Conventional reconstruction and planning of
gliomas

~» Use a CT scan to construct a tumor volume on a simulation film
~ Superimposition of sagittal MR on lateral skull simulation films
~ Potential pitfalls in reconstruction

» What should be the GTV, CTV and PTV for HGG and LGG?



Conventional orthogonal plain film planning




View CT image




View scout film, transfer slices onto simulator film
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Contour target outline

- h
-
—

.
rE_— -3
-

i+




Place a field




But instead of a paraliel pair could we do better?




And where do you prescribe?




Sagittal MR on lateral simulation films
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Transpose sagittal image onto simulator film




Pitfalls in reconstruction

0.6mm (5cm), 1.5mm (7.5c¢m), 2.6mm (10cm), 2.5mm (12.5¢m)



Another problem: Changing FOVs

Field of view (FOV) is defined as the maximum diameter of the reconstructed image. Its
value can be selected by the operator and generally lies in the range between 12 and 50
cm.

FOV constant

FOV constant,
but realigned to fit
center of frame

and realigned to fit

| | ‘ FOV changed,
center of frame
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Other problems

1 Errors in measuring the size on CT scan

2. Errors in redrawing on simulation film

» Combined errors of 1 & 2, estimated by measuring mean distance

between isocentre established by manual transfer as opposed to CT

simulator is of the order of 6Bmm +/- 4mm

Conventional vs. CT planned:

()

» PTV reduced by 23%

” Shift in entry points for lateral beams Sup-inf:1.3 cm; ant-post: 0.8cm

4 Errors in repositioning the treatment fields each day (unrelated

Issue)



GTV and CTV in brain tumors

* This is the principal source of uncertainty in brain tumor RT

(immobhilization straightforward and organ motion minimal)
* MRl is better than CT

« Paucity of data which correlates imaging with microscopic extent of

fumor

» Interpretation of imaging relies on pattern recognition, which is not fully

evidence based

« Final proof of accuracy of tumor definition lies in the results of treatment

policies employing specific target definition



Gliomas Grade lll and IV (AA and GBM)

« Malignant gliomas enhance on CT and MR with mixed signal

characteristics (high and low intensity regions)

« Contrast enhancement represents extravasation of contrast in areas of
disturbed BBB, and this is assumed to correlate with high tumor cell

density

* Region of enhancement is surrounded by low density areas (edema),
which represents region of lower cell density, which may or may not

contain tumor cells



Imaging and pathology

« Migration of cells along white matter tracts (corpus callosum)

» Also: though affected hemisphere; into other hemisphere; into brain
stem

« Whole brain histological sections of 11 untreated GBMs and CT images
compared
— Tumor cells within low density in 6/11 and out side low density in 5/11

— [f presence of tumor cells is interpreted as CTV, extending low density by 1
cm would encompass 9/11. Add 3cm to cover 11/11

— Contrast + 2 cm includes 8/11

» Between CT & MR, MR is better




Imaging and pathology..cont

n GEMIAA CT/IMRI  Pathologic fndings
3 Notspecified  CT CT within 2 months of death: 2935 twmors within 2 cm of the tumor mass on CT
5 5M T In all cases neoplastic cells could be wlentifid <3 cm from the periphery of the
necrofic area on OT
15 1540 CT Eleven patients with amemorntem CT: in 911 neoplastic cells outside contrast-
enhuncing ring on CT: margin of 3 cm wround edema would have covered all twmor
0 87 CT/MRI  Fifteen of 16 biopsies from hypodense area on CT and T2 prolongation on MRI
cotilamed tumer cells; 14014 biopaes Trom isodense meaon CT wnd T2 prolongation
on MRI showed umor cells
18 612 CTIMRI Nine of ten biopsies from normal areas on CT aod hyperimense area an T2-MEI
cotitiined wmaor cells: in /18 putetits wmor cells were found beyond yperintense
thed o T2-MRI
b 372 MEREI White matler edema on TZ-MRI ¢oirelated 100% with tuimor extension: MEI

underestimated gray metlel end subarachinoid spece milcaton in thres of five
patienls




Volume in relation to clinical and
pathological information

Recurrences are seen in 80%
within 2cm of enhancing region

Based on pathological information
of tumor extent CTV would need
to be 3 cm beyond hypo-density or
5 cm beyond region of

enhancement.
|f UEing CRT, CDUld dEﬁnE 3 Fig | Reprecentative PTV definitions: PTVL = GTV + 0.5 em,
PIV2=GIV + 1.3 am: PITV3 = GIV + 23 ca1 (se2 text).
volumes |
. ) 49137
PTECtICEI deEI CTV is 2_3 cm Ten Hakenet al. ITROBP 190§:42:137

beyond enhancement. Make
allowance for known migration
patterns. Restrict for anatomical
barriers.



Volume in relation to outcome (survival)

Whole brain
(6020cGy/35#/Twks) vs WB
4300cGy/25# Plus ?enhancing
tumor +2cm (1720/10#). No
survival disadvantage

Brachy boost, identical survival

Radiosurgery boost, identical
survival

These studies confirm that it is
appropriate to define CTV
relatively close to the region of
enhancement
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Volume in relation to outcome (recurrence)

Table 6. Recurtence patterus 5t deail

Nougiplant Tuiplol
ETL ams Tatal
[dumber ()] | [fmmber (34T %)

Origingl wite (OF)* 64 (93} SR (82) 122 (87)
08 + maltfocal 1] 3
0% + meninrea| l l
O + hemate genous 0 2
Other cmites of death’ 1 7 8
Aljve ar ume of sualy=s 1 B 12
Total o 71 L4

# CTanhEndement at recurisnesthat incorporates at least part of
oizinal mae yalume

Lappemere etal. DROBP 1998:41:1005

Tzble 3. Patteriis of fanlure

Sterectactic
Radiatien  madicsusgery +
apy  rachanon theraoy
(n = 0f) (n=89)
Liocal anly 31 (67%) 12 (38%)
Adjacent ouly 4 05%%) 2(3%)
Local + adiacent 16 (21%) 1B (25%)
Nomadiacent only 0 L (1%%)
Local + nenadjacen 2(3%) L(1%n)
Lacal + adjacent + nonadprent 3 (4%) 5 (7%}
Unknown n 4(3%)
No fadure 20 16

Souhami etal. TROEP 2004.60:853



Volume in relation to outcome (recurrence)

n GBM/AA Fredpost-RT CT  Radiation treatment (schoique  Recummencs pattern
I35 /GG Frost WHI U5% of GEM and 91_4% of AA recarmed at the
site of the primary tumior
42 Notspecifiel  Post Wl 8% recurrence within 2 em of enhancing
nuwss: 105 partly within 2 em
Tl LT Fre WHI m 25 patients + cone- T8% within Zem of enhanang edge on CT:
down boost 1o “tuwer bed’ 0% =20 ¢m
70 4822 Fre WHBI + haost T2 witlin the boost figld (o enbancing mass
phus 2 oome: 3% partly outside boost field
L T Pre Seven patietts WBI: 53 93.7% (45 patients) had recutrence n diation
patients FBI e lds. Le. contrist-enluhe g mass plus 3 ci
in 48 patients, with follow-up CT
6 Not specified  Pre 2 cm bevond enhuncing mass  86% recurved in the FTV, Le. contrasi-
enlicnoing muss plus 2 oy, m 358 patients, with
recurrence documented by CT
s 213 Fre Two patients WEBL 32 patients  Majodty of local recurrenice at the primary site,

PBI

ke, sone of prolonged signal on T2-MRI plus
25-30cm




What should be the GTV, CTV and PTV for
HGG?

RTOG: Phase |: T2 +2.0cm, Phase |l: T1w contrast enhanced
+2.5¢cm

MRC: T1w contrast + 3cm (single plan)

Post operative imaging preferable as
— Debulking reduces volume of GTV
— Brain and residual tumor change position

— Steroids reduce mass by reducing edema

GTV: Contrast enhancing edge
CTV. Phase |=GTV + 2.5 cm

Phase Il =GTV + 1.5 cm
PTV:CTV + 0.5¢cm



Grade Il (fibrillary astrocytoma and
oligodendroglioma)

» Do not enhance

« CT scan shows low density abnormalities with

diffuse edges

« FLAIR shows high signal intensity, but this may

merge with normal brain.

« Itis assumed that the FLAIR sequence high
intensity area represents regions of high tumor

density




What is the GTV, CTV and PTV for adult
LGG?

* Low vs high dose (50.4 vs 64Gy)
T2 + 2cm (50.4Gy) and T2 + 1cm (boost to 64Gy)

« EORTC early vs delayed RT
Hypodensity + 1cm (45Gy), reduce margin by 1cm to 54 Gy

« EORTC 45 vs 59.4Gy
Hypodensity + 1cm (45Gy), reduce margin by 1cm to 54 Gy

GTV: High signal on T2 or FLAIR
(low density on CT)

CTV: GTV+15cm

PTV: CITV+05cm



