Acta Oncologica, 2006; 45: 838—847 Taylor & Francis

Taylor & Francis Group

ORIGINAL ARTICLE
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Abstract

The purpose was to evaluate the clinical results of stereotactic radiotherapy in primary liver tumors and hepatic metastases.
Five patients with primary liver cancer and 39 patients with 51 hepatic metastases were treated by stereotactic radiotherapy
since 1997. Twenty-eight targets were treated in a “low-dose”-group with 3 x 10 Gy (n =27) or 4 x7 Gy (n =1) prescribed
to the PTV-encl. 65%-isodose. In a “high-dose”-group patients were treated with 3 x12 —12.5 Gy (n =19; same dose
prescription) or 1 x26 Gy/PTV-enclosing 80%-isodose (n=9). Median follow-up was 15 months (2—48 months) for
primary liver cancer and 15 months (2—85 months) for hepatic metastases. While all primary liver cancers were controlled,
nine local failures (3—19 months) of 51 metastases were observed resulting in an actuarial local control rate of 92% after
12 months and 66% after 24 months and later. A borderline significant correlation between dose and local control was
observed (p =0.077): the actuarial local control rate after 12 and 24 months was 86% and 58% in the low-dose-group
versus 100% and 82% in the high-dose-group. In multivariate analysis high versus low-dose was the only significant factor
predicting local control (p =0.0089). Overall survival after 1 and 2 years was 72% and 32% for all patients and was impaired
due to systemic progression of disease. No severe acute or late toxicity exceeding RTOG/EORTC-score 2 were observed.
Stereotactic irradiation of primary liver cancer and hepatic metastases offers a locally effective treatment without significant
complications in patients, who are not amenable for surgery. Patient selection is important, because those with low risk for
systemic progression are more likely to benefit from this approach.

The liver is second only to regional lymph nodes as
a site for metastatic disease. At autopsy 25-50% of
patients dying from cancer have liver metastases [1].
For patients with diagnosed liver metastases live
expectancy without treatment is poor with about
5 months [2]. Surgical data showed that a subgroup
of patients benefits from aggressive local treatment.
Under certain circumstances - e.g. solitary liver
metastasis of colorectal cancer - surgical resection
of liver metastases can lead to 5-year survival rates of
up to 30% [2—4]. Non-surgical approaches such as
thermal ablation techniques have been developed
during the last years and these techniques have also
confirmed the efficacy of local treatment [5-7].
During the last years, the significance of whole
liver irradiation as palliative treatment has declined
due to more effective chemotherapy regimes. Only a

few centers have kept radiotherapy within treatment
protocols [8,9]. Nevertheless recent developments in
radiotherapy as three dimensional (3-D) treatment
planning, breathing-control techniques and image
guidance have introduced a potential for high preci-
sion and dose-escalated focal irradiation. The ad-
vantage of radiotherapy is the non-invasive approach
and the biological pathway of cell damage; while
surgical and thermoablative techniques have to
respect the wall of intrahepatic vessels or biliary
ducts to avoid immediate necrosis or leakage, radio-
therapy will lead to a delayed and partly selective
tumor cell necrosis.

Blomgren and Lax from Karolinska Hospital in
Stockholm, Sweden, published encouraging results
of stereotactic radiotherapy for liver tumors in
1995 and updated their results in 1998 [10]. In the
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follow-up to now only limited data have been
published on stereotactic irradiation of liver targets,
although the results seemed promising [11-14].

In Wuerzburg stereotactic body radiotherapy
(SBRT) has been performed since 1997 not only
for liver tumors but also for pulmonary, abdominal
and pelvic targets [15,16]. In this communication
the treatment results in 39 patients with 51 liver
metastases and five patients with primary liver
cancer are reported with a maximum follow-up
time of 85 months.

Materials and methods

The introduction of SBRT in our department was
based on the method described by Blomgren and
Lax [10,17,18]. The patient is immobilized in a
vacuum pillow, which is firmly attached to a stereo-
tactic body frame (SBF; ELEKTA-Instr., Stock-
holm). This allows for patient fixation and fiducial
markers in the frames’ sidewalls are used as a system
of coordinates. Because the liver continuously moves
with breathing abdominal compression for reduction
of breathing mobility was applied in all patients. For
that purpose a template is pressed into the patient
abdomen by a scaled screw, which is attached to the
SBF by a flexible arc. Using this technique the target
mobility was reduced to 5—-8 mm in superior-inferior
direction. Details of this technique and its precision
have been published previously [19,20].

Patient selection followed the ethical rules of
Helsinki and the patients’ informed consent was
mandatory. Estimated patients’ life expectancy
should be more than 6 months with liver function
test close to normal and no presence of ascites,
jaundice or impaired blood coagulation. Standard
treatment as surgical resection had to be inappropri-
ate according to a surgeon’s statement. Extrahepatic
tumor had to be controlled or treated. Hepatic
staging was performed by MRI- or multiphase
contrast-enhanced CT-scan, since 2003 a PET-
scanner was also available. Target size was no
primary exclusion criterion defined, but no more
than 50% of the total functional liver tissue should
receive more than 5 Gy and no more than 30% more
than 7 Gy in each of 3 fractions of 10-12.5 Gy.
The estimated dose to serial organs at risk as the wall
of the stomach, duodenum, small or large bowel
must not exceed a fraction dose of more than 7 Gy in
a 5 cm’ volume. Additional chemotherapy prior to
or following SBRT was allowed with a minimum
interruption of at least 6 weeks after treatment.

Breathing mobility of the target (not only surro-
gate markers such as the hepatic dome) was eval-
uated: dynamic CT scans were acquired at the target
level without table movement over a period of 6 s,
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later of 15s with one image per second. The
abdominal pressure was adjusted to achieve a max-
imum of breathing mobility of 5-8 mm. Then a
multiphase iv-contrast enhanced CT-scan was per-
formed in the arterial, portal-venous and venous
phase with a maximum slice thickness of 5 mm. The
scan covered the whole liver plus 2—5 cm cranio-
caudal (depending on the target position) to allow
eventual use of non-coplanar beams and to include
relevant organs at risk. After completion of the study

Table I. Patient-, target- and treatment-characteristics of 5
patients with primary liver cancer and 39 patients with 51 hepatic
metastases (related to targets)

Primary Tumors Metastases
n=5 n=51

Gender

Male/Female 3/2 21/30
Age (years)

Range 52-78 15-80

Median/Mean 68/66 60/59
Karnofsky-Index (prior to treatment)

Range 80 70-100

Median/Mean 80 90/92
Primary liver cancer

HCC

CCC 1
Metastases

Colorectal cancer 23

Breast cancer 11

Ovarian cancer 4

Miscellaneous (Pancreas, 13

NSCLC, Kidney, mal. (3/3/3/2/1/1)

Germ-cell-Tu, Melanoma,

GIST)
Target location

Right lobe 5 42

Central 8

Left lobe 1
Treatment volume (cm3)

Clinical Target Volume 14/516 9/355

(Min/Max)

CTV (Median/Mean) 114/163 53/83

Planning Target Volume 38/772 26/486

(Min/Max)

PTV (Median/Mean) 184/268 102/150
Fractionation

4 x7 Gy/PTV-encl. 65% 1

isodose

3 x 10 Gy/PTV-encl. 65% 3 24

isodose

3 x 12 Gy/PTV-encl. 65% 5

isodose

3 x12.5 Gy/PTV-encl. 1 13

65% isodose

1 x26 Gy/80%-isodose 1 8
Chemotherapy 0 25 (49%)

(within 6 months of Rtx)
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the patient was released from the frame. Treatment
was scheduled usually a few days later.

Target definition was performed by contouring the
CTV in the contrast-phase with the largest tumor
diameter. The CTV was assumed to be the contrast
enhancing zone plus 3 mm. The PTV was defined by
adding a security margin of 5 mm in transversal and
5—-10 mm in longitudinal direction with respect to
breathing mobility using an automated tool of the
3D-treatment planning System Helax-TMS® ver-
sions 4.01A, 4.01B, 5.1 and 6.1A (Theranostic B.V.,
Veenendaal, The Netherlands). The reference iso-
dose was to cover at least 95% of the PTV with 6 or
18 MV photons. Dose distribution was calculated
based on a pencil beam algorithm, which proved to
be reliable for intrahepatic tumors [21]. Conform-
ality was achieved by a minimum of five static or
rotational beams, occasionally supported by non-
coplanar fields. Details of dose planning and con-
formity of dose distribution have been reported
previously [20,22].

Initially dose prescription followed the practice as
published by Blomgren and Lax: the liver tumors
were irradiated with 3 x 10 Gy, normalized to the
PTV-enclosing 65%-isodose resulting in a 50%
higher maximum dose (100% =15 Gy) close to the
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isocenter. Preliminary treatment results of the first
24 targets have been reported previously in 2001
[22], they are included in this evaluation in an
updated form. Since November 2001 the dose was
increased to 3 x12.5 Gy following the same pre-
scription rules after eight local failures of 28 tar-
gets had been observed. Additionally single dose
treatment with 1 x26 Gy, normalized to the PTV-
enclosing 80%-isodose (=32.5 Gy/isocenter) was
introduced after publication of the Heidelberg re-
sults by Herfarth et al. [12]. Only small tumors with
a PTV not exceeding 50 cm® and without central
location in the liver were considered suitable for
single dose radiosurgery. Details of patient, target
and treatment characteristics are shown in Table I.
To allow for comparison of dose a biological
equivalent dose (BED) was calculated according to
the formula BED gy, =dose/fraction x fraction num-
ber (1+fraction dose/a/f}) using an alpha/beta of
10 Gy for tumor tissue despite general uncertainty,
whether the use of the LQ-model will be reliable for
such high fraction doses. The BED at the isocenter/
PTV-margin are as follows: 138/94 Gy (1 x26 Gy),
169/84 Gy (3 x12.5 Gy), 151/79 Gy (3 x12 Gy),
117/60 Gy (3 x 10 Gy) and 90/48 Gy (4 x7 Gy).
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Figure 1. CT-verification on the treatment couch using in-house software. The planning study and the verification study are matched using
the fixed stereotactic system represented by fiducials in the body frames sidewalls. The isocenter coordinate is automatically placed at the
planned position and can be moved by mouse click from the planned to the appropriate position in the verification study. The new
coordinate is shown in the bottom window. The structure set of the planning study (CTV, PTV, liver contour etc.) are related to the
isocenter coordinate and can be moved with the isocenter to the most appropriate position. Because the verification study (spatial) is just a
slice-by-slice scan the isocenter correction might be performed in a random position of the breathing cycle. Therefore a second (time) study
is performed scanning 15 s continuously at the chosen longitudinal couch position. During that time the influence of breathing mobility can
be evaluated. In the shown case no correction is necessary: in the two small reconstructions at top of the right window a sagittal and coronal
view are shown. The 15 slices are representing the 15 s breathing scan at a position marked by a radioopaque clip from a former liver
resection. The clip is not moving to the left or right nor to the anterior-posterior direction indicating no relevant breathing mobility of the

target.



Prior to irradiation the patient was re-positioned
in the SBF. CT-verification to ensure reproducible
reduction of breathing mobility and correctness of
the stereotactic coordinate relative to the target was
performed prior to each treatment fraction. Until
January 2002 this procedure had to be performed at
a CT-scanner outside of the treatment room, which
required patient transportation in the SBF. Since
February 2002 isocenter verification was performed
directly at the linac using a carbon fiber treatment
table and a mobile CT-scanner. The CT was aligned
after a isocentric 90 degree couch rotation. The
correct isocenter position in the target was evaluated
and corrected by the use of dedicated in-house
software [24] (Figure 1). Since September 2005
this procedure is performed by an integrated system
of a linac, a cone-beam CT and an evaluation
Software provided by the ELEKTA-Synergy S acce-
lerator.

Treatment was usually performed on an out
patient basis. The fractions were applied in a 2—
3 days interval (e.g. Monday — Wednesday - Friday).

Priortoirrad. 6 weeks 5 months 8 months

31 months

36 months 42 months 48 months

11 months

54 months
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The first patients received liver function tests and
prophylactic medication for fever, chills or pain,
which had been reported to occur in about 25-30%
of cases. This practice was abandoned due to
unchanged lab findings during the treatment phase
and the low intensity and spontaneous remission of
acute side effects.

Evaluation of treatment results

Five patients with medically inoperable primary liver
cancer (HCC n=4; CCC n=1) and 39 patients
with 51 hepatic metastases (CRC n =24; breast n =
11, misc. n=17) have been treated until October
2005.

Treatment results and side effects were prospec-
tively evaluated by clinical examination and CT- or
MRI-scans 6 weeks after irradiation and then fol-
lowed by further examinations every 3 months. An
example of a dose distribution and follow-up is
shown in (Figure 2). Primary endpoint was local
tumor control defined as tumor shrinkage or no tumor

22 months 26 months

19 months

15 months

84 nths

60 months

72 months

Figure 2. Dose distribution and follow-up of a 62 year old female treated for a solitary liver metastasis of ovarian cancer progressing under
second line chemotherapy. The CTV was 154 cm®, the PTV was 300 cm®. The treatment was performed by 3 x 10 Gy to the PTV-enclosing
65%-isodose. The target gets necrotic 6 weeks after irradiation (a mirror line can be seen), the liquid cyst of necrotic tumor is resorbed over
the years. After 5 months an asymptomatic fibrosis of adjacent lung tissue can be observed.
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progress (volume reduction of >25% of pre-thera-
peutic size) during follow-up. Local failure was
defined as tumor progression after therapy (increase
of volume compared to pre-therapeutic size) or re-
growth after initial shrinking. To differentiate between
tumor re-growth and radiogenic inflammation with
a contrast enhancing zone, tumor recurrence was
considered continuous mass increase during follow-
up. The morphological changes of normal liver and
target tissue after stereotactic irradiation have been
described in detail by Herfarth et al. [25]. If such a re-
growth was diagnosed on consecutive CT-scans,
the date of recurrence was determined as the first
date of a CT-abnormality. Secondary endpoints
were treatment related acute and late toxicity evalu-
ated according to the RTOG/EORT C-score, freedom
from systemic progression and overall survival.

For statistical evaluation of time-event analyses
the Kaplan-Meier method and the log-rank-test were
used. For analysis of factors with potential influence
on local tumor control (independent variable) a
multivariate analysis using a multiple regression
model was performed. Factors included were the
size of the target volume (CTV and PTV), the
magnitude of the security margin (PTV/CTV-ratio),
a chemotherapy prior or after radiotherapy, the dose
(“low-dose” as 3 x10 Gy/4 x7 Gy versus “high-
dose” as 3 x12 —12.5 Gy, 1 x26 Gy) and histology
of the primary tumor (colorectal cancer versus non-

CRC). For statistical analyses Statistica Software
(Statistica version 6.1; StatSoft) was used [26].

Results
Primary liver cancer

Median follow-up was 15 months (2—48 months,
mean 16 months). No local failure was observed.
While one patient with a HCC is alive after
48 months and another after 15 months, the other
three patients died of multifocal tumor progression in
the liver after 2, 7 and 17 months. No relevant acute
and or late side effects of irradiation were observed.

Liver metastases

Median follow-up was 15 months (2—85 months) for
all patients and 21 months (2—85 months) for sur-
viving patients. Nine local failures were observed
leading to a crude local control rate for all targets of
82%. The local failures occurred 3, 8, 9, 14, 3 x 16,
17 and 19 months after treatment, median time to
local failure was 16 months. The corresponding
actuarial local control rate was 92% after 12 months
and 66% after 24 months. While two local failures
(ovarian cancer, breast cancer) have to be considered
as marginal the other seven local failures were in-
field (kidney cancer n =1; colorectal cancer n =6
(Figure 3).

Local control of liver metastases depending on histology (n=51)
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Figure 3. Actuarial local control of liver metastases, depending on the primary tumor. After two years the local control rate of metastases of
colorectal cancer appeared to be lower compared to metastases of other primaries. The difference is statistically not significant, but

consistent with findings of other authors [30].



Eight local recurrences were seen in the low-dose
group (n =25) with a prescription dose of 3 x 10 Gy.
Of 12 CRC-patients treated in the in this low dose
group, half of them (n =6) suffered local failure. In
the high dose group (n =26) with prescription doses
of 3 x12—12.5 Gy or 1 x26 Gy only one marginal
recurrence (breast cancer) was observed. Of 11
CRC-patients included in the high-dose group, no
local failure was recorded. While actuarial local
control of the high dose group was 100% after
12 months and 82% after 24 months, the corre-
sponding local control rates for the low dose
group were 86% and 58%, respectively (p =0.077;
Figure 4).

The importance of dose for achieving local control
is supported by the results of multivariate analysis.
Multiple regression revealed dose (“low”- versus
“high”-dose) as the only significant factor for
achieving tumor control (p =0.0089). The other
factors as volume of CTV, PTV, PTV/CTV-ratio,
chemotherapy and histology (CRC versus non-
CRC) appeared to be not relevant in this setting.

Overall survival of patients was 72% after
12 months, 32% after 24 months and 22% after
36 months. Survival was compromised due to sys-
temic progression of disease. Freedom from systemic
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progression was only 35% after 12 months and
19% after 24 months and later. The Kaplan-Meier
plots of overall survival and systemic progression
of disease are shown in Figure 5. Median time to
systemic progression of disease was 8 months; med-
ian overall survival of patients was 16 months.

Toxicity

Overall toxicity was mild. Regarding early toxicity
73% of patients (n =41) were without any clinical
side effect. In 14% (n =8) mild symptoms as minor
pain, fever and chills not requiring any intervention
(grade 1) were observed. These symptoms typically
started shortly after treatment and lasted for a few
hours. In seven patients (13%) these symptoms
required treatment (grade 2) with analgetics (meta-
mizol) or stereoids (methyl-prednisolon 8 mg po tid)
for a week). Three patients with targets located in
close relation to the stomach and duodenal wall were
treated prophylactically with ranitidin 150 mg bid or
omeprazol 20 mg qd for six weeks for protection of
peptic ulcer.

No late toxicity clearly related to the irradiation
has been observed. In one patient with two sequen-
tially irradiated targets close to the liver hilum signs
of liver fibrosis, portal hypertension, ascites and

Local control of liver metastases depending on dose (n=51)

1,0 - 3
0,9
i HIL;
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0,4
0.3 e "high dose" 3x12-12.5Gy/1x26Gy (n=26)
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0 12 24 36 48 60 72 84
months

Figure 4. The first series of patients from 11/1997 to 10/2001 was irradiated by 3 x10 Gy (n =24) and in one case by 4 x7 Gy, all
prescribed to the PTV-enclosing 65%-isodose. After 8 local failures were observed in this group, the dose was increased to 3 x 12 Gy (n =5)
and 3 x12.5 Gy (n =14) using the same dose prescription. Additionally single dose treatment was introduced with 1 x 26 Gy prescribed to
the PTV-enclosing 80%-isodose. Although the difference is not significant in log-rank test so far, only one local failure was observed in the
higher dose group indicating the role of dose escalation even in the high-dose stereotactic treatment approach.
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Freedom from systemic progression and overall survival of liver
metastases (n=51)
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Figure 5. Actuarial overall survival was 72% after 12 months and 32% after 24 months. The survival rate was decreased due to systemic

progression of disease.

bleeding from esophageal varices were described
41 months and 28 months after irradiation. How-
ever, because of new metastasis in that area the
causal relation is not clear. One patient treated for a
metastasis (3 x 10 Gy, PTV 67 cm”) very close to the
thoracic wall complained of pain 4 months after
irradiation, which required analgetic medication and
potentially was due to irritation of an intercostal
nerve. Five targets were located very closely to the
vena cava inferior and about half of the vessels’
circumference received the prescription dose. No
damage of the vessel, induction of thrombi to its wall
or signs of occlusion were observed.

All patients showed changes in contrast en-
hanced CT-scans during follow-up. Usually a
hypodense area was visible encompassing the target
and corresponding approximately to the cumulative
20 Gy-isodose in fractionated treatment. This re-
action is potentially due to a form of veno-
occlusive disease in that area, but was not asso-
ciated with changes in overall liver function.
During follow-up this zone of hypodensity shrunk
continuously in all cases studied. At the superficial
margin of the target a contrast enhancing zone was
visible in most cases 3 to 6 months after treatment,
enclosing a hypodense area, which is assumed to
be tumor necrosis.

Discussion

Within this study local control of a group of patients
with intra-hepatic tumors treated by stereotactic
radiotherapy is reported. Due to the small number
of five patients treated for primary liver cancer no
firm conclusions can be drawn for this group.
Discussion concentrates on treatment results for
the 39 patients with 51 hepatic metastases. Regard-
ing published data this is the second largest collective
so far. Herfarth et al. reported the results of four
patients with primary liver cancer and 37 patients
with 56 hepatic metastases [12]. An overview of
published results is given in Table II. Experience in
stereotactic treatment of liver tumors is limited,
especially if compared to surgery and thermoablative
approaches [2-7]. Despite this fact stereotactic
radiotherapy might offer a valuable option for
selected patients, because it is the only non-invasive
treatment approach and therefore can be offered to
patients not amenable for invasive or minimal
invasive interventions.

Due to the small number of targets treated with
stereotactic radiotherapy most authors report local
control as crude data. In the presented group of
patients the crude local control rate was 82%
compared to 78%—-100% reported in the litera-
ture. A borderline significant correlation between



Table II. Published results of stereotactic irradiation of hepatic targets. (The results of the previous publication of Wulf et al. are included in the presented data in an updated form. The results

published by Blomgren et al. in 1995 [9] are included in the publication of 1998). (Abbr.: HCC/CCC: hepatocellular/cholangiocellular carcinoma; Metas: metastases; CRC: colorectal cancer).

Crude local control

Median f/u

CTV cm®

(targets/%)

(months)

(Median)

Target Dose & Fractionation

Author

20/20 (100%)

12 (mean)
(1.5-38)

3-622 (22)

3 x 10 or 2 x 15 Gy/65%-isodose

20

HCC,
CCC

Blomgren et al.

J Radiosurg 1998 [11]

Blomgren et al.

20/21 (95%)

9.6 (mean)
(1.5-28)

2-263 (24)

3 x10 to 2 x 15 Gy/65%-isodose

Metas

J Radiosurg 1998 [11]

Herfarth et al.

5.7 (1-26) 47/60 (78%)

1-132 (10)

1 x 14 to 1 x 24 Gyl/isocenter

CCC
HCC

J Clin Oncol 2001 [12]

9 (2-28) 20/24 (83%)

9-516 (50)

3 x 10 Gy/65%-isodose

56

Metas
CCC

Wulf et al.

23
=5

Metas

Strahlenther Onkol 2001 [23]

Gunvén et al.

20/24 (100%)

12-101

3 x15 Gy or 2 x 20 Gy/65%-isodose 2-8 cm

n

Metas of CRC

Hepato -Gastroenterology 2003 [14]

Schefter et al.

(?) Dose esc. trial

7 (4-19)

3-98 (18)

3 x12 Gy to 3 x20 Gy/

80-90%-isodose

22
n=2
n=51

n=

Metas

HCC

(no data on local control)
Metas: 42/51 (82%)

IJROBP 2005 [13]
Wulf et al.

15 (2-85)

9-516 (53)

4 x7 Gy, 3 x10 Gy, 3 x12-12.5 Gy/

Metas
HCC
CCC

HCC/CCC: 5/5 (100%)

65%-isodose 1 x26 Gy/80%-isodose

(presented data)
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treatment dose and local control was seen (p=
0.077): crude local control of the first 25 targets
treated by 3 x 10 Gy (n =24) or 4 x7 Gy (n =1) was
only 68% (17/25 targets). For treatment with
escalated doses of 3 x12—12.5 Gy (n=18) or 1 x
26 Gy (n =8) an excellent crude local control rate of
96% (25/26 targets) was seen. Median follow-up was
not different between these two groups and therefore
should not be responsible for the observed differ-
ence. Prescribed dose was found to be the only
significant factor for local control in multivariate
analysis. The fact that the majority of the local
recurrences in the low dose group were “in-field”
recurrences (6/8) further supports the hypothesis of
a dose response relation. For “in-field” recurrences a
geographical miss or suboptimal target definition is
less likely than for failures at the margin of the
treatment volume. Insufficient treatment dose or
decreased radiation sensitivity is therefore the most
likely explanation for these “in-field” local failures in
the low-dose group. A correlation between dose and
local control has already been described for stereo-
tactic radiotherapy of lung tumors (primary NSCLC
and metastases) [15,27—-29].

For stereotactic treatment of liver metastases a
dose dependency has also been observed by Herfarth
et al.,, who started radiosurgery with 1 x 14 Gy/
isocenter and then increased dose to 1 x26 Gy/
isocenter. Among six targets treated with doses less
than 20 Gy three local recurrences occurred.
Although the authors interpreted these failures as
“learning curve”, insufficient dose might be another
explanation [12]. In an update of their data with a
total of 70 targets and a median follow-up of
15 months Herfarth et al. not only reported late
recurrences even 4 years after irradiation, but also
found a significantly decreased local control rate in
metastases of colorectal cancer: the local control rate
after 18 months was only 45% in 35 metastases of
CRC compared to 91% in patients with other
primaries (p <0.001) [30]. Furthermore, patients
with metastases of CRC, who underwent previous
chemotherapy with oxaliplatin or CPT=11, showed a
significantly impaired local control rate (p <0.01).
While an influence of chemotherapy on local control
was not seen in our patients, the apparently reduced
control rate of metastases from colorectal cancer is
shown also in this series (however not at level of
statistical significance).

As a consequence of these findings further dose
escalation in this patient group might be discussed.
An increased PTV-dose has to be balanced against
the risk of side effects. Previous publications as well
as this communication have not reported serious
toxicity. Only Blomgren as the pioneer of stereotactic
radiotherapy in extracranial targets described serious
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side effects in five patients (4 fatal) from the early
phase of clinical implementation. Three of these
patients had preexisting, clinical manifest liver cir-
rhosis. In another patient with two simultaneously
treated subcapsular HCC (CTV 622 cm’® and
15 cm®) rapid tumor cell necrosis was associated
with fatal peritonitis 2 weeks after irradiation. One
patient developed hemorrhagic gastritis 2 weeks after
irradiation of about 30% of the ventricular wall with
2 fraction doses of 7 Gy [10]. No serious toxicity was
observed neither in patients treated later nor in the
reports of other authors. The risk for severe side
effects due to high dose treatment seems to be low, if
irradiated volume, preexisting liver disease or dose to
the wall of adjacent hollow organs are taken into
account.

Recently, Schefter et al. published the results of a
multicenter phase I dose escalation trial for stereo-
tactic radiotherapy of liver tumors in patients without
pre-existing liver disease [13]. The study was started
at a level of 3 x 12 Gy prescribed to the PTV-enclos-
ing 80—90%-isodose. The dose was increased in 2 Gy-
increments per fraction after three patients were
treated without dose limiting toxicity (DLT) or after
six patients, if one experienced a DLT. The normal
tissue dose constraints stated that at least 700 cm” of
normal liver tissue should receive a cumulative dose of
<15 Gy and the point dose to the stomach or
intestinal wall should not exceed 10 Gy/fraction.
The trial was closed after treatment of 18 patients
with a total of 24 targets at a level of 3 x 20 without
reaching DLT. Despite the fact that the targets were
comparable small (median CTV 18 cm?, 3—98 cm?)
(Table II) the trial demonstrates the potential of
further dose escalation without unacceptable toxicity.
The results for local tumor control have not been
published so far, probably due the short median
follow-up of 7 months (4—19 months).

In summary the presented data and published
results demonstrate a potential for lasting local con-
trol achieved by stereotactic treatment of intrahepatic
malignancy. The method seems to be safe concerning
both acute and late toxicity, if restrictions to normal
tissue dose and patient selection are respected. Never-
theless the most appropriate dose and fractionation
scheme has not been determined, yet. The presented
data suggest a dose-response relation with decreased
local tumor control rates, if lower doses than
3 x 12 Gy, normalized to the PTV-enclosing 65%-
isodose (18 Gy/isocenter) are prescribed.
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