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The success of radioation therapy depends on exact treatment of the tumor with significant
high dose for maximizing local control and excluding the normal tissues for minimizing unwanted
complications. To achieve these goals, correct estimation of target volume in three dimension,
exact dose distribution in tumor and normal critical structures and correction of tissue in-
homogeneity are required.

The effect of therapy oriented CT (plannng CT) were compared with conventional simulation
method in necessity of planning change, set dose, and proper distribution of tumor dose.

Of 365 new patients examined, planning CT was performed in 104 patients (28%). Treatment
planning was changed in 47% of head and neck tumor, 79% of intrathoracic tumor and 63% of
abdmonial tumor. In breast cancer and musculoskeletal tumors, planning CT was recommended
for selection of adequate energy and calculation of exact dose to critical structures such as
kidney or spinal cord. The average difference of tumor doses between CT planning and conven-
tional simulation was 10% in intrathoracic and intra-abdominal tumors but 20% in head and neck
tumors which suggested that tumor dose may be overestimated in conventional simulation.

Although some limitations and disadvantages including the cost and irradiation during CT are
still criticizing, our study showed that CT planning is very helpful in radiotherapy planning.
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INTRODUCTION

Since advent of computed tomography (CT) in
1972, its use has been propagated rapidly not only
in diagnostic radiology but also in therapeutic
radiology. But routine CT gives mainly topographic
or quantitative image informations in only 2 dimen-
sion according to demand of diagnostic
radiologists.

Direct application of routine CT to the therapeu-
tic use has still some limitations such as three
dimensional calculation of target volume'~®, cor-
rection of inhomaogeneities®~'» and uncertainty due
to change of tumor size by respiration or therapeu-
tic responses®s®! etc. These have stopped us
thinking of treatment phantoms for evaluation of
patients, planning and suggested the need of spe-
cific treatment planning for individual patient in-
cluding in vivo dosimentry.

In spite of those problems, there is no doubt that
CT is superior than conventional simulation to
obtain quantitative data on tumor localization,
measurement of target volume and estimation of
electron densities at different levels throughout
treatment volume in treatment position. Now,

images, including conventional radiography and
CT, and radiation therapy would be “Symbiosis”
and their use has become universal in treatment
planning. but we should remember that whatever is
attempted, it must be evaluated against the yard-
stick of clinical results.

The purposes of this study are 1) review of the
use of therapy oriented CT (planning CT), 2) to
assess its coptribution in treatment planning, 3) to
discuss its advantage and limitation, compare CT
with conventional simulation based on our experi-
ence.

MATERIAL AND METHOD

From May first, 1986 to April 30, 1887, planning
CT for treatment planning was performed in 106
histologically proven cases out of 365 new patients.
All patients underwent conventional simulation first
and determined the radiation field which would
adequately encompass the sufficient tumor volume
and exclude the normal structures. Adequate mar-
gin was ensured the coverage of target volume
change by respiratory movement. [IVP was routinely
perfomed at the time of simulation in abdominal
and lower thoracic cancer to confirm the function
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and location of both kidneys.

Planning CT was carried out using Hitachi, CT
W4 scanner. All patients should be in the same
position as in treatment (Fig. 1 & 2) during CT with
quiet respiration instead of in deep suspended
respiration as used for diagnostic CT scans. both
lateral margin and the center line of the treatment
field were marked on the patients’ skin using angio-
graphy catheter which produced the least artifacts
in CT images (Fig. 3 & 4). All planning CT scans
were compared with conventional simulation in
adequacy of field size, distribution of radiation
dose and any other change of treatment planning
(Fig. 5 & 6). Set dose and tumor dose distribution
calculated by planning CT were also compared
with contour calculation by conventional method
(Fig. 7, 8).

Fig. 1. Patient position of planning CT for intrathoracic
tumor. Note # lwedge under the shoulder for
tlattening of upper chest.

B
Fig. 2. Patient position for planning CT of head. Note
a head rest.
(Same patient in Fig. 1. This patient had media-
stinal tumor & metastasis to skuil}.

Fig. 3. Simulation film outlined the proposed treatment
volume of same patient in Fig. 1.

Fig. 4. Midline slice of planning CT,
Sharply demarcated both lateral margin & center
of the field which obtained from conventional
simulation are well visualized.

BT
Seciee
FARTIENT e
0 e s

I = 100 o o
R oy

Fig. 5. lsodose curve obtained from conventional simu
lation of same patient in Fig. 1.



Fig. 8. Isodose curve obtained from planning CT of same

patient in Fig. 5. Whole field was shifted 1 cm to
the left side due to inadequate coverage of both
margin.
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Fig. 7. Isodose curve obtained from conventional tech-
nigue. 100% line showed adequate coverage of

tumor volume.

Fig. 8.

Isodose curve obtained from planning CT of
same patient in Fig. 7. 100% line showed inade-
quate coverage of tumor {arrow),

RESULST

Of 365 patients who were treated in Therapeutic
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Table 1. Analysis of Total Patients and CT Planning
Patients

Total CcT %
Head and neck tumors 86 43 50
Chest tumors 91 28 31
Abdominal tumors 44 8 18
G—U tumors 102 3 3
Breast tumors 32 16 50
All others 10 8 80
Toral 365 106 29
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Fig. 9. Slice of lower margin of the field in a patient
with symptomatic liver metastasis. Oblique
portal was planned for minimizing irradiation
of right kidney.

Radiology Department for curative or palliative
intent, ptanning CT was taken in only 106 patients
(29%). The details of patients were summerized in
Table 1.

In head and neck cancer patients, planning was
changed in 20 of 43 patients (47%). 12 patients (28
%) had geometric changes and in only 1 patient (2
%) tield size had to be extended. Tumor dose was
changed in 4 patients (9%) in and 3 patients (7%).
selected energy was changed for enough coverage
of tumor depth.

In intrathoracic tumors, planning was changed
in 22 of 28 patients (79%). 20 patients (71%) and
geometric change but in only 1 patient the field size
was reduced.

In intraabdominal tumors, planning was chan-
ged in 5 of 8 patiets (63%). 2 patients (25%) had
geometric change and 4 (50%) had change of total
tumor dose due to critical structures (Fig. 9).

In breast cancers, planning CT was performed in
16 patients for selection of energy for chest wall
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treatment.
In genitourinary tumors, mainly uterine cervix
cancer, planning CT was recommended for only 3

Fig. 10. Planning CT of same patient in Fig. 1. CT

patients and all had no planning changes.

In other tumors, including musculoskeietal
tumor and metastatic tumors, all 28 patients were
recommended planning CT for selection of energy
(Fig. 10). 2 patients added geometric changes due
to more extension of tumor mass than we expected.
All of the results were summerized in Table 2.

The set dose and isodose curve including target
volume between planning CT and contour were
also estimated. This results are summerized in
Table 3. These results showed that contour calcula-
tion overestimated than CT and the average differ-
ence was about 20% in head and neck cancer, 10%
in intrathoracic and intraabdominal cancer.

DISCUSSION
With increasing use of systemic therapy to con-

trol metastatic disease, local regional control!
becomes more important in cancer treatment.

a i . o
‘;vn:rg;ecomme"ded for selection of proper . inisly, local control depends on maximizing
Table 2. Analysis of Planning Change as a Result of Therapy Oriented CT
Tumor
No. of total patient Head & neck Thorax Abdomen Breast GU Others
. ients
4
Alternation in planning 3 2 8 16 3 8
Change in field geometry 7 12 1 3 - 2
Extension 1 8 3 - -
Reducing 3 1 1 _ — _
Shifting 5 6 1 — — —
Change in tumor dose 5 2 2 — - -
Increasing 4 1 2 — _ -
Decreasing 1 1 - — - -
Both factors 5 8 1 - - —
Energy change 3 - 1 - _ _
Selection of energy - 1 1 16 — 7
No change 23 5 3 — 3 —

Table 3. Comparison of the Difference in Set Dose and Isedose Curve Obtained with CT and Conventional Simulation

Set dose Isodose curve including tumor
Contour CcT Difference Contour CcT Difference
(rad) (rad) (%) (%) (%) (%)
Head and neck 209.1. 238.4 -12.3 100 80 +20
Intrathoracic 213.0 201.0 + 6.0 100 90 +10
Intraabdominal 2244 209.9 + 6.0 100 920 +10
Pelvis 196.1 197.6 - 07 100 100 0




tumor dose and minimizing complication by ex-
cluding normal structures from irradiation field.

But balancing these goals is still one of the most
difficult task in radiation therapy field. For achiev-
ing these goals, detection of exact tumor location
and its extension, its relation to critical organ and
correct dose distribution should be known. There-
fore, the role of CT became important for correct
informations and its effective use requires close
cooperation between diagnostic radiologist and
radiation therapist.

Even though CT has many advantages for treat-
ment planning, direct application of routine CT had
some limitations. The following are particularly
important to solve those limitations.

1. ldentical positioning of patients, just like
treatment position is absolutely necessary for cor-
rect estimation of target volume and extent of
tumor>®1~14_But in routine CT, patients’ position is
usually different from treatment position especially
in head and neck CT.Breit et al.'¥ emphasized that
all problems arose from incorrect position of the
patient. Goitien and Meyer'? reported that patients’
position varied with respiration so that radiation
therapist had to learn to take them into account by
adding appropriate margin to the treatment field
especially for upper abdominal and lower thorax
cancer. During planning CT authors tried to keep
patient in treatment position and permit quiet respi-
ration as treatment condition.

2. Informations of tumor localization from rou-
tine CT display only 2 dimensional cross-sectional
images. Tumor spreads in 3 dimension but longitu-
dinal plane of target volume is difficult to estimate
from routine CT*~*%_ This may result in inaccurate
estimation and may cause significant error in treat-
ment planning. We did not measure tumor volume
but we examined CT on upper, midline and lower
margin of the field for decreasing geometric miss
and excluding normal tissue.

3. Correct information of electron density is
very important especially in intra-thoracic, upper
intra-abdominal and head and neck cancer treat-
ment planning because any change of electron
density may cause different calculation by planning
because any change of electron density may cause
different calculation by planning computer. Since
electron densities are calculated from CT numbers
and it depend upon various technical factors, each
operational parameters, machinary and technically,
also may cause incorrect calculation®~715~17,
Parker® insisted that this error can be up to 20% of
dose calculation unless suitable correction is
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made. We use angiography catheter as a skin
marker for reducing artifact in CT image and we do
not use any contrast material in planning CT
because uniformity of dose distribution in target
volume may be affected by these high density
material or artifacts.

4. Routine diagnostic CT should be matched by
same degree of beam direction and correct
identifying the field size by using reference mark on
the skin in treatment position. This is very important
for planning of small tumor volume which closely
located to critical organ. We use angiography
catheter on the skin as a reference point for field
size in CT images. We found that this mark was very
useful for exact determination of field size because
error of several millimeters may be critical when
target volume is close to the kidney or spinal cord.

In spite of those limitations, there is no doubt
that CT is effective tool for detecting the primary
tumor, exact localization of tumor and normal tis-
sue and accurate measurement of dose distribu-
tion, compared with conventional simulation.

Many authors reported that the effects of these
advantages are varible according to tumor loca-
tion. In head and neck cancer planning, Shuman et
al.¥ reported that 77% of planning changes and
Adam et al.?® reported 93% of planning change
when they used CT planning, compared to conven-
tional simulation. Our result showed 47% of plan-
ning changes which was much lower than others. In
intra-thoracic tumors, our study showed 79% of
planning change which is a little higher than 33% by
Adam et al.*®, 71% by Emami et al.*® and 74% by
Seydel et al.'®. Intra-abdominal cancer is poor
location for accurate dose calculation based on CT
information because intestinal gas makes in-
homogeneities and obscures tissue demarcation.
Rostock et al.?” reported 70% of planning change
in liver treatment and Dobbs and Parker'” reported
72% in pancreas cancer. In our study, 63% of
patiets who had treatment for liver, pancreas and
stomach cancer had treatment planning change,
mainly for reducing dose to the kidney or spinal
cord. Husband et al.2? reported that CT was valu-
able in 95% of recurrent rectal cancer but our result
showed no planning changes except for boost
dose planning in inoperable rectal cancer. For
irradiation of carcinoma of breast, Dobbs and
Parker'” reported that good information about the
thickness of the chest wall-could be obtained by
scanning in treatment postion. We use CT images
for selection of adequate energy for chest wall
irradiation, which was useful for reducing irradia-
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tion dose to underlying lung.-In genitourinary can-
cer, Ash et al.*® reported significant errors of locali-
zation in 37% ot bladder cancer cases and Roth-
well et al.*® noted significant discrepancies of tar-
get volume in 85% of bladder cancer patients
between conventional simulation and CT plannig.
At the beginning, we tried planning CT for uterine
cervix cancer patients but we had no. planning
change in.consecutive 3 cases..Thereafter we use
contour dose calculation without planning CT for
uterine cervix cancer. We did not evaluate the
advantages of planning CT in bladder or prostate
cancer because of scanty cases.

Now we have another problem which is the
tendency of the rapid spreading of this technique
without careful estimation of efficacy on health care
cost including radiation dose during CT?*~?? and
additional cost for CT*®1%28_McCullough & Payne
estimated absorbed dose during CT as 2-10 rad/
study and 1-2 mrad/scan at 1 meter even though
patient dosage may differ by different CT scanners.
In spite of these problems, kotre et al.'¥, Adam et
al.'®, Seydel et al.'® and Stewart?® insisted that CT
is very useful and can contribute to.improve patient
management although the unit cost is high.

Conclusively, our results showed that planning
CT is an accurate tool for localization of tumor and
critical normal tissues so that higher dose could be
administrered to tumor. This may decrease the
incidence of local failure. Furthermore, this will
improve tumor control and also avoid normal tis-
sue irradiation, causing decreased complication
rates. Taking all of those measured factors into
account, we concluded that planning CT is quite
helpful in the treatment planning especially head
and neck tumors, intrathoracic; intraabdominal and
breast tumors not only for curative but also for
palliative treatment.
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