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The aim of this work was to eval u ate whether the ex cis ing mar gin of the clin i cal tu mor vol ume 
and plan ning tar get vol ume cor re spond with cal cu lated ra di a tion mar gin based on sys tem atic
er rors, and def i ni tion of ra di a tion mar gins of in di vid ual brain lobes. This re search was a ret -
ro spec tive cross-sec tional study. We checked the sys tem atic er rors and cal cu lated their av er age 
and the size of ra di a tion mar gins. The av er age sys tem atic er rors were cal cu lated in four di rec -
tions: lat eral, lon gi tu di nal, ver ti cal, and ro ta tion. The larg est av er age sys tem atic er ror was
cal cu lated in the lat eral di rec tion in the cer e bel lar area, and the er ror was also sta tis ti cally sig -
nif i cant (p < 0.05). In ro ta tional di rec tion we no tice the sta tis ti cally sig nif i cant dif fer ence in
fron tal lobe (p = 0.037), and cer e bel lar area (p = 0.002). The larg est safety mar gin, as mea -
sured by the av er age sys tem atic er rors, is re quired for ir ra di a tion of the cer e bel lum. The safety 
mar gin size of 6.94 mm was cal cu lated ac cord ing to the for mula of Van Herk. How ever, the
small est safety mar gin can be used for ir ra di a tion of the oc cip i tal lobe of the brain, namely
4.85 mm. The lin ear re gres sion re sults that only cer e bel lar le sions af fect lat eral dis place -
ments. Based on our cal cu la tion of the mean sys tem atic er rors, we es ti mate that the clin i cal
tar get vol ume – plan ning tar get vol ume safety mar gin can't be re duced fur ther from the cur -
rent 5 mm to a size of 3 mm with out the use of im age guided ra dio ther apy.

Key words: brain tu mor, geo met ric ver i fi ca tion of ra di a tion, mod ern ra di a tion ther apy tech nique,
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IN TRO DUC TION

Brain, as the one of the most com plex and also
the one of the most sen si tive hu man or gans did not es -
cape the ef fects of the can cer, one of the most com mon
and se vere dis ease of the pres ent [1, 2]. Can cer be ing
caused by the un con trolled pro lif er a tion of the cells
and their sub se quent spread leads to the for ma tion of
the tu mours [3], these can be sep a rated as pri mary and
sec ond ary tu mours, this be ing the case also in the brain 
[4, 5].

The main stay of the treat ment of brain tu mours
are sur gery and ra dio ther apy with sys temic treat ments
gain ing a foot. Still de spite the im por tance of other
treat ments in con trol ling dis ease, ma jor ity of the pa -
tients some where in the course of treat ment re ceive ra -
dio ther apy. The aim of ra dio ther apy can be ei ther rad i -
cal (in mi nor ity of pa tients) or pal lia tive. In most cases
ra dio ther apy is be ing de liv ered as tele-ra dio ther apy,
now a days us ing 6 MV pho tons gen er ated by lin ear ac -
cel er a tor and a range of 3-D tech niques (with pro por -

tion of pa tients still be ing treated with 2-D tech niques
and on the other end of the spec trum with had rons).
Na tional Can cer In sti tute de fines ra dio ther apy as a
can cer treat ment that uses high doses of ra di a tion to
kill can cer cells and shrink tu mours, so as to achieve
this goal we must de liver ap pro pri ate dose to the tu -
mour while avoid ing ex ces sive dose to or gans at risk.
In cen tral ner vous sys tem these are vi sual ap pa ra tus,
au di tory ap pa ra tus, brainstem, and hippocampi. To
achieve the goal of ad e quate dose cov er age of tu mour
we are re ly ing on ap pro pri ate mar gins, which in turn
cor re spond to the plan ning vol umes as de fined by
ICRU83 re port [6]. While the dose lim i ta tions are ad -
dressed by QUANTEC re view [7].

The dose ob jec tives can be achieved by us ing
num ber of ir ra di a tion tech niques rang ing from three-di -
men sional conformal ra dio ther apy (3-DCRT), in ten -
sity-mod u lated ra dio ther apy (IMRT), vol u met ric mod -
u lated arc ther apy (VMAT) in all its guises, stereotactic
tech niques for well-de fined tu mours and in some cen -
tres also had ron ther a pies.

Due to the ra dio ther apy doses be ing rel a tively
high, thus lead ing to ad verse ef fects in the case of ex -
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ceed ing dose in nor mal tis sues and on the other hand
re sult ing in tu mour spar ing in case of underdosage
within the area of tu mour, ac cu racy is of par a mount
im por tance. Ac cu racy must be en sured by ver i fi ca tion
pro ce dures, ad dress ing both dosimetric and geo met ric 
is sues [8]. Our aim is to ad dress the geo met ric ac cu -
racy is sues.

The aim of geo met ric ver i fi ca tion is to en sure
that geo met ric ac cu racy is within the lim its of the un -
cer tainty tol er ance pre scribed in the treat ment plan.
This can be achieved by com par ing im ages be tween
the cur rent po si tion ac quired with the kilo volt or
megavolt (kV/MV) im age be fore treat ment and the
planned/re con structed ra dio graph, re con struct ing the
im age based on com puted to mog ra phy (CT) slices ac -
quired on the sim u la tion de vice. Of the tar get vol umes
cre ated dur ing the plan ning phase, clin i cal tar get vol -
ume (CTV) and plan ning tar get vol ume (PTV) are im -
por tant for cal cu lat ing the mar gin ac cord ing to Van
Herk. The aim of the pro cess is to en sure, that at least
90 % of pa tients re ceive at least 95 % of pre scribed cu -
mu la tive dose in CTV. The mar gin is cal cu lated by
mul ti ply ing the stan dard de vi a tion of all sys tem atic er -
rors, mul ti plied by fac tor 2,5 which gives 90 % con fi -
dence level for 3-DCRT to which ran dom er ror mul ti -
plied by fac tor 0,7 – re quired for 95% dose level. The
equa tion is a sim pli fied ver sion of the orig i nal equa -
tion [8].

CTV PTV- = 25. S + 0.7s
where S is the value of sys tem atic er ror and s – value
of ran dom er ror.

As it is im por tant for ev ery ra dio ther apy de part -
ment to have its own mar gins cal cu lated, rather than to
em ploy mar gins from some other de part ment, our aim
was to check whether the ex ist ing mar gins of CTV and
PTV meet the re quire ments es tab lished by the cal cu la -
tion of mar gins for brain ir ra di a tion and aims to de fine
the mar gins re quired for ir ra di a tion of spe cific brain
re gions.

MA TE RI ALS AND METH ODS

The ret ro spec tive study was per formed to ana -
lyse the sys tem atic er rors (mm) re corded in the treat -
ment pro to cols of pa tients. The sys tem atic er rors were
re corded as a re sult of the geo met ric ver i fi ca tion be -
fore RT with one of the im age guided ra dio ther apy
tech niques (IGRT). We in cluded 179 pa tients who
were treated for a pri mary or sec ond ary brain tu mours
be tween 9/1/2018 and 9/1/2019 with any RT tech -
nique ex cept op pos ing lat eral fields and gave con sent
to RT and to the use of their RT data be fore treat ment.
Us ing the re corded dis place ments in all three di rec -
tions, we ex am ined and as sessed the de gree of sys tem -
atic er ror as a func tion of the brain re gion ir ra di ated.
To per form the task pa tients were di vided ac cord ing to
the ir ra di ated re gion, namely dif fuse, fron tal, tem po -

ral, pa ri etal, oc cip i tal, cer e bel lar, and midline (cor pus
calossum, pi tu itary, mesencephalon, hy po thal a mus,
and skull base). Data were col lected on the mag ni tude
of sys tem atic er rors and then cal cu lated the mean sys -
tem atic er ror within groups. We dichotomized the data 
to as sess the dif fer ences be tween the as sessed group
and the other groups as a whole. Us ing the Van Herk
for mula, we cal cu lated the mar gin to be ap plied sep a -
rately for each brain re gion. As ran dom er ror, we used
the stan dard de vi a tion of each group (brain re gion). In
the end, the cal cu lated mar gins were com pared with
the mar gins used for brain ir ra di a tion.

Treat ment prep a ra tion

Ev ery pa tient has been pre pared in the same way
as per pro to col we were us ing for treat ing intracranial
le sion at the time.

When ir ra di a tion is in di cated as a treat ment, the
pa tient has first be pre pared at the CT sim u la tor to de -
ter mine the treat ment po si tion, which should be con -
ve nient and re pro duc ible in all sub se quent treat ments.
Also, ac qui si tion of the CT im ages on which treat ment
plan ning is based, as they pro vide us the in for ma tion
about the elec tron den sity of the tis sue needed to cal -
cu late the ab sorbed dose is per formed. The CT im ages
are then used in the con struc tion of the dig i tally re con -
structed ra dio graph (DRR), which serves as a bench -
mark for geo met ric ver i fi ca tion of the treat ment [9].

In the treat ment of brain tu mour, the pa tient is in
the su pine po si tion, with a stan dard-size headrest,
while the head is held in place with a ther mo plas tic fix -
a tion mask. The ther mo plas tic mask is used to im mo -
bi lise the pa tient dur ing CT ac qui si tion and fur ther
treat ment, and to pro vide a re peat able po si tion dur ing
treat ment. Af ter com ple tion of the sim u la tion, plan -
ning pro cess and dosimetric ver i fi ca tion, pa tients are
ir ra di ated at the lin ear ac cel er a tor [9].

Elec tronic por tal im ag ing

Elec tronic por tal im ag ing used has a kV source
and is used ac cord ing to a writ ten pro to col, with pa -
tients' por tal im ages be ing taken on first three con sec -
u tive days of treat ment, fol lowed by im ag ing on 7th

day and then weekly. On the first day, an on line re view
is per formed by a ra di a tion ther apy tech nol o gist
(RTT) who, prior to the start of treat ment, ver i fies that
the ac tual po si tion, based on the elec tronic por tal im -
ag ing de vice (EPID), matches the planned po si tion,
based on the DRR. If the RTT de tects a de vi a tion of
more than 5 mm from the planned isocentre, the cor -
rec tion, is made and the treat ment is con tin ued. On the
2nd and 3rd day, the offline ver i fi ca tion is per formed, i.
e., the ver i fi ca tion is done af ter the treat ment. All de vi -
a tions from the DRR are re corded and the mean er ror
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value for all di rec tions is cal cu lated. This is per formed
ev ery 7 days, as al ready men tioned. If er rors of more
than 5 mm are de tected again, the cor rec tions are made 
and the pro to col is re sumed.

Sta tis ti cal anal y sis

Data were pro cessed us ing Microsoft Ex cel
2010, fol lowed by sta tis ti cal anal y sis us ing IBM SPSS 
STA TIS TICS ver sion 25 (IBM cor po ra tion, USA).
The Shapiro-Wilk test was used to de ter mine the nor -
mal ity of the dis tri bu tion. If the dis tri bu tion was nor -
mal (p > 0.05), the T-test for in de pend ent sam ples and
the Mann-Whit ney U-test (p < 0.05) if the dis tri bu tion
was not nor mal were used. To de ter mine which of the
fac tors had an ef fect on the di rec tional shifts, the lin ear 
re gres sion was used. A p value £0.05 (95 % con fi -
dence in ter val) and a power of 0.8 was con sid ered sta -
tis ti cally sig nif i cant.

RE SULTS

We ana lysed sys tem atic er rors in 179 pa tients
treated for pri mary or sec ond ary brain tu mours ir ra di ated 
with 3D-CRT, IMRT, or VMAT tech nique in the se lected
pe riod. Pa tients were di vided into groups ac cord ing to
the lo ca tion of the tu mour. Re gard ing the dis place ments

re quired to per form the treat ment cor rectly, the mean sys -
tem atic er ror was cal cu lated in four di rec tions: lat eral
(left/right), lon gi tu di nal (cra nial/cau dal), ver ti cal (an te -
rior/pos te rior), and ro ta tion. Us ing the Van Herk for mula
and the cal cu lated mean sys tem atic er rors with re spect to
tu mour lo ca tion, the safety mar gin for each tu mour lo ca -
tion was cal cu lated. As shown in fig. 1, 28 % of the tu -
mours in our sam ple were lo cated in the fron tal lobe, fol -
lowed by the tem po ral and pa ri etal lobes (20 % and 16 %, 
re spec tively). In 16 % of the cases, the le sions were dif -
fuse. Le sions were least fre quent in the cer e bel lum,
midline struc tures, and oc cip i tal lobe (8 %, 7 %, and 5 %,
re spec tively).

In the fol low ing ta bles, the sys tem atic er rors are
given in terms of their di rec tion. In the col umns, the
mag ni tudes of the sys tem atic er rors, with re spect to the 
brain re gion, are given with the con fi dence in ter val
and stan dard de vi a tion. The p-value of the nor mal ity
test and the p-value of the test used with re spect to the
dis tri bu tion. In the last col umn, the in ter pre ta tion of
the p-value was de scribed.

As can be seen in tab. 1, the larg est mean sys tem -
atic er ror was in the cer e bel lar re gion (1.61 mm) and
the small est in dif fuse le sions (0.58 mm). Other val ues
are in the range of 0.70 mm and midline struc tures 0.97 
mm. The mean sys tem atic er rors in the lat eral di rec -
tion are nor mally dis trib uted in the pa ri etal and oc cip i -
tal lobes and in the midline struc tures re gion. The dis -
tri bu tion in other re gions is not nor mal. Only in the
re gion of the cer e bel lum the sys tem atic er ror dif fers
sig nif i cantly from other parts of the brain.

In tab. 2 the mean sys tem atic er rors are de scribed 
in lon gi tu di nal di rec tion, cal cu lat ing the larg est mean
er ror in the midline struc tures (1.81 mm) and the
small est (0.85 mm) in the oc cip i tal re gion. Only in the
tem po ral lobe and midline struc tures the dis tri bu tion is 
not nor mal (p < 0.05), in all other re gions, the dis tri bu -
tion is nor mal. We did not find sta tis ti cally sig nif i cant
dif fer ences in any re gion with re spect to lon gi tu di nal
er ror.

The  larg est  sys tem atic  er ror  tab.  3 in the ver ti -
cal di rec tion was  found  in  the oc cip i tal lobe le sions
(1.27 mm) and the small est in the dif fuse le sions and
fron tal lobe (0.91 mm). Sys tem atic er rors in the oc cip -
i tal lobe, cer e bel lum, and midline struc tures were nor -
mally dis trib uted; the er rors dis tri bu tion in other parts
of the brain was not nor mal. No mean sys tem atic er ror
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Fig ure 1. Dis tri bu tion of pa tients re gard ing brain lobes

Ta ble 1. Re sults in lat eral di rec tion

Mean [mm Con fi dence in ter val [mm] Stan dard de vi a tion Shapiro-Wilk test Sta tis ti cal sig nif i cance Re sult

Dif fuse 0.58 0.41-0.75 0.45 p < 0.05 0.109 NS

Fron tal lobe 0.65 0.51-0.80 0.51 p < 0.05 0.157 NS

Tem po ral lobe 0.80 0.58-1.03 0.67 p < 0.05 0.929 NS

Pa ri etal lobe 0.70 0.51-0.90 0.50 p = 0.065 0.480 NS

Oc cip i tal lobe 0.78 0.28-1.27 0.63 p = 0.249 0.962 NS

Cer e bel lar 1.61 0.96-2.27 1.19 p < 0.05 p < 0.001 Sig.

Mid dle line 0.97 0.58-1.37 0.62 p = 0.14 0.327 NS

Ab bre vi a tions: NS-nonsignificant (p > 0.05), Sig. – sig nif i cant (p < 0.05)



in ver ti cal di rec tion is sig nif i cantly dif fer ent from the
oth ers.

With re spect to the ro ta tion mea sured in de grees
tab. 4, the larg est mean sys tem atic er ror was cal cu lated 
in the cer e bel lum (0.56°) and the small est for the pa ri -
etal lobe (0.05°), which is a half de gree smaller than in
the cer e bel lum. None of the sys tem atic er rors are nor -
mally dis trib uted. The mean sys tem atic er ror for ro ta -
tion in the treat ment of le sions in the cer e bel lum and
fron tal lobe is sta tis ti cally sig nif i cantly dif fer ent from
the oth ers.

So, as to im ple ment the for mula for cal cu lat ing
mar gins, we should first cal cu late the set-up er ror. As
per orig i nal for mula (de vised for all kinds of sites), we
should be us ing the sum of squares of the mea sured
set-up er rors, de lin ea tion er rors and or gan mo tion. As
we are deal ing with or gan with out sig nif i cant mo tion,
we can sim ply cal cu late the set-up er ror us ing our
mea sured er rors and de lin eat ing er rors tab. 5.

As shown in tab. 6, the larg est safety mar gin, as
mea sured by the av er age sys tem atic er rors, is re quired
for ir ra di a tion of the cer e bel lum. The safety mar gin
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Ta ble 2. Re sults in lon gi tu di nal di rec tion

Mean [mm] Con fi dence in ter val [mm] Stan dard de vi a tion Shapiro-Wilk test Sta tis ti cal sig nif i cance Re sult

Dif fuse 1.29 0.97-1.62 0.86 p = 0.80 0.608 NS

Fron tal lobe 1.30 1.07-1.52 0.81 p = 0.228 0.475 NS

Tem po ral lobe 1.40 1.15-1.66 0.75 p < 0.05 0.655 NS

Pa ri etal lobe 1.54 1.17-1.91 0.95 p = 0.166 0.285 NS

Oc cip i tal lobe 0.85 0.31-1.40 0.71 p = 0.155 0.076 NS

Cer e bel lar 1.36 0.84-1.87 0.93 p = 0.130 0.947 NS

Mid dle line 1.81 0.82-2.80 1.56 p < 0.05 0.323 NS

Abbreiations: NS-nonsignificant (p > 0.05)

Ta ble 3. Re sults in ver ti cal di rec tion

Mean [mm] Con fi dence in ter val [mm] Stan dard de vi a tion Shapiro-wilk test Sta tis ti cal sig nif i cance Re sult

Dif fuse 0.92 0.57-1.28 0.93 p < 0.05 0.293 NS

Fron tal lobe 0.91 0.68-1.15 0.83 p < 0.05 0.293 NS

Tem po ral lobe 1.05 0.76-1.33 0.85 p < 0.05 0.624 NS

Pa ri etal lobe 1.22 0.82-1.63 1.04 p < 0.05 0.285 NS

Oc cip i tal lobe 1.27 0.69-1.86 0.76 p = 0.914 0.359 NS

Cer e bel lar 1.05 0.59-1.52 0.84 p = 0.200 0.860 NS

Mid dle line 0.82 0.42-1.23 0.63 p = 0.400 0.561 NS

Ab bre vi a tions: NS-nonsignificant (p > 0.05)

Ta ble 4. Re sults in ro ta tion angle

Mean [°] Con fi dence in ter val [°] Stan dard de vi a tion Shapiro-Wilk test Sta tis ti cal sig nif i cance Re sult

Dif fuse 0.21 0.03-0.39 0.47 p < 0.05 0.836 NS

Fron tal lobe 0.11 0.14-0.31 0.30 p < 0.05 0.037 Sig.

Tem po ral lobe 0.27 0.11-0.44 0.50 p < 0.05 0.418 NS

Pa ri etal lobe 0.05 –0.01-0.11 0.15 p < 0.05 0.294 NS

Oc cip i tal lobe 0.23 0.01-0.45 0.29 p < 0.05 0.378 NS

Cer e bel lar 0.56 0.10-1.01 0.83 p < 0.05 0.002 Sig.

Mid dle line 0.12 –0.68-0.32 0.30 p < 0.05 0.561 NS

Ab bre vi a tions: NS-nonsignificant (p > 0.05); Sig. – sig nif i cant (p < 0.05)

Ta ble 5. Sys tem atic and ran dom er rors in re spect
to lo ca tion

S [mm] s [mm]

Dif fuse 1.94 1.63

Fron tal lobe 1.70 1.14

Tem po ral lobe 1.92 1.15

Pa ri etal lobe 2.03 1.45

Oc cip i tal lobe 1.60 1.22

Cer e bel lar 2.29 1.73

Mid dle line 2.21 1.79

Whole brain 1.95 1.44

Ta ble 6. Cal cu lated and rounded safety mar gin
 (CTV-PTV) re gard ing to in di vid ual brain lobes

Cal cu lated safety
mar gin [mm]

Rounded safety
mar gin [mm]

Dif fuse 5.99 6

Fron tal lobe 5.14 5

Tem po ral lobe 5.61 6

Pa ri etal lobe 6.09 6

Oc cip i tal lobe 4.85 5

Cer e bel lar area 6.94 7

Mid dle line 6.78 7

Whole brain 5.89 6



size of 6.94 mm was cal cu lated ac cord ing to the for -
mula of Van Herk. How ever, the small est safety mar -
gin can be used for ir ra di a tion of the oc cip i tal lobe of
the brain, namely 4.85 mm.

Fi nally, lin ear re gres sion was per formed. The in -
flu ence of fac tors (tu mour po si tion rel a tive to the lobe, 
de vice, and ir ra di a tion tech nique) was de ter mined and
found that lat eral move ments and ro ta tion are in flu -
enced only by the lo ca tion of the le sion in the cer e bel -
lum (p < 0.05). How ever, lon gi tu di nal and ver ti cal
move ments were not in flu enced by any of the fac tors.

DIS CUS SIONS

The pur pose of the study was to de ter mine,
whether the set-up mar gin be ing used for treat ment of
brain tu mours was suf fi cient and whether it would be
pos si ble to re duce mar gin and thus to mini mise the ir -
ra di a tion dam age to the brain.

Of spe cial in ter est to us was to de ter mine if there
are dif fer ences in the size of sys tem atic er ror due to the 
lo ca tion of the le sion and should we ap ply dif fer ent
mar gins to the dif fer ent part of the brain. We thus ana -
lysed the an a tomic lo ca tions of the le sions ir ra di ated
and cal cu lated the set-up er rors. The lat eral dis place -
ment and the ro ta tion are the di rec tions where we
found most out li ers, which is most ob vi ous in the cer e -
bel lum. The cer e bel lar lo ca tion thus has an im por tant
in flu ence on sys tem atic er ror in lat eral translational
dis place ment and ro ta tion. The le sions in fron tal lobe
also have a sig nif i cant im pact on ro ta tion. The ret ro -
spec tive study by Kanakavelu and Jebaseeian [10] has
shown, that the dis place ment in 90 %, 80 % and prac ti -
cally 100 % of the to tal im age ac qui si tions were less
than 3 mm in lat eral, lon gi tu di nal and ver ti cal di rec -
tions, re spec tively. They de ter mined, that with im age
guided tech niques fea si ble CTV-PTV mar gins can be
as small as 3.4 mm, 3.4 mm and 19.9 mm in brain pa -
tients. While this is true, our study shows, that when
not us ing im age guid ance, these mar gins need to be
con sid er ably wider, in some re gions up to 7 mm. We
ana lysed the data from our older ma chines, and when
us ing e-NAL pro to col, with out po si tion ing with the
use of cone beam CT, or for in stance ExacTrac, tighter
mar gins are no lon ger safe. The cer e bel lar and midline
re gions are re quir ing the larg est mar gins while the
mar gins of around 5 mm are suf fi cient for the ir ra di a -
tion of the le sions of the fron tal and oc cip i tal lobes.

The size of the mean sys tem atic er rors is com pa ra -
bly low. But in ab sence of daily im age guid ance, the size
of CTV-PTV mar gin is quite sub stan tial. Gildersleve et
al. [11], came to the same con clu sion, when they com -
pared the mag ni tude of sys tem atic er rors in pel vic and
brain ir ra di a tion and found that sys tem atic er rors were
much lower in brain ir ra di a tion. This is also a con se -
quence of vec tor na ture of the shifts, which when cal cu -
lat ing only with vec tors with same di rec tions re duce the
shift con sid er ably, though when cre at ing an iso tro pic
mar gin from them the ef fect re mains the same.

Over all, the mag ni tude of the mean sys tem atic
er ror is low. This can be at trib uted to the use of ther mo -
plas tic three-point mask in all brain tu mour pa tients,
this en sures the reproducibility and ac cu racy of the
setup while en sur ing that the pa tient lies still dur ing ir -
ra di a tion. The ran dom er ror, on the other hand, is not
in sig nif i cant [12]. The main cul prits be ing the vari able 
per for mance sta tus of the pa tient and also (most fre -
quently in glioma pa tients with long ra di a tion courses) 
the ef fect of ste roids on soft tis sues of head and neck.

While the ma jor ity of brain tu mour pa tients are
be ing now a days treated with the help of im age guid -
ance, some are still be ing treated on older ma chines
and for them the shrink age of the mar gins is cer tainly
out of ques tion. But at least in glioma pa tients, the
stan dard mar gins from GTV to PTV of 2 to 3 cm seem
to be enough, and even with the shrink age of mar gins
for a cou ple of mms, would con fer ad e quate cov er age
of GTV that is con toured on T1 con trast se quence
though it might be in ad e quate should the GTV be con -
toured based on T2 se quence with com par a tively
smaller mar gins. Guram et al found, that re duc ing the
mar gins did not af fect the over all sur vival and nei ther
the treat ment out come.

As with the re gard on cog ni tive func tion ing and
late ad verse ef fect, the ex act ef fect of mar gin shrink -
age has yet to be de ter mined. As Haldbo-Classen et al.
[13] sug gest, ir ra di a tion of nor mal brain tis sue in the
fron tal and tem po ral lobes can lead to at ten tion and
even mo tor def i cits, with a fo cus on ir ra di a tion of the
hip po cam pus, which can lead to mem ory and learn ing
def i cits. In their study, aimed at de ter min ing the re la -
tion ship be tween ab sorbed dose and tis sue re sponse in
spe cific brain tis sues, they found that higher doses af -
fect ing the left hip po cam pus and other left hemi sphere 
struc tures sig nif i cantly im paired learn ing pro cesses
and mem ory func tions, as well as lan guage, in for ma -
tion pro cess ing and ex ec u tive func tions. Thus, it
would be in ter est ing to see if mar gin re duc tion and
mod i fi ca tion can make a dif fer ence in this area.

The lin ear re gres sion re sults that only cer e bel lar
le sions af fect lat eral dis place ments, whereas tu mour
lo ca tion has no ef fect in other di rec tions, are con sis -
tent with our pre dic tions based on our fa mil iar ity with
our fix a tion sys tem, in which fix a tion is the best in the
cra nial part but worse in the cer vi cal part.

CON CLU SION

We cal cu lated the mean sys tem atic er rors re -
corded dur ing ra dio ther apy of brain tu mours. The
mean sys tem atic er rors were cal cu lated ac cord ing to
the lo ca tion of the tu mour and used the Van Herk for -
mula to cal cu late the safety mar gins re quired for each
lo ca tion. Based on our cal cu la tion of the mean sys tem -
atic er rors, we es ti mate that the CTV-PTV safety mar -
gin can't be re duced fur ther from the cur rent 5 mm to a
size of 3 mm with out the use of im age guided ra dio -
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ther apy. This now pos sess les of a prob lem as only the
mi nor ity of pal lia tive cases are treated with out the use
of cone beam CT or ExacTrac sys tem since the in tro -
duc tion of Hal cyon units. A pro spec tive do sim e try
study to de ter mine the ef fect of re duc ing the safety
mar gin on ab sorbed dose in ad ja cent struc tures and at
least an ob ser va tional study to de ter mine the clin i cal
im pact on late ef fects, could pro vide us with fur ther
an swers, in con trast to pre vi ous stud ies.

AU THORS' CON TRI BU TIONS

Prep a ra tions of the re search plan were made by
V. Zager Marcius and U. Smrdel. Data col lec tion and
prep a ra tion for data anal y sis was con trib uted by L.
Dolenc and V. Zager Marcius. Data anal y sis was made
by L. Dolenc and U. Smrdel. All the au thors have con -
trib uted to ar ti cle prep a ra tion.
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OPTIMIZACIJA  ZRA^EWA  TUMORA  MOZGA
Odre|ivawe  margine  pode{avawa

Valerija @AGER MARCIU[, Laura DOLENC,  Uro{ SMRDEL

Svrha studije je da se proceni da li margine ekscitirawa klini~ke zapremine tumora i
planirane ciqne zapremine odgovaraju izra~unatoj margini zra~ewa na osnovu sistematskih
gre{aka i definiciji margina zra~ewa pojedina~nih mo`danih re`weva. Ura|ena je prose~na
retrospektivna studija. Proverili smo sistematske gre{ke i izra~unali wihov prosek i veli~inu
margina zra~ewa. Zatim smo ih uporedili sa postoje}im. Izra~unali smo prose~ne sistematske
gre{ke u ~etiri pravca: bo~no, uzdu`no, vertikalno, i rotaciono. Najve}a prose~na sistematska
gre{ka  izra~unata  je  u  bo~nom  pravcu  u  malom  mozgu,  a  gre{ka  je  bila   i  statisti~ki   zna~ajna
(p < 0.05). U  rotacionom  pravcu  prime}ujemo  statisti~ki zna~ajnu razliku u frontalnom  re`wu
(p = 0.037)  i  malom  mozgu  (p  =  0.002). Najve}a margina zra~ewa izra~unata je za tumore u malom
mozgu (0.80 mm), dok je za tumore u parijetalnom re`wu izra~unat mar gin samo 0.31 mm. Veli~ina
sigurnosne margine od 6.94 mm izra~unata je prema formuli Van Herka. Me|utim, najmawe
sigurnosna granica mo`e se koristiti za zra~ewe potiqa~nog re`wa mozga, odnosno 4.85 mm.
Linearna regresija ukazuje da samo cerebelarne lezije uti~u na bo~na pomerawa. Na osnovu na{eg
izra~unavawa sredwih sistematskih gre{aka, procewujemo da se bezbednosna margina klini~ke
zapremine tumora i planirane ciqne zapremine ne mo`e daqe smawiti sa trenutnih 5 mm na
veli~inu od 3 mm bez upotrebe radioterapije vo|ene slikom.

Kqu~ne re~i: tu mor mozga, geometrijska verifikacija zra~ewa, savremene tehnike zra~ne
.........................terapije, margina tretmana zra~ewem, radioterapija


