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Abstract
Aim: To test the efficacy and safety of liver stereotactic body radiation therapy (SBRT) in patients who harbor
adverse factors.

Methods: We retrospectively evaluated the outcomes of liver SBRT in a single cancer center. We invented criteria
consisting of two physical factors and two tumor factors to measure the treatment difficulty in each case. The
clinical outcomes and toxicity were evaluated by stratification of the harboring factors.

Results: A total of 24 (23 hepatocellular carcinoma and 1 intrahepatic cholangiocarcinoma) patients were eligible
for this study, with a median follow-up duration of 18 months. Of all eligible patients, 21 patients (88%) had
one or more factors. The local control, progression-free survival, and overall survival rates for all patients at
2 years were 89%, 42%, and 76% respectively. In the patients with physical and tumor adverse factors, local
control/progression-free survival/overall survival rates at 2 years were 100%,/42%,/69% and 80%/23%,/78%,
respectively. The subgroup of 11 patients with 2 or more factors showed comparable local control rate at 2 years
to the subgroup of 13 patients with O to 1 factors (100% vs. 86%, P = 0.59). One patient (4.2%) experienced a
decline in the Child-Pugh score by 2 points at 3 months after the treatment. Grade 2 to 3 gastrointestinal toxicity
was observed in three patients.

Conclusion: SBRT showed a high local control rate with acceptable toxicity for the group of liver cancer patients
harboring both physical and tumor adverse factors as long as conducted following patient selection and dose
constraints that were used in this study.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common malignant diseases in the world and the
fourth most common cause of cancer death in ]apanm]. Treatment of HCC consists of surgical resection,
radiofrequency ablation, transarterial chemoembolization, and use of systemic anticancer agents™"
Moreover, the use of stereotactic body radiation therapy (SBRT), a nonsurgical local treatment, has rapidly
increased in the past decade owing to its ability to deliver a precise radiation dose with modern radiation
oncology devices and techniques'”. Referring to the eligibility criteria for prospective liver SBRT trials, the
ideal candidate for the treatment is considered to: (1) be in fair general condition; (2) have adequate liver
function [Child-Pugh (CP) score 5 to 6]; and (3) a tumor size, number, and location that are amenable to
dose constraints for organs at risk (OAR) in treatment planning*. However, patients with liver tumors
who are referred to SBRT are usually unsuitable for surgery or other local therapies due to comorbidity
and impaired liver function. In addition, in daily practice, a considerable proportion of tumors are unfit
for typical SBRT planning due to the radiation therapy planning dose constraint. Both physical factors and
tumor factors affect the decision of treatment choice. The more patient factors that do not meet clinical
trial criteria, the higher tendency to select non-localized treatment or conservative options instead of liver
SBRT in clinical practice. To the best of our knowledge, no study has directly tested the impact of those
composite adverse factors in liver SBRT. Therefore, this study aimed to evaluate the efficacy and feasibility
of liver SBRT for cases with originally defined adverse factors.

METHODS

Patient data

We planned a retrospective study of patients with liver tumors who were treated by liver SBRT at the
Tokyo Metropolitan Cancer and Infectious Diseases Center, Komagome Hospital between 2014 and 2019.
The institutional patient database was used to screen patients. The eligibility criteria were as follows: (1)
diagnosis of primary liver malignancy; (2) first liver SBRT (subsequent SBRT episodes were excluded); and
(3) definitive treatment (not palliative intent). Patient characteristics, laboratory testing, imaging findings,
and SBRT parameters were extracted from the medical records, and the comorbidities of the patients were
evaluated by the Charlson comorbidity index". This study was approved by the Institutional Review Board
of Tokyo Metropolitan Cancer and Infectious Diseases Center, Komagome Hospital (#2450).

Treatment procedure

To visualize the liver tumor position, a fiducial marker (Visicoil, RadioMed LLC, California, USA; length:
10 mm, diameter: 0.75 mm) was implanted next to the target by the hand of a hepatologist 2 weeks
prior the treatment. Subsequently, a 4-dimensional computed tomography (CT) image with contrast-
enhancement was obtained for treatment planning. Treatments were conducted using a Vero 4DRT system
(Mitsubishi Heavy Industry, Tokyo, Japan), which equips the tracking system.

Gross tumor volume was defined in the planning CT scan with the guide of contrast-enhanced magnetic
resonance imaging image fusion. The clinical target volume (CTV) was obtained by adding a 4-mm margin
to the gross tumor volume within the liver volume, while the planning target volume (PTV) was generated
by adding a margin to the CTV for uncertainness of setup and tracking (usually a 5-6 mm margin to the
CTV).

A total of 40 Gy in 5 fractions over two weeks was prescribed to the 70% isodose fitting to the PTV. The
modified prescription was allowed to achieve dose constraints: A reduced prescription dose (down to 32 Gy)
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Table 1. Criteria of adverse factors

Factor Criteria
1. Physical factor
General condition ECOG performance status = 2 or above or Charlson comorbidity index = 5 or above
Liver function CP score = 7 or above or normal liver volume <1000 mL*
2. Tumor factor
Tumor persistence Three or more previous liver tumor treatments**
Planning difficulty Target is in immediate contact with the gastrointestinal tract or tumor size > 5 cm

*Liver volume subtracted by the gross target volume; **either surgery, radiofrequency ablation, or transarterial chemoembolization for
liver tumor. CP score: Child-Pugh score; ECOG: European Clinical Oncology Group

in 5 fractions was selected to reduce the normal liver dose, while a more fractionated schedule (40 Gy in 10
fractions) was selected for cases in which the PTV was in direct contacted with the OARs. Dose constraint
criteria for the liver were volumes receiving 20 Gy (V20) < 20%. Dose for digestive tube was restricted
below 30 Gy in 5 fractions to at most 0.5 cc of the volume.

Evaluation of outcomes and statistical considerations

To measure the difficulty of the treatment in each case, we invented criteria consisting of two physical
factors and two tumor factors as shown in Table 1. Each adverse factor was weighted equally, and the
patients were categorized by the number of harboring factors.

Patients were usually evaluated by liver function blood test and CT or magnetic resonance imaging
every 3 to 6 months after the treatment. Endoscopy was not routinely performed unless the patient had
gastrointestinal symptoms. Local control was defined as freedom from radiological progression (> 20%
growth in the diameter), and data were censored when patients were lost to follow-up or died without local
progression. Progression-free survival was defined as the duration to any liver tumor recurrence and death.
Overall survival (OS) was defined as the time until to death from any cause. All the indicators were counted
from the initial day of SBRT, and rates were estimated by the Kaplan-Meier method. Patients who had two
or more adverse factors were compared to those who did not, in terms of local control rate. Toxicity was
evaluated using the Common Terminology Criteria for Adverse Events version 4.0. Liver function before
and after SBRT was evaluated with the CP scoring system.

RESULTS

A total of 24 patients were eligible for this study between January 2014 and December 2019. The median
follow-up duration was 18 months, and the patient characteristics are listed in Table 2. All the patients
were pathologically or radiologically diagnosed with primary liver malignancy; one patient was diagnosed
with intrahepatic cholangiocarcinoma, the remainder of patients were diagnosed with HCC. A modified
SBRT prescription was used in 9 patients (an OAR dose constraint in 3 patients and a liver dose constraint
in 6 patients). Of all eligible patients, 21 patients (88%) had one or more adverse factors, 16 patients (67%)
had physical factors, 13 patients (54%) had tumor factors, and 11 patients (46%) had two or more adverse
factors. The number of patients who met the criteria of the adverse factor was 10 for general condition, 10
for liver function, 9 for tumor persistence, and 7 for planning difficulty.

Outcomes

The local control, progression-free survival, and OS rates for all patients at 2 years were 89%, 42%, and 76%,
respectively [Figure 1]. One patient (patient number 8 in Table 2) experienced local progression within
the PTV 20 months after SBRT was confirmed on CT. In the patients with physical and tumor adverse
factors, local control/progression-free survival/OS rates at 2 years were 100%/42%/69% and 80%/23%/78%,
respectively. The subgroup of 11 patients with 2 or more (13 patients with 0 to 1) adverse factors showed
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Table 2. Patient baseline characteristics

Characteristic Value
Age, median (range), years 72 (57-93)
sex Male 19
Female 5
ECOG performance status
0 5
1 16
2 3
Charlson comorbidity index™’
3to4 15
5 or more 9
Underlying liver disease
HCV infection 7
HBV infection 4
Alcohol 4
Non-alcoholic steatohepatitis 5
Other/none 4
Previous treatment course
0 9
1to2 6
3 or more 9

ECOG: European Oncology Study Group; HVB: hepatitis B virus; HCV: hepatitis C virus

a comparable local control rate at 2 years 100% (86%) (P = 0.59) [Figure 2]. In the 11 patients who
experienced non-local progression, 9 had intrahepatic recurrences as the first site of recurrence, one had
both intrahepatic and regional lymph node recurrence, and one had lung metastasis.

Toxicity

One patient (4.2%) experienced a decline in CP score by 2 points 3 months after the treatment, although
it remains unclear whether SBRT directly worsened the liver function since HCC developed rapidly after
the treatment. Grade 2 or greater gastrointestinal toxicity was observed in three patients: One patient
experienced Grade 3 cholangitis 3 months after the SBRT for S4/8 tumor; another patient experienced
Grade 2 esophagitis 2 months after SBRT for S8 tumor; and the other patient with an S5/6 tumor
experienced Grade 2 lower gastrointestinal hemorrhage. The list of SBRT treatment planning parameters,
liver function before and after treatment, and toxicity are shown in Table 3.

DISCUSSION

The current study evaluated the safety and efficacy of liver SBRT in patients with combined treatment
difficulty. An equally high local control rate with acceptable toxicity was demonstrated in patients with
both physical and tumor adverse factors.

The patient selection criteria of the prospective liver SBRT trials, and the patient characteristics that were
actually included denote the group of patients in which the feasibility of SBRT has been confirmed. Existing
prospective studies of liver SBRT mainly recruited patients with CP A diseases, or those with at least CP B
score 7, Additionally, most of the patients who participated in those prospective studies were categorized
as ECOG PS 0 or 1. Thus, the safety and efficacy of liver SBRT in unfit patients has not been demonstrated
in prospective trials. Although tumor location is not necessarily regarded as a crucial factor in liver SBRT
eligibility, substantial attention is paid to dose constraints when the tumor is in contiguity with OAR.
Furthermore, controversy exists in relation to the dose constraint for the digestive tube, although previous

studies encourage clinicians to reduce the dose for the digestive tube below the prescription dose™.
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Figure 1. Local control rate (top), progression-free survival rate (middle), and overall survival rate (bottom) for all patients in this study
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Figure 2. Local control rate for patients with or without physical adverse factor (top), for patients with or without (middle) and for

patients with 2 or more total factors or not (bottom)
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Studies involving patients with more advanced liver tumors, or in those with impaired liver function,
reported a greater risk of treatment-related toxicity. In the largest prospective Phase I/II study in patients
with multiple HCC, 68% of patients had two or more lesions, resulting in a mean liver dose > 20 Gy in
a fraction of patients. Seven patients experienced Grade 5 adverse events (liver failure for five patients).
Additionally, 29% of the patients experienced deterioration in the CP class 3 months after SBRT™. A study
involving patients with poor liver function (CP B or C) reported that the OS rate at 1 year was 32% and 63%
of patients experienced a decline in CP score by 2 or more points at 3 months"”. For challenging cases, the
indication for patient-oriented SBRT should be decided based on HCC prognosis, liver function, patients
request, and other options.

The originally defined adverse factors, both physical and tumor factors, in this study did not seem to be
a crucial issue in the liver SBRT. Of the total included patients, 88% had at least one and 46% had two or
more adverse factors, although a high local control rate and acceptable toxicity were achieved. Thus, our
approach appears reasonable in terms of patient selection and toxicity management.

In the future, novel technologies might change the borderline of the indication of liver SBRT. Magnetic
resonance imaging linac provides real-time high contrast image-guided radiation therapy, which enables
highly accurate dose delivery with a minimal PTV margin", Moreover, proton beam RT has an advantage
on dose distribution over standard proton-based radiation in terms of its physical profile, and some
prospective trials have reported the clinical outcome'”. However, as there is no direct comparison to date,
its clinical advantage over photon-SBRT remains unclear. To clarify this point, a Phase III randomized trial
NRG-GI003 (NCT03186898) is open for accruing patients.

Advances in other local liver treatments, including, surgery and radiofrequency ablation, have also
provided the opportunity for less invasive local treatment for HCC. Indeed, laparoscopic resection is a
recently established method of hepatic resection that is supported by several studies"*"”’. Furthermore,
robotic surgery is a promising modality in the field of surgical resection of malignant disease. With regards
to liver tumor resection, due to lack of evidence, robotic surgery is not the standard of care at this time,
while oncological efficacy and the perioperative outcome is under evaluation™. In the future, as less
invasive treatment options become available, the current indication of local treatment can be overwritten.
Discussion in a multi-disciplinary team, consisting of a surgeon, hepatologist, medical oncologist, and
radiation oncologist, may lead to better decision making, especially in cases with adverse factors.

This study has several limitations due to the small retrospective study basis. The number of patients and
events are not sufficient to perform a reliable statistical test to detect the critical adverse factors related to
SBRT. Additionally, there were no highly challenging cases in the current study population; for example,
poorer liver function, poorer performance status, or multiple lesions. Thus, the boundary of feasible
patients on liver SBRT was not shown in this study.

In conclusion, SBRT was safely and effectively administered to a group of patients harboring both physical
and tumor adverse factors as long as conducted following patient selection and dose constraints that were
used in this study. Therefore, SBRT seems to be a good treatment option for patients with primary liver
tumors.
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