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Figure 4 Computed tomography (CT) in patient 3. (a) A tumor thrombus is present in the right branch of the portal vein (arrow)
in the portal phase CT. (b) Before treatment. The isodose curves for 20%, 40%, 60%, and 80% of the maximum dose are indi-
cated. (c) Portal phase CT 120 weeks after treatment. The portal vein is patent (arrow).

DISCUSSION

BLATION PROCEDURES, INCLUDING PEIT*"
Aand RFA,'®" produce favorable results in the treat-
ment of HCC and are associated with 0.5% or lower
mortality rates.”®* Common complications of PEIT and
RFA include abdominal bleeding, infection, abscess,
bile duct or vascular injury, hepatic failure, pulmonary
or cardiac complications, skin burning, and seeding of
malignant cells via the site of puncture.**** When HCC
is located in and near the hepatic portal vein, ablative
therapy is contraindicated by a high risk of bile duct
injury.*® Just below the diaphragmatic dome, percuta-
neous ablation is technically not easy because of diffi-
culty visualizing the lesion by ultrasound. Although less
invasive than open surgery, these procedures are associ-
ated with pain from the needle punctures.
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Figure 5 Changes in alpha fetoprotein concentrations from
baseline (pre-stereotactic radiotherapy) to 48 weeks after treat-
ment for all patients. The thick line indicates median values.
The dark area represents normal range of serum alpha feto-
protein (<20 ng/mL).

In contrast, stereotactic radiotherapy can be applied
to ambulatory patients because it is a non-invasive,
painless treatment associated with minimal acute
adverse effects for small tumors. Patients are placed on
a vacuum pillow for 1h during CT scanning for the
planning session and for 30 min during five daily
therapy sessions. There are few technical difficulties
even for tumors larger than 3 cm or located near large
vessels, at the portal site, or just below the diaphragm.

In terms of effects on the tumor, residual liver and sur-
rounding organs at risk, stereotactic radiotherapy might
have more widespread effects on the liver than other
ablation procedures. Although converging external
beams deliver a higher dose at the planning target
volume, the peripheral area of the dose concentration is
not as clearly demarcated as in other forms of ablation
therapy. The delivery of considerable doses in the adja-
cent area to the target volume may cause cytotoxic
effects, both in microscopic tumor cells and in the
normal liver surrounding the tumor. This dose delivery
may decrease the recurrence rate in the margins, the dys-
function of normal liver, or both. Radiation-induced
liver disease (RILD) may occur a few months later if the
volume irradiated is large, and this fact is a major lim-
iting factor in the dose of radiation delivered.*** Li et al.
reported results of local 3-D conformal radiotherapy
with TACE for stage III unresectable HCC, where the
mean diameter of the lesion was 8.5 cm.*® A total dose
of 50.4 Gy at 1.8 Gy per fraction was delivered to the
target tumors. Among 27 treated patients, nine devel-
oped RILD and three had treatment-related gastroin-
testinal bleeding. However, Schefter et al. conducted a
phase I study of stereotactic radiotherapy for metastatic
tumors, where the median aggregate gross tumor
volume was 18 cm?, and found that a dose of 60 Gy in
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Figure 6 Serial changes in (a) alanine aminotransferase (ALT),

(b) albumin, and (c) platelet count are shown with box plots
where the dark line is the median, the upper region of the box
represents the third quartile, and the lower portion is the first
quartile. The top and the bottom horizontal lines indicate 10%
and 90%.

3 fractions for small target volume can be administered
safely to patients.*” Although HCC is often associated
with liver cirrhosis or lower liver functions, we may rea-
sonably expect that higher tolerances to the irradiation
were available for livers with small irradiation volumes
than with large tumors.

In our study, patients who underwent stereotactic
radiotherapy were limited to those in whom ablation
therapy was contraindicated because of the location of
the tumor undemeath the diaphragmatic dome or in or
near the main portal vein. We did not encounter acute
or late radiation toxicities to the surrounding organs
at risk, such as the kidneys and gastrointestinal tract.
Although only a small part of the organs receives a high
dose when proper beam arrangement is designed,
radiosensitivity of the kidney or gastrointestinal tract
should be taken into account when performing stereo-
tactic radiotherapy in patients with HCC adjacent to
these organs.

Herfarth et al. reported multiphasic CT findings of
focal liver reaction after single-dose stereotactic radio-
therapy for liver tumors including one HCC, three
cholangiocellular carcinoma and 32 metastases.®
Schefter et al. reported changes in liver functions for
liver metastases.”” However, we know of only a few
reports that quantitatively evaluated the degree of liver
injury after hypofractionated stereotactic radiotherapy
for HCC, where very frequently hepatitis and therefore
hepatic dysfunction occur. Our observations indicate
that hepatic function remained unchanged, or was
mildly and transiently impaired after irradiation, in
most patients. No hepatic encephalopathy was
observed. In future studies, individual factors such as
pretreatment liver function and extent and doses of irra-
diation should be examined to enable further improve-
ment in the safety and effectiveness of stereotactic
radiotherapy.

Because the dose gradient around .the target volume
is steep when stereotactic radiotherapy is carried out for
relatively small target volumes, the damage to the unin-
volved liver tissue or adjacent organs depends on the
target size and position or the uninvolved liver volume.
Therefore, we did not deliver a fixed dose and fraction
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Table 2 Changes in Child-Pugh score after treatment with stereotactic radiotherapy

Patient no. Baseline 4 weeks 8 weeks

12 weeks 24 weeks 36 weeks 48 weeks
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for every patient. We modified the total dose and the
fraction size depending on the liver function and the
irradiated volume of each patient. The principal rule for
the dose and the fraction size is, for patients with liver
cirrhosis of Child-Pugh score A and the liver volume
that receives more than 20 Gy (V20) dose not exceed-
ing 20% of the liver volume, 40 Gy in 5 fractions
(80% isodose) should be administered. For other
patients, 35 Gy in 5 fractions (80% isodose) should be
administered.

In our retrospective study, the most typical schedule
of radiotherapy was 35 Gy in 5 fractions. However, we
modified the irradiated dose and the fraction number
according to the patient characteristics such as the liver
function or the adjacent organs at risk. For example, we
limited the radiation doses to 20 Gy in 5 fractions for
a patient (patient 2) who had moderate ascites. The
patient with a portal thrombus (patient 3) was treated
with a dose of 32 Gy in 8 fractions over 13 days. The
response of HCC to stereotactic radiotherapy increases
with increasing radiation dose.*™ A theoretical model
using a linear-quadratic formula predicted the biologi-
cally effective dose of our treatment schedule (35 Gy/5
fractions) as 59.5 Gy and the normalized total dose (in
2 Gy fraction equivalents) as 49.6 Gy (when the
alpha/beta ratio was set as 10). Park et al. reported a
77.1% response rate in patients treated with more than
50 Gy in conventional daily 1.8-Gy fractions.” A similar
high control rate of hepatic malignancy, particularly

metastatic, was reached with hypofractionated stereo-
tactic radiotherapy.®*5>

In this study, a relapse-free survival rate of more
than 90% was achieved, probably from a synergistic
effect of hypofractionated stereotactic radiotherapy
and TACE. A recent meta-analysis of treatments of HCC
with TACE reported local control rates of 50-60%.>*
Prolonged remissions of HCC are attainable by select-
ing appropriate treatments in appropriate patients.>
The combination of TACE and radiation therapy yields
particularly favorable results.”® Another possible expla-
nation for our remarkably high local control rate is the
short treatment duration of 5-9 days, considerably
shorter than that required for 52 Gy in 26 daily fractions
over 36 days with conventional radiotherapy. We did
not include treatment duration in the linear-quadratic
formula, which might explain these high control rates.

In conclusion, hypofractionated, stereotactic radio-
therapy was well tolerated and may be the treatment of
choice for patients presenting with small HCC.
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Summary

Organ motion and the setup errors in the stereotactic
body radiotherapy for lung tumors using stereotactic
body frame

Organ motion and the setup errors were evaluated
when we perform stereotactic body radiotherapy
(SBRT) for solitary lung tumors using stereotactic
body frame. With the use of body frame, overall respi-
ratory movements of the tumor were 1.7+1.6 mm in
left-right, 4.3+5.5mm in craniocaudal, and 3.7+£3.0
mm in anterior-posterior direction. Lower lobe tumors
moved more than the other lobe tumors. Concerning
setup errors, the amount of the 3-dimensional displace-
ment was between 0 to 8mm with an average of 3mm.
From the standard formula of Stroong and van Herlg,
the setup margins for each direction were between
3mm and 5mm. Therefore, our policy of taking PTV
margin upto 5mm in each direction was justified.
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