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Absence of fibrosis after stereotactic body
radiation therapy (SBRT) for hepatocellular
carcinoma (HCC) in a multiple-transplant

patient
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CASE SUMMARY

Our patient is a 58-year-old Cauca-
sian woman with a past medical history
including two liver transplantations,
right kidney transplantation, recurrent
hepatocellular carcinoma (HCC) and
eradicated hepatitis C infection (HCV).
At age 39, the patient had an orthotopic
liver transplant (OLT) for HCV cirrho-
sis. After 11 years (age 50), she devel-
oped HCC in the transplanted liver,
which was treated with transarterial
chemoembolization (TACE). At age
51, the HCC was treated with a second
OLT. While on immunosuppression
after transplantation, the patient devel-
oped calcineurin inhibitor (CNI) toxic-
ity and subsequently end-stage kidney
failure that required hemodialysis until
she received a deceased donor kidney
transplant (DDKT), two years after the
second OLT. Six years after her second

OLT, she presented to the hospital with
nausea, vomiting, and abdominal pain.
Her alpha-fetoprotein (AFP) was ele-
vated at 1067 ng/ml and 1902 ng/ml a
month later.

IMAGING FINDINGS

A computed tomography (CT)
scan demonstrated a large mass in the
dome of the liver (segment VIII) with
regions of nodular high attenuation and
low-grade enhancement in all contrast
phases, suspicious for atypical HCC.
Magnetic resonance imaging (MRI)
confirmed findings diagnostic of an
atypical HCC (Figure 1). Chest CT and
bone scans were negative for pulmo-
nary or osseous metastases.

DIAGNOSIS
With concern of a new HCC, the
patient’s mycophenolate was stopped.
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Her subsequent immunosuppression
regimen consisted of cyclosporine
50 mg BID and prednisone 5 mg once
daily. Given that she had had two sur-
gical anastomoses, chemoemboliza-
tion posed a substantial risk of abscess
formation, as well as vascular and che-
motherapeutic injuries to the liver. The
patient was also not a good surgical can-
didate due to the liver lesion’s location
between the right and middle hepatic
veins, producing a future liver remnant
that would be too small. The recom-
mendation was a course of stereotactic
body radiation therapy (SBRT). Fidu-
cial marker placement was performed
using CT guidance. Treatment was per-
formed using the robotic radiosurgery
system (Cyberknife, Accuray, Sunny-
vale, California), with fiducial tracking.
The patient was treated with 5 fractions
of 900 cGy, delivered every other day.
The prescription isodose line was 66%.
The dose was limited by proximity to
the heart.

The patient complained of some
right upper quadrant pain post-SBRT,
likely related to her requirement for
common bile duct stent change, as it
resolved post change. She also devel-
oped symptomatic atrial fibrillation,
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FIGURE 1. MRI imaging pre-SBRT. Noncon-
trast (A), late hepatic arterial phase (B), por-
tal venous (C), and 5-minute delayed images
(D) show a large mass in hepatic segment 8
(5.3 x 3.8 cm) in a region of severe steatosis
demonstrating nodular areas of late hepatic
arterial phase enhancement that persists
through the delayed images (arrow). Periph-
eral region of lower signal intensity (dashed
arrow) reflects area of severe steatosis.
T2-weighted images without (E) and with
fat saturation (F) through this lower signal
region (*) demonstrate loss of signal on the
fat-saturated images of the mass. Intrahe-
patic vessels course undisturbed through this

mass (arrowhead in G), a hallmark of steatosis. Although this enhancement pattern is atypical
for hepatocellular carcinoma (HCC), in the clinical context, this was sufficient for diagnosis of

recurrent HCC.

requiring hospital admission. She had
a history of paroxysmal atrial fibrilla-
tion for multiple years, and we felt that
this was not likely treatment related.
The patient’s AFP initially decreased
to 325 ng/mL approximately 6 weeks
after treatment. It then rose to 450
ng/mL at approximately 6 months
post-treatment and 1930 ng/ml at 8
months post-treatment. On follow-up
MRI performed 6 months following
completion of therapy, the treated mass
had decreased substantially (Figure 2).
More surprisingly, careful examination
of the liver with MRI demonstrated
no effects of the radiation treatment
(Figure 3). This very unusual lack
of treatment effect was striking to the
radiologists and the treating clinicians
involved in the patient’s care.

DISCUSSION

Pathologically, normal liver tissue
treated with SBRT will demonstrate
changes like veno-occlusive disease.!
On CT scans and other imaging, local
injuries by radiation treatment are
commonly seen as density changes in
the liver, as well as volume loss. These
changes on imaging often manifest as
hypodense regions surrounding the
target tumor volume. However, visual-
ized density changes do not necessarily
correlate with symptomatic toxicity.?

Liver injury (from radiation, for
example) initiates a cascade of inflam-
matory and fibrogenic signals that
recruit and transform hepatic stellate
cells (HSCs) into myofibroblasts. Myo-
fibroblasts, in turn, lay down connec-
tive tissue that leads to fibrosis through
the effect of growth factors such as
transforming growth factor 8 (TGF-£)
released by the injured hepatocytes and
macrophages.>* There is a dose-depen-
dent increase in TGF-f in irradiated
liver* and inhibition of this growth factor
can help prevent fibrosis. Modulating
radiation technique has also been shown
to decrease the expression of TGF-f
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and improve treatment toxicity in ani-
mal models.’ In the case of our patient,
she had a good (76% cross-sectional)
response to the treatment of a 5.3-
x-3.8-cm tumor to 2.5-x-1.9 cm in a
relatively short time, with no new
density changes on imaging to show
radiation treatment and fibrosis. We
speculate that her immunosuppres-
sive drugs, cyclosporine and predni-
sone, may be protecting her from these
changes through their effect on TGF-f
expression.

Inflammation regardless of cause
(radiation, autoimmune, etc.) promotes
fibrosis, and potent anti-inflamma-
tory drugs such as corticosteroids are
effective in preventing and treating
fibrosis.* Corticosteroids have been
used to treat liver disease and fibro-
sis—most commonly in autoimmune
FIGURE 2. MRI tumor imaging post-SBRT. Noncontrast (A), late hepatic arterial (B), portal ~ fibrosis—with improved outcomes.
venous (C), and 5-minute delayed (D) phase MRI images obtained 6 months following com- Hepatic fibrosis improves in up to 57%

pletion of therapy demonstrate a small amount of residual enhancement (arrow), suspicious of patients treated with corticosteroids
for a small amount of residual disease (2.5 x 1.9 cm). and prevents fibrosis in up to 79% of

patients with autoimmune hepatitis.®
In animal models, treatment of HSCs
with glucocorticoids reduces the secre-
tion of endogenous TGF-f and TGF-f
signaling.”

Cyclosporine is an immunosuppres-
sive drug used as prophylaxis against
organ rejection by forming a complex
with cyclophilin A (CypA) to inhibit
calcineurin.® Cyclophilin A binding
leads to several changes in the cell
including immunosuppressive, anti-
tumor, and anti-fibrotic effects. Cyc-
losporine use in the setting of liver
fibrosis from autoimmune hepatitis
may help stabilize or reverse fibro-
sis.” TGF-B-mediated fibrosis in the
liver occurs similarly to idiopathic
pulmonary fibrosis (IPF), where it has
been studied more extensively. Cyc-

losporine has been shown to inhibit
FIGURE 3. Liver imaging post-SBRT. Demonstration of absence of fibrosis and liver volume TGF-p-mediated fibrosis in IPF by
loss. Corone?l postcontrast images through the mass (*) before (A) treatment and after treatment degrading TGF-B-induced-hypoxia
through a similar plane (B) demonstrate no significant volume loss. The large area of steato- . .

sis surrounding the mass is significantly diminished, and not seen on these images. Axial post- 1nd.u01ble factor. 1-alp ha' (HIF-Ta),
contrast images before (C) and after (D) treatment through the level of the caval anastomosis which causes dedifferentiation of myo-
(arrow) also demonstrate no significant volume loss or fibrosis following treatment. fibroblasts, thus reversing fibrosis.'°
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FIGURE 4. Three-dimensional (3D) figure of isodose distribution.

CONCLUSION

This is an interesting case of how
immunosuppressive drugs —cyclospo-
rine and prednisone —may affect the
response of tumor and fibrosis after
radiation treatment. Our observation
and our research of current literature
point to the potential benefits of gluco-
corticoids and possibly cyclosporine as
anti-fibrotic agents.
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FIGURE 5. Expected post-treatment fibro-
sis in an immunocompetent patient. (A)
Pre-treatment MRI demonstrates a necrotic
mass with solid enhancing components in
segments 2/3 (arrow) with ascites (*). (B)
Post-treatment MR obtained 2.5 months fol-
lowing therapy shows no significant change
in size or enhancing components within
treated lesion, but a subtle decrease in the
size of the lateral left hepatic lobe. (C) A
post-treatment CT scan obtained 5.5 months
following therapy shows a reduced tumor
size and resolution of the enhancing com-
ponents indicative of treatment response.
There is further volume loss of lateral left
hepatic lobe, an expected finding following
radiation therapy.

42 W APPLIED RADIATION ONCOLOGY

www.appliedradiationoncology.com

December 2018



