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Background and Purpose: To evaluate the different response patterns after Stereotactic Body Radiation Therapy
(SBRT) and their predictive value in local control and progression of hepatocellular carcinoma (HCC).
Materials and methods: Seventy-two HCC patients who were treated with SBRT during 2015–2020 were included
in this retrospective study. The assessment was made using MRI, CT, and PET-CT. Local and systemic responses
were determined according to modified Response Evaluation Criteria in Solid Tumors (mRECIST) criteria during
follow up. Patients were categorized as early responders (complete response during 6 months after radiotherapy)
or non-early responders (the rest of the patients). Prognostic factors were determined using multivariate logistic
models.
Results: The median follow-up was 24.0 months (range, 7.7–74.5 months). We found that 84.7%（61/72) of
patients achieved a complete response. Early responses occurred in 45 patients (45/72, 62.5%), and they had 1-,
2-, and 5- year intrahepatic outfield-free survival (OutFFS) rates of 86.2%, 80.3%, and 76.3% vs. 55.3%, 44.7%,
and 33.5% in non-early responses patients, whereas the 1-, 2-, and 5- year distant metastasis-free survival
(DMFS) were 95.5%, 84.5% and 79.5% and 74.1%, 56.2% and 56.2%, respectively. The 1-, 2-, and 5-year overall
survival (OS) were 97.7%, 92.1%, 79.1%, and 85.2%, 53.8%, and 40.3%, respectively. Multivariate analysis
revealed that early tumor response was an independent predictor of OutFFS, DMFS, and OS.
Conclusions: Early complete tumor response within 6 months after radiotherapy predicted better intrahepatic
outfield-free survival, distant metastasis-free survival, and overall survival outcomes. Confirmation is warranted
for early response on SBRT to guide decision making.

Introduction
Hepatocellular carcinoma (HCC) is the fifth most common cancer
and the second most frequent cause of cancer-related death globally [1].
Despite recent advances in therapy, 5-year survival rates still remain low
(<10-~50%) [2]. Curative treatments for HCC are surgery, liver trans
plantation, and ablation according to the guidelines [3,4]. However,
some HCC patients are contraindicated for these treatments because of
poor general condition or technical difficulties due to the location of
tumors [5]. Stereotactic body radiotherapy (SBRT) allows the precise
delivery of high-dose radiation to the tumor in a small number of frac
tions and can achieve good local control for HCC regardless of the tu
mor’s location [6–10]. Given that it is a one-time shot, tumor response
after SBRT became the top concern for clinicians.

Most of the studies utilized Modified Response Evaluation Criteria in
Solid Tumors (mRECIST) [11] as an imaging-based algorithm to eval
uate tumor response after locoregional treatments. By which enhance
ment as a key imaging biomarker indicating viable disease. However,
HCCs treated with stereotactic body radiation therapy (SBRT) often
exhibit residual arterial phase hyperenhancement (APHE) and/or a
“washout” in venous phase for 3 months or more [2,12,13]. The time
gap between APHE to no-enhancement in all phases varies among in
dividuals. Mishal [12] et al. reported the natural history of HCC after
SBRT using mRECIST criteria and found that the patients’ best tumor
response (CR) rate at 3, 12, and 24 months were 23%, 64%, and 81%,
respectively. Que [14] et al. indicated that tumor response after SBRT
(CR vs.PR/stable) was an independent predictor of Overall Survival.
However, the RECIST criteria was used; no further relations between
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progression related survival data (intrahepatic or distant) were
investigated.
Our study was conceived from the previous studies mentioned above
and further divided tumor response into early and non-early patterns
using mRECIST criteria. We assumed that early response pattern (CR
within 6 months after SBRT) had a better progression-free survival
outcome.
Materials and methods

respiratory liver motion; patient underwent 4D-CT with slice thickness
of 3 mm (Siemens Somatom Sensation; Siemens Healthineers Corpora
tion). The gross tumor volume (GTV) included all tumors detected via
dynamic CT and MRI; an internal target volume (ITV) was generated
after including the extension of GTV on the 4D-CT scanning. The plan
ning target volume (PTV) was created as ITV plus a radial margin of 3
mm. Patients were treated with 48–60 Gy dose in 5–10 fractions, pa
tients underwent on-board MVCT daily for image guidance. The vari
ance in dosage was due to the tumor location being near the intestine.

Patients

Response evaluation

We enrolled the patients from January 2015 to May 2020. Informed
consent was obtained, and this study was approved by the institutional
review board of the Ethics Committee of Zhongshan Hospital, Fudan
University. SBRT was considered for patients with primary HCC who
were not suitable for surgery for the following reasons: it was technically
or medically inoperable or the patients refused to undergo surgery; tu
mors were not suitable for TACE or RFA due to tumor hypovascularity or
its location in the liver dome or near the major vessels; and the presence
of recurrent lesions after multiple treatments, including TACE and RFA.
The inclusion criteria were as follows: 1) hepatocellular carcinoma
based on biopsy-proven HCC or clinical guideline defined HCC
[4,15,16]; 2) HCC treated with SBRT; 3) patient with complete followup radiological data (multiphasic CT or MRI performed within 3
months prior to initiation of SBRT, has multiphasic CT or MRI performed
before patient has progression diseases or reached survival endpoint
following completion of SBRT; 4) ECOG score: 0 to 2, age ≥ 18 years old,
volume of normal liver: ＞700 cm2 and Child-Pugh class A or B. We
excluded the following: 1) patients who received other locoregional
treatments after radiotherapy before progression happens; and 2) pa
tients with lymph node metastasis, distant metastasis, or double primary
malignancy. Seventy-two of 122 patients (59.0%) were assessed for
response and eligible for tumor response analysis. Seven patients were
not considered, because they had pathology confirmation of chol
angiocellular carcinoma. Six patients were excluded, because they
received other locoregional treatments before progression. Thirty-seven
patients were excluded due to their incomplete imaging data (Fig. 1).

Patients were assessed before SBRT and after completion of treat
ment at 1 month, every 3 months for the first 12 months, and every 6
months thereafter. Imaging interpretation was performed in consensus
by the radiologist and two radiation oncologists with 8 and 3 years of
experience in liver imaging using a PACS (Universal Viewer ZFP, GE
Healthcare IT). Both radiation oncologists were aware of the diagnosis
of HCC and the imaging reports. If there was a discrepancy between
reports and review, then a final response evaluation was performed on
the basis of a consensus decision between the radiologist and radiation
oncologists.
The following details were recorded for each HCC on the pretreatment and post-treatment imaging examinations: HCC location and
maximum diameter. The Modified Response Criteria in Solid Tumors
(mRECIST) was used to evaluate treatment response, complete response
was defined as disappearance of any intratumoral arterial enhancement
of all targets [11], patients who has complete response (CR) within 6
months after treatment were categorized as Early response pattern
(Fig. 3) while the rest were categorized as non-early response pattern
(Fig. 4). Local failure was defined as an infield recurrence within the
planning target volume (PTV). Outfield failure was defined as outfield
intrahepatic metastasis, and distant failure as extrahepatic metastasis.
Data analysis
Demographic data (sex, hepatitis B infection, α-fetoprotein (AFP)
level > 400 ng/ml, and previous treatments) were summarized with
counts and percentages. Age and tumor size (mm) before the treatment
were summarized with median and range. Tumor responses (mRECIST)
were summarized at the lesion level pre- and post-treatment. All time-toevent outcomes were calculated from the start of treatment with
censoring at the date of last clinical follow-up. Local failure-free survival

Stereotactic body radiation therapy procedure
All patients received Helical Tomotherapy (Hi-ART System, Accu
ray). Abdominal compression technique [17,18] was used to reduce
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Fig. 1. Flow diagram for the patient selection process. Abbreviations; SBRT:
Stereotactic Body Radiation Therapy; HCC: Hepatocellular carcinoma; CR:
complete response.

Fig. 2. The Complete Response Rate(percentage) at 3 months(25.0%), 6
months(62.5%), 9 months(80.6%), 12 months or later(84.7%).
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Fig. 3. Example of Early response group: A 69-year-old male with HCC. (A), HCC with APHE (arrow) pre-treatment. (B), HCC APHE disappears (arrow) at 1 month
post-SBRT. (C), A patchy“ treatment specific expected enhancement pattern”(arrow) at 6 monthes post-SBRT.(D),HCC with“washout”in venous phase pre-treatment
(arrow). (E), HCC venous phase at 1 month post-SBRT (arrow). (F) Patchy“ treatment specific expected enhancement pattern”is not washed out in the portal venous
phase (arrow).

Fig. 4. Example of Non-early response group: A 86-year-old male with HCC. (A), HCC with APHE (arrow) pre-treatment. (B), APHE exists (arrow) at 3 monthes postSBRT. (C), APHE exists (arrow) at 9 monthes post-SBRT. (D),HCC with“washout”in venous phase pre-treatment (arrow). (E), HCC with“washout”in venous phase at 3
monthes post-SBRT (arrow). (F) HCC with “washout” in venous phase at 9 monthes post-SBRT (arrow).

(LFFS), outfield intrahepatic failure-free survival (OutFFS), and distant
metastasis-free survival (DMFS) were estimated using the Kaplan-Meier
method. The logistics method was used for multivariate analysis, vari
ables that were considered to have relevance or have a p value of < 0.1
in univariate analysis were further subjected to multivariate analysis.
The analysis was conducted in SPSS version 26 (IBM Corp).

Results
Patient characteristics
The study population included 58 males (80.6%) and 14 females
(19.4%) aged 36–98 years old (Table.1). The majority of the patients
(91.7%) had hepatitis B infection. Only 15 patients (20.8%) had AFP
level>400 ng/ml before radiotherapy. The largest tumor diameters
ranged from 7 mm to 68 mm with a median of 27 mm. Fifteen patients
(20.8%) received SBRT as initial treatment.
3
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concurrent intrahepatic outfield and distant failure; 7 patients had
intrahepatic outfield failure; and 5 patients developed distant metas
tasis. No patient had local failure. Two patients experienced concurrent
local, intrahepatic, and distant failures; 2 with local failures, and 4 with
both outfield and distal failures; 8 with outfield failure; and 4 with
distant failure in the non-early response group (Table 3).

Table 1
Clinical features and different tumor Response Patterns of study participants (N
= 72).
All(n =
72)

Age(y)
Median(range)
Sex
Male
Female
Hepatitis B infection
Yes
No
AFP level
>400 ng/ml
<400 ng/ml
Largest tumor
Diameter
Median(range)in mm
Previous Treatments
Yes
No

Response

pValue

Early(n =
45)

Non-early(n =
27)

62(36–98)

62(37–83)

62(36–98)

58(80.6%)
14(19.4%)

35(77.8%)
10(22.2%)

23(85.2%)
4(14.8%)

66(91.7%)
6(8.3%)

42(93.3%)
3(6.7%)

24(88.9%)
3(11.1%)

15(20.8%)
57(79.2%)

8(17.4%)
37(82.2%)

7(25.9%)
20(74.1%)

27(7–68)

25(7–60)

27(8–68)

57(79.2%)
15(20.8%)

34(75.6%)
11(24.4%)

23(85.2%)
4(14.8%)

0.604

Relevance of early response for LFFS, OutFFS, DMFS, and OS

0.442

The overall tumor local control rate was 93.6% during follow-up.
The 1-, 2-, and 5-year overall local tumor control rates were 95.8%,
93.6%, and 93.6%, respectively. The 1-, 2-, and 5-year LFFS for Nonearly response group were 88.9%, 80.8%, and 80.8 %, whereas these
were 100%, 100%, and 100% for early response group (Fig. 5),
respectively.
The median intrahepatic outfield progression-free survival time was
13.1 months (range, 1.8–71.9 months) for non-early response group and
28.1 months (range, 7.9–74.5 months) for the early response group. The
1-, 2-, and 5- year outfield progression-free survival rates were 86.2%,
80.3%, and 76.3% in the early response group with huge differences
compared with 55.3%, 44.7%, and 33.5% in the non-early response
group (Fig. 6), respectively.
The median distant metastasis-free survival rates for early and nonearly group were 26.6 months (range, 8.8–74.5 months) and 16.2
months (range, 1.8–71.9 months), respectively. The 1-, 2-, and 5-year of
DMFS rates in early responders were 95.5%, 84.5%, and 79.5%, whereas
those of the non-early response group were 74.1%, 56.2%, and 56.2%,
respectively (Fig. 7).
In the early response group, the median overall survival was 34.6
months (range, 8.8–74.5 months), whereas this was 17.8 months (range,
7.7–71.9 months) in the non-early response group. The 1-, 2-, and 5year OS rates for early and non-early groups were 97.7%, 92.1%, and
79.1% and 85.2%, 53.8%, and 40.3%, respectively (Fig. 8).
Early response patterns (vs. non-early, p < 0.001), older age (vs.
<65 years old, p = 0.003), and received surgery as previous treatment
(vs. did not receive surgery before SBRT, p = 0.029) were related to the
intrahepatic outfield control rate in univariate analysis. In the multi
variate analysis, early response (HR = 0.209, CI:0.089–0.487, p <

0.665
0.410
0.396
0.330

Response and patterns of failure
An objective response was documented in all patients, and it was an
early response for 45 patients (62.5%). Eighteen patients (25.0%)
showed complete response (CR) within 3 months, 45 patients (62.5%)
showed CR at 6 months, 58 patients (80.6%) showed CR at 9 months,
and 61 patients (84.7%) showed CR at 12 months or later (Fig. 2).
Among 61 patients with complete response, five patients had both
intrahepatic outfield failure and distant failure, 11 patients had intra
hepatic outfield failure while 9 patients had distant metastasis. Among
11 patients who did not achieve complete response during follow-up,
two patients were evaluated as stable disease (SD), whereas five pa
tients were evaluated as Partial response (PR), 4 patients experienced
local failures. Eight patients experienced disease progression, and the
initial failure sites were as follows: 6 outfield failures; and 2 concurrent
outfield and distant failures. In the early response group, there were 2

Fig. 5. Response patterns influencing local recurrence free survival.
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Fig. 6. Response patterns influencing intrahepatic outfield progression free survival.

Fig. 7. Response patterns influencing distant metastasis free survival.

0.001) and older age (HR = 0.135, CI:0.031–0.582, p = 0.007) both
correlated significantly with better intrahepatic outfield control rate
(Table 2 and Fig. 6). Early response pattern (p = 0.014) and whether or
not the patient received previous surgery treatments (p = 0.018) were
two factors that correlated with the distant metastasis control rate,
whereas only early response pattern (p = 0.031) maintained its rele
vance significantly in multivariate analysis (Table 2 and Fig. 7). Early
response pattern was also correlated with overall survival significantly
in multivariate analysis (HR = 0.232, CI:0.084–0.638, p = 0.005).

Discussion
Our study retrospectively analyzed 72 HCC patients who received
SBRT, and we first demonstrated the impact of earliness in tumor
response on patients’ intrahepatic outfield progression-free survival,
distant metastasis-free survival, and overall survival.
Several imaging-based assessment algorithms (i.e., European Asso
ciation for the Study of Liver Disease (EASL) [4], Modified Response
Evaluation Criteria in Solid Tumors (mRECIST) [11], and Liver
Reporting and Data System (LI-RADS) treatment response algorithm
5
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Fig. 8. Response patterns influencing Overall Survival.

recurrence were independent prognostic factors for Local Failure Free
Survival (LFFS) and OutFFS, respectively [23]. However, none of the
studies investigated the relation between the tumor response pattern
and its association with progression-related survival and overall sur
vival. Despite the excellent local control for SBRT [32], intrahepatic
outfield recurrence accounts for the major problem. Early response was
associated with a statistically significant OutFFS prolongation by 15.0
months as compared with non-early responders. Our study also sug
gested that patients with early response pattern had a 10.4 months
prolongation of DMFS and a 16.8 months prolongation of OS than nonearly response pattern. Such finding further suggested that the
achievement of an early response could translate into an outfield
recurrence-free survival and overall survival benefit, which might be
explained by the following reasons. In non-early response pattern, it
takes longer for the tumor feeding vessels to go through necrosis and
fibrosis, as they are still able to uptake the contrast, thereby providing
more opportunities for the tumor to seed elsewhere. Studies have tried
to investigate the biological explanation of “persistent arterial phase
enhancement” of HCC after SBRT. Mustafa’s study points out that venoocclusive diseases, such as changes in liver parenchyma injury, could
lead to the congestion of contrast, which would further lead to the
persistent enhancement [33]. In Katerina’s study, which connected with
both the histological changes and radiological tumor response after
SBRT in HCC patients: after 134 days post radiation treatment, there are
still some residual hepatocellular carcinoma cells accounting for the
hyperenhancement [34].
Naoko’s study have shown that the median time for HCC to reach CR
was 5.9 months (range, 1.2–34.2 months) [26]. In our study, the median
time for HCC to reach CR was 4.9 months (range, 1.3–23.0 months).
Given the result in our study, when HCC patients have not reached their
best tumor response within 6 months, the clinician should be concerned
and actively take action (e.g., follow-the patients more frequently or use
a combination of other therapies).
Our study has several limitations. First, the mRECIST criteria em
phasizes enhancement and tumor size only, whereas some successfully
treated HCC (by SBRT) might exhibit treatment-related perfusion
changes, which might hamper the assessment of a viable tumor. More
accurate post-treatment HCC-specific radiologic criteria are needed in

(TRA) v.2018 [19] can be used to evaluate the post-treatment tumor
response. LI-RADS treatment response algorithm was designed to assess
treated tumor while considering the treatment-specific enhancement
pattern. However, the level of inter-observer agreement among different
radiologists has not been assessed [19]. Some believe that iRECIST
[20,21] (immune-based therapeutics) provided more robust interpre
tation of HCC response after SBRT than mRECIST and RECIST, but it was
based on RECIST 1.1 and focused more on the true progression, because
it needs two consecutive follow-up images to make the final decision. In
our study, we still used mRECIST criteria to evaluate the tumors after
radiotherapy, because it emphasizes tumor enhancement and size and is
currently the most widely used evaluation method for post-treatment
HCC [13,22–25].
The CR rate in our study was 25.0% at 3 months, which was similar
to those obtained by Mishal’s (23%) [2] and Naoko’s (24%) [26]. At 6
months, our study showed higher CR rate (62.5%) than the rate obtained
by Mendiratta (41.7%) [12] and lower than that obtained by Naoko’s
(67%) [26]. At 1 year after treatment, studies have shown CR rates
ranging from 64% to 87.5% [2,12,14,26], whereas we obtained 84.7%.
The best response rate in each phase of our study was similar to the
previously reported ones [2,12,14,26], which demonstrated the typical
HCC response pattern after receiving SBRT. Unlike transcatheter or
other loco-ablative therapy [27], a rapid tumor size reduction or im
mediate de-vascularization might not be seen in HCC patients that
received SBRT. In the very early post-radiation period (~1 month),
tumor size and enhancement may transiently increase; this phenomenon
mimics tumor progression. In the early post-radiation period (~3
months), there is a great likelihood that typical HCC enhancement
pattern (APHE and/or “washout”) can still be seen in the venous phase
[2]. The successfully treated mass may experience necrosis and fibrosis
over time, as it shows iso-enhancement or hypo-enhancement, or it re
mains a patchy “treatment specific expected enhancement pattern”; the
enhanced lesion corresponds to the high-dose area with a certain
threshold and is not washed out in the portal venous phase [28–31].
An early study [14] suggested that several factors, including tumor
sizes>4 cm, Child Pugh (A vs. B), and Portal vein tumor thrombosis
(positive vs. negative), were independent predictors of OS. Higher
dosage (42–60 Gy vs. 36–44 Gy) and pre-radiotherapy multi-segment
6
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0.844
0.327–2.490
0.903

All(n = 72)
Failure Pattern
Local
4(5.6%)
Outfield
24(33.3%)
Distant
17(23.6%)

0.250–1.812
0.673

0.433
0.191
0.241–1.329
0.566
0.169
0.58
0.029

0.252

0.291

p-Value

Early(n = 45)

Non-early(n = 27)

0(0%)
9(20.0%)
7(15.6%)

4(14.8%)
15(55.6%)
10(37.0%)

0.017
0.002
0.038
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Abbreviations: UVA: univariate analysis; MVA: multivariate analysis; HR: hazard ratio; CI: confidence interval.

0.226
0.278
0.018
N/A
N/A
N/A

0.757
N/A
N/A

0.229

N/A
N/A

0.347

N/A
N/A
0.007
0.031–0.582
0.135

0.003

Response pattern
Early
N/A
Non-Early
4.283–35.366
Age
>65
N/A
≤65
N/A
Culmulative diameter
>2cm
N/A
≤2cm
N/A
AFP level
>400 ng/ml
N/A
≤400 ng/ml
N/A
Previous treatments(Yes vs. No)
TACE
RFA
Surgery

Response

future studies. Second, because it is a retrospective study, some of the
patients’ information were missing. External beam radiation therapy
and systemic therapies may be used in combination, and some of the
patients’ concurrent treatments might affect their progression-free sur
vival. In our study, certain patients (37/122 = 30.3%) were excluded
due to their incomplete imaging data, which could lead to selection bias.
Third, as much as possible, as we want the imaging interpretation to be
reliable, but it still cannot be the “golden standard” for the diagnosis of
viable post-treatment HCCs. A previous study demonstrated that the
tumor size shown on the image was reasonably well correlated with the
histological tumor size [34], while our study lacks pathological confir
mation for the quantification of the viable tumor, and laboratory veri
fications are needed to support our results.
In summary, we demonstrated the early response pattern prediction
for a better progression-free survival and overall survival outcome
compared with non-early response pattern. This finding might help in
future clinical decision making.

N/A
N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

0.031
N/A
N/A
<0.001
0.089–0.487
0.209

Table 3
Failure patterns and different tumor Response Patterns.

0.209
0.555
0.29

0.4
0.186–1.960
0.603
0.423

0.699

0.005
0.084–0.638
0.232
0.125–0.908
0.337

N/A
0.000–129.839

95%CI

0.349

P
95%CI
HR

UVA

HR

P
0.014
95%CI

UVA

HR

P
95%CI
MVA

95%CI

P
<0.001
UVA

Intrahepatic Out Field Free
Survival

Table 2
Factors influencing intrahepatic out field free survival and distant metastasis free survival.

Distant Metastasis Free
Survival

P
95%CI
MVA

Overall Survival

P
0.002

MVA
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Appendix A. Supplementary data
Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ctro.2022.03.010.
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