matter
integrity between groups. It provides a powerfull arjective
method for detecting variation on major white nrattact [16,
17].

The overall scope of our current research is t@stigate
anatomical and functional connectivity in SCLC pats as
well as their neurocognitive functionality, deperglion the



type of disease and the phase of treatment anddirknical

examination [18]. Our goal in the present studipisvestigate
potential differentiations in DTI images in SCLC tipats
before PClI compared to the healthy group. Thusthis

preliminary study, we aim to employ TBSS to test tloxel-
wise differences in fractional anisotropy (FA), metiffusivity

(MD) and the principal diffusivities\1, A2 andA3 between
healthy-volunteers and patients with SCLC, befdzé P

II.  METHODS

A. Subjects

Eleven healthy participants (five females, age ea#§-65
years) and eleven SCLC patients (four females,ragge 45-
65 years) before PCI treatment participated in shuly. All
participants had complete response to initial tnest
(chemotherapy with or without chest radiotherapyjthout

directions. Fractional anisotrop¥l, A2 andA3 maps were
generated using FDT-FMRIB's Diffusion Toolbox [19]he

FA, a quantification of how strongly directionaktlocal tract
structure is, was calculated and plotted in a sifigh map for
each subject.

Voxel-wise statistical analysis of the FA data was
performed using TBSS implemented in FSL [16]. Stats in
TBSS was carried out using the "Randomise" toohd®anise
uses a general linear model and contrasts to fésit® of
interest with different statistical measures. TB®8| aligns
every FA image to every other one, identifies thmost
representative” one and uses this as the targetenidext, all
subjects’ FA data were aligned into the MNI-152nsi&=d
space using a non-linear registration algorithme Tirean FA
image was then created and thinned to generateaa iRa
skeleton which represented the centers of alldrastmon to
the group. This was thresholded to BA.2 to include the

any brain metastases shown, met the standard Mfetysa major white matter pathways but exclude periphératts

criteria and had no history of diagnosed neurokgitisorder,
major psychiatric disorder or treatment with psyobjpic
medication, including substance misuse. All pgrtcits
provided written informed consent and the study egsroved
by the appropriate research ethics committee.

B. Data Acquisition

Whole brain MRI, DTI and fMRI data were collected a
Philips 3.0T scanner (Achieva; Philips, Best, Ttethérlands)
at the Radiology Research Unity, Medical
Department, Evgenidion Hospital, National and Kagwin
University, Athens, Greece using an 8-channel SENS8&d
coil used for radiofrequency reception of the naclmagnetic

resonance signals. Foam pads and headphones wextetais

reduce head motion and scanner noise.

Diffusion tensor data were acquired using a ditfosi
weighted single-shot spin-echo-planar (SE-EPI) imgg

Imaging

where there was significant inter-subject varidpiland/or
partial volume effects with grey matter. Each sot¥gealigned
FA data were then projected onto this skeleton #msl
resulting data were fed into voxel-wise cross-sctbgtatistics,
applying a control>patient t testl and a patienttad t test2.
Maps of t values were created using threshold-friester
enhancement (TFCE) to reduce noise [20], and cioreéor
multiple comparisons was achieved using a nonpdrame
permutation test with 5000 permutations [21], Sigance
level was set at 0.05. TBSS analysis was also egppb the
A1, A2 andi3 maps, as well as in MD.

Ill.  RESULTS

The results suggest that regions within the centrum
semiovale white matter (superior frontal gyrus,Hdimlobe,
inferior frontal gyrus, inferior temporal gyrus, tarior and
posterior limb of internal capsule and superiorigiat lobe),

sequence. The acquisiton parameters were repetitidhe cerebellum and the fornix may present lowerifrSCLC

time=4156 ms; echo time = 69 ms; flip angle=90@uésition
matrix=128x128; field of view=256 mm; slice thiclase2
mm, gap=0, 75 contiguous axial slices. Diffusionsstzing
gradients were applied along 60 non-collinear tives

patients compared to controls (voxelwise threshgidi
uncorrected for multiple comparisons, t>3, p<0.0%je results
with significant differences in FA\1, A2, A3 and MD maps
between the two groups used in the analysis caseba in

(b=1000 s/mm2), and an acquisiton without diffusio Figure 1, where all t maps are displayed highlidhter easier

weighting (b=0). A high resolution 3D gradient ecAd
weighted anatomical data were also acquired (1.0 stice
thickness, TE= 4.6 ms, TR= 15 ms, FOV= 256 and 1xim3
reconstructed voxel size).

C. Preprocessing and data analysis

visualization. The MNI152 standard-space imageréesgnted

in the background in greyscale with the mean FAet&a in
green. On top of the skeleton are the areas (mterk) of
significant differences between the patient andtrobrgroup,
and in this particular case the significant areapresent
clusters where patient group mean FA value is figgmitly
decreased compared to control group mean FA vaRed.

All data were processed using FSL (FMRIB's Softwarecqor ingicates the level of significance. AreasevehFA values

Library, version 5.0;www.fMRIb.ox.ac.uk/fsl) [17First of
all, every data set was corrected for stretches simehrs
induced by eddy currents in the gradient coils sinthle head
motions by using affine transformation of each ufén
weighting image to the reference volume withouffudifon.

were significantly higher for patients than for trofs were not
found. TBSS analysis, also showed that regions Wit

decreases were accompanied by increaded?, A3 and MD
(Figure 1). Areas, where significant highidr, A2, A3 and MD

. values were present in the patients compared toctimérol

Extraction Tool), part of the FSL package [17]. &in, a
diffusion tensor model was fitted on the data ttedaine the
level of anisotropy for each voxel
calculating the tensor eigenvalues describing th&usibn
strength in the primary, secondary and tertiaryfudibn

independently by

coloring respectively.

Cluster information was extracted from the images] 20
different clusters were found with the p-value lésm 0.02, as



shown in TABLE |. These clusters indicate extensiveas
with significant differences.

TABLE I. SIGNIFICANT CLUSTERS
Cluster Max 1-p Max x Maxy Max z
(Voxels) (Voxels) (Voxels)
1 0.980 135 66 67
2 0.985 113 66 125
3 0.994 71 144 129
4 0.984 60 97 83
5 0.987 44 133 51
6 0.987 78 175 101
7 0.994 74 179 87
8 0.990 45 70 66
9 0.992 62 120 51
10 0.982 35 101 59
11 0.993 45 110 52
12 0.984 69 160 100
13 0.987 141 72 67
14 0.993 101 131 133
15 0.987 81 114 137
16 0.980 74 160 110
17 0.982 84 58 107
18 0.981 105 162 106
19 0.981 138 70 78
20 0.986 119 153 60
IV. DiscussiONAND CONCLUSION

In this study, we found some white matter tract dges in
patients with SCLC before PCI treatment. The resshliow
decreased FA in superior frontal gyrus, limbic lobderior
frontal gyrus, inferior temporal gyrus, anteriordaposterior
limb of internal capsule, superior parietal lobel @erebellum.
These findings, is likely to represent greater etdbility to the
toxic effects of chemotherapy in specific brairustures. We
also analyzed three eigenvectors of the diffusemsdér and the
MD. Our results showed that regions with FA decesasere
accompanied by increase@® and A3 (i.e., increased radial
diffusivity). While theAl, which contributes to axial diffusivity
and reflects the number and diameter of axons péxémaller
changes. The same is observed for mean diffusiléyser

increase than in the case)df andA2. These results seem to be

in line with studies where increased RD has beerelzted to
decreased myelination in several models of braiuryn
including radiation-induced demyelination [22, 23, 25].

Previous studies have demonstrated regional vamiati
white matter diffusion index changes following craherapy
and radiotherapy, with larger changes implying greavhite
matter degradation. Large changes in the inferiogwa and
fornix have implications for predicting and prevagt
chemoradiotherapy induced neurocognitive impairni22t A
significant reduction in anisotropy (FA) is fourn ¢erebellar,
frontal WM, and corona radiata in patients with SChfter
PCI [7].

This article presents the initial results of a muahger
study, which is ongoing. The purpose of this rededs to
investigate changes in structural connectivity leetmvhealthy-
volunteers and patients with SCLC, before and aR€H
treatment. Our aim is to contribute to the currembwledge
whether radiation contributes to the observed rmagoitive
disorders. Anatomical and functional connectivity Healthy
subjects and patients with cancer (resting stateanks) [18],
depending on the type of disease and the phaseathtent
and time of clinical examination, will be studieStudy of
cognitive functionality of patients with SCLC wilbe
conducted with imaging and clinical examinationeTéffects
of radiation (PCI) both at anatomical as well ascfional
levels in the brain will be consequently assesBetlly, main
objective of the present investigation is to unesipects of the
neuropathophysiology of the disease, aiming at racmirate
presymptomatic diagnosis and adaptation of treatmen
management.

This is the first study to explore white matteruiryj in
patients with SCLC by using TBSS for DTI data asay
TBSS, as an objective and sensitive method, caralev
multiple white matter microstructural abnormalitiespatients
(SCLC) following chemoradiotherapy. To the best afr
knowledge this kind of analysis has not been preshp
reported. It should be noted though that the piekny results
presented herein are subject to further investgatith larger
patient and control group. In the near future, wanpto
perform analysis of DTI images before and after P€tment
in SCLC patients.
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Figurel. Five sample images of the qualitative results fid$S analysis
for the used patient and control database. Sigmifidifferences, where patient
FA is lower than control FA, are visualized withl reoloring and the increase
of 21,212,213 and MD are visualized with blue, purple, yellomdaool
respectively. Mean FA skeleton is presented inrgoedor. All t maps are
displayed highlighted for easier visualization. Tingt row shows differences
in FA, the second iil, the third iM2, the fourth i3 and the last row in MD.
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