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Abstract

The use of stereotactic body radiotherapy (SBRT) in hepatocellular carcinoma (HCC) has increased over the past
few decades. Thus, accurate evaluation of post-SBRT treatment response is essential to avoid over-treatment
of responders as well as missing the opportunity to salvage non-responders. There are some intricate imaging
differences after liver SBRT compared to those observed after conventional fractionated radiotherapy and other
locoregional treatment. We aim to review the imaging changes that occur following SBRT for HCC and their
potential clinical implications.

Keywords: Imaging, liver, stereotactic body radiotherapy, hepatocellular carcinoma

INTRODUCTION

Radiation therapy for liver malignancies has evolved over the past few decades. In the past, radiation was
predominantly used as a palliative modality due to the limited tolerance of whole liver irradiation. However,
with the technological advances achieved with improved resolution of on-board imaging and the ability to
deliver highly conformal radiotherapy, we were then able to irradiate liver tumours with high precision and
limited bystander damage to normal tissues. Stereotactic body radiotherapy (SBRT) is characterised by high
dose per fraction, typically in the range of 5-25 Gy over 1-10 fractions, which is enabled by accurate tumour
localisation using daily image guidance. The adoption of SBRT has increased exponentially in primary and
secondary liver malignancies with promising local control rates and favourable toxicity profiles’. SBRT has
also been shown to be a useful local therapy to bridge patients awaiting transplant in primary hepatocellular
carcinoma (HCC)[GI.
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Table 1. The different imaging treatment response evaluation criteria for HCC

Treatment response

RECIST 1.1

mRECIST

EASL

Tumour measurements

Number of lesions
Complete response (CR)

Uni-dimensional of target lesions

2 per organ
Disappearance of all target lesions

Uni-dimensional of viable tumours
(arterial phase enhancement)

2 per organ

Disappearance of any intratumoral
arterial enhancement in all target

Bi-dimensional of viable tumours
(arterial phase enhancement)

Not specified

Disappearance of any intratumoral
arterial enhancement in all target

lesions lesions

Partial response (PR) >30% reduction in sum of longest

diameters of target lesions

>30% reduction in sum of longest
diameters of viable target lesions

>50% reduction in sum of the product
of bi-dimensional diameters of viable
target lesions

> 25% increase in sum of the product
of bi-dimensional diameters of viable
target lesions

Does not meet PR or PD

Progressive disease (PD) >20% increase in sum of longest
diameters of target lesions

>20% increase in sum of longest
diameters of viable target lesions
Stable disease (SD)

Does not meet PR or PD Does not meet PR or PD

HCC: Hepatocellular carcinoma

Nonetheless, treatment response assessment after high ablative doses of radiation can be challenging due to
the different radiation dose deposition profiles compared to conventional fractionated radiotherapy. Here, we
aim to review the imaging characteristics associated with SBRT in HCC and their implications in our clinical
practice.

HISTOPATHOLOGICAL CHANGES AFTER RADIATION

During the acute phase, which is typically defined as less than 3-4 months after radiation, there is deposition
of fibrin and subsequently collagen within the centrilobular venules causing obliteration of these small vessels
with relative sparing of the larger veins and arterioles. This causes reactive hyperaemia and also hepatic cell

75

loss within the liver ™. This is collectively known as veno-occlusive disease. In the chronic phase, there is

significant reduction of hyperaemia with some degree of hyperplasia and parenchymal fibrosis'".

IMAGING RESPONSE ASSESSMENT CRITERIA

Although RECIST 1.1 is a universally accepted set of radiological response evaluation criteria in solid
tumours", these criteria do not apply well in HCC as they are based solely on uni-dimensional tumour
measurements. Several other response evaluation criteria, which are more sensitive for HCC, have been
proposed, including the EASL and modified RECIST (mRECIST) criteria [Table 1][10’“]. The EASL criteria
use bi-dimensional measurements of viable enhancing tumours, whereas mRECIST uses uni-dimensional
measurement of viable tumours. There are a few studies that compared the different evaluation criteria after
SBRT treatment for HCC but no definite conclusions could be drawn regarding the most optimal criteria to
use in clinical practice[u’“]. Of interest, one study correlated radiological response to pathological response
in 38 patients who underwent orthotopic liver transplants for HCc". The radiological criteria used
included EASL, RECIST and mRECIST. All radiological response criteria compared poorly against the actual
pathological response. The positive predictive values and negative predictive values were 73%/29% (EASL),
71%/32% (RECIST) and 74%/40% (mRECIST), respectively. Both computed tomography (CT) agreement
(22%-39%) and magnetic resonance imaging (MRI) agreement (31%-39%) with pathologic findings were
poor, irrespective of the imaging criteria used. This highlighted the difficulty of using imaging to predict
pathological treatment response after SBRT.

EARLY IMAGING CHANGES

Similar to the histopathological changes described above, corresponding imaging changes can be observed
during the acute post-SBRT phase. One important point to remember is that the conventional well-defined
radiation field edges observed with the use of two- or three-dimensional radiation techniques are no longer
seen in SBRT treatment, which uses multiple, often non-coplanar, radiation fields.
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Figure 1. Contrast-enhanced computed tomography at 3 months after stereotactic body radiotherapy showing reactive hyperaemia in the
surrounding irradiated non-tumourous liver parenchyma

Figure 2. Contrast-enhanced magnetic resonance imaging demonstrating early imaging changes before and after stereotactic body
radiotherapy (SBRT): pre-SBRT showing typical arterially enhancing lesion with subsequent wash-out (A); and 3 months after SBRT
showing the surrounding arterial enhancement without subsequent wash-out observed, indicative of reactive hyperaemia (B)

During the very early phase, hepatic oedema occurs due to decreased venous outflow secondary to
centrilobular obstruction. This is manifested as hypoattenuation on unenhanced CT and hyper-attenuation
on contrast-enhanced CT"". On MRI, this is manifested as low signal on T1-weighted images with high
signal on T2-weighted images. On diffusion-weighted imaging (DWI), there may be mild restricted diffusion
and a slight increase in apparent diffusion coeflicient (ADC). Periportal oedema can also occur, although this
is short-lived and not specific to radiation therapy. On MRI, this can be observed as widening of periportal
space with mild high signal intensity on T2-weighted images[m].

Following that, reactive hyperaemia is often seen in the surrounding irradiated non-tumourous liver

" [Figures 1 and 2].

parenchyma as early as 1 month after treatment and peaks at approximately 3 months'”
This focal liver reaction could be difficult to differentiate from residual tumour, a phenomenon also known
as “pseudoprogression”. However, reactive arterial hypervascularity is usually followed by no delayed phase

washout as opposed to viable tumours"”. This is a useful tip during SBRT response assessment to avoid



Page 4 of 8 Yip et al. Hepatoma Res 2020;6:44 | http://dx.doi.org/10.20517/2394-5079.2020.30

misdiagnosing this reactive feature as tumour progression. Focal steatosis may also occur, which is typified
by decreased attenuation on CT and signal drop on opposed-phase MRI"?. In rare circumstances, temporary
biliary dilatation is observed, which tends to resolve after a few months".

LATE IMAGING CHANGES

Months after SBRT, the injured hepatocytes are gradually replaced by fibrosis. CT is not usually sensitive in
detecting liver fibrosis, although perfusion CT may be more useful for this purpose™”’. This chronic effect can
be better appreciated on MRI with low signal on T1- and T2-weighted images. During the earlier stages of
fibrosis, moderate arterial enhancement is observed, which persists in the delayed phase. As this progresses,
arterial enhancement diminishes but progressive enhancement in the delayed phase persists[”].

In most cases, loss of liver volume is observed in the initial 3 months after SBRT. This is followed by
subsequent regeneration and increase in liver volume. However, liver atrophy may also occur in some cases
with capsular retraction™ [Figure 3]. In contrast to the early focal steatosis observed, focal sparing of fatty
liver (e.g., in pre-existing fatty liver or post-chemotherapy liver changes) may occur in the months following
SBRT due to loss of fat in the hepatocytes'

Finally, tumour response after SBRT can be challenging, as described above. Tumour shrinkage may not
happen in the immediate few months after SBRT. Nonetheless, even in the absence of volumetric reduction,
progressive reduction in tumour enhancement is consistent with treatment response. This is typically
accompanied by a corresponding increase in ADC"™. An increment in ADC of 20%-25% was found to be an
indicator of SBRT response in a few small retrospective studies”™*" [Figure 4]. However, the authors did not
use pathological response as the study end-point, and hence are subjected to the same challenges as described
with the use of radiological response criteria as an end-point. Furthermore, there is as yet no standardisation
of DWI acquisition and interpretation, which hinders its use as a standard response evaluation criterion.

ROLE OF POSITRON EMISSION TOMOGRAPHY

"F-Fluorodeoxygluocose positron emission tomography (“F-FDG PET) is not recommended in the
staging of early HCC due to its low sensitivity in detecting low-grade, well-differentiated HCC against
the background liver activity, precluding an accurate primary tumour assessment. Nonetheless, it is more
sensitive in detecting extrahepatic disease compared to local tumour staging[“]. To our knowledge, there is
no study that evaluated the role of “F-FDG PET in treatment response assessment after SBRT for primary
HCC. However, baseline “F-FDG PET maximum SUV value (SUV_ ) > 3.2 was found to be associated with

max

higher risk of local failure in a cohort of HCC patients treated with SBRT™,

Other radionuclides being evaluated in HCC include "“F-Fluorocholine ("*F-FCH) that is a biomarker for
phosphocholine, which is a major metabolite in cancer cells, and ""C-acetate”™, ""F-FCH is reported to have
a high sensitivity, approaching 90%, in detecting HCC"™. A decrease of *F-FCH SUV__ > 45% was shown
to be associated with longer progression-free survival and improved mRECIST response in patients treated

26]

with various locoregional therapies, including SBRT for HCC™.

The availability of PET/MR imaging is slowly increasing in some parts of the world. This could be a
promising tool in HCC combining the superior MRI soft tissue and primary tumour definition, functional
aspects of MRI such as DWT and the superior sensitivity of PET in extrahepatic staging.

PREDICTION OF LIVER TOXICITIES

Although SBRT is relatively well tolerated in most patients, the risk of radiation-induced liver disease (RILD)
cannot be underestimated in this group of patients who have pre-existing cirrhosis, particularly those with
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Figure 3. Contrast-enhanced computed tomography at 1 year after stereotactic body radiotherapy showing volume loss with capsular
retraction (note fiduciary clips /n-situ)

Pre-contrast T1 Arterial phase T1 Portal-venous T1 ADC

Portal venous 90s delayed 180s delayed Subtracted AP imaging

Figure 4. Contrast-enhanced magnetic resonance imaging demonstrating: pre-treatment caudate lobe hepatocellular carcinoma with
restricted diffusion (ADC 1101 x 10°®) (A); post-stereotactic body radiotherapy scan showing no treatment response with restricted
diffusion (ADC 917 x 10°®) (B); and corresponding contrast-enhanced computed tomography and delayed imaging with hepatobiliary
contrast agent showing perfusional changes around the tumour with no response (C). ADC: apparent diffusion coefficient

Child-Pugh B liver dysfunction. Classical RILD, which is characterised by weight gain, hepatomegaly,
anicteric ascites and isolated elevation of alkaline phosphatase (ALP) out of proportion to other liver
enzymes, is not usually seen following liver SBRT. In contrast, non-classical RILD, which is characterised by

markedly elevated transaminases and jaundice, is more commonly seen after partial liver irradiation such as
[27]
SBRT .

A combination of clinical and/or biochemical criteria such as Child-Pugh and Model for End-stage Liver
Disease (MELD) scores are routinely used as a measure of the severity of cirrhosis in the clinical setting. In
addition, serum indocyanine green (ICG) clearance is also widely used to evaluate liver function in clinical
practice, although it is a direct measurement of neither the hepatic synthetic nor conjugative function””
*™Tc-Sulphur Colloid single-photon emission computed tomography (~"Tc-SC SPECT) is considered a liver
function imaging tool. ”"Tc-SC is taken by Kupffer cells which have similar perfusion as hepatocytes, thus

making it a surrogate of perfused hepatocytes[”]. Quantitative ~"Tc-SC SPECT uptake was found to have
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significant correlations with ICG retention at 15 min (ICG-R15) (r = -0.84, P < 0.0001)"” and clinical Child-

[30]

Pugh status

Hepatocyte-specific MRI contrast agents, such as gadoxetate acid (Gd-EOB DTPA), also have the potential
to provide information on liver function besides its role as a diagnostic tool in HCC""*?, The rate of
T1 relaxation time reduction and T1 map quantifications have been shown to correlate well with ICG
clearance™ ™. However, its use in this setting requires additional research and validation.

We anticipate that functional liver imaging will play a complementary role to existing cirrhosis severity
evaluation criteria, particularly in providing valuable spatial information which can be used to guide HCC
treatment. One exciting area of research is the prospect of sparing functional liver as depicted on cross-
sectional imaging during radiation planning, which may allow us to reduce the risk of RILD even more™

PROPOSED IMAGING ALGORITHM

We propose that response evaluation should be performed at 3 months after SBRT using multi-phasic
CT or MRI. The latter should include DWI sequence and the use of hepatocyte-specific contrast agents
should be considered. This should continue 3 monthly in the first year, 3-6 monthly in the second year and
6-12 monthly in the subsequent years depending on the clinical needs. However, the absence of volumetric
shrinkage or presence of residual arterial enhancement in the first few months after SBRT should not be
deemed tumour relapse unless there are other unequivocal radiological and/or clinical signs of progression.
We suggest that early interval imaging should be performed in these cases to confirm disease progression if
clinical situation permits.

CONCLUSION

Early post-SBRT imaging features include hepatic and periportal oedema as well as reactive hyperaemia in
the surrounding irradiated liver parenchyma. The latter may mimic disease progression, although there is
usually no associated delayed washout observed in these cases. In the subsequent months after SBRT, there
is hepatic fibrosis which may be followed by atrophy and capsular retraction. PET imaging is currently not
routinely used in HCC, although “F-FDG PET may have a role for extrahepatic staging, particularly in high-
grade HCC. ”"Tc-SC SPECT can also be considered to assess liver function before and after SBRT.
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