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Abstract

Purpose To determine the long-term natural history of size change in SBRT-treated HCC to identify an imaging biomarker
to help assess treatment response.

Methods This was a retrospective cohort study of consecutive HCCs treated with SBRT from January 2008 to December
2016 with either 2 years post-treatment MRI follow-up or post-treatment resection histology. Size, major features for HCC,
and mRECIST and LI-RADS v.2018 treatment response criteria were assessed at each post-treatment MRI. Local progres-
sion, distant progression, and survival were modeled with Kaplan Meier analyses.

Results 56 HCCs met inclusion criteria. Mean baseline HCC diameter was 30 mm (range: 9—105 mm). At 3 months, 76%
(N=43) of treated HCCs decreased in size (mean reduction: 8 mm, range: 5-99 mm) and 0% (N =0) increased in size. By
24 months, 11% (N=5) had increased in size and were considered local progression. APHE remained in 77% (43/56) at
3 months, 38% (19/50) at 12 months, and 23% (11/47) at 24 months. mRECIST-defined viable disease was observed in 77%
(43/56) at 3 months and 20% (9/47) at 24 months. LI-RADS v.2018 criteria identified viable or equivocal disease in 0% at
3 months and 10% (5/47) at 24 months.

Conclusion Gradual loss of APHE and slow decrease in size are normal findings in HCCs treated with SBRT, and persistent
APHE does not indicate viable disease. mRECIST is not accurate in the assessment of HCC after SBRT due to an overreli-
ance on APHE to define viable disease. Increasing mass size or new nodular APHE at the treatment site may indicate local
progression.

Keywords Hepatocellular carcinoma (HCC) - Stereotactic body radiation therapy (SBRT) - Arterial phase
hyperenhancement (APHE) - Treatment response

Introduction All imaging-based post-treatment tumor response assess-

ment algorithms (i.e., European Association for the Study of

Hepatocellular carcinoma (HCC) is the most common pri-
mary malignancy of the liver [1]. Despite recent advances in
therapy, 5-year survival rates remain low (< 10%— ~ 50%).
[2, 3]. There are multiple treatment options for HCC, and
treatment selection depends on tumor stage, liver function,
and patient and provider preference. Since biopsy is not
standard of care before or after treatment for most HCCs, as
endorsed by the AASLD [2], radiologists must understand
post-treatment imaging features suggesting viable disease in
order to effectively manage these patients.
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Liver Disease (EASL) [4], Modified Response Evaluation
Criteria in Solid Tumors (mRECIST) [5], Liver Reporting
and Data System (LI-RADS) treatment response algorithm
(TRA) v.2018 [6]) utilize enhancement as a key imaging
biomarker indicating viable disease. Unfortunately, resid-
ual enhancement does not predict response in HCCs treated
with stereotactic body radiation therapy (SBRT) because the
majority of successfully treated HCCs will exhibit residual
arterial phase hyperenhancement (APHE) for 3 months or
more [7-16] Thus, radiological criteria designed for assess-
ing response to ablation or transarterial chemoembolization
(TACE) (i.e., EASL [4] and mRECIST [5]) do not accurately
determine local response to SBRT, particularly in the early
post-treatment period.
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One advantage of the LI-RADS TRA is that if residual
APHE in an HCC treated with SBRT is considered “treat-
ment-specific expected enhancement pattern,” it could possi-
bly be classified as non-viable [6]. However, there is lack of
radiology—pathology correlation data confirming true patho-
logic non-viability which would indicate effective treatment.
Validated imaging-based biomarkers are therefore needed
to determine response post-SBRT because the presence
or absence of residual APHE is not reliable for treatment
response assessment in these patients [8, 9]. One alterna-
tive might be to couple APHE with size of the treated mass.
HCC doubling time in a cirrhotic liver has been reported to
be 86-204 days when untreated and 21-412 days (mean:
73 days) following locoregional therapy [17-25]. These
data might be useful when determining response following
SBRT. If an SBRT-treated HCC has residual APHE but is
unchanged or decreasing in size, it may indicate effective
local treatment [8, 9].

The purpose of this study was to determine the long-term
natural history of size change in SBRT-treated HCC. These
data would inform use of post-treatment size as a potential
imaging biomarker to predict non-viable HCC. Second-
ary aims were to (a) corroborate prior studies describing
the expected MR imaging appearance of HCC treated with
SBRT in the cirrhotic liver [8, 9] and (b) assess the perfor-
mance of mRECIST [5] and LI-RADS TRA [6] to predict
viability of HCC after SBRT.

Materials and methods

Institutional review board approval was obtained and
informed consent waived for this Health Insurance Portabil-
ity and Accountability Act compliant retrospective cohort
study.

Subjects

All patients (n=183) undergoing SBRT for HCC between
1/1/2008 and 12/31/2016 were identified retrospectively
using an IRB-approved prospectively maintained institu-
tional SBRT registry. The following inclusion criteria were
used: (1) hepatocellular carcinoma based on LI-RADS 5
imaging criteria [6] or biopsy-proven HCC, (2) hepatocel-
lular carcinoma treated with SBRT, (3) multiphasic MRI
performed within 3 months prior to initiation of SBRT, (4)
at least one multiphasic MRI performed within 3 months
following completion of SBRT, (5) >2 years follow-up
MRI or explant histology post-SBRT, and (6) cirrho-
sis determined by imaging or biopsy. Exclusion criteria
included use of locoregional therapy (e.g., TACE, abla-
tion, Y-90 radioembolization) to the SBRT-treated HCC
within 3 months of SBRT or systemic therapy prior to

SBRT or at any time point during follow-up. This was
done to ensure the imaging findings were likely a result
of SBRT. SBRT of viable disease following locoregional
therapy was allowed as long as the previous therapy was
> 3 months prior to initiating SBRT.

Forty-five patients with 56 HCCs met inclusion and
exclusion criteria (Fig. 1). All pre-treatment HCCs were
classified as definite HCC by Organ Procurement and
Transplantation Network imaging criteria (i.e., OPTN 5)
[26], LI-RADS v2018 criteria (i.e., LI-RADS 5) [6] or by
biopsy.

Imaging

All patients underwent multiphasic contrast-enhanced
MRI within 3 months prior to SBRT. MRI was performed
on a 1.5- or 3.0-T magnet using a 16- or 32-channel
phased array coil and included the following sequences:
axial and coronal T2-weighted single-shot fast spin echo
(FSE), axial T1-weighted dual echo gradient recalled
echo (GRE), axial T2-weighted respiratory-triggered
FSE with fat saturation, axial T1-weighted spoiled GRE
with fat saturation pre-contrast and dynamically post-
contrast (i.e., arterial [20-30 s], venous [60-90 s], and
late dynamic [120-150 s]) images. Only some patient had
axial diffusion-weighted imaging (DWI) with b-values of
0 and 800 s/mm? secondary to the retrospective nature of
the study. All subjects received a weight-based dose of
gadobenate dimeglumine (0.2 mmol/kg, maximum dose
20 mL) that was power-injected at 2 mL/sec followed by
a 20 mL saline chaser injected at 2 mL/s.

Stereotactic body radiation therapy procedure

The decision to use SBRT was made by a weekly multidis-
ciplinary hepatobiliary tumor board that consisted of diag-
nostic radiologists, interventional radiologists, hepatologists,
medical oncologists, hepatic surgeons, and radiation oncolo-
gists. Generally, SBRT was considered for masses that were
difficult to access percutaneously and for patients with
contraindications to other forms of locoregional therapy. A
controlled breath-hold technique was used, and for patients
who could not suspend respiration, a 4D-CT was acquired
to generate an internal target volume (ITV) and account for
tumor excursion. CT and MRI images were co-registered for
delineation of gross tumor volume (GTV) by the radiation
oncologist for treatment planning. Expansion of the GTV to
the planning target volume (PTV) for patients able to breath-
hold was 5 mm in the axial dimension and 8 mm in the
craniocaudal dimension. Patients were treated to 21-60 Gy
dose in 3-5 fractions.
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Fig.1 Study population flow

diagram Initial Tumors

N=183

Excluded 100 cases

\ 4

- No follow up

Excluded 17 cases

- LRT < 3 months
from SBRT

Excluded 5 cases

\ 4

- No MRI follow up
(only CT)

Excluded 4 cases

v

- No measurable

N=57

tumor

Excluded 1 case

\ 4

- LR4

=2
1]

56

Retrospective image review

Imaging interpretation was performed on a picture archiving
and communications system workstation (McKesson, Rich-
mond BC) in consensus by two board-certified abdominal
fellowship-trained radiologists with 9 and 3 years of experi-
ence in liver imaging. The goal was to establish the natural
history of imaging findings post-SBRT and not individual
radiologist diagnostic accuracy. Therefore, consensus reads
were used rather than independent reads. Both radiologists
were aware of the diagnosis of HCC and that the HCCs were
treated with SBRT, but were blinded to the imaging reports.

The following details were recorded for each HCC on
the pre-treatment and post-treatment imaging examina-
tions: HCC location; maximum diameter (on pre-treatment
studies measured on T1-weighted pre-contrast or delayed-
phase post-contrast sequences and not on the arterial phase
sequence [done per LI-RADS v.2018 guidelines to avoid
overestimating tumor size from shunting related to neovas-
cularity]; post-treatment HCC was measured on arterial
phase sequence because tumor response criteria use size
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of APHE as the biomarker for viability); relative signal
intensity of the HCC to untreated background parenchyma
on T2-weighted and diffusion-weighted imaging; dynamic
post-contrast imaging findings including presence of APHE,
“washout,” and “capsule” [6].

Persistent APHE of the treated tumor was distinguished
from off-target parenchymal APHE by closely comparing
the location and size of the pre-treatment MRI to the post-
treatment MRI, and by correlating with information from
other pulse sequences. Pre-treatment HCCs were assessed
by OPTN and LI-RADS v.2018 for the major features of
HCC [6, 26], while lesion-level response using mRECIST
(complete response [CR], partial response [PR], progressive
disease [PD], stable disease [SD]) [5] and LI-RADS TRA
(viable [LR-TR-viable], equivocal [LR-TR-equivocal], non-
viable [LR-TR-non-viable]) [6] were recorded at each post-
treatment time point following SBRT. In its current form,
LI-RADS v2018 suggests treatment response assessment of
HCC after SBRT as LR TR Equivocal [6]. However, one
key defining criteria for LR TR Non-viable is “treatment-
specific expected enhancement pattern.” Lack of data has



Abdominal Radiology (2020) 45:3698-3708

3701

been a limiting factor in understanding the natural evolution
of imaging findings after SBRT. Thus, in this study, we use
LR TR Non-viable for TRA after SBRT, even in a lesion
with persistent APHE, albeit no increase in size.

Data analysis

Demographic data (age, sex, reason for cirrhosis,
Child-Pugh score) were summarized with counts and per-
centages. Tumor size (mm), change in tumor size (mm) at
follow-up, and total SBRT dose (Gy) were summarized with
means and ranges. Qualitative features for HCC such as LI-
RADS v.2018 score, OPTN score, relative signal intensity
on diffusion-weighted imaging, APHE, “washout,” “cap-
sule,” and tumor response (MRECIST, LI-RADS TRA) were
summarized at the lesion level pre- and post-treatment. All
time-to-event outcomes were calculated from the start of
treatment with censoring at the date of last clinical follow-
up. Time to local progression was summarized at the lesion
level using the Kaplan—-Meier method and associated 95%
confidence intervals were calculated. Overall survival and
time to progression elsewhere in the liver were summarized
at the patient level. The analysis was conducted in R ver-
sion 3.4.2.

Results
Study population

Details of the study population are provided in Table 1 and
Figs. 2, 3. Mean patient age was 65 years (22-90 years).
Most patients (53% [29/56]) had a Child Pugh score of
‘5. The majority of HCCs were greater than 2 cm (Fig. 2).
Forty-four of 56 HCCs (79%) were LR-5; the rest were
biopsy-confirmed HCC (N=4), LR-tumor-in-vein (N=2), or
LR-TR-Viable (viable HCC in a prior treatment zone, N =6)
(Fig. 3). Seven (13%) had resection or explant histology after
SBRT and 49 (87%) had at least 2 years of MRI follow-up.

Change in size following SBRT

Mean baseline HCC diameter was 30 mm (range:
9-105 mm) (Table 1). At 3 months, 80% (N=45) of treated
HCCs decreased in size (mean reduction: 8 mm, range:
5-99 mm), 16% (N=9) were unchanged in size, 0% (N=0)
increased in size, and 4% (N=2) were not measurable
because of insufficient tumor-to-background contrast. By
24 months, only 11% (N=5) had increased in size (Table 2,
Fig. 4). Change in size over time of every treated HCC in
the cohort is shown in Fig. 4.

Table 1 Study population characteristics (N=45 patients with 56
hepatocellular carcinomas [HCCs]). Data are mean (range) or N (%)

Baseline 3 months 24 months
Mean age (years) (range) 65 (22-90)
Sex
Male 36 (80)
Female 9 (20)
Cause of cirrhosis
None 7 (16)
Hepatitis B virus 4(9)
Hepatitis C virus 21 (47)
Alcohol 409
NAFLD 6 (13)
Hepatitis C and alcohol 24)
NAFLD and alcohol 12)
Child Pugh score (lesion level)
5 29 (53) 22 (51) 15 (35)
6 10 (18) 8 (19) 9(21)
7 4(7) 5(12) 3(7)
8 10 (18) 5(12) 5(12)
9 2(4) 2(5) 3()
10 0(0) 0(0) 2(5)
11 0(0) 1(2) 6 (14)
Mean HCC diameter (mm) 30 (9-105) 22 (5-99) 9.6 (0-90)
(range)

Percentile data may not sum to 100% due to rounding. Not all HCCs
had available data at each time point

Arterial phase hyperenhancement following SBRT

At baseline, nearly all (96% [54/56]) HCCs had APHE
(Tables 2 and 3). Of the two without baseline APHE, one was
a hypoenhancing LR-M that was biopsy-proven HCC and the
other was an enlarging LR-TR-Viable HCC. Enhancement of
the treated HCC steadily declined at 3 months (77% [43/56]),
12 months (38% [19/50]), 24 months (23% [11/47]), and
> 24 months (7% [1/15]) (Table 3, Fig. 5). Median time to
loss of APHE was 7.6 months (95% CI: 7.5-18.0 months)
(Fig. 6). Non-enhancement was observed in 23% (13/56) at
3 months and 77% (36/47) at 24 months. Change in APHE
over time is shown in Fig. 5.

Washout, capsule, and impeded diffusion
following SBRT

At baseline, “washout” (79% [44/56]), “capsule” (71%
[50/56]), and impeded diffusion (68% [36/56]) were com-
mon. Over time, these features progressively resolved
(Table 3). By 24 months, they were uncommon (“wash-
out”: 4% [2/47], “capsule”: 2% [1/47], impeded diffusion:
8% [4/47]) (Table 3).
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Differences in treatment response criteria
following SBRT

mRECIST criteria commonly differed from LI-RADS
TRA criteria (Table 2) because increase in size post-SBRT
was uncommon and APHE can be considered by LI-RADS
TRA but not mRECIST criteria to be a “treatment-spe-
cific expected enhancement pattern.” mRECIST-defined
viable disease was observed in 77% (3 months [43/56]),
36% (12 months [18/50]), and 20% (24 months [9/47]).
However, when using LI-RADS v.2018 criteria, viable
or equivocal disease was only observed in 0% (3 months
[0/56]), 4% (12 months [2/50]), and 10% (24 months
[5/47]) (Fig. 4). Of the 2 HCCs considered LR-TR-equiv-
ocal at 12 months, both were deemed LR-TR-viable at
15 months and 22 months based on increased size and
new APHE (Fig. 6).

Fifteen treated HCCs had MRI follow-up for at least
4 years. All 15 decreased in size; 93% (14/15) eventually
became non-enhancing and 7% (1/15) had residual APHE
for the entire length of follow-up.
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Metastasis and mortality following SBRT

Median overall survival was 5.7 years (Fig. 5). Eight (14%)
demonstrated local progression between 12 and 31 months
post-SBRT; 5 increased in size and all 8 demonstrated
new or increased APHE (Fig. 5). Thirteen patients (28%)
developed progression elsewhere within the liver (median:
3.4 years post-SBRT; range: 1-4 years) (Fig. 5). No patient
developed extrahepatic metastasis.

Explant pathology

Seven HCCs (all with APHE) had post-SBRT histology, all
greater than 12 months after SBRT (range 12-29 months
post-SBRT). Six were unchanged or decreased in size and
had persistent APHE that had not resolved from baseline:
all had 100% necrosis at histology. One converted from
non-enhancement to new APHE prior to explant and was
classified LR-TR-Viable; viable tumor was confirmed at
explant.
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Table2 Temporal evolution of arterial phase hyperenhancement,
size, and tumor response criteria for hepatocellular carcinoma (HCC)
at 3, 12, and 24 months following stereotactic body radiation therapy
(SBRT)

3 months 12 months 24 months

Hepatocellular carcinomas (N) 56 50 47
Arterial phase

Hyperenhancement 34 (61) 12 (24) 7 (15)

Isoenhancement 9 (16) 7(14) 4 (8)

No enhancement 13(23) 31(62) 36 (77)
Size

Decrease 43 (76) 43 (86) 42 (89)

No change 11200 612 0(0)

Increase 0(0) 1(2) 5(11)
Non-diagnostic 2(4) 0(0) 0(0)

LI-RADS treatment response

Non-viable (LR-TR-non-viable) 56 (100) 48 (96) 42 (89)

Equivocal (LR-TR-equivocal) 0(0) 24 24)

Viable (LR-TR-viable) 0(0) 0(0) 3(6)

mRECIST

Complete response (CR) 13 (23) 32 (64) 38 (81)

Partial response (PR) 23 (41) 15 (30) 4.(9)

Stable disease (SD) 20(36) 3(6) 4.(9)

Progressive disease (PD) 0(0) 0(0) 1(2)

Liver Reporting and Data System (LI-RADS) refers to v.2018. Data
are N (%). Not all HCCs had follow-up at each time point. Isoen-
hancement implies the treated HCC was enhancing to the same inten-
sity as the surrounding parenchyma

Discussion

We have shown the history of HCC treated with SBRT is
gradual loss of APHE, loss of “washout” and “capsule,” loss
of impeded diffusion, and decrease in size over a 1- to 2-year
period. It is rare for HCC to become non-enhancing or lose
APHE at 3 months post-SBRT. It is common for SBRT-
treated HCCs to remain visible and retain APHE at 2 years.
Persistent APHE is not a specific indicator of viable disease
when treated with SBRT. HCCs treated with SBRT with
residual APHE that are unchanged or decreasing in size on
follow-up imaging, and are subsequently explanted, often
are non-viable at histology. Use of mRECIST or EASL cri-
teria to determine local treatment response soon after SBRT
(both of which rely on detection of APHE) will be inaccurate
because residual APHE is common in successfully treated
HCCs. Thus, LI-RADS TRA criteria maybe preferred since
residual APHE can be considered a “treatment-specific
expected enhancement pattern.” However, as mentioned
above, in its current version, LI-RADS TRA suggests the
use of LR TR Equivocal for HCC treated with SBRT which
demonstrates persistent APHE. In this study, we show that if
residual APHE is considered an expected imaging finding in

HCC treated with SBRT, without interval growth, then use
of LR TR Non-viable category predicts treatment response
assessment accurately. Several years after treatment, LI-
RADS TRA and mRECIST may demonstrate similar accu-
racy [12, 27, 28]. Until new imaging-based biomarkers can
be developed that adequately differentiate successful early
treatment response post-SBRT, interpretation of SBRT-
treated HCCs will require serial follow-up and knowledge
of the natural history. New or increasing intensity of APHE
or increase in size of a treated HCC are each potential indi-
cators of local treatment failure.

Accumulating evidence indicates SBRT likely has good
local treatment efficacy for intrahepatic HCC, a good safety
profile, and—Ilike other forms of local therapy (e.g., abla-
tion, TACE)—may act as a bridge for hepatic transplantation
[7, 12, 29]. Assessment of treatment response to SBRT is
challenging due to counterintuitive imaging findings in suc-
cessfully treated masses (i.e., residual APHE, lack of non-
enhancement, persistent visibility) and adjacent parenchymal
reaction related to off-target radiation. Insufficient radiol-
ogy—pathology correlation, lack of head-to-head comparison
trials between SBRT and conventional ablative therapy, rela-
tive novelty of SBRT, and (potentially overstated) fears of
hepatic toxicity are challenges for widespread acceptance of
SBRT into HCC treatment algorithms [7, 12, 29].

Early studies suggesting that persistent APHE may be an
expected finding in a successfully treated HCC post-SBRT
are confirmed in our study [8—14]. We have shown that
APHE is commonly seen for up to 2 years. Rather than sim-
ple detection of residual APHE, radiologists should consider
new nodular APHE, increasing intensity of APHE within
the treated mass, or an increase in size to indicate poten-
tial local treatment failure. In our study, the large majority
of HCCs progressively decreased in size over 2+ years of
follow-up. Given that the HCC doubling time after other
forms of locoregional therapy reportedly ranges from 21 to
412 days (mean: 73 days) [17-25], a follow-up period of
2 years should be sufficient to determine whether local pro-
gression has occurred. Unfortunately, excellent local control
from SBRT as suggested in our study does not necessarily
prevent progression elsewhere in the liver. We found that
progression elsewhere in the liver was much more common
than progression at the treatment site, and median overall
survival in our cohort was only 5.7 years.

Our study has several limitations. First, there is a rela-
tively small sample size. Second, it was retrospective, thus
subject to selection bias, and lacked a reference standard
for treatment efficacy for most of the treated masses. For
masses lacking a histologic reference standard, lack of
growth over 2+ years was used as an indirect sign of absent
local progression. In SBRT-treated HCC, where persistent
APHE is a common and expected imaging finding, histo-
logic confirmation would be of added value to confirm the
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Fig.4 Change in size and likeli-
hood of progression of intrahe-
patic hepatocellular carcinoma
treated with stereotactic body
radiation therapy (SBRT)

Table 3 Temporal evolution
of imaging features for 56
intrahepatic hepatocellular
carcinomas treated with
stereotactic body radiation
therapy (SBRT)
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12 24 Longest follow-up
Follow-up time (months)
Local Progression No — Yes
Baseline N=56 3 months N=56 12 months N=50 24 months N=47 >24 months N=15
APHE

Absent 2 (4)
Present 54 (96)
“Washout”
Absent 12 (21)
Present 44 (79)
“Capsule”
Absent 16 (29)
Present 40 (71)
Impeded diffusion
Absent 17 (32)
Present 36 (68)

13 (23)
43 (77)

32 (57)
24 (43)

42 (75)
14 25)

42 (75)
14 (25)

31 (62)
19 (38)

45 (90)
5(10)

46 (92)
4(8)

42 (84)
8 (16)

36 (77)
11 (23)

45 (96)
24

46 (98)
12)

43 (92)
4(8)

14 (93)
1(7)

15 (100)
0(0)

15 (100)
0 (0)

15 (100)
0 (0)

Three HCCs were not imaged with diffusion-weighted imaging at baseline (baseline N=53 for diffusion-

weighted imaging)
APHE arterial phase hyperenhancement

lack of viable tissue. Future studies with radiology—pathol-
ogy correlation are needed. Additional limitations given
the retrospective nature include different imaging follow-up
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times, not all lesions had DWI sequences, and history of
prior locoregional therapy, albeit greater than 3 months prior
to SBRT could result in altered vascularity of the lesions.
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Kaplan—-Meier Summary of Overall Survival

1.00{ = A
0.75
>
2
£
©
Qo
[
S 0.50
®
>
=
3
7]
0.25
0.00
0 1 2 3 4 5 6 7 8 9 10
Time from RT to Death (Years)
Kaplan—-Meier Summary of Local Progression C
1.00{ —4
0.75
>
=
g
©
Q
[
& 0.50
]
2
2
3
%)
0.25
0.00
0 1 2 3 4 5 6 717 8 9 10

Time From RT to Local Progression (Years)

Kaplan—-Meier Summary of Progression Elsewhere in Liver

1.00{ - B

0.75

Survival probability
o
3

0.25
0.00
o 1 2 3 4 5 6 1 8 9 10
Time from RT to Progression Elsewhere in Liver (Years)
Kaplan-Meier Summary of Time to Loss of Enhancement
1.00 D
0.75
>
.1_:
o
©
Qo
e
a 0.50
©
>
2
-1
@
0.25
0.00
0 6 12 18 24 30 36 42 48

Time from RT to Loss of Enhancement (Months)

Fig.5 a-d Kaplan—Meier curves of a overall survival, b disease progression in liver outside treatment zone, ¢ local progression, d time to loss of
arterial phase hyperenhancement after stereotactic body radiation therapy (SBRT) of intrahepatic hepatocellular carcinoma

Furthermore, this study focuses exclusively on treatment
response post-SBRT using MRI. Although it is predicted
that CT imaging findings should be interpreted similarly,
scientific confirmation of that hypothesis will be important.
Finally, mRECIST criteria are designed to be used at the
patient level, while LI-RADS TRA criteria are designed for
use at the lesion level. For practical purposes they were both
applied at the lesion level in our study.

In conclusion, SBRT is an effective option with excel-
lent local control for treatment of primary HCC. Persistent

APHE is a common finding for up to 2 years. Therefore,
lack of growth of a treated mass (and not absent APHE)
may be the best indicator of successful treatment. Increas-
ing size or new nodular APHE at the treatment site may
indicate local progression. mRECIST and EASL criteria
should not be used to determine local treatment response
following SBRT because they are overly reliant on APHE.
LI-RADS TRA is likely more accurate following SBRT
and should be used instead.
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Fig.6. A 73-year-old male with HCC. a 10.8 cm HCC with APHE
(arrow) and “washout” (not shown) pre-treatment. After SBRT there
is gradual decrease in size over time, with persistent APHE and
increasing central necrosis (*). The treated tumor measures 9.8 cm
at 3 months (b), 9.0 cm at 12 months (c¢), 8.6 cm at 36 months (d),
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12 months post-SBRT
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60 months post-SBRT

and 5.2 cm at 60 months (e). At all times points, this lesion would be
considered Partial Response based on mRECIST. However, if APHE
is considered a ‘treatment-specific enhancement,” this tumor could be
classified as LR TR Equivocal and eventually Non-viable
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