
Abstract. Aim: The goal of this study was to identify
prognostic factors of survival in patients receiving palliative
external-beam radiotherapy (EBRT) for advanced liver cancer.
Patients and Methods: Seventeen patients irradiated for
advanced liver cancer were retrospectively evaluated. Fourteen
patients had metastatic disease, three had locally advanced
disease. Six variables were investigated for survival: age at
EBRT, time from liver cancer diagnosis to EBRT, number of
involved metastatic sites, gender, Eastern Cooperative
Oncology Group (ECOG) performance score, radiation dose.
Results: On univariate analyses, time from liver cancer
diagnosis to EBRT >12 months (p=0.040), only 0-1 metastatic
sites (p=0.003) and ECOG performance score 1-2 (p<0.001)
were positively correlated with survival. On Cox regression
analysis, the number of metastatic sites (risk ratio=4.68,
p=0.053) and ECOG performance score (risk ratio=4.68,
p=0.056) showed a strong trend for association with survival.
Conclusion: Predictors of survival were found that can
facilitate choosing the optimal treatment for individual patients
with liver cancer assigned to palliative EBRT. 

Primary liver cancer is most commonly treated with surgery,
radiofrequency ablation (RFA) or trans-arterial chemo-
embolization (TACE), whereas external-beam radiotherapy
(EBRT) plays only a minor role (1, 2). However, in cases of
locally advanced or metastatic disease, EBRT may be a
reasonable option (3, 4). Since EBRT is seldom administered
to patients with liver cancer, only few data are available.
These data suggest that many patients with advanced liver
cancer who are not suitable for surgery, RFA or TACE and

who are assigned to EBRT have a poor survival prognosis and
are considered highly palliative cases (3-5). However, a few
patients may live considerably longer. It is of importance to
identify these patients who may benefit from more intensive
treatment regimens in order to avoid under-treatment. In
addition, the detection of patients with an extraordinarily poor
survival prognosis would help prevent these patients from
receiving too much anticancer treatment, particularly when
taking into account their short remaining lifespan. This
approach would be considerably facilitated if prognostic
factors that allow estimation of a patient’s survival time were
available. Therefore, this study was conducted with the aim of
identifying predictors of survival in patients receiving EBRT
for locally or systemically advanced liver cancer.

Patients and Methods

Seventeen unselected patients irradiated for locally advanced or
metastatic liver cancer (hepatocellular carcinoma) were included in
this retrospective study. Fourteen patients were irradiated for metastatic
disease, namely spinal cord compression in eight patients, brain
metastases in four, and for painful bone metastases in two. Three
patients were irradiated locoregionally to the liver for non-resectable
locally advanced disease. A total of six clinical variables were
investigated in the entire series of 17 patients to identify their potential
impact on survival: age at the time of irradiation (<70 versus ≥70
years; median=70 years), time from liver cancer diagnosis to palliative
irradiation (≤12 versus >12 months), number of involved metastatic
sites (organs) (0-1 versus ≥2 sites), gender, Eastern Cooperative
Oncology Group (ECOG) performance score (ECOG 1-2 versus 3-4)
and total radiation dose given as equivalent dose in 2 Gy fractions
(EQD2) (<25 Gy versus >30 Gy). The investigated clinical variables
and the corresponding distributions are shown in Table I.  

For univariate analyses of survival, the Kaplan–Meier method
and the log-rank test were applied (6). Those clinical variables that
proved to be significant (p<0.05) were afterwards evaluated in a
multivariate manner with a Cox regression analysis.   

Results
On univariate analyses (Table II), time from liver cancer
diagnosis to irradiation of >12 months (p=0.040; Figure 1),
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involvement of only 0-1 metastatic sites (p=0.003; Figure 2)
and an ECOG performance score of 1-2 (p<0.001; Figure 3)
were significantly correlated with a better survival. On Cox
regression analysis, 0-1 involved metastatic sites (risk
ratio=4.68, 95% confidence interval=0.98-37.37; p=0.053)
and an ECOG performance score of 1-2 (risk ratio=4.68,
95% confidence interval=0.97-39.34; p=0.056) showed a
strong trend for association. The time from liver cancer
diagnosis to irradiation of >12 months was not significant
(risk ratio=2.44, 95% confidence interval=0.24-29.41;
p=0.44) on Cox regression analysis. 

The 6-month survival rate of the five patients with two
favorable prognostic factors, i.e. 0-1 involved metastatic sites
and an ECOG performance score of 1-2, was 100%. In
contrast, all patients with two unfavorable prognostic factors,
i.e. ≥2 metastatic sites and an ECOG performance score of
3-4, died within 5 months following EBRT; the 3-month
survival rates was 12.5%. The 3- and 6-month survival rates
of the four patients with one favorable and one unfavorable
prognostic factor were 50% and 25%, respectively.   

Discussion

The number of patients with liver cancer is constantly
increasing and, therefore, these patients are increasingly
becoming the focus of anticancer research (7-11). Most
patients presenting with locally or systemically advanced

primary liver cancer have a poor prognosis, particularly
patients with metastatic disease (3-5). Palliative EBRT can
be a reasonable option in order to achieve relief of
debilitating symptoms or to avoid potential complications (3-
5). If EBRT is indicated, physicians can choose from several
dose-fractionation regimens including single-fraction
programs, multi-fraction programs with short overall
treatment times of one week or less and multi-fraction
programs lasting up to several weeks. The optimal palliative
treatment always requires consideration of individual patient-
related factors including the patient’s preferences, and social
and economic situations, as well as their remaining lifespan.
For patients from studies including different cancer types
who were irradiated for metastatic disease such as malignant
spinal cord compression and brain metastases, it has been
reported that those patients with a short expected survival
time generally should receive a short EBRT program,
whereas potential long-term survivors could benefit from
more protracted EBRT regimens in terms of more favorable
treatment outcomes and less late morbidity (12-16).
Therefore, particularly to avoid over- or under-treatment of
patients requiring palliative EBRT, a patient’s survival
prognosis should be included in the process of decision-
making regarding their optimal treatment. This also applies
to patients assigned to palliative EBRT for locally or
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Table I. Investigated variables and their distributions. 

                                                                Number of          Proportion
                                                                   patients                   (%)

Age 
    <70 years                                                    8                         47
    ≥70 years                                                     9                         53
Time from liver cancer 
diagnosis to irradiation
    ≤12 Months                                               13                         76
    >12 Months                                                 4                         24
Number of metastatic sites
    0-1                                                               6                         35
    ≥2                                                              11                         65
Gender
    Female                                                         2                         12
    Male                                                          15                         88
ECOG performance score
    1-2                                                               8                         47
    3-4                                                               9                         53
Total radiation dose (EQD2)
    <25 Gy                                                        8                         47
    >30 Gy                                                        9                         53

ECOG: Eastern Cooperative Oncology Group, EQD2: equivalent dose
in 2 Gy fractions.

Table II. Univariate analysis of survival. 

                                                               Survival (%) at     

                                                  3 Months  6 Months 12 Months  p-Value

Age 
   <70 Years                                      50             38              19             
   ≥70 Years                                      44             33              33           0.81
Time from liver cancer 
diagnosis to irradiation
   ≤12 Months                                  31             15              15             
   >12 Months                                  47             35              28           0.040
Number of metastatic sites
   0-1                                                 83             83              63             
   ≥2                                                  27               9                9           0.003
Gender
   Female                                          50             50              50             
   Male                                              47             33              25           0.92
ECOG performance score
   1-2                                                 88             75              60             
   3-4                                                 11               0                0         <0.001
Total radiation dose (EQD2)
   <25 Gy                                         25             25              25             
   >30 Gy                                         67             44              33           0.36
Entire cohort                                    47             35              28             

ECOG: Eastern Cooperative Oncology Group, EQD2: equivalent dose
in 2 Gy fractions. Bold values represent significant p-values.



systemically advanced liver cancer (3-5). Therefore, this
study aimed to identify prognostic factors of survival in these
patients in order to improve the individualization of their
treatment. Two predictors were identified that were
significantly associated with survival on univariate analysis
and were of borderline significance for association with
survival on Cox regression analysis, namely the number of
involved metastatic sites and the ECOG performance score.

Patients in whom both these prognostic factors were
unfavorable had a 3-month survival rate of only 12.5% and a
6-month survival rate of 0%. Therefore, these patients can be
considered good candidates for EBRT with a short overall
treatment time (13, 15-18). Depending on the patient’s
symptoms, even best supportive care may be reasonable.
Patients with one favorable and one unfavorable prognostic
factor had a 3-month survival rate of 50% and a 6-month
survival rate of 25%, respectively. According to previous
studies in patients irradiated for cancer metastases, the
patients of this intermediate prognostic group appear
appropriately treated with longer-course multi-fraction EBRT,
for example with 30 Gy given in 10 fractions over 2 weeks
(12-18). Finally, for those patients of the present study who
had a favorable number of metastatic sites and a favorable
ECOG performance score, the 3-month and 6-month survival
rates were 100% and the 12-month survival rate was 75%.
Taking into account this favorable prognosis, these patients
would likely benefit from longer-course EBRT with higher
total doses and lower doses per fraction. Higher total doses
were reported to result in improved local control and survival
in patients irradiated for malignant spinal cord compression
or brain metastases (12, 14, 17, 18). Furthermore, lower doses
per fraction were reported to result in less EBRT-related late
morbidity, which becomes more important in long-term

survivors (19). When following these recommendations, one
should keep in mind the retrospective nature of the data used
for this study and the relatively small patient cohort.
However, since patients receiving palliative EBRT for locally
advanced or metastatic liver cancer are relatively rare, a
larger prospective study will not be likely soon.  

In conclusion, two clinical factors predictive of survival
in patients treated with palliative EBRT for locally advanced
or metastatic liver cancer were identified. These factors were
the number of involved metastatic sites and the ECOG
performance score. Given the limitations of this study,
recommendations for an individualized treatment approach
could be made for such patients based on these two factors 
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Figure 1. Impact of the time from liver cancer diagnosis to irradiation
(≤12 vs. >12 months) on survival (univariate analysis). 

Figure 2. Impact of the number of involved metastatic sites (0-1 vs. ≥2
sites) on survival (univariate analysis).  

Figure 3. Impact of the Eastern Cooperative Oncology Group (ECOG)
performance score (ECOG 1-2 vs. 3-4) on survival (univariate
analysis).   
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