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ABSTRACT

Aims and background. Primary liver cancer is the fourth leading cause of cancer-re-
lated death worldwide and is still associated with a poor prognosis. Hepatocellular
carcinoma and cholangiocarcinoma are known to cause bone metastasis resulting in
pain, neurologic impairment and risk of fracture. Palliative radiotherapy is the treat-
ment of choice in symptomatic bone lesions and is usually performed as percuta-
neous fractionated radiotherapy.

Methods and study design. From June 1987 to December 2009, 41 patients (median
age, 64 years) with bone metastasis received radiotherapy in our department. The an-
alyzed patients were treated for 67 sites of bone lesions. We analyzed the applied frac-
tionation schedules and the preferred sites of metastasis and symptoms, evaluated
the therapeutic outcome in terms of symptomatic improvement, and described the
prognosis of these patients.

Results. Main indication for palliative radiotherapy was pain in 94% of all cases. Most
frequent radiation protocols were 10 x 3 Gy (20 patients) and 20 x 2 Gy (19 patients).
Median applied overall dose was 39 Gy (range, 4-48 Gy) and median single dose was
2.5 Gy (range, 1.8-4 Gy). The median duration of the radiotherapeutic treatment was
15 days (range, 2-24 days) and in 12 cases treatment was discontinuated. The overall
response rate to palliative radiotherapy in bone metastasis was 77%. Median overall
survival in both cholangiocarcinoma and hepatocellular carcinoma patients was 4.2
months after initiation of radiotherapy (range, 0.2-38.9).

Conclusions. Considering the poor prognosis of patients with bone metastasis in he-
patocellular carcinoma and cholangiocarcinoma, with a poor median survival of 3.7-
5.0 months according to our study and existing literature, shorter radiotherapy sched-
ules or even single-fraction irradiation can be considered.

Introduction

Patients suffering from primary liver cancer still have a poor prognosis. Liver can-
cer is the fourth leading cause of cancer-related death in the world and the second
most common cancer in Chinal. There is also an increasing incidence in western
countries, with growing oncologic relevance. It is known that hepatocellular carcino-
ma (HCC) can be accompanied by bone metastasis in approximately 3-20%, with the
incidence increasing over the past years??. In the last few years, there has been a ten-
dency towards detection of more metastasized stages in HCC, which can be partially
explained by an improvement in diagnostics and therapeutic procedures leading to
longer survival of patients with advanced cancer disease®”.

One of the main sites of tumor metastasis in HCC is the skeleton, especially the ver-
tebral bodies®. In most situations, patients are diagnosed with only one or two metas-
tases of liver tumors. The preferred treatment of symptomatic bone metastasis is ex-
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ternal beam radiotherapy. Indications for palliative ra-
diotherapy usually are pain and/or morphological in-
stability of the bone structure. It has been shown that
radiotherapy is an effective and safe treatment in os-
seous lesions from HCC®!2. The standard therapeutic
overall doses for treatment of bone metastasis are be-
tween 30 and 50 Gy BED. In case of a marked soft tissue
extension of bone metastases, higher radiation doses
might be required?.

There are considerable epidemiologic differences in
the incidence of HCC. High incidence regions are, for
example, eastern Asia, with age-adjusted rates for liver
cancer of approximately 30 per 100,000 in Japan, 50 per
100,000 in Korea and 55 per 100,000 in China, whereas
in Europe and the United States, the rate is consistently
below 10 per 100,000'%. Known risk factors for develop-
ing primary liver cancer are also different and region
specific. Whereas HCC is predominantly induced by
hepatitis B and C viruses and aflatoxins in Asia and
Africa, the main etiological factor of Caucasian HCC is
liver cirrhosis, in most cases induced by alcohol-toxic
liver disease!*. It could be shown that the outcome for
Asian patients suffering from HCC was worse than that
of Non-Asian patients in a US-based population con-
cerning 1-year survival estimates'®. Until now, existing
literature data on palliative therapy of advanced and
metastatic primary liver carcinoma consist almost com-
pletely of Asian patient collectives, thereby reflecting
the epidemiology of the disease. To date, no data are
available on the outcome of Caucasian patients treated
with radiotherapy for metastasized HCC.

With the present study, we describe the outcome of
Caucasian patients with bone metastases from primary
liver cancer including HCC, Klatskin tumors and
cholangiocarcinoma (CCC) who underwent palliative
external beam radiotherapy. We reviewed the clinical
records and analyzed patient characteristics, treatment
schedules, response to therapy and overall survival.
Since only data from Asian patient collectives are avail-
able, we present a short literature overview and analyze
differences in treatment modality and outcome.

Patients and methods

From June 1987 to December 2009, 41 patients (33
male, 8 female) with bone metastases from primary liv-
er tumors such as HCC (30 patients, 48 lesions) and CCC
(11 patients, 19 lesions) received radiotherapeutic treat-
ment in our department. The analyzed patients were
treated for 67 sites of bone lesions. The median age was
64 years (range, 36-80). Patient characteristics are sum-
marized in Table 1.

Confirmation of bone metastasis was performed radi-
ologically by computed tomography, in some cases also
by bone scintigraphy. Serum levels of alpha-fetoprotein
or a biopsy for histological study were evaluated when
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Table 1 - Patient and treatment characteristics

Characteristic

No. of patients a1
No. of lesions 67
Age, yr (median, range) 64 (36-80)
M/F (no.) 33/8
CCC(n=11)
Age, yr (median, range) 60 (40-73)
No. treated lesions 19
Male 7
Female 12
HCC (n = 30)
Age, yr (median, range) 64 (51-80)
No. treated lesions 48
Male 42
Female 6

CCC, cholangiocarcinoma; HCC, hepatocellular carcinoma.

available. Patients were followed regularly after radio-
therapy including clinical assessment, alpha-fetopro-
tein and radiological imaging. All patients were dis-
cussed in an interdisciplinary setting. Information on
follow-up with clinical data on treatment response was
available in 44 of 55 cases (80%).

The standard radiotherapy protocols included a frac-
tionation regimen of 10 x 3 Gy (20 lesions, 30%) and 20
x 2 Gy (18 lesions, 27%) (Table 2). In 49% of all treat-
ments (33/67 lesions), a hypofractionated protocol was
applied with single fractions between 2.5 and 4 Gy. In
42% of the irradiated metastases (28/67 lesions), a con-
ventional fractionation was applied. In another 6 cases,
patients first underwent a normofractionation but then
switched to a hypofractionated protocol because of a
worse performance status.

Radiotherapy was usually performed 5 days per week.
The median treatment time was 15 days. In case of ra-

Table 2 - Response to therapy and survival

Treatment response

No evaluation 12/67 (18%)
because of treatment

discontinuation

Evaluated 44/55 (80%)
Not evaluated 11/55 (34%)
Improved 34/44 reported (77 %)
Not improved 10/44 reported (23%)
Survival
CCC + HCC OS (median, range) 4.2 mo (0.2-38.9)
6-mo OS 16/41 patients (39%)
12-mo OS 6/41 patients (15%)
(dde OS (median, range) 5.0 mo (0.5-9.7)
6-mo OS 6/11 patients (46%)
12-mo OS 0/11 patients (0%)
HCC OS (median, range) 3.7 mo (0.2-38.9)
6-mo OS 10/30 patients (33%)
12-mo OS 6/30 patients (20%)

0OS, overall survival; CCC, cholangiocarcinoma; HCC, hepatocellular
carcinoma.
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diotherapy of bone metastases in the vertebrae, the tar-
get volume included the non-invaded adjacent corpora
vertebrae (cranial and caudal direction).

Overall survival was calculated from the first day of ra-
diotherapy using the Kaplan-Meier method. Statistical
testing of significance between survival rates was per-
formed using the logrank method. All calculations were
performed with SPSS 18.0 for Windows (SPSS Inc,
Chicago, III, USA).

At the time of analysis, 40 patients (88%) with 64 lesions
(85%) had died. One patient (3 lesions) was still alive at
the time of analysis. Information on clinical symptoms
was derived from patient medical records or radiological
reports. Informed consent was obtained from all patients
prior to start of radiotherapeutic treatment.

Results

Palliative indications for radiotherapy were pain (63 le-
sions, 94%), neurologic complications (9 lesions, 13%)
and instable lesion with risk of pathologic fracture (6 le-
sions, 9%) (Table 3). Isolated or additional symptomatic
spinal cord compression was seen in 9 patients (13%).
Rare reasons for radiotherapy were a paresis of the
nervus abducens in case of metastasis to the clivus and
adjuvant radiotherapy after complete excision of a bone
lesion. Twelve lesions (12/67, 18%) were excluded from
the analysis because the radiotherapy protocol was not
completed (severe deterioration of the patient’s per-
formance status). The most common site of bone metas-
tases was the vertebra (34 lesions, 51%), followed by the
pelvis (11 lesions, 16%), ribs (8 lesions, 12%), scapula (4
lesions, 6%), sternum (4 lesions, 6%), skull (3 lesions, 4%)
and long bones (3 lesions, 4%). Eleven patients received
palliative radiotherapy at multiple sites (>2), and in at
least 21 lesions, a documented large additional soft tis-
sue mass related to the bone lesion was found (Figure 1).

Table 3 - Details of radiotherapy

Radiotherapy indication
Pain 63/67 lesions (94%)
Instability 6/67 lesions (9%)
Neurological impairment 9/67 lesions (13%)

Radiotherapy
Overall dose (median, range)
Single dose (median, range)
Frequent treatment schedules

39 Gy (4-48 Gy)

2.5 Gy (1.8-4)

10 x 3 Gy, 20 lesions
20 x 2 Gy, 19 lesions
13 x 3 Gy, 2 lesions
Hypofractionation (SF 2.5, 3, 4 Gy) 33/67 lesions (49%)
Conventional fractionation (SF 2 Gy) 28/67 lesions (42%)
Normo- & hypofractionation 6/67 lesions (9%)
Re-radiotherapy 0

Treatment days (median, range) 15 (2-24 days)

Early discontinuation 12/67 treatments (18%)

SF, single fraction.

Skull m3
Long bones [mm3
Scapula
Sternum 4
Rib 8
Pelvis 11
Spine/vertebral body 4
Add. soft tissue extension 21 \

0 5 10 15 20 25 30 35 40
Number of lesions

Anatomical site

Figure 1 - Localization of lesions. Evaluated bone lesions (n = 67) and
anatomical site.

The overall response rate to palliative radiotherapy in
case of painful bone metastases was evaluated in 35 of
44 documented cases (80%), showing symptom reduc-
tion in 34/44 patients (77%) and no improvement in
10/44 (23%) (Table 2). Among these lesions, there was a
response in 11/15 (73%) cases in the group of patients
with CCC, and in HCC patients there was an improve-
ment in 23/29 cases (79%).

All patients were treated by percutaneous, fractionat-
ed radiotherapy with single fractions of 1.8-4 Gy (medi-
an dose, 2.5) and overall doses of 4-48 Gy (median dose,
39) (Table 2). In 12 cases (18%), radiotherapy had to be
withdrawn because of a deterioration of the patient’s
performance status. Our analysis included treatments
from three decades: 70% of all lesions were treated with
an overall dose of at least 30 Gy; for 9 lesions, a total
dose of a minimum 30 Gy was prescribed but could not
be administered because of treatment breaks. A total
dose of only 8 Gy (single fraction 2 Gy) was successfully
applied in only 1 case (early treatment in 1989).

Over the years, different fractionation schemes have
been used. The most frequently applied schemes were
10 x 3 Gy (14 cases) and 20 x 2 Gy (16 cases), depending
on the clinical situation and the overall performance
status of the patients. In 82% of all treatments, overall
doses of at least 30 Gy were applied. The median pre-
scribed dose was 30 Gy (range, 20-45) for CCC patients
and 36 Gy (range, 4-33) for HCC patients.

Figure 2 shows the percentage of treatment time in re-
lation to the overall survival time for 20 selected treat-
ment procedures. For approximately 30% of all treat-
ments (20/67 lesions), patients were treated for more
than 20% of their residual lifetime. In 5 cases, treatment
lasted longer than 50% of the patient’s residual lifetime.

Median overall survival in both CCC and HCC pa-
tients was 4.2 months after the start of radiotherapy,
with a range of 0-38.9 months (Table 2). Patients with
CCC showed a median overall survival of 5.0 months
(range, 0.5-9.7), whereas HCC patients had a median
overall survival of 3.7 months (range, 0.2-38.9). The
overall survival rates after 6 months and 1 year were 38%
and 13%, respectively (Figure 3). No significant differ-
ence in survival was found between the two groups (P =
0.774) according to the logrank method.
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Figure 2 - Analysis of survival. Kaplan-Meier estimate of survival for
all treated patients (n = 41).
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Figure 3 - Duration of radiotherapeutic treatment and remaining life-
time. Presentation of the 15 patients with the longest treatment du-
ration referring to the remaining lifetime. Lifetime of the individual
patient was set to 100%, treatment time was adjusted to this value.

Re-irradiation of previously irradiated lesions was not
reported in our analysis.

Discussion

Most of the patients included in the study were treat-
ed with normofractionated schedules. Fractionation
schedules have been discussed in the past, and in the
palliative setting, hypofractionated regimens are rec-
ommended in international recommendations!®17.
Even normofractionated schedules, which are rarely
used in palliative radiotherapy, were used in a relatively
high percentage of cases (42% of all treatments). This
can possibly be explained by the uncommonly large tu-

D HABERMEHL, K HAASE, S RIEKEN ET AL

mor volumes due to a high percentage of soft-tissue ex-
tensions in HCC and CCC. Such a finding surely has to
be seen as critical, because this patient group has a very
poor prognosis (median survival of 3.7-5 months, 6-
month overall survival of only 38%). The median num-
ber of treatment days was 15, which in fact means three
weeks of treatment when radiotherapy is performed five
times a week. In 20 selected patients the treatment peri-
od retrospectively exceeded 20% of their remaining life-
time, and five patients were under treatment for more
than 50% of their remaining lifetime. In the context of
the reported treatment breaks (12 lesions) and de-
creased life expectancy (only one third of patients will
survive the first 6 months after treatment), the relative-
ly long time of radiotherapeutic treatment should be
questioned.

In the study, all patients received multifractionated
schedules for bone metastasis, in most cases 10 x 3 Gy.
This is in accord with other published regimens for
bone metastases from HCC, where single-fraction
schedules are rarely applied®!>8, Improvement of pain
symptoms was reached in 72.7%'2, 83.8%'® and 99.5%?2,
whereas patients had a median survival of 5.9 months'?,
5 months!® and 7.4 months®. Nevertheless, we are able
to demonstrate comparable results in the present study;,
with pain relief in 77% after treatment and a median
overall survival of 5 months.

Prognosis of patients with metastasized primary liver
cancer is limited. The incidence of bone metastases
from HCC has increased over the past years and is in
most cases detected by pain symptoms or neurological
signs®. Generally, palliative external beam radiotherapy
is an effective and safe treatment for bone metastases
from liver tumors®1%1218_Qverall doses of 30-50 Gy giv-
en in normofractionated or hypofractionationated
schedules are sufficient for pain reduction and bone
stabilization in most cases®!>18,

Recently, He er al® detected only a borderline signifi-
cance between radiation dose and response rate, but
the analysis of more than 200 treated patients indicated
a higher response rate in the sense of complete or par-
tial remission after application of total doses of >38 Gy.
The authors also carried out a separate analysis in
which bone lesions with an additional soft tissue exten-
sion were compared to bone-only metastasis but failed
to prove a significant dose-response relationship. Even
if there was no difference in required overall radiation
dose in both groups, patients with soft-tissue extension
had a significantly higher risk for re-treatment. In our
study, we also observed a distinct number of bone le-
sions with considerable soft-tissue extensions (at least
11 patients with at least 21 additional soft-tissue exten-
sions), but we did not perform a stratification of pa-
tients according to tumor growth pattern due to the
small patient number.

Several randomized clinical trials have proven the ef-
ficacy, safety and also non-inferiority of a single-frac-
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tion radiation schedule with 1 x 8 Gy compared to a
widely accepted multifractionated schedule with regard
to pain relief'®!71920, Available guidelines therefore sug-
gest a single-fraction schedule, nevertheless taking into
account individual patient prognosis and performance
score. Patients with a bad prognosis will potentially
benefit from shorter treatment duration because of a
limited life expectancy. However, in individual cases
even in the palliative setting, survival of patients may be
longer. Today we know that the ability of physicians to
predict survival in terminally ill cancer patients is unre-
liable, and the prediction may be incorrect in a high per-
centage of cases?!. A consequence of this will be the pre-
scription of inadequate therapeutic regimens in a cer-
tain number of cases??.

The herein presented patient characteristics and re-
lated outcome are comparable to data from the litera-
ture. Reduction of pain or neurologic symptoms can be
achieved with overall radiation doses of 30-50 Gy in nor-
mo- or hypofractionated schedules. It is known that
overall survival is predominantly determined by Karnof-
sky status, intrahepatic tumor control and the presence
of cerebral or visceral metastasis. Considering the poor
prognosis of patients with bone metastasis in primary
liver cancer, with a median survival of 4.2 months ac-
cording to our study and existing literature, shorter ra-
diotherapy schedules or even single-fraction irradiation
can be considered.
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