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OBJECTIVE. We studied the serial changes and CT rmanifestations of pulmonary radiation
injury after hypofractionated stereotactic radiation therapy for peripheral small lung tumors.

SUBJECTS AND METHODS. Hypofractionated stereotactic radiation therapy was ap-
plied to 20 patients with proven primary (n = 11) or metastatic (1 = 9) lung cancer, for a total
of 22 lesions of 3 cm or less in diameter located within 3 cm from the parietal pleural surface.
Follow-up CT was scheduled at 1 and 3 months, and every 3 months thereafter,

RESULTS. Ground-glass opacities were observed around four (18%) of 22 lesions at 3-6
mounths. The opacities nearly corresponded to the planned target volume, but half of them
were unevenly distributed. Ground-glass opacities gradually disappeared or evolved into
dense consolidation while shrinking. Dense consolidations developed in 16 (73%) of 22 le-
sions, including seven in the center of the planned target volume and nine in the periphery of
the planned target volume. Dense consolidations moved in six of these 16 lesions and gradu-
ally shrank, becoming fixed as solid or linear opacities approximately 12 months later.

CONCLUSION. The pulmonary opacities observed afier hypofractionated stereotactic
radiation therapy for peripheral small lung tumors may not precisely comespond to the
planned target volume (unlike those with conventional radiation therapy} and may change in
shape and location dynamically during the first year. Knowledge of these findings is neces-

sary to avoid misunderstandings concerning tumor regrowth or new tumors.

: urrently, surgery is the treatment of
choice in the early stages of lung
< cancer. Although conventional ra-
dlauon therapy may be selected as a less inva-
sive intervention in elderly patients and in
those with inoperable disease, the rate of local
control of malignancy after radiation therapy is
approximately 30%, which is lower than for
surgical resection [1]. Stereotactic irradiation
can deliver high radiation doses to localized le-
sions with great accuracy, allowing a strong
antitimoral effect while lessening radiation in-
jury to normal tissues [2]; it has been applied
to the treatment of small intracranial tumors
with excellent results [2]. More recently, hy-
pofractionated stereotactic radiotherapy has
been applied to the treatment of extracranial
malignant temorg, with preliminary studies re-
porting greater than 90% control rates for
small localized lung tumors [3-5).

In this study, we applied hypofractionated
stereotactic radiotherapy to the treatment of
small lung tumors and observed the various ra-
diologic patterns of change after fradiation. As
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indicated by previous reports [6, 7), radiation in-
juries caused by conventional coplanar radio-
therapy show distinct linear margins on CT that
correspond o the margins of the irradiation field.
However, because hypofractionated stereotactic
radiotherapy is delivered in a 3D spherical vol-
ume with a steep gradient between the periphery
of the planned target volume and notmal adja-
cent tissue, the shape of the radiation injury
should be considered three-dimensionally, Hy-
pofractionated high-dose irradiation, with highly
concentrated narrow bearns that target small vol-
umes, is associated with markesily different dose
distributions and biclogic effects on tissues from
those described for coplanar conventional radio-
therapy. The aim of this study was to describe
the CT characteristics of radiation injury after
hypofractionated stereotactic radiotherapy for
small lung malignancies.

Subjects and Methods
The patient population consisted of 17 men and
three women (age range, 56-89 years; median, 72,6

n23



yearsy who were treated with hypofractionated stereo-
tactic radiotherapy at our institetions between January
1998 and November 20X12. For most pationts, surgcry
was not irxlicated because of patient age, the presence of
multiple lesons, of poor pulmonary function. Five pa-
tents prefemed hypoftactionated stercofactic radiother-
apy treatment ¢ven though surgery was possible. The
sty profocol was approved by the institutional review
boards of the institutions, and written informed consent
was obtained from cach participant before fypofraction-
ated stereotactic radiotherapy was performed.

Primary lung cancer was pathologically proven in
11 patients (11 kesions), and metastases from other
primary cancers were diagnosed clinically in ninc pa-
tents (11 lesions), Hypofractionated stereotactic rz-
diotherapy was generally considered if the tumor was
3 cm or smaller in diameter, if it was 3 cm or less
from the paretal pleural surface, if craniocaudal
breathing-associated motion of the lesion was 1 cmor
Iess, and if three or fewer lesions were present at the
start of treatment. Because the risk of atelectasis and
reduction of pulmonary function caused by the col
lapse of large bronchi was unknown, potential lesions
for treatment were limited to peripheral lesions 3 cm
or less from the parietal pleural surface so that the

Takeda et al.

planned target volume woukl not contain lobar bron-
chi. Tumor pathology and mean tumor volumes are
fisted in Table I.

Pretreatment Evaluation and Radiation Treatment

The planned target volume was determined using
CT (Xvision, Toshiba) performed on patients who
were breathing at rest. Serial 2-mm-thick scans were
obtained in 2-mm increments at -8 sec per slice.
Longer scanning periods were used to define the tu-
mof trajectory  associated  with  breathing. The
planncd target votume consisted of the imaged vol-
ume, defined as the gross tumor volume plus an in-
ternal margjn, pus a 5- to 10-mm setup margin,

Tumor volumes (V) were calculated according
to the following formula:

V=413 nx Ry xRy xRy,

where R, (half the maximum diameter), R; (half the
diamcter perpendicular to R ), and R; (half the max-
imum diametcr in the craniocaudal direction} were
obtained with calipers on CT. When the tumor mar-
gin was ill defined, the outermost circumfcrence was
used. The diameter in the craniocaudal direction was

defined as the product of the thickness and the num-
ber of stices from the top to the bottom of the lesion,
Estimated tumer volumes ranged from 0.5 to 45.5
om® (mcan, 9.5 cm3).

Treatments were planned using a radiation treat-
ment planning system (FOCUS version 2.7.0, Com-
puterized Medical Systems). Velumes to be treated
were sct so that the planned target volume reccived
an 80% isodose of the maximum dose, with 80%
isodose defined as the therapeutic dosc (Figs. 1A,
2A, and 3A). The shape of the field was adjusted dy-
namically according to the tumor shape using a mul-
tileat collimator.

The irradiation dose generally consisted of 50 Gy
in five fractions administered over 5-7 days. Seven-
teen lesions in 15 patients were treated using this
dose regimen. When a tumor was adjacent to critical
organs (e.g., spinal cord or esophagus), the fraction-
ated dose was reduced W 5-7 Gy and the total dose
was limited to 40-50 Gy.

Radiologic Follow-Up

Paticnts were interviewed monthly to determine
the presence ot abscnce of symptoms and for chest
roentgenographic examination.

CT Manifestations of Radiation Pneumonitis
Lesion Characteristics Ground-Glass Opacity Dense Consalidation Bronchiectasis
Tim i f . e Time
No. Pathology VDI”;" : Appeaer;:ce Distribution Ap][;ger;nce Location® Sh”nkz:ge Movement F:xanc;n Appearao::e
tem) © {mo} {mo)
(mo} (mo) {mo)
1 Metastasis 0.5 — 4 Center 8 Hilum 1 8
2 Metastasis 47 — 8 Center n Pleura — 4
3 Metastasis 256 — 3 Periphery 9 Hilum 12 [
4 |Metastasis 63 —_ & Center 9 Hilum 12 B
5 Squamous cell carcinoma| 151 — 5 Center — — — —
6 |Adenocarcinoma — — — — — —_ —
7 Metastasis 11 6 Even —_ — —_— —_ —
] Squamous cell carcinoma| 127 -5 Even 6 Center 9 Hilum 12 B
9 Metastasis 36 45 Uneven [} Center 9 —_ — &
10 | Adenocarcinoma 103 — 3 Periphery - Hilum — 6
11 |Squamous cell carcingma| 11.2 — 3 Periphery — — — 3
12 | Adengcarcinoma %66 _— — — — —_ —_
13 [Metastasis 3 — 5 Periphery — — 9 —_
14 |Metastasis 82 - 4 Center — — — 4
15 |Metastasis 0.9 — 3 Periphery 6 — [ 5
16 |Metastasis 0.5 —_ —_ — —_ — —
17 |Squamous cell carciroma| — — — — — — -
18 |Adenocarcinoma 28 — 6 Periphery — —_ — —
19 |Adenocarcinoma 18 — 3 Periphery — - — —
20 |Adenocarcinema 07 — 3 Periphery — — - —
21 |Metastasis 20 3 Uneven 4 Periphery — —_ — —
22 |Squamous cell carcinoma| 455 — — — — — -
Nete.—Dash {(—} indicates changes ware not observed.
2stimated. Volumes of lesions 6 and 17 wera not calculated because they werg postoperative residual tumors already enclosed in scars.
dCentar of plannad target volume or periphery of planned target volurne,
CFirst observed after therapy.
124 AJR:182, May 2004
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Radiotherapy and Radiation Injury in the Lung

Lesion charactenstics were periodically exam-
ined on CT (Xvigor or X vision, Toshiba) ¢ven in the
absence of clinical symptoms at follow-up visits ap-
proximately 1 and 3 months after reatment, and in
principle every 3 months thereaftar. The interval of
CT varied slightly depending on each patient’s clini-
cal status. If dubicus opacities were seen on periodic
radiography, additional CT was performed between
the scheduled examinations. Single-stice hefical CT
of the entire lung without contrast material was per-
formed using scanning parameters of slice thickness,
10 mm; pitch, 1; wbe voltage, 120 kV: be cument,
200 mA; and 0.75 sec per slice. Images focused on
turnors and assoctated preumonitis were obtained
by helical scanning with slice thickness, 2 mm;
pitch, 1; tube voltage, 120 kV; mbe current, 250 mA;
and 0.75 sec per slice, High-resolution CT was re-
constructed using a high-spatial-resolution algo-

rithm, Of 100 ol CT series, high-resoluticn CT
scans were obtained concurrendy in 61 studies. An
average of 4.5 CT series per ksion were performed,
including an average of 2.8 high-resolution CT se-
rics. The mican follow-up period after high-resolu-
tion CT was 17.6 months (ranze, 4.5-51.6 months).
No patients received chemotherapy,

interpretation of CT Findings

The time of appearance of ground-glass opacities
or dense consolidations {with respect 1© completion
of radiation therapy), location of appearance (Center
or periphery of the planned target volume), serial
changes {changes in density, size, and location), and
time of appearance of bronchiectasis were systemat-
ically recorded, CT images were independently in-
terpreted by four diagnostic radiologists who were
famniliar with the clinical diagnosis and the develop-

ment of lung wmors. CT characteristics were deter-
mined on the basis of a consensus among at least
three of the four examiners.

Results

Demographic characteristics of the lesions
and characteristics of the radiation injuries
are detailed in Table 1.

After hypofractionated stereotactic radio-
therapy, ground-glass opacities and dense con-
solidations were observed as initial lung CT
findings at 3~4 months. Thereafter, the
ground-glass opacities either disappeared or
evolved into dense consolidations. Dense con-
solidations that were seen initially gradually
shrank to become solid or linear opacites con-

Fig. 1.-—59-year-old man with lung metastasis from rectal carcinoma, Typical characteristics of radiation pneumonitis and fibrosis after hypofractionated stereotactic
radiotherapy are seen on serial lung CT scans atter irradiation.
A, Axial unenhanced CT scan obtained befare treatment shows tumor in right upper lebe. PTV = planned target volume.
B, T scan at | month after irradiation shows decrease in tumor size.

€, CT scan at 4 months reveals appearance of dense consalidation and its surrounding ground-glass opacity.
D, CT scan at8 months shows shrinkage of dense consolidation and its movement toward hilum.

E, T scan at 11 months shows presence of dilated bronchi within opacity.

F, CT scan at 22 months shows fixation of apacity, Subsequent CT characteristics remained unchanged.

AJR:182, May 2004
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sistent with lesion fixation (Figs. 1-3). No
ground-plass opacities or dense consolida-
tions were observed at sites remole from the
planned target volume.

Ground-glass opacities appeared on CT
scans in four (18%) of 22 lesions at 3-6
months after completion of radiation ther-
apy. They all corresponded closely to the
planned target volume. In two instances, the
ground-glass opacities were evenly distrib-
uted in the planned target volume (Figs. 1C
and 3C), and in the other two instances the
opacities remained unevenly distributed at 4
months, thereafter evolving into dense con-
solidations consistent with the planned tar-
get volume.

Takeda et al.

Dense consolidations appeared in 16 (73%)
of 22 lesions on CT scans obtained at 3- to 8-
maonths’ follow-up. Of these, seven exhibited
dense periturmnoral consolidations correspond-
ing to the planned target volume (Figs. 1C and
2D}, and the remaining nine showed consoli-
dation limited to the margin of the planned tar-
get volume, a short distance from the isocenter
(Figs. 3C and 3D). Although dense consolida-
tions shrank in seven (44%) of these 16 le-
sions, the consolidations did not disappear
completely but persisted as solid or linear
opacities (Figs. 1F, 2E, and 3F). This shrink-
age occurred within 6-11 months after radio-
therapy. In six of 10 lesions followed up for at
least 12 months, the pulmonary opacities be-

came fixed on CT scans, consistent with the
development of fibrosis. Movement of the
apacity was observed in six (37.5%) of the 16
densely consolidated lesions. This movement
was detected simultaneously with shrinkage in
five of the six lesions, with movement toward
the hilum in five (Figs. 1 and 2A-2D), and
with movement away from the hilum in one.

Bronchiectasis was present in 10 (45.5%) of
22 lesions and developed almost contempora-
neously with dense consolidations that con-
tained dilated or thickened bronchi. Bronchial
thickening and lumen irregularities caused by
traction {i.e., traction bronchiectasis) became
apparent along with movement of the opacities
(Figs. 2D and 3E).

Fig 2—85-year-old man with squamous cell cancer.

A, Axial unenhanced CT scan obtained before treatment shows cavitated tumor in leftupper lobe. PTV = planned target volume,
B, CT scan at 1 month after irradiation shows almostno change.

C, CT scan at 4 months shows presence of ground-glass opacity distributed in ptanned target volume.
D, CT scan at 6 months shows conversion of ground-glass epacity ta dense conselidation and shift toward hilum. Tumor has almost disappeared.
E, CT scan at 10 months shows shrinkage of opacity and further movement toward hilum.

F, CT scan at 12 months shows further decrease in size. Subsequently, opacity remained unchanged.

1126
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Radiotherapy and Radiation Injury in the Lung

Discussion

Hypofractionated stergotactic radiotherapy,
a new treatment method for small lung malig-
nancies, differs considerably from conven-
tional coplanar radiation therapy because it
consists of delivering a single high dose of ra-
diation with hypofractionation to small irradia-
tion fields. Although  hypofractionated
stereotactic radiotherapy is expected to be
highly effective in the control of localized le-
sions, its acceptance and indications will ex-
pand only if its use is not complicated by high
rates of adverse reactions. Therefore, before
considering increased radiation doses in the
hope of achieving improved local therapeutic
effects, a thorough clinical and radiologic eval-
uation of pulmonary parenchymal injuries

caused by irradiadon is needed to verify that
hypofracticnated sterectactic radiotherapy is a
safe and effective treatment for srrall lung ma-
lignancies,

Classic radiation pneumonitis induced by
conventonal radiation therapy is characterized
by a linear margin demarcating the freatment
port and i3 uncommon with exposures of less
than 30 Gy but inevitable for exposures greater
than 40 Gy (8]. However, the reported inci-
dence of clinical manifestations associated
with radiation pnevrmonitds is 7-8%, and the
symptoms are nsually mild, despite imaging
findings that may appear more prorminent {9,
10]. In our study, only three patients reported a
mild cough associated with radiation injury,
and all were successfully treated with simple

therapy. In conwrast, sporadic radiation pneu-
monitis is an immune-mediated process result-
ing in lymphocytic alveolitis that leads to a
response remote from the localized pulmonary
irradiation and that is usually associated with
severe symptorns and high mortality in the ab-
sence of a “threshold” dose [11]. Classic radia-
tion pneumonitis can be classified as either
early (1-3 months after irradiation) or late (3—
6 months after irradiation), depending on the
time of appearance of the pulmonary reaction
to the radiation. In our study, hypofractionated
stereotactic radiotherapy-induced lung inju-
ries did not systematically develop in the cen-
ter of teated volumes, but often began at the
periphery. However, injuries eventually con-
formed to and remained in the planned target

]
'~

E

fig. 2.—70-year-old man with lung metastasis of oropharyngeal carcinoma.
A, Axial unenhanced CT scan obtained before treatment shows metastatic tumor in right fower lobe. PTV = planned target volume.
B, CT scan at 1 month after irradiation shows decrease in tumor size.

C, CT scan at 3 months revaals appearance of densa consolidation in subplewral space of planned target volume.

D, CT scan at 6 months shows increase in size of dense consolidation and onset of movement Center of tumor is now located more cranially.
E, CT scan at 3 manths shows decrease in tumor size, thinning of dense consolidation, and movement of lesion toward hilurm,
F, CT scan at 12 months shows presence of linear opacity surrounding tumer and fixation of lesion.

AJRI182, May 2004
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volume. These findings suggested that a
threshold dose was required to develop pneu-
monitis, and that hypofractionated stereotactic
radiotherapy-induced lung injuries were clas-
sifiable as classic radiation pneumnonitis.

Evolution from ground-glass opacity to dense
consolidation to fibrosis was observed on CT in
a relatively small subset of our patients. In con-
trast, in a study of 3D conformal radiation ther-
apy, Koenig et al. [12] observed the development
of ground-glass opity around temors on CT
scans at 3 months after radiation therapy in 19 of
19 patients treated with total doses between 69.6
and 90.3 Gy in 33-38 fractions. Three-dimen-
stonal conformal radiation therapy used in that
study differs considerably from ihe hypofrac-
tionated stereotactic radiotherapy used it our
study, particularly from the standpoint of the
single duse. The incidence and severity of radi-
ation pneumonitis can depend on the extent of
itradiation, the total dose, and the number of
fractions, and may also be influenced by con-
current chemotherapy [9]. Thus, the differ-
ences between the two studies with regard to
CT patterns are probably attributable to re-
searchers for the previous study using a higher
radiation dose delivered as a single fraction.
Theretore, we hypothesize that on CT, early or
mild radiation injuries appear as ground-glass
opacities, whereas severe radiation injuries ap-
pear as dense consolidations.

Movement of dense consolidations often oc-
curred. Movernent toward the hilum was seen in
all but one case. Because shrinkage of the opac-
ity and traction bronchiectasis were usually seen
concurrently, the mechanism of these phenom-
ena seems attributable to fibrosis. Therefore, we
think that the apparent movement of the opacity
is largely attributable to the deformity of the lung
caused by fibrosis. Takahashi et al. {13} observed
that the ground-glass opacities corresponded to
thickened interlobular walls because of fibro-
blastic cells and collagen fibers in a pig model of
racliation pneumonitis.

Takahashi et al. |13] also found that the
ground-glass opacities were not evenly distrib-
uted but at pathology were predominant near the
interstitium. In a dog model, the same radiation
dose caused a more severe reaction when defiv-
ered to the periphery of the right lower lobe than
1o the right hilum [14]. These findings indjcate
that variable local sensitivity to radiation, de-
pending on the amount of interstitiurn, causes
nommitorm distribution of ground-glass opaci-
ties and dense consofidations,

We acknowledge several limitations in our
study. Although we differentiated radiation in-
jury patterns as ground-glass opacity, dense
cansolidation, and fibrosis, we had no patho-
logic proof. As with other studies examining
radiation pneumonitis, we found it difficult 1o
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obtain specimens from otherwise asympto-
matic patients. Another limitation was the rela-
tively small number of patients in our study.
Although it is fortunate that only a few patients
complained of mild cough and recovered with-
out resorting to steroids or hospital admission,
the number of patients was too small to allow
analysis of the relationship among sympto-
matic pneumonitis, patient background fac-
tors, and radiation treatment.

In assessing radiologic findings, residual tu-
mor regrowth, lymphatic spread, and infection
should be differentiated from radiation pneu-
monitis. Local recurrences especially are
sometimes difficult to diagnose in the early
phase because they are often asymptomatic, as
is radiation pneumonitis. Four cases recurred
after hypofractionated stereotactic radiother-
apy, of which two had no radiation prewrnoni-
tis-induced opacities and one had minimal
ground-glass opacity. In these three cases, the
initial radiation effect was minimal or could
nat be evaluated and tumors gradually en-
larged without a dramatic change in shape.
Therefore, regrowth of the tuemors was readily
diagnosed. In the last case, the tumor had al-
most disappeared shortly after bypofraction-
ated  stercotactic  radiotherapy.  Dense
consolidation surrounding the initial tumor ap-
peared 6 months later, followed by overtly
solid tumor on its periphery. Needle biopsy
confirmed the presence of adenocarcinoma.
We suppose that this may be a typical case of
recurrence afier hypofractionated stereotactic
radiotherapy. However, we have experienced
too few cases to draw a clear-cut distinction
between recurrence and radiation pneumonitis,
It is important to be especially careful during
the early assessment of radiation pneumonitis
on CT because the CT pattern evolves serially,
and pulmonary opacity can move. We should
be aware that the CT appearance reflects only
one phase of the spectrum.

In conclusion, a size decrease in small lung
tumors was generally observable on CT scans
1-3 months after completion of irradiation by
hypofractionated stereotactic  radiotherapy.
This decrease in tumor size was accompanied
by reduced areas of dense consolidation and
surourling  ground-glass opacity at 3-6
months. Although ground-glass opacities gen-
erally resolved, the dense consolidations as-
sumed typical CT patterns, including
movement toward the hilum, shrinkage, and
fixation at approximately 1 year after treat-
ment. The incidence of ground-glass opacities
was relatively low, and neither ground-glass
opacities nor dense consolidations coincided
exactly with dose distribution, occasionally
developing away from the isocenter or re-
maining heterogeneous. Dynamic changes in
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ground-glass opacities and dense consolida-
tipns were observed over time. Our results in-
dicate that assessment of lesions should be
done with knowledge of these changes of ra-
diation pneumonitis on CT during the first
year after treatment, before fixation, to avoid
misunderstandings about CT findings resem-
bling tumor regrowth or the appearance of
new lesions.
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EVALUATION OF NOVEL MODIFIED TANGENTIAL IRRADIATION
TECHNIQUE FOR BREAST CANCER PATIENTS USING DOSE-VOLUME
HISTOGRAMS

AT1suva TAKEDA, M.D.,*" NAOYUKI SHIGEMATSU, M.D.,* Tabasui Ikepa, M.D.,}
Osamu KawacgucHr, M.D.,* Suon Kursukl, M.D.,* Ryocmr Isumasua;, M.D_*
Ersuo KuniEpa, M.D.,* Tosuiakt TAKEDA, M.D.,T Kazurmiko Takemasa, M.D.,T Hisao Ito, M.D..,%
Takast Uno, M.D.,* Hromrrsu Jmwvo, M.D.,* anp Atsusur Kueo, M.D.*

Departments of *Radiology and *Surgery, Keio University School of Medicine, Shinjular-ku, Tokyo, Japan; TDepartment of
Radiology, Tokyo Metropolitan Hiroo Hospital, Shibuya-ku, Tokyo, Japan; éDepartment of Radiology,
Chiba University School of Medicine, Inohana-ku, Chiba, Japan

Purpose: We have previously reported that entire axillary lymph nede regions could be irradiated by the
modified tangential irradiation technique (MTIT). In this study, MTIT was compared with a conventional
irradiation technigue (CTIT) using dose-volume histograms to verify how adequately MTIT covers the breast
and axillary lymph node region and the extent to¢ which it involves the lung and heart.

Methods and Materials: Forty-four patients with early-stage breast cancer were treated by lumpectomy, axillary
dissection, and postoperative radiotherapy. Twenty-two patients were treated with MTIT and 22 with CTIT. In
25 patients, the breast tamor was on the left and in 19 on the right. During axillary dissection, surgical clips were
left as markers at the border of the axillary lymph node region. MTIT was planned by setting the dorsal edge
of the radiation field on a lateral-view simulator film at the dorsal edge of the homeral head and the cranial edge
of the radiation feld at the candal edge of the humeral head. CTIT was planned to ensure radiation of the breast
tissue without considering the axillary region. In this study, all patients underwent computed tomography, and
the CT data were transmitted on-line to a radiotherapy planning system, in which the dose-distribution computed
tomography images and dose-volume histograms were calculated by defining the breast, axillary region (levels
I, II, and III), lung, and heart region.

Results: Dose—volume histogram analysis demonstrated that breast tissue was radiated with an 86.5-100%
volume (median 96.5%) by MTIT and an 83-100% volume (median, 95%) by CTIT at >95% of the isocenter
dose. The axillary lymph node regions at Levels I, I1, and IH were irradiated with 84-100% (median, 94.5%),
59-100% (median, 89%), and 70-100% (median, 89.5%) volumes, respectively, by MTIT and with 2-84%
(median, 38%), 0-53% (median, 15%), and 0-31% (median, 0%) volumes, respectively, by CTIT at >70% of
the isocenter dose. The ipsilateral lung was irradiated with a 5-22% volumne (median, 11.5%) by MTIT and
5-15% volume (median 9%) by CTIT at >90% of the isocenter dose. In all 25 left-sided breast cancer patients,
the volumes irradiated with an 80% isocenter dose were <30 cm’.

Conclusion: The results of our study demonstrated that the breast tissue was sufficiently irradiated with both
TTIT and MTIT planning, the axillary Iymph node areas irradiated by MTIT were much wider than those
irradiated by CTIT at all levels, and the lung and heart volumes irradiated by MTIT were small. © 2004
Elsevier Inc.

Breast cancer, Modified tangential irradiation technigue, Axillary lymph nodes, Dose-volume histogram
analysis. '

INTRODUCTION

The role of routine axillary dissection is controversial in
the management of localized breast cancer {1-3), and the
option to perform axillary radiotherapy (RT) without
axillary dissectior or with only sentinel node biopsy is

only available for clinically node-negative patients (4—
10). Recently, three-dimensional conformal tangential
RT and intensity-modulated RT using computed tomog-
raphy (CT)-based three-dimensional treatment planaing
have been applied (11, 12) in an effort to improve the
local control rate and reduce toxicity, However, many
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(b)
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Fig. 1. Simulation films (antcrior oblique view) and photographs of patients treated with (a,b) conventional irradiation
technique and (¢,d) modified tangential irradiation technique (MITT). In trcatment with MTIT, ficld size tends 10 be
wider in caudal and posterior directions and collimator and gantry angles tend to be deeper. Field from the anterior
oblique view covers one-half of humeral head. H.H. = humcral head.

patients still undergo fluoroscopic simulation or planning
without three-dimensional data (13), and coverage of the
axillary lymph node region and involved lung and heart
volumes by two-dimensional planning remains contro-
versial (13, 14}). As we previously reported, it is possible
to irradiate almost the entire axillary lymph node region
using the modified tangential irradiation technique
(MTIT) (15). In this study, MTIT was compared with a
conventiona! tangential irradiation technique (CTIT) us-

ing dose—volume histograms (DVHs) to verify how ade-
quately MTIT covers the breast and axillary lymph node
region and to estimate the extent of lung and heart RT.

METHODS AND MATERIALS

Between October 2000 and July 2001, 44 patients with
early-stage breast cancer were treated by lumpectomy and
axillary dissection at the Department of Surgery, Keio Uni-
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versity Hospital. During axillary dissection, surgical clips
were left as markers at the following sites: in the chest wall
under the pectoralis minor muscle at the level of the axillary
vein; immediately adjacent to the subscapular vein; in the
latissirnus dorsi muscle at the level of the axillary vein; in
the latissimus dorsi muscle at the level of the inferior
margin of the dissection area; and in the latissimus dorsi
muscle between the level of the axillary vein and the level
of the inferior margin of the dissection area. All patients
were female with an age range of 35-73 years (median, 49

()
Fig. 1. (Cont’d)

years). Patients” height, weight, and above and below breast
measurements were done before starting RT.
Postoperative RT was performed with a dose of 50 Gy (in
25 fractions) at the Department of Radiclogy, Keio Univer-
sity Hospital or Tokyo Metropolitan Hiroo Hospital. Twen-
ty-two patients {11 with left- and 11 with right-sided breast
cancer) with no, or minimal, lymphatic infiltration were
treated with CTIT. CTIT was planned to irradiate the breast
tissue without considering the axillary region. Figure la
shows a simulation film, and Fig. 1b shows a patient treated
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(v)

{d)

Fig. 2. Dosc-distribution curve on CT slices: levels just below humecral head and axilla of paticnt treated with (a,b) MTIT
and (c,d) CTIT. Surgical clips, seen in axillary region, werc Icft as axillary dissection markers. White lincs show limits
of Levels 1, 11, and III. Green line is 100% isocenter dose line, blue 90%, yellow 80%, and so on.

with CTIT. The medial margin of the field was set up at the
midline of the chest wall. The lateral margin was set up at
the mid-axillary line. The cranial margin was 1-2 cm below
the caudal edge of the humeral head. The caudal margin was
1 cm below the caudal edge of the palpable breast tissue.
Twenty-two patients {14 with left- and 8 with right-sided
breast cancer} with apparent lymphatic infiltration were
treated with MTIT. MTIT was planned to irradiate the
breast tissue and axillary region. Figure lc shows a simu-
lation film, and Fig. 1d shows a patient treated with MTIT.
In this study, a conventional X-ray simulator was used to set
the radiation field. MTIT was planned by setting the dorsal
edge of the radiation field on a lateral-view simulator film at
the dorsal edge of the humeral head and the cranial edge of
the radiation field at the caudal edge of the humeral head, as
previously reported (15). As a result, a 2-3-cm area of the
humeral head was within the anterior-oblique radiation
field. The collimator angle for MTIT thus had to be some-
what steeper than that of CTIT to decrease the lung volume

Table 1. Dose and volume analysis of breast, axillary regions.

and lung
95%
MTIT (%) CTIT (%)  Confidence Limit

Brcast

105% dose 1-49 (22.5} 070 (1) Not significant

95% dosc 86-100(96.5) 83-100 (95) Not significant
Level 1

809% dosc 79-100 (90) 1-79 (30.5) Significant

70% dose 84-100(94.5) 2-84 (38) Significant
Level 11

80% dose 30-100 (81) 0-40 (8) Significant

70% dose  $9-100(89)  0-53(15) Significant
Level 11

80% dosc 45-100 (76) 0-20(0) Significant

T0% dosc 70-100 (89.5)  0-31(0) Significant
Ipsilateral lung

90% dosc 5-22(11.5) 5-15(9) Significant

30% dosc 12-32 (19) 1022 (14.5) Significant

Abbreviations: MTIT = modificd tangential irradiation tech-
nique: CTIT = conventional tangential irradiation tcchniquc.
Data presented as range, with median in parenthescs.
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200

(cGy)

Axillary region level 1

(a)

Fig. 3. DVH for patients treated with MTIT (black line) and CTIT (gray line) at (a) Level L, (b} Level II, and (c) Level
[II. DVHs show tolerable radiation doses at each axillary region level treated with MTIT in contrast to CTIT results.

irradiated. The medial and cranial margins were sometimes
crossed over the mid-line of the chest wall.

All patients in this stady underwent CT scanning with
marking of the field margins and the isocenter, and the CT
data were transmitted on-line to a2 RT planning system
(FOCUS, version 2.50, Computerized Medical Systems, St.
Lounis, MQ), The breast region was defined as the region
exhibiting greater density than the surrounding fatty tissue
on the CT images (displayed with a window width of 400
Hounsfield Units and a window level of 30 Hounsfield
Units). The breast regions of patients >50 years, who might
have had fatty degenerative changes in their breasts, were
defined with 5-mm wider than margins used in other pa-
tients. Axillary lymph node regions (Levels I-IlT) were
defined by referring to the position of the pectoralis minor
muscle and the surgical clips inserted during surgery. The
ipsilateral lung region was automatically defined and cir-
cumscribed by the system. The dose-distribution CT images
and the DVHs for the breast, axillary lymph node region
(Levels I-1IT), and lung were calculated for all patients. The
heart volume irradiated was also calculated for the 25 pa-
tients with left-sided breast cancer.

Statistical analyses were performed using Welch’s ¢ test.

RESULTS

The height, weight, and above and below breast measure-
ment for the CTIT and MTIT patients was 157.0 =.5.0 cm
and 1570 = 6.4 ¢cm, 53.7 = 5.3 kgand 540 £ 4.6 kg, 870
* 70cmand 86.6 = 6.2 cm, and 76.8 = 5.2 cm and 77.1
* 5.4 cm, respectively. No differences were statistically
significant between the two groups.

The dose distributions for MTIT are shown in Fig. 2ab,
and those for CTIT in Fig. 2¢c,d. The dose distributions on
CT slices just below the humeral head level showed whole
axillary regions were irradiated with MTIT; CTIT did not
achieve full irradiation (Fig. 2a.c). At the CT slice level 2-3
cm below the humeral head, dorsal axillary regions were
underdosed but almost the entire axillary region was cov-
ered by MTIT; however, dorsal axillary regions were not
irradiated with CTIT (Fig. 2b,d).

Dose volume histogram analyses for the breast, axillary
region (Levels I-11I), and ipsilateral lung were performed in
patients treated with MTIT and CTIT (Table 1). The breast
tissue was irradiated with an 86.5-100% velume (median,
6.5%) by MTIT and 83-100% volume (median, 95%) by
CTIT at >95% of the isocenter dose (Table 1). The DVHs
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= MTIT
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Axillary region level O

(b)

Fig. 3. (Cont’d).

for the axillary region Levels 1, I1, and IIT for all patients
treated with MTIT and CTIT are shown in Fig. 3. DVH
analyses demonstrated all axillary region levels to be well
covered with MTIT compared with those treated with CTIT.
The axillary lymph node regions at Levels I, 1}, and I1I were
irradiated with 84-100% (median, 94.5%), 59-100% (me-
dian, 89%), and 70-100% (median, 89.5%) volumes by
MTIT and 2-84% (median, 38%), 0-53% (median, 15%),
and 0-31% (median, 0%) volumes by CTIT, respectively,
at >70% of the isocenter dose (Table 1). The ipsilateral
lung was irradiated with a 5-22% volume (median 11.5%)
by MTIT and a 5-15% volume (median, 9%) by CTIT at
>90% of the isocenter dose (Table 1). The irradiated dose
and volume analysis of the heart for the 14 and 11 patients
with left-sided breast cancer treated with MTIT and CTIT,
respectively, are presented in Table 2. In all patients, the
volumes irradiated with an 80% isocenter dose were <30 cm?.

DISCUSSION

The role of rouatine axillary dissection in the management
of localized breast cancer is controversial (1-3). Recently,
early-stage breast cancer patients without clinically palpable

axillary lymph nodes have reportedly been offered axillary
RT without dissection (4-9). A randomized controlled
study of early-stage breast cancer (National Surgical Adju-
vant Breast and Bowel Project Breast-32 [NSABP B-32] is
in progress, and the long-term survival and incidence of side
effects will be compared between patients treated with
sentinel lymph node biopsy and those receiving axillary
Iymph node dissection (11}. Because the surgical proce-
dures for breast cancer are smaller in scope, the radiation
fields should be planned to cover wider regions. As we
previously reported, it is possible to irradiate almost the
entire axillary lymph node region by MTIT (15). In this
study, we calculated the dose distribution and DVHs of the
breast, axillary lymph node region, ipsilateral lung, and
heart for all patients and demonstrated MTIT to be an
adequate treatment method after breast-conserving surgery.

The breast region was defined as the area exhibiting
greater density than the swrounding fatty tissue on CT.
However, it is sometimes difficult to define the breast tissue
in elderly patients in whom fatty degenerative change may
be present in the breast. The breast region of patients >50
years old (about one-half of our patients) was determined
with margins 5-mm wider than margins used in other pa-
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Fig, 3. (Cont'd).

tients, In both CTIT and MTIT planning, the breast tissue
was sufficiently irradiated.

The entire axillary lymph node region, as well as the
breast tissue, was irradiated by MTIT. The axillary lymph
node regions at Levels 1, 11, and III were irradiated with
84-100% (median, 94.5%), 59-100% (median, 89%), and
70-100% (median, 89.5%) volumes, respectively, at >70%
of the isocenter dose for patients treated with MTIT. The
areas irradiated with MTIT at each axillary level were much
wider than those irradiated with CTIT. Breast tissue is the
only target in planning CTIT, and low control rates for the
axillary lymph node region have generally been reported

Table 2, Irradiated heart volume in left breast cancer patients

MTIT (2 = 14) CTIT (z = 11)
Heart volume
(Cms) 80% 50% 0% 80% 50% 30%
0-10 13 9 6 8 S 4
11-30 1 4 6 3 4 5
31 0 1 2 0 2 2

Abbreviations as in Table 1.
Percentages represent radiation dose.

(16-18). Goodman e al. (19) reported the Level I area was
well covered, and Aristei et al. (14) reported the Level I and
Il areas were not entirely covered by CTIT. Radiation doses
of 45-50 Gy have been reported to provide excellent control
rates for subclinical lymph node involvement (20). All
patients in this study received 50 Gy in 25 fractions of
external beamn RT. Furthermore, 70% of the isocenter dose
was 35 Gy (1.4 Gy/fraction), which appeared to be an
insufficient dose to control axillary lymph node recurrence.
However, Withers ef gl. (21) stated that the dose—response
curve for control of subclinical metastases is linear, and
local control of the axillary region can, to some extent, be
expected at doses of <45-50 Gy. Three-dimensional con-
formal RT or intensity-modulated RT is anticipated to be
able to handle this problem of underdosing. Long follow-up
is required to determine the true benefit of MTIT.,

Areas near the edges of the radiation field, especially the
dorsal areas at Levels I-IIT and the cranial areas at Levels I
and ITI, were underdosed. Lymph node failure in the supra-
clavicular region, which cannot be clearly distinguished
from the Level T cranial area, was seen in a few cases.
However, lymph node failure in the other underdosed areas
was rare. The radiation field in MTIT cannot be expanded
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for dorsal direction to achieve a sufficient field margin,
because the extended field would involve a larger lung
volume and result in greater complication rates. Careful and
accurate planning is needed at every radiation session to
reduce the risk of underdosing the marginal lymph node
areas and to minimize the lung volume invelved.

The lung volume irradiated with MTIT was small but
significantly larger than that irradiated with CTIT. Radia-
tion pneumnonitis and fibrosis have been thoroughly dis-
cussed, and reducing the lung volume irradiated must be
given the highest priority to avoid these complications (22,
23). The frequency of pneumonitis varies from 0% up to
50%. depending on the radiation technique used (24-33).
However, Lingos et al. (34) reported that the amount of
irradiated lung volume was not associated with radiation
pneumonitis within a limited range of irradiated lung vol-
umes, defined as a central lung distance <<3 cm. Lind er al.
(33) reported a central lung distance >2.5 cm to be directly
related to the incidence of lung complications and showed
that 50% of patients had pulmonary complications with
internal mammary node and supraclavicular field treatment
along with the tangential breast field. We planned both
CTIT and MTIT with a central lung distance of <<2.5 ¢m

and no symptomatic pulmonary complications had occurred
at 1 year afier treatment.

Rutqvist et al. (35, 36) reported a high dose of “Co
radiation to be associated with a high risk of cardiac com-
plications. However, when an electron beam was used for
the internal mammary node field, no complications oc-
curred. It was concluded that cardiac problems could be
avoided by the use of proper field arrangements and reduc-
ing the radiation dose. In this series, the irradiated heart
volume was negligible in right-sided breast cancer patients
and was also very small in left-sided breast cancer patients.
Cardiac toxicity would not be produced by MTIT, as re-
ported for CTIT (32, 37).

CONCLUSION

Qur results suggest that the breast tissue was sufficiently
irradiated with both CTIT and MTIT planning, that axillary
Iymph node areas irradiated by MTIT were much wider than
those irradiated by CTIT at all levels, that the lung and heart
volumes irradiated by MTIT were small, and that pulmo-
nary and cardiac toxicity may not be increased compared
with the results reported thus far.
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Abstract

We describe the displacement of the beam-axis from the planning isocenter in clinical situations during three-dimensional conformal
radiosurgery using an Acculeaf bi-directional micro-multileaf collimator. The displacements were recorded for 64 ports using a video
imaging system and a stereotactic arc. The mean displacement was 0.41 * 0,25 mm,
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1. Introduction

Recently, micro-multileaf collimators (MMLC}) have
been used for radiosurgery or precise three-dimensional
(3D) conformal radiotherapy [2.4.5.8.9]. Nevertheless, the
majority of medical linear accelerators (linacs) currently in
operation are not designed to be used with heavy auxiliary
MMLC hardwares. Moreover, as a result of the patient’s head
and the couch interfering with placement of the film,
verification of each actual treatment port is very difficult or
practically impossible to carmry out during 3D-conformal
radiotherapy or radiosurgery. Most of the previously
reported measurements were not carried out during treat-
ment, but instead, were taken in phantom studies [3,6,7].

We report 2 method to evaluate the degree of error during
MML.C-based radiosurgery and indicate the displacement of
the beam-axis from the planning isocenter during this
procedure in clinical situations.

2. Materials and methods

A 6-MV linac (MLISMV: Mitsubishi Electric Corp.
Tokyo, Japan} was used to produce the X-ray beam. This
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machine has been used for the last 8 years for radiosurgery
in addition to daily conventional irradiation. During radio-
surgery or stereotactic radiotherapy with this linac, a
computer-controlled MMLC module (AccuLeaf: Alayna
Enterprises Corporation, Paris, France} was mounted on the
linac gantry-head. Forty-eight pairs of MMLC leaves,
driven by individual motors, are composed of two levels
with the direction of the two levels of leaves being
perpendicular to each other. The effective leaf thickness
of the inner 14 pairs is 2.6 mm, while the thickness of the
outer pairs is 5.3 mm at the isocenter [l]. The outer
dimensions of the MMLC are 540 mm in diameter and
135 mm in height with a weight of 28 kg (Fig. 1).

For the purpose of target positioning, we have been using
a small charge-coupled device (CCD) video camera
mounted in the gantry head where the source of the light
field is placed (beam’s eye monitor). Details were described
elsewhere [6). During each treatment or QA procedure, a
stereotactic arc is mounted on the base frame in such a way
that the center of the arc can be matched with the intended
target point (i.e. the planning isocenter). A target pointer,
consisting of a convex lens and a bull’s eye, can slide along
the arc with its axis perpendicular to the arc. If we observe
the bull’s eye through the lens from the video camera, the
lens forms a virtual image of the bull’s eye (virtual target’)
at the position of the arc center (planning isocenter), even
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Fig. 1. The micro-multileaf collimator (MMLC) moedule and the stereotactic are device (right). Mounted on the arc is a target pointer, consisting of a convex

lens and a bull’s eye (left).

though the actual position of the bull’s eye is far away from
the center. Since the virtual target is ‘located” at the center
of the arc, the position is stable as long as we observe the
image of the bull’s eye through the lens.

Although this mechanism was developed originally for
target positioning during circular collimator-based radio-
surgery, we integrated it using in-house software for
quantitative analysis of beam displacement. The calibration
for determining the center of the beam’s eye image was also
carried out for the measurement each time prior to treatment
of a patient. To indicate actual distances at the isocenter,
concentric circles were prepared on the bull’s eye of the
target indicator so that each circle represented displacement
in millimeters. That is, the virtual image of the concentric
circles was located at the isocenter, with the diameter of the
innermost circle being 1| mm. The distances in the beam’seye
image and actual shifts from the isocenter were compared
and verified by application of conversion software.

A tungsten ball of 4 mm diameter was used to confirm
the agreement between the beam’s eye monitor and the
irradiation field. The ball was first placed near the isocenter
of the linac using wall-mounted laser beams, It was not
necessary to position the ball precisely at the true ‘isocenter’
of the machine. Instead it was positioned at a temporarily
defined ‘isocenter’ that was eventually corrected by the
iterative procedure described below. The ball was used only
for calibration purposes for the monitor system and not used
directly for target positioning.

The tungsten ball fixed at the temporary isocenter was
observed through the beam’s eye monitor at gantry angles of
both 0 and 180° The position of the ball in both beam’s eye
images was measured on the computer screen. If both
positions were the same, the ball was considered to be at the
isocenter, or at least at an isocentric point in the plane of

gantry rotation. Alternatively, if the position of the center of
the ball was different in both images, then the midpoint was
defined as the second temporary isocenter. The third or
fourth temporary isocenter was decided by the same
procedure, until the position of the ball was stabilized.
The position of the ball at the isocenter was finally
confirmed with continuous observation of the beam’s eye
monitor during 360° rotation of the gantry.

With the above procedure, only the position of the ball in
the plane of gantry rotation was aligned with the isocenter,
Therefore, similar adjustments were carried out using the
collimator rotation mechanism of the linac gantry-head.
This calibration procedure was completed with real-time
monitoring of the beam’s eye image displayed on the
computer screen, thereby eliminating the need to leave the
treatment room to avoid X-ray exposure. This adjustment of
the isocenter could be carried out within 5 min. Finally,
after defining the ‘isocenter’, alignment of both the axis of
the X-ray beam and the beam’s eye monitor was confirmed
using X-ray film exposure of the tungsten ball. The ‘center’
of the beam’s eye image was also confimmed from the
position of the center of the tungsten ball in the image, with
the ‘center’ being used for subsequent measurements of
beam-axis displacement.

2.1. Measurement of beam-axis displacement

During the treatment, before each fixed-beam irradiation,
the position of the virtua] target was observed and recorded.
Five consecutive radiosurgery cases involving a total of 64
irradiation fields were analyzed for this study. The patients’
heads were fixed in a Leksell stereotactic frame with screws.
After the couch and gantry settings had been established for
each field of irradiation, the stereotactic arc was rotated, and
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the target indicator was moved along the arc so that the
virtual image of the bull’s eye could be seen through the
lens. The image of the beam’s eye monitor was then
recorded. For reference, images were also recorded at a
couch angle of zero, with a gantry angle of 0, £90°, and at
couch angles of —45, +45, and +90° with a gantry angle of
0. The distances from the ‘center’ of the beam’s eye image
to the position of the bull’s eye were then measured.

According to our protocol, when the error was greater
than 0.7 min, the position of the patient was corrected
with a horizontal movement of the couch. Nevertheless,
the data of the displacement that we used for further
analysis were those obtained before this correction.

The stereotactic arc with the target indicator was kept on
the frame during the treatment but not left in the radiation
field with the arc being rotated and usually kept in the most
downward position during irradiation. Less than 1 min was
required to measure the displacement for each beam.

3. Results

The displacements of the beam-axis from the center of
the arc are shown in Fig. 2. The mean displacement
(=5SD) was 041 *025 (range 0-0.99) mm for all
measurements. For 25 measurements, when the couch
angle was zero, the mean displacement was 0.16 £ 0.12
(0-0.449y mm (Fig. 2a), whereas for 39 measurements
with non-zero couch angles, the displacement was
0.56 £ 0.24 (0.14-099) mm. Among non-zero couch
angles, for absolute couch angles greater than 40° (33
measurements) and =40° (six measurements), the
displacements were 0.61 = 0.24 (0.14-085) mm and
0.32 = 0.09 (0.22-0.50) mm, respectively.

To clarify the contribution of gantry rotation to the
displacements, 25 measurements with the couch angle
position at 0° were used. The contributions of the
displacement attributable to gantry rotation were then
examined (Fig. 2b). In this subset of measurements, the
displacements were 0.09 = 0.04 (0-0.14) mm when the
gantry head was in upper positions (i.e. from ~ 50 to 50°: 13
measurements), and 0.26 £ 0.11 {0.12-0.44) mm when the
gantry head was at lateral positions (at an angle greater than
50° from the top on either side: 12 measurements). The
maximum displacement for couch angle 0 was 0.44 mm and
found at gantry angle of 114° (clockwise rotation). For six
measurements with both couch and gantry angles equal to
zero, the displacement was 0.07 = 0.06 (0-0.14) mm. The
displacements were greater than 0.7 mm in 12 of the 64.

4. Discussion
Although our positioning mechanism was developed

primarily for target positioning in radiosurgery [6], we
employed it to verify the isocentric accuracy of each beam
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Fig. 2. {a) Couch angle (absolute value) and the displacements of the beam-
axis from the planning isocenter. CW, clockwise rotation of the couch;
CCW, counter-clockwise rotxtion; Zero, couch angle of zero. (b) Ganiry
angle (absolute value) and the displacements of the beam-axis from the
planning isocenter for 25 ieasurements performed at the couch angle of
zero. CW, clockwise rotation of the gantry; CCW, counter-clockwise
rolation; Zero, gantry angle of zero.

during fixed-beam radiosurgery with an MML.C. The major
advantages of using this mechanism for verification are as
follows.

1. The verification of geometric accuracy can be obtained
even when the patient’s head is placed at the isocenter.

2. The verification is available while the gantry and couch
are in a rotated position.

3. Correction of the patient’s position can be carried out
immediately by refemring to the real-time images,
without the need for X-ray exposures.

In reality, there are many factors that affect beam-axis
deviation from the intended target. Even after positioning of
the patient’s head is completed, some degree of misalign-
ment of the planning isocenter and the beam-axis may
occeur, as a result of unintended stress to the patient’s head or
mechanical error of the machine.

Our measurements indicated more than 0.7 mm shift of
the planning isocenter from the mechanical isccenter in 12
out of 64 ports, and we corrected the displacement for each
fixed-port irradiation. These shifts were larger than values
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we obtained in our previous study [6] and also those
reported in other phantom studies [3,7]. This discrepancy
could be due to the fact that our current measurements were
carried out during treatment while using an additional
MMLC collimator. The displacements were large when the
angle of rotation of the couch was non-zero. This is possibly
as a consequence of wobbling and excursion of the couch
rotation-axis from the ‘true’ isocenter, and this deviation is
often difficult to correct once the machine has been
installed. When arc irradiations are employed for radio-
surgery or when port-by-port correction is not available, the
horizontal position of the couch should be moved and
corrected at each rotational angle to avoid the inaccuracy
caused by rotation of the couch. From our data and other
investigations, displacement of the beam-axis from the
‘isocenter” depends on the gantry rotational angle [3,7]. This
displacement can be explained by gravitational bending of
the gantry head due to its weight, and in order to minimize
this effect the range of gantry rotation shoutd be limited. We
recommend aligning the beam-axis to the mechanical
isocenter for each port, or at least at each couch rotation,
when a high degree of accuracy is required for each beam
delivery.
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