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Abstract: The liver is a common site for metastatic disease for many cancers. Radiation therapy is one

means of treatment for liver metastases, especially for patients unable to undergo surgery or ineligible for

systemic chemotherapy. In particular, stereotactic body radiotherapy (SBRT) has become an important

option in the treatment of metastatic disease in the liver. SBRT delivers ablative doses of radiation in

relatively few fractions. As such, precise and clear imaging plays an important role in maximizing disease

control while minimizing normal tissue toxicity. We present a case that highlights the importance of using

multiple imaging modalities for target volume delineation in stereotactic radiation treatment of liver

metastases.
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Introduction

The liver is a common site for metastatic disease for many
cancers. Secondary liver metastases make up 95% of hepatic
malignancies. Breast, lung, and gastrointestinal malignancies
are often frequent sources of metastatic disease to the
liver (1). Often, a single liver metastasis may be the only
known focus of disease. Management of liver metastases
may include surgical resection, systemic chemotherapy,
chemoembolization, radioembolization, or external beam
radiotherapy.

For patients unable to undergo surgery, radiotherapy
offers a means of providing local disease control. Radiation
therapy for liver metastases has evolved from whole liver
radiotherapy to stereotactic body radiotherapy (SBRT),
which involves the use of ablative radiation doses in fewer
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fractions. Reports on the use of SBRT have shown favorable
rates of local disease control with few severe side effects (2).

In order to deliver SBRT safely and effectively, high-
quality imaging is important for both radiation planning
and radiation delivery. We report one case that highlights
the importance of multiple imaging modalities in the target
delineation phase of stereotactic radiation treatment of liver
metastases.

Case presentation

The patient is a 75-year-old gentleman who was diagnosed
in July 2013 with gastric adenocarcinoma after experiencing
melena. He received neoadjuvant chemotherapy with
docetaxel, 5-fluorouracil, and oxaliplatin followed by partial
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Figure 1 A comparison between PET/CT and CT imaging for the liver metastasis. The PET/CT avid area is outlined in purple. The CT

hypodense area is outlined in green. Target delineation using only PET/CT imaging or only CT imaging may have resulted in geographic

miss. PET/CT, positron emission tomography/computed tomography.

gastrectomy. He was followed with surveillance imaging
until January 2015, at which point he was found to have a
liver metastasis seen on FDG-PET imaging. The patient
underwent surgical resection of the metastasis in February
2015. Postoperative imaging confirmed no residual disease.
He received chemotherapy with paclitaxel and carboplatin.
However, the patient could not tolerate this very well, so
he was switched to ramucirumab, which he continued. In
March 2016, CT scan of his chest, abdomen, and pelvis
revealed a 1.7-cm hypodense lesion in segment 7 of the
right lobe of the liver consistent with metastatic disease. He
was determined not to be a candidate for further surgery
on his liver. He was referred to the radiation oncology
department at our institution for potential SBRT for this
lesion.

The patient was placed in a customized body mold and
underwent four-dimensional (4D) CT simulation using
a fast helical CT scanner while breathing freely. Images
were sorted based on the patient’s respiratory cycle.
An abdominal compression belt was used to decrease
respiratory/diaphragmatic motion of the liver metastasis.
As part of the patient’s radiation treatment planning, he
underwent a limited FDG-PET scan of the liver while
in the radiation treatment position with the customized
body mold. The positron emission tomography/computed
tomography (PET/CT) scan showed an area of the disease
that extended outside of the area seen on CT imaging.
Conversely, the simulation CT scan showed disease that
was not fully characterized by the PET/CT scan. This can

© Journal of Gastrointestinal Oncology. All rights reserved.

be seen in Figure 1. Information from both sets of images
was used to define the radiation target volume to maximize
the opportunity for disease control. A planning margin of
5 mm was used based on the motion of the tumor on 4D
CT imaging. The patient ultimately received 45 Gy in 5
fractions to the PTV (Figure 2) using helical tomotherapy.
Mega voltage CT imaging was obtained prior to each
treatment session to verify radiation delivery to the planning
target. Radiation therapy was delivered every other day with
minimal acute toxicity.

Discussion

Image guidance is an important component for successful
delivery of SBRT. In order to deliver ablative doses without
significant toxicity to normal tissues and structures, the
target must be outlined clearly and planning margins must
be accurate. Typically, image-guidance for SBRT for liver
disease has focused on movement of the target associated
with the patient’s respiratory/diaphragmatic cycle. These
image-guided techniques have included gated delivery of
radiotherapy (e.g., breath-hold delivery or active breathing
control) or tumor tracking (“tumor chasing”) using internal
or external fiducial markers in combination with real-time
imaging (orthogonal X-rays or fluoroscopy) (3).

However, target delineation is an important part of
image-guided radiotherapy (IGRT). Multi-modality
imaging techniques including MRI and PET/CT have been
used for SBRT of liver metastases (3,4). PET/CT imaging
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Figure 2 A comparison between PET/CT and CT imaging for the liver metastasis. The combined GTV based on both PET/CT and CT

imaging is outlined in blue. A planning margin of 5 mm was selected based on movement seen on 4D simulation CT to generate the PTV

(vellow outline). PET/CT, positron emission tomography/computed tomography.

provides biologic information on the tumor and has proved
useful for staging, surveillance, and radiation treatment
planning. However, the utility of PET/CT imaging in
management of gastric cancer is unclear (5). Gastric cancer
has low FDG avidity compared to other gastrointestinal
malignancies (6). It is not routinely recommended in the
staging of newly-diagnosed gastric cancer, although it may
provide some benefit for evaluation of regional lymph node
involvement (6,7). However, PET/CT imaging may have
some utility for gastric cancer in the setting of recurrent
disease or response to chemotherapy (8,9).

In contrast to its role in gastric cancer, PET/CT
imaging has shown to be an effective tool in the detection
of metastatic liver disease, both for colorectal and non-
colorectal malignancies (10). As a result, utilization of
PET/CT imaging may improve target delineation for liver
metastases compared to MRI (4). In addition, two planning
studies have suggested that 4D PET/CT may provide added
benefit for liver SBRT planning and target delineation
compared to non-gated PET/CT imaging (4,11).

Our case emphasizes the advantages and disadvantages of
PET/CT imaging in the target delineation and treatment
planning of SBRT for metastatic gastric cancer in the liver.
PET/CT imaging was able to identify areas of metastatic
disease not visible on CT imaging. However, it was not
able to delineate an area of disease (possibly due to mucin
production from the metastatic gastric cancer cells) that
was visible on CT imaging. Therefore, our case highlights
the importance of utilizing all available imaging modalities
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when performing SBRT for liver metastases in order to
maximize local disease control.
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