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Background/Aim: We aimed to investigate the efficacy and safety of stereotactic body
radiation therapy (SBRT) in elderly patients with small hepatocellular carcinomas (HCC).

Methods: Eighty-three patients (89 lesions) with HCC who underwent SBRT between January
2012 and December 2018 were reviewed in this retrospective observational study. The key
inclusion criteria were as follows: 1) age >75 years, 2) contraindications for hepatic resection or
percutaneous ablative therapies, 3) no macroscopic vascular invasion, and 4) no extrahepatic
metastasis.

Results: The patients were 75-90 years of age, and 49 (59.0%) of them were male. Most
patients (94.0%) had an Eastern Cooperative Oncology Group performance status of 0 or
1. Seventy-four patients (89.2%) had Child-Pugh class A hepatic function before SBRT. The
median tumor size was 1.6 cm (range, 0.7-3.5). The overall median follow-up period was
34.8 months (range, 7.3-99.3). The 5-year local tumor control rate was 90.1%. The 3-year and
5-year overall survival rate was 57.1% and 40.7%, respectively. Acute toxicity grade >3 was
observed in three patients (3.6%) with elevated serum hepatic enzymes; however, no patient
experienced a worsening of the Child-Pugh score to >2 after SBRT. None of the patients
developed late toxicity (grade >3).

Conclusions: SBRT is a safe treatment option with a high local control rate in elderly
Received Jun. 12,2022 patients with small HCC who are not eligible for other curative treatments. (J Liver Cancer
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INTRODUCTION cases of hepatocellular carcinoma (HCC) and is the sixth
most commonly diagnosed cancer and the third leading

Primary liver cancer constitutes approximately 75-85% of cause of cancer-related death worldwide in 2020 with ap-
proximately 906,000 new cases and 830,000 deaths.' In the

Korean Cancer Statistical Report released in 2022, liver can-

cer was identified as one of the most commonly diagnosed
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studies from the United States, the United Kingdom, and Ja-
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pan, the age-specific incidence of HCC significantly increases
with age in the population over 75 years of age; data from
Korea demonstrated a similar increase in the incidence rate
with age.’

It is well known that one of the major risk factors for HCC
is chronic infection with hepatitis B virus (HBV) and hepati-
tis C virus (HCV). However, the prevalence of HBV has de-
creased globally due to vaccination, and the increasing preva-
lence of overweight and diabetes have altered the risk factors
for HCC." Considering that elderly people tend to have more
non-infectious metabolic risk factors, the number of these
patients with HCC is expected to increase with global aging.

Although many treatments have been suggested, several
global guidelines have not yet provided specific treatment
options for elderly patients with HCC. Active discussion on
this topic is ongoing and controversial. Recently, several
studies have demonstrated that stereotactic body radiation
therapy (SBRT) can deliver a high dose of radiation to the
tumor within a short period as an alternative treatment for
carly-stage HCC.” However, few studies have reported the ef-
ficacy and safety of SBRT in geriatric patients.”” Therefore, in
the present study, we investigated our clinical data to evalu-

ate the feasibility of SBRT in patients of advanced age.

From January 2012 to December 2018
Patients with HCC treated by SBRT
n=1,106

METHODS

1. Patients

In this retrospective observational study, we reviewed the
medical records of 1,106 patients who underwent SBRT for
HCC at Asan Medical Center between January 2012 and De-
cember 2018. In the present study, elderly age was defined as
age of 75 years or older, and 175 patients met this criterion.
Of them, 90 patients satistied the following inclusion criteria:
1) contraindications for curative treatments, such as hepatic
resection, transplantation, or radiofrequency ablation (RFA)
due to medical and technical limitations or preferences of the
patients; 2) HCC with the largest diameter <6 ¢cm; 3) two or
fewer viable tumors; 4) no evidence of distant metastasis; 5)
no macroscopic vascular invasion; 6) no other malignancies
at the time of diagnosis of HCC; 7) adequate residual liver
volume (>700 mL); 8) sufficient distance between HCC and
surrounding normal organs; and 9) no previous history of
radiation therapy in the liver. At the final follow-up, 83 pa-
tients were analyzed and 89 lesions were treated (Fig. 1). The
Strengthening and Reporting of Observational Studies in Ep-
idemiology (STROBE) guidelines were followed for this
study (Supplementary Table 1).

The diagnosis of HCC was based on histological confir-
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Figure 1. Flow diagram depicting the inclusion of the patients in the current study.
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mation and/or typical findings on multi-phase dynamic
computed tomography (CT) or magnetic resonance imaging
(MRI) using a hepatocyte-specific contrast agent according
to the practice guidelines of the Korean Liver Cancer Associ-
ation - National Cancer Center Korea.® This study was ap-
proved by the Institutional Review Board (IRB) of Asan
Medical Center (IRB No. #2021-0280), and the requirement
for written informed consent was waived owing to the retro-

spective design.

2. Radiation therapy

Four-dimensional (4D) CT (GE LightSpeed RT 16; GE
Healthcare, Waukesha, WI, USA) simulation with free-
breathing was performed 3-4 days before initiating SBRT
with the patient in a supine position with both arms raised
on the wing board. The 4D-CT images were sorted into 10
series using respiratory data (Advantage 4D version 4.2; GE
Healthcare).” The respiratory data were analyzed using a Re-
al-time Position Management gating system (Varian Medical
Systems, Palo Alto, CA, USA).™"

The gross tumor volume (GTV) was delineated using dy-
namic contrast CT or MRI in the end-expiratory phase of the
4D-CT images. The internal target volume (ITV) was set by
considering GTV movements within the specific amplitude
of breathing. For the planning target volume (PTV), a mar-
gin of 5 mm was added in all directions from the ITV. SBRT
planning was performed using a three-dimensional treat-
ment planning system (Eclipse; Varian Medical Systems).
The two arcs of the volumetric-modulated arc therapy tech-
nique using a 10-MV flattening filter-free beam with a linear
accelerator (TrueBeam STx; Varian Medical Systems).” The
median total dose was 45 Gy (range, 36-60), and the fraction
size was either 12 or 15 Gy. The total dose was determined
according to prescription guidelines described previously.”
SBRT was delivered once daily for three or four consecutive
days using kV cone beam CT guidance and setup correction
based on the liver dome, compact iodized oil, surgical clips,

or gold fiducial markers.

3. Evaluation and statistical analysis
Baseline evaluation before SBRT included history taking,
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physical examination, blood tests, including complete blood
count, liver function tests, tumor markers, and multi-phase
dynamic CT and/or MRI. During the treatment period, pa-
tients were examined by a radiation oncologist for any ad-
verse events during SBRT. Follow-up examinations were
performed regularly at 2-3-month intervals.

Response evaluation was performed according to both the
Response Evaluation Criteria in Solid Tumor (RECIST) ver-
sion 1.1, and modified RECIST (mRECIST) criteria based on
imaging 3 months after the treatment, and all images were
reviewed until the best response according to the mRECIST
criteria was noted.""* Radiological response was defined as
the proportion of lesions with complete and partial respons-
es. Treatment-related toxicity was assessed using the Nation-
al Cancer Institute Common Terminology Criteria for Ad-
verse Events (NCI-CTCAE; version 5.0). Radiation-induced
liver disease was defined as an increase in serum liver enzyme
levels according to CTCAE or an increase in Child-Pugh
score by 22 points with no progressive disease within 3
months after SBRT.

Local control was defined as no HCC regrowth or recur-
rence in the PTV despite an initial response confirmed by CT
or MRI. Overall survival (OS) and intrahepatic recurrence-
free survival (IHRFS) rates were defined as the duration be-
tween the first day of SBRT and the date of death, last follow-
up examination, or the date of recurrence within the liver
outside the SBRT field. The probability of cumulative surviv-
al was calculated using the Kaplan-Meier method. Univariate
analysis was also performed using the log-rank test to deter-
mine the risk factors for IHRES and OS with P-values set to
0.05. All statistical analyses were performed using SPSS ver-
sion 21 (IBM SPSS Statistics, Armonk, NY, USA).

RESULTS

1. Patient characteristics

A total of 83 patients were analyzed over a median follow-
up period of 34.8 months (range, 7.3-99.3), and their charac-
teristics are summarized in Table 1. The median age was 77
years (range, 75-90), and most patients had a good Eastern
Cooperative Oncology Group performance status (ECOG
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Table 1. Patient characteristics

Variable Value
Age (years) 77 (75-90)
Sex

Male 49 (59.0)

Female 34(41.0)

ECOG performance status

0 72 (86.8)

1 6(7.2)

2-3 5(6.0)

Etiology

Hepatitis B virus infection 34 (41.0)

Hepatitis C virus infection 23 (27.7)

Others 26 (31.3)

Child-Pugh class

A 74(89.2)
Child-Pugh score, 5 41 (494)
Child-Pugh score, 6 33(39.8)

B 9(10.8)
Child-Pugh score, 7 224
Child-Pugh score, 8 5(6.0)
Child-Pugh score, 9 224

Tumor size (cm)” 16 (0.7-3.5)

0.7-1.0 14.(15.7)

11-2.0 53 (59.6)

2.1-3.0 19 (21.3)

3.1-40 3(34)

Alpha-fetoprotein (ng/mL) 10.25 (0.97-1191.3)
PIVKA-II (mAU/mL)" 24 (10-56007)
Number of prior treatments before SBRT 3(0-18)
Summary of prior treatments’

None 3(3.6)

TACE 28 (33.8)

TACE, RFA (+ PEI) 24.(28.9)

Resection, TACE 13 (15.7)

Resection, TACE, RFA 7 (84)

Resection, RFA 4(4.8)

RFA 4(4.8)

Values are presented as number (%) or median (range).

ECOG, Eastern Cooperative Oncology Group; PIVKA, protein
induced by vitamin K absence or antagonist; TACE, transarterial
chemoembolization; RFA, radiofrequency ablation; PEl, percutaneous

ethanol injection.

“Fighty-nine tumors were evaluated, and the size of all tumors was
measured according to the modified RECIST: "PIVKA-II examination was
not performed in 5 patients; *Prior treatments before SBRT includes
hepatic resection, radiofrequency ablation, percutaneous ethanol

injection, and transarterial chemoembolization/chemoinfusion.
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PS) of 0-1. However, one patient had a hip fracture due to

accidental fall 5 months before SBRT, and orthopedic sur-

gery was impossible due to old age, which resulted in ECOG
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Figure 2. Local control (A), overall survival (B), intrahepatic recur-
rence-free survival (C) rates after stereotactic body radiation therapy
in elderly patients with hepatocellular carcinoma.
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Table 2. Radiologic responses after stereotactic body radiation therapy

RECIST mRECIST
At 3 months At 3 months Best response
Overall response rates’ 60 (67.4) 69 (77.6) 86 (96.6)
Complete response 30(33.7) 45 (50.6) 82 (92.1)
Partial response 30(33.7) 24 (27.0) 4 (4.5)
Stable disease 28 (31.5) 19(21.3) 2(23)
Progressive disease 1(11) 100 100
Values are presented as number (%).
RECIST, Response Evaluation Criteria in Solid Tumors; mRECIST, modified RECIST.
"Defined as the proportion of lesions with complete or partial response.
Table 3. Factors influencing intrahepatic recurrence-free survival and overall survival after stereotactic body radiation therapy
Intrahepatic recurrence-free survival Overall survival
3-year rate (% 3-year rate (%
(Survivoi’s/No. of ;()azients)* P-value (Survivo):s/No. of ;()a':ients)* e
Sex
Male 43.7 (23/49) 0.947 63.3 (31/49) 0.639
Female 35.3 (15/34) 48.1(17/34)
Age
<80 years 42.3(30/63) 0482 58.7 (37/63) 0.929
>80 years 37.1 (8/20) 50.6 (11/20)
ECOG PS
0-1 413 (36/78) 0.531 56.9 (45/78) 0.613
23 26.7 (2/5) 60.0 (3/5)
Etiology
Viral 399 (25/57) 0.228 62.6 (36/57) 0.394
Non-viral 384 (13/26) 447 (12/26)
Child-Pugh class
A 43.2 (35/74) 0.504 61.4 (46/74) 0.001
B 17.8 (3/9) 22.2(2/9)
Tumor size
<1.6cm 40.2 (15/37) 0.233 554 (21/37) 0916
>1.6 cm 41.0 (23/46) 58.5 (27/46)
Alpha-fetoprotein
<20 ng/mL 499 (31/56) 0.029 61.6 (35/56) 0317
>20 ng/mL 21.2(7/27) 479 (13/27)
PIVKA-II
<40 mAU/mL 415 (27/58) 0.643 57.5 (34/58) 0.387
>40 mAU/mL 39.1 (11/25) 56.0 (14/25)
No. of prior treatment
<3 times 59.1 (23/37) 0.051 64.2 (24/37) 0.200
>3 times 25.3 (15/46) 51.1 (24/46)
EQD2
<93.8 Gy 26.7 (3/6) 0.840 50.0 (3/6) 0.564
>93.8 Gy 41.3 (35/77) 57.7 (45/77)

ECOG PS, Eastern Cooperative Oncology Group; PIVKA, protein induced by vitamin K absence or antagonist; EQD2, equivalent dose in 2 Gy
fractions.
“The number of survivors at 3 years, and total number of patients in each group.
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PS of 3. Additionally, 57 patients (68.7%) had HCC second-
ary to HBV or HCV, and non-viral etiologies accounted for
31.3% of cases. Nine patients (10.8%) had Child-Pugh class
B hepatic function (Child-Pugh scores of 7, 8, and 9 in two,
five, and two patients, respectively). The median tumor size
was 1.6 cm (range, 0.7-3.5), and most lesions were smaller
than 3 cm. The diverse population included treatment-naive
patients who were never treated for HCC as well as those
who had received up to 18 different locoregional treatments
for HCC.

2. Local control and response rate

Local failure was noted in only 5/89 lesions. The local con-
trol rates at 3- and 5-year were 97.7% and 90.1%, respective-
ly (Fig. 2A). An example of a patient with local failure is pre-
sented in Supplementary Fig. 1.

Three months after SBRT, radiologic responses were ob-
served in 60 (67.4%) and 69 (77.6%) lesions according to the
RECIST and modified RECIST criteria, respectively (Table
2). Evaluation was conducted until the best response, and
96.6% of the lesions revealed a radiologic response at a me-
dian of 4.2 months (range, 0.9-12.4) after completion of
SBRT (Table 2). No dose-response relationship was observed

in this analysis.

Table 4. Acute and late toxicities after stereotactic body radiation therapy

3. Overall and recurrence—free survival rates

At the last follow-up, 34 patients survived. The median OS
was 45.4 months (95% confidence interval [CI], 35.3-55.5),
with 3- and 5-year OS rates of 57.1% and 40.7%, respectively
(Fig. 2B). Intrahepatic recurrence was observed in 52 patients
during the follow-up. The median THRFS was 15.8 months
(95% ClI, 10.2-21.4), and the 3- and 5-year IHRFS rates were
29.5% and 10.4%, respectively (Fig. 2C). Univariate analysis
revealed that Child-Pugh class was significantly associated
with OS (3-year survival rate, Child-Pugh class A: 61.4%,
Child-Pugh class B: 22.2%; P=0.001). The serum alpha-feto-
protein (AFP) level before SBRT was related to the IHRFS
(3-year survival rate, AFP <20 ng/mL: 49.9%, AFP =20 ng/
mL: 21.2%; P=0.029) (Table 3).

4, Treatment-related toxicities

SBRT-related toxicities are summarized in Table 4. Acute
toxicities were observed in 42 patients (50.6%); however,
most were evaluated as grade 1 or 2 abnormal laboratory
findings or constitutional symptoms. Therefore, there were
no intolerable adverse events to SBRT in any of the patients.
Although grade 3 hepatic enzyme elevation was noted in
three patients (3.6%), these abnormalities improved without

any intervention. Late toxicities were noted in 31 patients

Event Grade 1 Grade 2 Grade 3 Grade 4

Acute toxicities
Fatigue 9(10.8) 0(0.0) 0(0.0) 0(0.0)
Anorexia 5(6.0) 0(0.0) 0(0.0) 0(0.0)
Nausea 5(6.0) 0(0.0) 0(0.0) 0(0.0)
Dyspepsia 1(1.2) 101.2) 0(0.0) 0(0.0)
Abdominal pain 2(24) 0(0.0) 0(0.0) 0(0.0)
AST/ALT elevation 22 (26.5) 0(0.0) 3(3.6) 0(0.0)
Alkaline phosphatase elevation 9(10.8) 0(0.0) 0(0.0) 0(0.0)
Bilirubin elevation 14 (16.9) 1(1.2) 0(0.0) 0(0.0)

Late toxicities
Radiation pneumonitis 23 (277) (1.2) 0(0.0) (0.0)
Rib fracture’ 6(7.2) 0.0) 0
Biliary stricture 44.8) ( 0.0) 0)

Values are presented as number (%).
AST, aspartate transaminase; ALT, alanine transaminase.

*Grade 1, simple healed fracture; grade 2, dislocation exceeding half of the rib diameter; and grade 3, rib fracture with associated myositis,

according to the proposed grading system at Asan Medical Center.
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(37.3%) (30 patients with grade 1 and one patient with grade
2 toxicity). No late toxicity beyond grade 3 was observed.
One patient complained of dry cough due to radiation pneu-
monitis (grade 2); however, it improved with oral medica-
tions. Rib fractures were also noted in six patients with grade
1 toxicity; they were simple fractures identified on CT that

healed without any special treatment.

DISCUSSION

In this retrospective study of SBRT in elderly patients (=
75 years of age) with HCC, we observed similar local control
and OS rates (90.1% and 40.7% at 5 years, respectively) and
minimal treatment-related toxicity in comparison with the
clinical outcomes of SBRT in all age groups."”

Elderly patients with HCC have distinct features and clini-
cal implications than younger patients, and preclinical data
suggest that different genetic mechanisms are involved in the
development of HCC according to age."* First, the propor-
tion of female patients is high.”™" In this study, 41% of the
patients were female, which is much higher than the rate re-
ported in other studies that enrolled patients of all ages."
Second, regarding oncological characteristics, the rate of en-
capsulated, unifocal, and well-differentiated tumors is more
common in the elderly, which may be a favorable prognostic

16-18
factor.

Third, in terms of etiology, there are more non-B
and non-C patients, especially those with non-alcoholic ste-
atohepatitis." Up to 46% of these patients have a non-cir-
rhotic background, and they have etiologies different from
HCC related to chronic hepatitis, which is characterized by a
unique tumor microenvironment and response to treat-
ments.”” Fourth, elderly patients have a smaller liver volume
and unsatisfactory liver metabolism and cell regeneration ca-
pacity than younger patients.”*' Finally, in terms of radiation
therapy procedures, it is usually difficult to control respira-
tion during SBRT in elderly patients. Therefore, 4D-CT sim-
ulation with free-breathing and respiratory-gated SBRT by
setting a specific amplitude would be an appropriate ap-
proach in the elderly. Therefore, these unique characteristics
are sometimes seen as good for patient prognosis but some-

times it is difficult to select the optimal treatment method.
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Few studies have investigated SBRT for HCC in elderly pa-
tients. Teraoka et al.” defined the inclusion criteria for the el-
derly group as age >75 years, ECOG PS of 0-1, Child-Pugh
score <7, HCC with <3 nodules of up to 3 cm, and no vas-
cular invasion. The 3-year local control, progression-free
survival (PES), and OS rates were 98.1%, 29.2%, and 57.1%,
respectively, which are similar to our results. In this Japanese
study, an excellent local control rate was also observed irre-
spective of age; therefore, the clinical outcomes in the elderly
patients at our institution are comparable to those in young-
er patients. Another SBRT study by Loi et al.” enrolled pa-
tients aged >80 years and reported 2-year local control, PFS,
and OS rates of 93%, 31%, and 43%, respectively. This study
included more patients with Child-Pugh class B than our
study, and almost half of the patients (51%) had tumor size
23 cm.

Studies on hepatic resection or RFA in elderly patients
have been pursued more actively than radiation therapy, and
conflicting results have been published. In surgical studies,
most of the cut-off age values were 70 or 75 years, and the
3-year disease-free survival (DFS) and OS rates varied from
36% to 58% and 55% to 73%, respectively.”* Although
most studies reported no difference in the survival rates be-

. 22,23,27,29
tween older and younger patients,” "’

one study reported
impaired OS rates following hepatic resection in elderly pa-
tients.” RFA was also performed in patients aged >70 or 75
years, and the results demonstrated DFS and OS rates of 21-
49% and 51-82%, respectively, with inconsistent conclusions
between several studies regarding the effects of age.”™”' Fu-
jiwara et al.” found that postoperative management of infec-
tious and cardiovascular diseases affected the survival rate of
elderly patients. Since both surgery and RFA include risks of
bleeding or infection, the increased risk due to invasiveness
itself is likely to be pronounced in the elderly, which empha-
sizes the need for careful selection of patients.

Due to the characteristics of HCC, intrahepatic recurrence
frequently occurs at other sites, even if one lesion is well-
controlled.” In this study, 52 cases (62.7%) of intrahepatic
recurrence were noted during the follow-up period. On uni-
variate analysis of IHRFS, the number of previous treatments

was found to be marginally significant. Conversely, it was
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possible to confirm that patients who received several other
treatments in the past had a higher risk of intrahepatic recur-
rence than those who did not. The Child-Pugh class was
identified as a factor that favored OS rates, and liver function
has already been proven to be an important prognostic factor
related to the survival of patients.” ™

Acute toxicities after SBRT in elderly patients with HCC
were mostly mild (grade 1-2), which is similar to the results
of a previous study on SBRT for small (=5 c¢cm) HCC in all
age groups.” Although three patients (3.6%) experienced
grade 3 serum hepatic enzyme elevation after SBRT, they re-
covered well without any intervention. Regarding late toxici-
ties, the incidence of radiation pneumonitis (28.9%) was rel-
atively higher than that (12%) in our previous study’;
however, this finding might be related to the location of the
HCC (e.g., HCC located in the liver dome). Furthermore,
most cases of radiation pneumonitis did not cause any symp-
toms (only one patient experienced dry cough); this might
not be considered a clinically significant adverse event in el-
derly patients with HCC after SBRT. The incidence of rib
fracture was slightly lower than that in our previous study
(7.2% vs. 10%, respectively),” but it is difficult to compare
directly because the incidence of rib fracture is also strongly
related to the location of HCC. Compared to previous stud-
ies that included elderly patients,”” the incidence and severity
of toxicities appear to be similar. Therefore, SBRT is a safe
treatment even in elderly patients with HCC.

The present study had some limitations. First, there was no
control group of younger patients. When designing this
study, we aimed to include a control group by performing
propensity score matching. However, age includes several
confounding variables and all factors cannot be sufficiently
corrected. Therefore, we tried to overcome this issue by indi-
rectly comparing our results with those of other SBRT stud-
ies in all age groups at our institution. Second, we enrolled
patients in this study based on their chronological age, which
does not necessarily reflect the biological and functional sta-
tus of the patients. We wonder if novel results will be ob-
tained if a study is designed with consideration of each pa-
tient’s geriatric condition. There are various measuring tools

related to the functional evaluation of the elderly, including

http://e-jlc.org

the Geriatric 8 (G8) and Vulnerable Elders-13 Survey.j(”37 Loi
et al.’ published the only study that examined the relation-
ship between the clinical outcomes of SBRT and G8 and the
Charlson comorbidity index (CCI) in geriatric patients.
Those with impairments in the G8 and CCI domains were
reported to have a lower survival rate and a rapid onset of
toxicity. Therefore, it is important to select a personalized
treatment option along with the analysis of detailed factors
that are known to affect the prognosis in elderly patients,
such as body mass index, neuropsychological problems, de-
gree of weight loss, or type of mobility. For this analysis to be
possible, thorough records and data regarding various items
from before treatment must be collected, and it will be mean-
ingful to conduct such a study in the future.

In conclusion, SBRT is a good treatment option with high
response and local control rates and a lower incidence of se-
vere toxicity in elderly patients with HCC when other cura-

tive treatments cannot be safely administered.
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