
Introduction 

Hepatocellular carcinoma (HCC) is the 6th common cancer in both 

sexes, and has the 2nd most cancer mortality after lung cancer in 

Korea in 2018 [1]. Curative resection is the optimal treatment for 

patients with localized HCC. Several treatment options are avail-

able for patients who are ineligible for surgery, including transarte-

rial chemoembolization (TACE), hepatic arterial infusion chemo-

therapy (HAIC), radiofrequency ablation (RFA), percutaneous etha-

nol injection therapy, and radiation therapy (RT). Selection of treat-

ment modality depends on the tumor size, number, vascular inva-

sion, and the patient’s performance status. In view of TACE, an ob-
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jective response rate of 52.5% was reported in a systemic review 

[2]. However, common problems with TACE are refractoriness/fail-

ure and liver damage caused by repeated use [3].  

External beam radiotherapy (EBRT) can be performed in various 

circumstances, from curative to palliative. Compared to conven-

tional EBRT, stereotactic body radiotherapy (SBRT) delivers a highly 

conformal dose with a lower dose to the normal liver and is includ-

ed in the National Comprehensive Cancer Network guidelines as a 

curative option [4]. SBRT for HCC has shown high rates of local 

control, ranging from 87% to 100% at 1 to 3 years in prospective 

clinical trials [5]. When evaluating the response to SBRT by an im-

aging study, we often have a difficult interpretation for differential 
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diagnosis between response versus progression because of a focal 

liver reaction or continued regression even until 12 months after 

completion of SBRT. Therefore, we need another surrogate predic-

tive marker for the evaluation of tumor response or survival after 

SBRT in addition to imaging studies. The role of biomarkers, such as 

alpha-fetoprotein (AFP) and protein induced by vitamin K absence 

or antagonist-II (PIVKA-II) were investigated as prognostic factors 

in the treatment of HCC [6-10]. However, there are several advan-

tages of PIVKA-II as a tumor marker over AFP as follows; first, it 

shows lower false-positive rate than AFP in the diagnosis of HCC 

because its level dose not increase non-specifically in most liver 

disease. Second, it could indicate earlier treatment response than 

AFP because of a relatively shorter half-life. Third, it is more related 

to the prognosis by reflecting biological characteristics of HCC such 

as tumor extent and vascular invasion. [11]. However, few studies 

have examined the role of biomarkers in predicting response or 

survival in cases of HCC receiving SBRT. Therefore, we conducted a 

study to determine the predictive role of AFP and PIVKA-II in SBRT 

outcomes. 

Materials and Methods 

1. Patient eligibility 
We retrospectively reviewed the medical records of 61 patients 

with HCC who received SBRT between 2015 and 2020 at Chonnam 

National University Hwasun Hospital, Korea. Patients with the 

Eastern Cooperative Oncology Group performance score of ≤2, 

preserved liver function of Child-Pugh score (CPS) 5 to 7, and no 

prior history of radiotherapy were included. Exclusion criteria were 

as follows: presence of an extrahepatic metastatic lesion, a history 

of other malignancies, no regular imaging follow-up after SBRT, 

and other locoregional therapy within 6 months after SBRT with-

out any sign of disease progression. All patients provided signed in-

formed consent for treatment, and this study was approved by our 

Institutional Review Board of Chonnam National University 

Hwasun Hospital (No. CNUHH-2015-130).

2. SBRT planning and treatment 
Before SBRT, all patients underwent a respiratory-correlated 

four-dimensional computed tomography (CT) simulation scan with 

immobilization using a vacuum cushion and Real-time Patient 

Management system (Varian Medical Systems, Palo Alto, CA, USA). 

The gross tumor volume (GTV) was defined as the lesion volume in-

cluding lipiodol uptake, arterial enhancement, and necrotic portion 

using CT simulation images and pre-treatment triple-phase ab-

dominal CT or magnetic resonance imaging (MRI). The internal tar-

get volume was regarded as equal to the GTV because of window 

images of 50%–60% gating phase. All organs-at-risk (OAR) were 

contoured on the simulation CT, and various dose constraints were 

prescribed in each OAR. The normal liver volume (whole liver vol-

ume minus GTV) receiving less than 15 Gy (rV15 Gy) in 3 fractions or 

17 Gy (rV17 Gy) in 4 fractions should be spared over at least 700 mL 

as possible. Maximum doses to the stomach, duodenum, small 

bowel, colon, and spinal cord, etc., were limited depending on frac-

tion numbers. The planning target volume (PTV) was defined as GTV 

plus individualized margins (0.5 to 1 cm) to account for the move-

ment of enhanced mass within the gated phases of respiration and 

a set-up error. The total dose was prescribed to cover at least 95% 

of the PTV (Fig. 1). SBRT was delivered in 3 or 4 fractions using 6 

MV photons every other day to reduce nearby intestinal toxicity. 

Dose fractionation was prescribed as equal to or greater than 80 

Gy of biologically effective dose with an α/β ratio of 10 (BED10). All 

patients underwent cone-beam CT to verify skeleton alignment and 

On-Board Imager (Varian Medical Systems) for diaphragm match-

ing in the anterior-posterior direction at the end-exhale phase on 

each treatment day.  

3. Patient follow-up and response assessment 
After treatment, follow-up examinations including physical exam-

inations, complete blood counts, biochemical profiles, tumor mark-

ers, and imaging studies were assessed at 1–3-month intervals. The 

changes in the two tumor markers, AFP and PIVKA-II, were calcu-

lated as the difference between the level before SBRT and the low-

est level within 6 months after SBRT. At 6 and 12 months after 

SBRT, images were assessed according to modified Response Evalu-

ation Criteria in Solid Tumors (mRECIST) [12]. In-field failure (IFF) 

was defined as recurrence or increased volume of the treated le-

sion. In-field failure-free survival (IFFS) was estimated from the 

date the start of SBRT to the date of IFF. Overall survival (OS) was 

estimated from the date of the start of SBRT to the date of death 

or the last follow-up. Progression-free survival (PFS) was estimated 

from the date of the start of SBRT to the date of failure of any 

kind, death of any cause, or the last follow-up. 

Both univariate and multivariate analysis were performed with 

the same variables for determining any prognostic factor. Ka-

plan-Meier models were used for the survival analysis of all poten-

tial factors that affected the treatment results and were tested us-

ing the log-rank test. A Cox proportional hazards model was used 

for the multivariate analysis. For the statistical analysis, p-values 

less than 0.05 were considered significant. All statistical analyses 

were performed using SPSS version 25.0 (IBM, Armonk, NY, USA). 
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Results 

1. Patient characteristics and treatment 
The characteristics of the patients, tumor, and treatment-related 

factors are summarized in Table 1. Most patients were CPS class A, 

and only two patients were CPS class B7. Vascular involvement was 

observed in nine patients (14.8%). Fifty-seven patients (93.4%) un-

derwent local therapies before SBRT. Five patients (8.1%) under-

went curative resection before SBRT. Fifty-six patients (91.8%) un-

derwent TACE (median 2; range, 1 to 13) prior to SBRT. Twenty-four 

patients (39.3%) underwent RFA (median 1; range, 1 to 7) prior to 

SBRT. Only one patient received HAIC. According to the target or 

non-target lesions of SBRT, detailed breakdown of history of previ-

ous treatment was shown in Table 2. The median total doses of 

SBRT and BED10 were 48 Gy (range, 39 to 60 Gy) and 112.5 Gy 

(range, 80 to 180 Gy), respectively. The median levels of serum AFP 

and PIVKA-II before SBRT were 9.23 (range, 1.35 to 2,446) and 31.5 

(range, 11 to 15,352), respectively. All 61 patients had AFP tested 

before SBRT, and 56 patients were tested for PIVKA-II. After SBRT, 

AFP levels in 38 out of 61 patients and PIVKA-II levels in 45 out of 

56 patients decreased. The median decrease in AFP level was -56% 

(interquartile range, -87.1% to -21.4%) and that of PIVKA-II was 

-34.5% (interquartile range, -80.7% to -11.4%). The median lowest 

level was 4.31 (range, 1.19 to 3,055) and 21.5 (range, 10 to 49,812) 

for AFP and PIVKA-II, respectively within 6 months after SBRT. 

2. Treatment response and survival 
The median follow-up time was 31 months (range, 12 to 64 

months). According to the mRECIST by imaging studies at 6 months, 

there were 38 patients (62.3%) with complete response (CR), 6 

(9.8%) achieved partial response (PR), and 17 (27.9%) achieved sta-

ble disease (SD). At 12 months, there were 45 patients (73.8%) with 

CR, 3 (4.9%) achieved PR, 11 (18%) achieved SD, and 2 (3.3%) had 

progressive disease. Patients with a lower level of PIVKA-II after 

SBRT had a tendency to achieve a higher CR at 6 months. Of the 56 

patients, 34 patients had PIVKA-II level of ≤25 mAU/mL after SBRT, 

of which 25 patients (73.5%) achieved CR, while only 11 of 22 pa-

tients (50%) with a PIVKA-II level >25 mAU/mL achieved CR (p = 

0.053). A low level of AFP after SBRT or changes in PIVKA-II or AFP 

levels by SBRT had no statistically significant association with treat-

ment responses. 

At the time of the analysis, the median time to IFF was 12 

months (range, 3 to 24 months), while the median PFS was 8 

months. The estimated 2-year IFFS, PFS, and OS rates in all patients 

were 82.0%, 39.3%, and 96.7%, respectively (Fig. 2). The survival 

differences between response subgroups by mRECIST at 6 or 12 

months did not show any statistical significance because we could 

suppose that additional treatments were intervened according to 

the response after SBRT or delayed response after 6 months. Of the 

10 patients who achieved PR or SD at 6 months after SBRT, six 

achieved delayed CR at 12 months without any additional treat-

ment. 

3. Prognostic factors for survivors 
In the univariate analysis, decreased changes in PIVKA-II levels af-

ter SBRT were significantly associated with better IFFS (p =  0.005). 

Fig. 1. The treatment planning of stereotactic body radiotherapy for patient with hepatocellular carcinoma. The prescription dose was 51 Gy in 
3 fractions in this case. The lowest isodose curve indicates 15 Gy and the normal liver volume (whole liver volume minus gross tumor volume) 
receiving less than 15 Gy (rV15 Gy) was 1,178 mL.
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a PIVKA-II level of ≤25 mAU/mL after SBRT was significantly asso-

ciated with a good PFS (p =  0.006) (Table 4). Two-year PFS in the 

post-SBRT PIVKA-II level of ≤25 mAU/mL group was 48.6% and 

21.2% in the >25 mAU/mL group (p =  0.004). 

4. Failure patterns and toxicities 
Thirty-nine patients (63.9%) showed progression. Most of the first 

progression occurred at the intrahepatic out-field site (28/39, 

71.8%) (Fig. 4) and the level of PIVKA-II increased again in 26 out 

of 39 patients (66.7%). Re-elevation of PIVKA-II level in these pa-

tients seemed to be more related to out-field failure rather than 

IFF. Only four patients failed at the SBRT site as the first progres-

sion, and two of these had out-field failure simultaneously. Nine 

Table 1. Patient and treatment characteristics

Characteristic Value
Age (yr) 68 (46–86)
Sex
 Male 46 (75.4)
 Female 15 (24.6)
ECOG performance status
 0 55 (90.2)
 1 6 (9.8)
Child-Pugh score
 5 53 (86.9)
 6 6 (9.8)
 7 2 (3.3)
mUICC stage
 I 5 (8.2)
 II 42 (68.8)
 III 14 (23.0)
Vascular involvement
 No 52 (85.2)
 Yes 9 (14.8)
Maximum diameter (cm) 3.14 (1.31–8.05)
GTV (mL) 8.88 (0.65–188)
NLV (mL) 1,210.5 (672–1,928)
Total dose (Gy) 48 (39–60)
BED10 (Gy) 112.5 (80–180)
AFP (IU/mL)
 Before SBRT 9.23 (1.35–2,446)
 After SBRT 4.31 (1.19–3,055.67)
AFP change
 Decreased 38 (62.3)
 Increased 23 (37.7)
PIVKA-II (mAU/mL)
 Before SBRT 31.5 (11–15,352)
 After SBRT 21.5 (10–49,812)
PIVKA-II change
 Decreased 45 (80.4)
 Increased 11 (19.6)

Values are presented as median (range) or number (%).
ECOG, Eastern Cooperative Oncology Group; mUICC, modified Union for 
International Cancer Control; GTV, gross target volume; NLV, normal 
liver volume; BED10, biologically effective dose with α/β ratio of 10; AFP, 
alpha-fetoprotein; SBRT, stereotactic body radiotherapy; PIVKA-II, pro-
tein induced by vitamin K absence or antagonist-II.

The PIVKA-II level of ≤31.5 mAU/mL before SBRT was significantly 

associated with better PFS (p =  0.03). An AFP level of ≤4.5 IU/mL 

after SBRT and a PIVKA-II level of ≤25 mAU/mL after SBRT were 

found to be significantly associated with a high PFS (Table 3, Fig. 3). 

In the multivariate analysis, a decreased change in PIVKA-II level 

after SBRT was significantly associated with IFFS (p =  0.011), and 

Table 2. History of previous treatments for hepatocellular carcinoma

Treatment type before SBRT n (%)
Target lesions
 No 6 (9.8)
 TACE 54 (88.5)
 RFA 8 (13.1)
 HAIC 1 (1.6)
Non-target lesions
 No 26 (42.6)
 Surgery 5 (8.2)
 TACE 30 (49.2)
 RFA 20 (32.8)
 HAIC 1 (1.6)

TACE, transarterial chemoembolization; RFA, radiofrequency ablation; 
HAIC, hepatic arterial infusion chemotherapy.

Fig. 2. In-field failure-free survival, progression-free survival, and 
overall survival of entire patients.
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patients had disease progression at the extrahepatic site without 

liver disease progression (Fig. 4), and the first sites of extrahepatic 

failure were the lung (n =  4), lymph nodes (n =  3), and bone (n =  

2). Three patients died, and all deaths were caused by disease pro-

gression. Eleven patients (18%) had IFF at the SBRT site, and their 

characteristics are summarized in Table 5. Compared to the in-field 

control group, all clinical, tumor, and treatment factors were not 

statistically significantly different on Student t-test. However, the 

median percent changes in AFP levels after SBRT in each group 

showed a different trend: 36% and -22% in the IFF and in-field 

control groups, respectively (p =  0.089). The median percent 

changes in PIVKA-II levels after SBRT in each group also showed a 

different trend: -5% and -26% in the IFF and in-field control 

groups, respectively (p =  0.330). 

Table 3. Univariate analysis of clinical factors for outcomes

Variable n 2-yr IFFS (%) p-value 2-yr PFS (%) p-value (%) 2-yr OS (%) p-value
Age (yr) 0.138 0.102 0.070
 ≤68 31 69.8 28.4 93.2
 >68 30 89.6 48.7 100
Vascular invasion 0.753 0.481 0.359
 No 52 79.9 41.3 98.0
 Yes 9 74.1 22.2 87.5
BED10 (Gy) 0.296 0.970 0.838
 ≥100 43 85.7 41.5 97.6
 <100 18 65.0 33.3 94.4
GTV (mL) 0.791 0.794 0.597
 ≤8.88 31 81.8 41.0 92.9
 >8.88 30 76.6 35.3 100
NLV (mL) 0.843 0.393 0.709
 ≥1,210.5 31 82.5 34.4 96.2
 <1,210.5 30 76.2 42.0 96.7
mRECIST at 6 months 0.809 0.369 0.669
 Complete response 38 75.1 40.8 94.6
 Partial response 6 83.3 16.7 100
 Stable disease 17 87.4 41.2 100
AFP before SBRT (IU/mL) 0.658 0.250 0.091
 ≤9.23 31 81.0 41.2 100
 >9.23 30 77.0 35.1 92.9
AFP after SBRT (IU/mL) 0.748 0.009* 0.055
 ≤4.5 34 79.6 48.3 100
 >4.5 27 79.6 25.9 92.0
AFP change 0.072 0.733 0.951
 Decreased 38 86.4 40.2 97.3
 Increased 23 67.9 34.2 95.2
PIVKA-II before SBRT (mAU/mL) 0.552 0.030* 0.061
 ≤31.5 33 74.7 47.1 100
 >31.5 28 84.2 27.8 92.3
PIVKA-II after SBRT (mAU/mL) 0.608 0.004* 0.061
 ≤25 34 74.5 48.6 97.1
 >25 22 86.4 21.2 94.4
PIVKA-II change 0.005* 0.095 0.562
 Decreased 45 85.2 46.4 97.7
 Increased 11 38.8 0 90.0

IFFS, in-field failure-free survival; PFS, progression-free survival; OS, overall survival; BED10, biologically effective dose with α/β ratio of 10; GTV, gross 
target volume; NLV, normal liver volume; mUICC, modified Union for International Cancer Control; AFP, alpha-fetoprotein; SBRT, stereotactic body 
radiotherapy; PIVKA-II, protein induced by vitamin K absence or antagonist-II.
*p < 0.05.
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Table 4. Multivariate analysis of clinical factors for outcomes

Variable
IFFS PFS

HR (95% CI) p-value HR (95% CI) p-value
PIVKA-II after SBRT (mAU/mL)
 ≤25 Reference NS Reference 0.006
 >25 2.527 (1.297–4.925)
PIVKA-II change
 Decreased Reference 0.011 Reference NS
 Increased 4.791 (1.432–16.024)

IFFS, in-field failure-free survival; PFS, progression-free survival; PIVKA-II, protein induced by vitamin K absence or antagonist-II; HR, hazard ratio; CI, 
confidence interval; NS, non-specific.
All other variables without significance except PIVKA-II were omitted.

Fig. 3. In-field failure-free survival according to AFP change (A) and PIVKA-II change (B), and progression-free survival according to serum AFP 
after SBRT (C) and serum PIVKA-II after SBRT (D). AFP, alpha-fetoprotein; PIVKA-II, protein induced by vitamin K absence or antagonist-II; SBRT, 
stereotactic body radiotherapy.

None of the patients developed radiation-induced liver disease 
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Discussion and Conclusion 

This study showed results comparable to those of historical studies 

in terms of local control [5]. SBRT has been an effective local ther-

apy for patients with Barcelona Clinic Liver Cancer staging A and 

even for advanced C or with CPS class B or C in selected cases 

[13,14]. Several studies have reported treatment outcomes and 

prognostic factors for SBRT. Predictive factors, such as the tumor 

size, multiplicity, and SBRT dose are associated with disease pro-

gression [15-17]. For OS, CPS class, portal vein thrombosis, and ex-

trahepatic spread are prognostic factors [18]. 

AFP and PIVKA-II serve as tumor markers in the diagnosis of HCC 

and as prognostic factors [19]. Clinical implication is different be-

tween both markers. The AFP indicates extent of local tumor bur-

den while PIVKA-II shows close association with tumor invasive-

ness such as vascular invasion or metastases [11]. High AFP levels 

are associated with lower local control after SBRT [16]. Uemoto et 

al. [20] assessed appropriate CTV for SBRT and suggested that high 

AFP levels may indicate microscopic invasion around the tumor, re-

sulting in local failure. AFP levels before SBRT and changes in AFP 

levels after SBRT were investigated. AFP normalization within 3 

months after SBRT is a favorable prognostic factor for OS and PFS 

[6]. In this study, AFP normalization was defined as an AFP level of 

20 ng/ml or less. On the contrary, there is a report that transient 

increases in AFP or PIVKA-II levels at 12 months follow-up after 

proton therapy (PT) were not statistically significantly associated 

with treatment response because tumor lysis, acute hepatitis, or 

cell regeneration could induce elevation [8]. In a meta-analysis of 

29 studies that were stratified by AFP response after treatment, 

AFP response after various treatments could be a useful prognostic 

factor for HCC patients [21]. 

In a Japanese SBRT study, serum the PIVKA-II level (>35 vs. <35 

mAU/mL) was a significant predictive factor for OS but not for PFS. 

In the PIVKA-II level <35 mAU/mL group, median survival was not 

reached in the follow-up of 2,250 days [7]. In a retrospective study 

of the outcomes of recurrent HCC patients undergoing TACE, PIV-

KA-II was measured immediately before TACE and approximately 1 

month later. A significant correlation between PIVKA-II and treat-

ment response was found, and an elevated PIVKA-II level was an 

independent prognostic factor for poor survival [22]. In a recent 

study, the prognostic role of AFP and PIVKA-II in HCC patients re-

ceiving anti-PD-1 immunotherapy was investigated. Serum levels 

were measured 1 week before and 5–7 weeks after immunothera-

Table 5. Patient characteristics with in-field failure

Patient no. Age (yr) Sex GTV (mL) Total dose 
(Gy) BED10 (Gy) AFP change 

(%)
PIVKA-II 

change (%) IFFS (mo) PFS (mo) OS (mo) Status

1 68 F 4.01 40 80 356 7,683 10 3 14 Dead
2 53 M 8.24 60 150 -99 -87 11 8 12 Dead
3 56 F 8.56 52 119.6 95 -12 4 1 13 Alive
4 64 M 85.64 40 80 -14 7 22 22 35 Alive
5 67 F 188 40 80 220 -56 18 5 30 Alive
6 56 F 10.41 40 80 7 -5 24 11 35 Alive
7 55 F 2.43 40 80 -97 17 23 23 34 Alive
8 76 M 19.85 60 150 39 27 3 3 20 Alive
9 55 M 45.15 45 112.5 -45 -62 9 5 24 Alive
10 84 M 118.52 48 105.6 78 -5 14 12 15 Alive
11 86 M 4.13 45 112.5 36 25 12 12 15 Alive

GTV, gross target volume; BED10, biologically effective dose with α/β ratio of 10; AFP, alpha-fetoprotein; PIVKA-II, protein induced by vitamin K ab-
sence or antagonist-II; IFFS, in-field failure-free survival; PFS, progression-free survival; OS, overall survival.

Fig. 4. First failure patterns of all failure patients. Intra-hepatic out-
field failure was defined as newly appeared or aggravation of lesion 
within liver outside the treated lesion, and extra-hepatic failure was 
defined as recurrent disease at any site outside the liver.

In-field failure

Extra-hepatic 
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py. Serum response was defined as a >50% reduction in serum 

concentration. PIVKA-II responders had a longer PFS of 10.9 

months compared to 4.5 months in PIVKA-II non-responders [9]. 

No study has verified the usefulness of PIVKA-II for predicting 

prognosis after SBRT. In our study, increased PIVKA-II levels after 

SBRT were significantly associated with IFF, and PIVKA-II levels of 

≤25 mAU/mL after SBRT were significantly associated with PFS. 

There were several limitations to this retrospective study. First, 

all patients were not tested for PIVKA-II before SBRT, and there 

might be a bias in the selection of patients. However, most patients 

underwent consecutive marker studies before and within 6 months 

after SBRT. Second, we calculated the change in biomarker levels 

by using the lowest value within 6 months without setting the 

specific time point. Each time point of achieving the lowest level 

would imply different treatment responses and tumor cell kinetics. 

Further studies are needed to evaluate the role of markers at con-

sistent time points after SBRT. 

In conclusion, patients with a decreased change or a lower level 

of PIVKA-II after SBRT showed good tumor control and survival. 

PIVKA-II could be a useful surrogate marker for response or survival 

outcomes in patients with localized HCC receiving SBRT. 
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