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Purpose: To determine the prognostic and predictive value of liver volume in colorectal cancer patients with unresectable liver

metastases.

Materials and Methods: Sixteen patients received whole liver radiotherapy (WLRT) between January 1997 and June 2013. A

total dose of 21 Gy was delivered in 7 fractions.

Results: The median survival time after WLRT was 9 weeks. In univariate analysis, performance status, serum albumin and total
bilirubin level, liver volume and extrahepatic metastases were associated with survival. The mean liver volume was significantly
different between subgroups with and without pain relief (3,097 and 4,739 mL, respectively; p = 0.002).

Conclusion: A larger liver volume is a poor prognostic factor for survival and also a negative predictive factor for response to
WLRT. If patients who are referred for WLRT have large liver volume, they should be informed of the poor prognosis and should be

closely observed during and after WLRT.
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Introduction

Colorectal cancer is the third most common cancer in Korea
[1]. The liver is the most common site for metastases from
colorectal cancer and approximately 50% of patients develop
liver metastases during the course of disease [2]. Among
patients with liver metastasis of colorectal cancer, only 25%
to 30% of patients are eligible for liver resection and the
5-year survival rate is approximately 25% to 58% [3]. Patients
with unresectable liver metastases are usually treated with
multi-agent chemotherapy including various combinations of
5-fluorouracil, irinotecan, oxaliplatin, bevacizumab, cetuximab

or panitumumab [4-7].

Whole liver radiotherapy (WLRT) is useful for palliation
of symptomatic liver metastases, which are refractory to
systemic treatment. In a retrospective study conducted in the
late 1970s, WLRT of 24 Gy in 8 fractions was administered
for symptomatic liver metastases and 90% of patients had
significant symptom palliation [8]. The Radiation Therapy
Oncology Group (RTOG) conducted a prospective study
comparing several dose schemes for WLRT including 30 Gy
in 15 fractions, 25.6 Gy in 16 fractions, 20 Gy in 10 fractions,
and 21 Gy in 7 fractions. The overall median survival was 11
weeks. Symptomatic palliation was achieved in 19% to 55%

Received 13 May 2014, Revised 5 June 2014, Accepted 13 June 2014.
Correspondence: Hee Chul Park, MD, Department of Radiation Oncology, Samsung Medical Center, Sungkyunkwan
University School of Medicine, 81 Irwon-ro, Gangnam-gu, Seoul 135-710, Korea. Tel: +82-2-3410-2613, Fax: +82-2-3410-2619,

Email: rophc@skku.edu

(© This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Www.e-roj.org

Copyright © 2014. The Korean Society for Radiation Oncology

77



Jun Su Park, et al

of cases, and liver function and performance also improved
in 40% and 25% of cases, respectively. There were no reports
of radiation-induced liver injury [9]. In another study by RTOG
comparing 27, 30, and 33 Gy with 1.5 Gy per fraction delivered
twice daily, radiation-induced liver injury occurred in 109% of
patients who received 33 Gy and 0% who received 27 and 30
Gy [10]. Similar results were obtained in a recent study using
computed tomography (CT)-based three-dimensional planning.
The median dose was 21 Gy in 7 fractions. Four of 10 patients
who had improvement in liver function after WLRT received
further chemotherapy and showed better survival, with a mean
survival time of 143 days [11].

However, medical oncologists are concerned about radiation-
induced liver injury and tend to defer WLRT. As a result, some
patients are referred for WLRT with deteriorated liver function
and poor performance status. These patients tend to have
poor prognosis. Therefore, we retrospectively investigated our
results of WLRT in colorectal cancer patients with unresectable
liver metastases, and analyzed the prognostic and predictive
factors.

Materials and Methods

1. Patients

Between January 1997 and June 2013, a total of 16 colorectal
patients with unresectable liver metastases received WLRT.
The liver metastases were present with multiple tumor foci
(Fig. 1). We retrospectively reviewed the medical records and
radiographic examinations. Patients were referred for WLRT
when they were refractory to multi-agent chemotherapy and
had intractable abdominal pain or hepatic dysfunction that
precludes further chemotherapy.

2. Treatment

All patients underwent CT simulation and received three-
dimensional conformal radiotherapy. The clinical target volume
included the entire liver. Radiotherapy was performed with 10
to 15 MV X-ray. The field was matched to the tangential fields
or two opposite anterioposterior fields. A total dose of 21 Gy
was delivered in 7 fractions. Considering the liver movement
during respiration, nine patients received radiotherapy under
respiratory control using the Real-time Position Management
system (Varian Medical Systems, Palo Alto, CA, USA) and the
others received radiotherapy with a generous margin in the
craniocaudal direction.
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3. Evaluation of liver function

Liver function was closely monitored during and after WBLT.
A follow-up liver function test was performed 1 month after
WLRT. If the patient expired or was lost to follow-up within 1
month after WLRT, we used their last liver function test.

4. Statistical analysis

Overall survival time was calculated from the initiation of
radiotherapy until death. Overall survival rate was estimated
using the Kaplan-Meier method. The log-rank test and Cox
proportional hazard model were used to determine whether
any characteristics were related to survival. Fisher exact test
and independent samples t-test were used to determine
differences in the characteristic profiles between the groups
with and without pain relief. Statistical analysis was performed
using SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA).

Results

1. Patient characteristics

The median age was 59 years (range, 41 to 75 years). Except
in one case, all patients had liver metastasis at the time of
initial diagnosis of colorectal cancer. Extrahepatic metastases
were present in 12 patients (75.0%). Primary tumor resection
was performed in 10 patients (62.5%) (Table 1). The time
interval from diagnosis of colorectal cancer to initiation of
WLRT ranged from 1 to 43 months (median, 20.5 months).
Before WLRT, a median of 25 cycles (range, 1 to 41 cycles)

Fig. 1. Contrast-enhanced computed tomography scan of
multiple liver metastases.
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Table 1. Patients' characteristics

Characteristic Value

Age (yr) 59 (41-75)
Sex

Male 12 (75.0)

Female 4 (25.0)
ECOG performance status

0-1 7 (43.8)

2-4 9 (56.2)
Primary tumor location

Colon 2(12.5)

Rectosigmoid 14 (87.5)
Primary tumor resection

Yes 10 (62.5)

No 6(37.5)
Extrahepatic metastases

Yes 12 (75.0)

No 4(25.0)
CEA (ng/mL) 774.36 (23.61-1,000.00)

Values are presented as median (range) or number (9%).
ECOG, Eastern Cooperative Oncology Group; CEA, carcinoembry-
onic antigen.

of chemotherapy were given, using various combinations of
5-fluorouracil, leucovorin, capecitabine, irinotecan, oxaliplatin,
thymidylate synthase 1 (TS-1), simvastatin, bevacizumab, and
cetuximab.

Mean liver volume and gross tumor volume, which was
contoured and measured by two radiation oncologists using
Pinnacle ver. 9.2 (Philips Medical Systems, Eindhoven, the
Netherlands), were 3,855 mL (range, 1,797 to 5,448 ml) and
2,343 mL (range, 667 to 4,221 mL), respectively.

2. Treatment results

Treatment results are summarized in Table 2. Twelve patients
(75.0%) completed radiotherapy. The status of the other four
patients (25.0%) worsened after initiation of WLRT, and these
patients refused to continue treatment and were referred to
supportive care.

Before WLRT, the total number of patients who had an elevated
serum aspartate transaminase (AST), alanine transaminase (ALT),
alkaline phosphatase (ALP), and total bilirubin (TB) was 15, 6,
16, and 11, respectively. The total number of patients who had
improvements in serum AST, ALT, ALP, and TB by more than
10% was 11, 4, 10, and 3, respectively. Only one patient received
further chemotherapy after completion of WLRT and lived 42
weeks.

http://dx.doi.org/10.3857/r0j.2014.32.2.77
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3. Survival and prognostic factors

Median survival was 9 weeks. In univariate analysis, per-
formance status, serum albumin and TB level, liver volume
and extrahepatic metastases were associated with survival.
Other factors including sex, age, location of primary tumor,
and primary tumor resection were not associated with survival
(Table 3).

4. Predictive factors for pain relief

Among 14 patients presenting with abdominal pain before
WLRT, 10 patients completed radiotherapy and seven patients
reported pain relief. Thirteen patients who were available
for assessment of pain before and after WLRT were divided
into two subgroups according to the pain response. The
characteristics of the two groups were compared in Table
4. There were significant differences in performance status
(p = 0.021), mean liver volume (p = 0.002), and mean gross
tumor volume (p = 0.008). The other characteristics were not
associated with pain response.

Discussion and Conclusion

We compared our study with a recent study conducted
by Yeo et al. [11]. The previous study included 10 patients
with replacement of over three-quarters of normal liver
by metastatic tumors and Child-Pugh classification B or
C. The serum levels of AST, ALP, and TB were higher in the
previous study (median of 118 IU/L, 583 IU/L, and 6.5 mg/dL,
respectively) than in our study (median of 94 IU/L, 364 IU/L,
and 2.6 mg/dL, respectively). Liver volume was not reported in
the previous study. A total dose of 21-30 Gy in 7-10 fractions
was delivered. In spite of better liver function, our treatment
results were not sufficiently good in comparison to those of
the previous study. The median survival time was 88 days in
the previous study and 9 weeks (63 days) in our study. Relief
from abdominal pain occurred in all patients in the previous
study and in 70% of patients in our study. In the previous
study four patients who had received further chemotherapy
after WLRT showed better survival, while only one patient (no.
16) with 1,797 mL liver volume in our study received further
chemotherapy and showed better survival. Because there were
few differences in radiation technique, we deduced that the
differences in treatment results were associated with variation
in patient characteristics.

Numerous studies have confirmed various prognostic
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Table 3. Univariate analysis of prognostic factors

Factor No. of Median p-value
patients  survival (wk)
Age (yr) 0.671
<60 10 9
>60 6 3
Performance status 0.001
0-1 7 27
2-4 9 4
Primary tumor location 0.125
Colon 2 3
Rectosigmoid 14 12
Serum albumin (g/dL) 0.003
<3.5 M 4
>3.5 5 27
Serum total bilirubin (mg/dL) 0.036
<3 10 20
>3 6 3
Liver volume (continuous)” - - 0.008
Primary tumor resection 0.5M
Yes 10 9
No 6 4
Extrahepatic metastases 0.052
Yes 12 4
No 4 42

“Cox proportional hazard model was used.

Prognostic and predictive factor in WLRT

factors in colorectal cancer patients with unresectable
liver metastases. According to a systematic review of 14
retrospective studies involving 3,209 patients, performance
status, volume of liver metastases, nodal stage, bowel resection
margins, and chemotherapy are consistently related to overall
survival [12]. The Eastern Cooperative Oncology Group (ECOG)
performance status of 0-1 was significantly associated with
better survival compared to a status of 2 or more [13,14].
Patients with metastatic mass replacing more than 50% of
the entire liver had poor survival [13,15]. A negative bowel
resection margin and chemotherapy were related to better
survival [16,17]. Results regarding age, American Society of
Anesthesiologists score, carcinoembryonic antigen, primary
tumor location, tumor size and differentiation, peritoneal
dissemination, and extrahepatic metastases were inconsistent.
In our study, ECOG performance status, serum albumin and TB
level, extrahepatic metastases and liver volume had significant
associations with survival in univariate analysis. Although the
number of patients was too small to perform multivariate
analysis, our results are similar to those of previous studies.
We analyzed liver volume as a continuous value and identified
a negative correlation between survival time and liver volume
(Fig. 2). To explain this negative correlation, two radiation
oncologists contoured the gross tumor volume of multiple

Table 4. Differences in characteristics between subgroups according to pain response

Relief of abdominal pain

Characteristic p-value
Yes No
Age (yr) 0.592
<60 5 3
>60 2 3
Performance status 0.021
0-1 5 0
2-3 2 6
Primary tumor location 0.192
Colon 0 2
Rectosigmoid 7 4
Serum albumin (g/dL) 0.192
<35 4 6
>3.5 3 0
Serum total bilirubin (mg/dL) 0.286
<3 5 2
>3 2 4
Extrahepatic metastases 0.070
No 4 0
Yes 3 6
Mean gross tumor volume (continuous) (mL) 1,724 3,150 0.008
Mean liver volume (continuous) (mL) 3,097 4,739 0.002
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Fig. 2. Correlation between liver volume and survival: five
patients were lost to follow-up (black dot).

liver metastases on contrast-enhanced CT images. There was
a strong positive correlation between gross tumor volume
and liver volume (R® = 0.888; p < 0.005) (Fig. 3). These results
suggest that a larger liver volume is indicative of higher tumor
burden, and is directly related to survival.

Interestingly, liver volume was correlated not only with
survival, but also pain response. Mean liver volume was
significantly different between the two subgroups (3,097 and
4,739 mL, respectively; p = 0.002). We presume that the more
the liver capsule distends, the less pain is relieved, because
visceral pain arises from stretching or irritation of the liver
capsule, not from liver parenchyma.

There was a discrepancy in liver toxicity between our study
and previous studies. In the literature, a total dose of less than
30 Gy can be delivered safely [10]. However, in our study, eight
patients had a more than 10% increase in serum bilirubin after
WLRT. This is not consistent with classic radiation-induced liver
disease (RILD), a clinical syndrome that manifests with fatigue,
anicteric ascites and elevation in ALP out of proportion to
other liver enzymes 2 to 4 months after radiation therapy of
liver [18]. This acute liver toxicity can be explained by the fact
that our patients received a median of 25 cycles (range, 1 to 41
cycles) of chemotherapy before WLRT. There have been reports
on combined-modality induced liver disease (CMILD) after
allogenic bone marrow transplantation including aggressive
conditioning chemotherapy and total body irradiation [19]. In
contrast to classic RILD, the onset of CMILD occurs early within
1 to 2 weeks after radiotherapy, with a significant elevation of
bilirubin. This correlates well with acute deterioration of liver
function observed in our study.

Our study sheds light on the negative correlation of liver
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Fig. 3. Correlation between liver volume and gross tumor volume.

volume with survival and pain relief. However, we could
not suggest a cutoff value to predict who can be safely and
effectively treated because of the small number of patients.
Further studies are needed to validate our results and define
an optimal liver volume for WLRT.

In conclusion, patients with poor performance status,
abnormal serum albumin and TB level, larger liver volume
and extrahepatic metastases have a poor prognosis. Also
patients with larger liver volume had a poor response to WLRT
and were at risk of CMILD. Clinicians who treat colorectal
cancer patients with unresectable liver metastases should be
concerned with WLRT as an effective palliative treatment and
should be cautious if patients have a large liver volume.

Conflict of Interest

No potential conflict of interest relevant to this article was
reported.

Acknowledgments

This research was supported by the Basic Science Research
Program through the National Research Foundation of
Korean (NRF) funded by the Ministry of Education, Science
and Technology (No. NRF-2012R1A1A2042414). This study
was supported by a Samsung Medical Center grant (No.
GF01130081).

References

1. Jung KW, Won YJ, Kong HJ, Oh CM, Seo HG, Lee JS. Cancer
statistics in Korea: incidence, mortality, survival and prevalence

http://dx.doi.org/10.3857/r0j.2014.32.2.77



ROJ Radiation Oncology Journal

in 2010. Cancer Res Treat 2013:45:1-14.

. Faivre J, Manfredi S, Bouvier AM. Epidemiology of colorectal

cancer liver metastases. Bull Acad Natl Med 2003;187:815-22.

. Choti MA, Sitzmann JV, Tiburi MF, et al. Trends in long-

term survival following liver resection for hepatic colorectal
metastases. Ann Surg 2002;235:759-66.

. Giacchetti S, Perpoint B, Zidani R, et al. Phase Il multicenter

randomized trial of oxaliplatin added to chronomodulated
fluorouracil-leucovorin as first-line treatment of metastatic
colorectal cancer. J Clin Oncol. 2000;18:136-47.

. Saltz LB, Cox JV, Blanke C, et al. Irinotecan plus fluorouracil

and leucovorin for metastatic colorectal cancer. Irinotecan
Study Group. N Engl J Med 2000;343:905-14.

. Hurwitz H, Fehrenbacher L, Novotny W, et al. Bevacizumab

plus irinotecan, fluorouracil, and leucovorin for metastatic
colorectal cancer. N Engl J Med 2004;350:2335-42.

. Van Cutsem E, Kohne CH, Hitre E, et al. Cetuximab and

chemotherapy as initial treatment for metastatic colorectal
cancer. N Engl J Med 2009;360:1408-17.

. Sherman DM, Weichselbaum R, Order SE, Cloud L, Trey C, Piro

AJ. Palliation of hepatic metastasis. Cancer 1978;41:2013-7.

. Borgelt BB, Gelber R, Brady LW, Griffin T, Hendrickson FR.

The palliation of hepatic metastases: results of the Radiation
Therapy Oncology Group pilot study. Int J Radiat Oncol Biol
Phys 1981,7:587-91.

. Russell AH, Clyde C, Wasserman TH, Turner SS, Rotman M.

Accelerated hyperfractionated hepatic irradiation in the
management of patients with liver metastases: results of the
RTOG dose escalating protocol. Int J Radiat Oncol Biol Phys
1993;27:117-23.

. Yeo SG, Kim DY, Kim TH, Kim SY, Hong YS, Jung KH. Whole-

liver radiotherapy for end-stage colorectal cancer patients
with massive liver metastases and advanced hepatic

http://dx.doi.org/10.3857/r0j.2014.32.2.77

12.

13.

Prognostic and predictive factor in WLRT

dysfunction. Radiat Oncol 2010;5:97.

Stillwell AP, Ho YH, Veitch C. Systematic review of prognostic
factors related to overall survival in patients with stage IV
colorectal cancer and unresectable metastases. World J Surg
2011;35:684-92.

Galizia G, Lieto E, Orditura M, et al. First-line chemotherapy vs
bowel tumor resection plus chemotherapy for patients with
unresectable synchronous colorectal hepatic metastases. Arch
Surg 2008;143:352-8.

14. Tebbutt NC, Norman AR, Cunningham D, et al. Intestinal

15.

16.

17.

18.

19.

complications after chemotherapy for patients with unresected
primary colorectal cancer and synchronous metastases. Gut
2003;52:568-73.

Kleespies A, Fuessl KE, Seeliger H, et al. Determinants of
morbidity and survival after elective non-curative resection of
stage IV colon and rectal cancer. Int J Colorectal Dis 2009;24:
1097-109.

Yun HR, Lee WY, Lee WS, Cho YB, Yun SH, Chun HK. The prognostic
factors of stage IV colorectal cancer and assessment of proper
treatment according to the patient's status. Int J Colorectal Dis
2007;22:1301-10.

Chafai N, Chan CL, Bokey EL, Dent OF, Sinclair G, Chapuis PH.
What factors influence survival in patients with unresected
synchronous liver metastases after resection of colorectal
cancer? Colorectal Dis 2005;7:176-81.

Cheng JC, Wu JK, Huang CM, et al. Radiation-induced liver
disease after radiotherapy for hepatocellular carcinoma: clinical
manifestation and dosimetric description. Radiother Oncol
2002;63:41-5.

Piedbois P, Ganem G, Cordonnier C, et al. Interstitial pneumonitis
and venocclusive disease of the liver after bone marrow
transplantation. Radiother Oncol 1990;18 Suppl 1:125-7.

www.e-roj.org 83



