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Abstract. - There are a number of chemo-
therapy-effects that should be assessed with
liver imaging since they have an influence on
surgical morbidity. Chemotherapy-related com-
plications, steatosis, chemotherapy-associat-
ed steatohepatitis (CASH), and SOS might im-
pair the hepatic parenchyma, thus reducing the
functionality and influencing the outcome fol-
lowing resection. The main role of a radiologist
is to provide an accurate diagnosis of the lesion.
With constant advances in medicine, a radiolo-
gist’s role should extend beyond just reporting
the data of tumor, providing additional informa-
tion that may greatly improve patient care. Ra-
diologists should assess both chemotherapy ef-
fects on the hepatic metastasis itself, as well as
chemo-induced focal and diffuse modifications
of non-tumor hepatic parenchyma, since it is im-
portant to avoid impaired hepatic function after
hepatic resection.
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Introduction

Colorectal cancer is the third most common
cancer in the world, with 774,000 deaths world-
wide'. The most common site of metastases is the
liver; colorectal liver metastases (mCRC) can be
synchronous in 15% to 25% of patients or meta-
chronous in 25% to 30%"2. Currently, the stan-
dard of care of patients with mCRC is surgical
resection?. Unfortunately, not all patients are
candidates for surgery owing to factors, such as
the number, size, or location of the metastases.
For these patients, neoadjuvant chemotherapy is
often used to decrease the tumor burden; if pa-
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tients have an adequate response, they may under-
go to surgical resection. As a matter of facts, the
current median overall survival for patients with
mCRC in large observational series is 30 months,
more than double that of 20 years ago®. The fea-
tures involved are a closer patient follow-up to
obtain an earlier detection of metastatic disease,
an improvement in the efficacy of systemic ther-
apies based on a better patient selection?? and an
increase in the number of patients underwent to
resection’, thanks to a more strategic approach,
which saw the spread of percutaneous ablative
techniques*® and of chemotherapeutic target ther-
apies®®. Systemic therapy is given to convert un-
resectable liver metastases into resectable and is
known as conversion therapy?. During treatment,
resectability is evaluated after 2 months and again
after 4 months from neoadjuvant therapy, when
the maximal tumor shrinkage is deemed to occur
in most patients®. Surgical liver resection has en-
hanced the survival®. Some characteristics should
be considered when is planned a liver resection,
such as the number of hepatic segments involved,
the lesions contiguity to vascular or biliary tree,
and the residual liver volume after treatment’.
The size and functionality of residual liver had
an impact on the success rate, influencing surgi-
cal mortality and morbidity’ and the occurrence
probability of parenchymal injury secondary due
to hepatotoxic chemotherapy®!'!. Liver volumetry,
obtained by imaging, generally performed using
Computed Tomography (CT), allows an accurate
assessment of major hepatic resections'. Howev-
er, this method only evaluates the size and not the
function, so more appropriate techniques are re-
quested. Dynamic Contrast Enhanced-Magnetic
Resonance Imaging (DCE-MRI) with hepatospe-
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cific contrast medium (CM) has been proposed
for the assessment of liver function and staging of
liver fibrosis'>'*. The hepatobiliary function can
be assessed evaluating the hepatospecific CM up-
take in the normal hepatocytes. Regional CM up-
take measurement may be useful for pre-surgical
quantification of liver function in patients sched-
ule for hepatic surgery. Also parenchymal injury
should be assessed in order to define the proper
strategical approach'?*,

Chemotherapy-Related Complications
The most commonly used chemotherapy reg-
imens include FOLFOX (5-fluorouracil/leucovo-
rin and oxaliplatin) and FOLFIRI (5-fluorouracil/
leucovorin and irinotecan), which often achieve
excellent treatment responses®. Biologic agents,
such as bevacizumab, a vascular endothelial
growth factor (VEGF) inhibitor, and cetuximab,
an anti-epidermal growth factor receptor agent,
have contributed to improve systemic therapy for
mCRC, without an increase of major complication
rates after hepatectomy”. However, the practice
of multi-agent regimens, the systemic therapies
duration and the introduction of new treatments
have increased the risk for drug-induced liver in-
jury (DILI)®, These agents can determine hepato-
cyte and biliary ducts toxicity altering lipid me-
tabolism or causing hepatic vascular tree damage.
Drug toxicity provokes hepatocytes injury in in
terms of mild or severe hepatitis with possibility
of the evolution to cirrhosis and fibrosis'?’. As
a consequence of the lipid metabolism alteration,
a deposition of fat within the hepatocytes can be
present, determining steatosis or steatohepatitis.
Lastly, drug-induced vascular damages may lead
to sinusoid obstructive syndrome (SOS), portal
vein thrombosis, and peliosis hepatis!®. There-
fore, there are a number of chemotherapy-effects
that should be assessed with liver imaging since
they have an influence on surgical morbidity. The
chemotherapy-related complications, steatosis,
chemotherapy-associated steatohepatitis (CASH),
and SOS might impair the hepatic parenchyma,
thus reducing the functionality and influencing
the outcome following resection. Either CASH
and SOS are associated with an increase of mor-
bidity but not mortality after hepatic surgery>*.
Traditionally, the main role of a radiologist, in the
assessment of liver metastases, is to provide an
accurate diagnosis of the lesion/s. With constant
advances in medicine, including radiology, a ra-
diologist’s role should extend beyond just report-
ing the data of tumor, including side, diameter,
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vascular, and biliary involvement. Although in
some cases these may be the only components to
report, we should provide additional information
that may greatly improve patient care’. Radiolo-
gists should also assess both the effects of che-
motherapy on the hepatic metastasis itself, as well
as the chemo-induced focal and diffuse modifi-
cations of non-tumor hepatic parenchyma, since
it is important to differentiate mimickers from
hepatic metastasis and avoid impaired hepatic
function after hepatic resection. Therefore, addi-
tional features that are often not evaluated in the
report include the presence or absence of chemo-
therapy related injury in the non-neoplastic liver
parenchyma?®. The most efficient means to com-
municate these diagnostic details to the multidis-
ciplinary team is for radiologist to include them
in their radiological report. The non-neoplastic
liver parenchyma should be assessed for underly-
ing or superimposed liver disease, such as steato-
hepatitis or other diseases that might affect liver
function or its ability to respond to chemotherapy
after hepatic resection®". In patients with chron-
ic liver disease, fibrosis is often the most import-
ant prognostic factor, that may affect a patient’s
ability to tolerate hepatic resections, and should
be included in all liver reports whenever possi-
ble’. The non-neoplastic liver is also susceptible
to chemotherapy-induced sinusoidal injury. Liver
injury may occur with chemotherapy regimens,
such as irinotecan, which may cause steatohep-
atitis and oxaliplatin, which may cause nodular
regenerative hyperplasia or sinusoidal obstruc-
tion syndrome. If steatohepatitis is identified in
the pre-surgical imaging, the radiologist should
assess the inflammation and fibrosis. If a patient
has received FOLFOX and the background liver
shows sinusoidal dilatation, congestion, nodular
regenerative hyperplasia changes, and/or venous
obstruction, a diagnosis of chemotherapy induced
sinusoidal injury and/or sinusoidal obstruction
syndrome should be reported?.

Hepatitis

Hepatitis due to chemotherapy can be classi-
fied histologically in three groups: hepatocellular,
cholestatic (Figure 1), or mixed. Radiologist role is
the identification and the classification of hepatitis
severity grading, as well as the detection of other
increasing causes of liver function tests (LFT).
Different agents have been linked with hepatitis,
including S-fluorouracil (FU), cisplatin, VEFG
tyrosine kinase inhibitors (TKI), non-VEGF TKI,
epithelial growth factor receptors (EGFR) in-
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Figure 1. Woman 45 y with colon cancer. Chemotherapy-induced cholestatic hepatitis that appears as peribiliary hypointense
(perisinusoidal fibrosis) tissue (arrow) in T2-W sequences (A and C). In portal phase of contrast study (B) it is present an
indirect sign of perisinusoidal fibrosis, that appears as a distrectual biliary tree dilatation (arrow). During EOB phase (D) the

tissue (arrow) shows hypointense signal.

hibitors, and immune checkpoint inhibitors. Ra-
diological characteristics include hepatomegaly,
perihepatic fluid, lymphadenopathy, and peripor-
tal edema?’. The main feature is the gallbladder
wall thickening or gallbladder fossa edema. On
ultrasound (US) imaging, typical findings are a
parenchymal echogenicity decreasing with an in-
crease of the portal vein conspicuity (known as
“starry sky”)'“?2. Hepatitis on Multi-detectors CT
(MDCT) or MRI appears as liver attenuation de-
creasing or diffuse hyper-intensity in T2-weigth-
ed (T2-W) scans, with heterogeneous enhance-
ment during the contrast phase. Severe choles-
tatic hepatitis on MR cholangiopancreatography
(MRCP) can appear as a decreasing of the tertiary
bile ducts number'®-2'%,

Chemotherapy-Induced Focal Steatosis/
Steatohepatitis

Liver steatosis is due to lipids accumulation.
Fatty accumulation may be typical when the he-
patic fat content surpasses the 5% of the liver wet

weight and the steatosis severity is measured as
a percentage of fatty hepatocytes, compared to
the total hepatocytes seen'”**. Hepatic steatosis
could be steatohepatitis, as long as there is bal-
looning of hepatocytes, lobular inflammation, or
degeneration of hepatocytes. Both 5-fluorouracil
and irinotecan have been shown to determine ste-
atosis, probably through an oxidative stress-medi-
ated injury®. In literature many cases of steatosis
have been reported (Figure 2) in patients treated
with bevacizumab, alone or in combination with
other agents*-%°, Liver steatosis decreases the dif-
ference in contrast between hepatic parenchyma
and lesions, influencing the assessment of hepatic
metastasis’. Chemotherapy- induced steatohepati-
tis (called as CASH) may limit hepatic reserve for
regeneration and place patients, who subsequent-
ly undergo resection of hepatic metastases, at risk
for postoperative hepatic failure’®?’. Although
examining pathologic specimens can only dis-
tinguish the two histologic subtypes of steatosis,
development of fatty changes on imaging studies
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is an important observation to report’. In fact,
the presence of a diffuse and severe fatty liver
(Figure 3) should suggest alternative therapeutic
approaches, including more minimally invasive
therapies?*?’. Radiologist should identify steato-
sis in asymptomatic patients, severity, and should
exclude other causes of liver aminotransferases
increasing. Imaging diagnosis of steatosis/steato-
hepatitis is relatively easy. On ultrasound, hepatic
steatosis/steatohepatitis appears as diffuse or fo-
cal increased echogenicity. Focal fat deposition or
sparing may simulate hepatic metastases, but can
be differentiate by its location, shape, and mass
effect absence on vasculature. On unenhanced
MDCT, a reduced hepatic-to splenic attenuation
ratio confirms the presence of fat deposition,
while an increased cranio-caudal liver diameter
and an increased caudate-to-right lobe ratio are
findings of steatohepatitis. Focal steatosis could
mimic metastasis. However, MRI is a problem
solving, confirming the diagnosis because steato-
sis appears as signal loss on opposed-phase T1-W
scans, respect to in-phase scans. By contrast,

there is no signal drop on the opposed phase im-
ages of metastasis'®?!3,

Sinusoid Obstructive Syndrome

Sinusoidal obstruction syndrome (SOS), also
called veno-occlusive disease (VOD), is due to
severe toxic injury of the hepatic sinusoidal en-
dothelial cells (SECs) related to the fibrous ma-
terial deposition within venule walls and liver
sinusoids leading to histological changes varying
from sinusoidal dilation to occlusion'®. SOS has
been reported to be significantly more common
in patients receiving oxaliplatin before resection
than patients receiving no chemotherapy®®. Mac-
roscopically, the affected liver typically has a
bluish-red marbled appearance and therefore, has
been called “blue liver syndrome”*. Histological-
ly, distinct areas of dilated sinusoids with conges-
tion determined the SOS, which may be associat-
ed with liver cell plate atrophy. In severe cases, it
can also be associated with perisinusoidal fibrosis,
nodular regenerative hyperplasia (NRH) (Figure
4), obstruction of centrilobular veins, and peliotic

Figure 2. Woman 63 y with rectal cancer. Chemotherapy-induced steatohepatitis that appears as inhomogeneous signal of
parenchymal liver in T2-W sequences (A), in EOB-T1-W sequence (B) and in in (C) and out (D) phase, in patients with necrotic

mCRC (arrow).
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Figure 3. Woman 61 y with colon cancer. In in (A)/out (B) phase T1-W sequences is evident the severe steatohepatitis of
hepatic parenchymal. In T2-W sequence (C) is evident the reduced hepatic-to splenic signal ratio and in EOB phase (D) the
parenchymal signal is lower than we expected with hepatospecific contrast medium.

change (Figure 5). Rubbia-Brandt et al®® report-
ed SOS in patients undergoing hepatic resection
following oxaliplatin treatment. Perisinusoidal
injuries, including dilatation and congestion with
fibrosis and venous occlusion, were present in
78% of patients®®. These authors reported a scor-
ing system to grade the histological features from
0 (absent) to 3 (severe). Liver structure patho-
logical changes may cause portal hypertension
resulting in the clinical presentation of SOS that
includes symptoms, such as hepatomegaly, jaun-
dice, and ascites?®3°. SOS is correlated to an in-
crease of the postoperative morbidity, since SOS
is linked to the increase of the risk for intraop-
erative blood loss and the need for perioperative
transfusions®’3%. Moreover, recent researchers’®?’
have proven a defensive effect of bevacizumab
with regard to the SOS development. Consider-
ing the need to conserve liver regenerative ca-
pacity following hepatectomy, the reduction of
the SOS effect is very essential for surgical prac-
ticability and postoperative outcome. Ribero et
al’’ observed that bevacizumab in combination

to oxaliplatin in mCRC increased neoadjuvant
chemotherapy pathologic response and shown a
protective effect against the SOS development.
To date, the bevacizumab protection against SOS
effect is not adequately understood. Sinusoidal
obstruction syndrome appears on imaging with
various degrees of portal hypertension, hepato-
splenomegaly, recanalization of paraumbilical
vein, ascites, gallbladder wall thickening, and
portal vein thrombosis (Figure 6)**. The radiol-
ogist should report the presence of SOS in the ra-
diological report to guide a proper patient’s man-
agement. MDCT and US findings of hepatic SOS
includes hepatosplenomegaly, ascites, gallbladder
wall thickening, periesophageal varices, and re-
canalization of umbilical veins. On Doppler ul-
trasound, decreased flow in the portal vein can be
noted. During dynamic studies, “post-oxaliplatin
heterogeneity of liver parenchyma” presenting
as diffuse and heterogeneous hypo-attenuation
of the hepatic parenchyma on contrast-enhanced
MDCT is frequently observed in patients who un-
derwent oxaliplatin based chemotherapy, and is
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Figure 4. Man 57 y with colon cancer. SOS syndrome. The signal of hepatic parenchymal appears inhomogeneous during
hepatospecific phase of contrast study (A, VIBE T1-W sequence; flip angle 10; B, VIBE T1-W sequence, flip angle 30). The

arrow shows little nodule FNH like.

Figure 5. Woman 58 y with rectal cancer. Pseudo-cirrhosis. The arrow shows peliotic change in T2-W (A), during arterial

(B), portal (C), and EOB (D) phase of contrast study.

predominantly located at the peripheral area and
right hepatic lobe. This finding is also reported
in MR contrast studies. Heterogeneous reticular
pattern is found in the non-tumor parenchyma on
hepatobiliary phase (HBP) MRI of the liver using
liver-specific contrast agents gadoxetate disodi-
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um (Eovist or Primovist; Bayer Healthcare, Ber-
lin, Germany) (Figure 7). The following action
mechanisms are suggested: obstruction and high
pressure in the sinusoid modify the hepatic blood
flow and damage hepatocytes, which results in
the low reticular signal intensity on HBP imaging
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Figure 7. Man 73 y with rectal cancer. Heterogeneous reticular pattern in the non-tumor parenchyma (arrow) on T2-W se-
quence (A) and more evident in hepatobiliary phase (B) of contrast study.

due to disturbed uptake of gadoxetate disodium
into the dysfunctional hepatocytes and modified
portal flow. Until now, few cases of chemother-
apy-induced focal hepatopathies mimicking a
metastatic tumor on imaging are reported'”*.
Granata el al”7 reported multiple lesions in a pa-
tient with history of rectal cancer (Figure 8). On
US imaging, the lesions showed isoechoic or hy-
poechoic heterogeneity. On MDCT portal phase,
some lesions showed isodense aspect while other

lesions had hypodense signal. On MRI scan per-
formed using hepatospecific CM, some lesions
showed hyper-intense signal on T2-W images
and hypo-intense signal on T1-W images. During
arterial phase, the authors found hyper-vascular
lesions that in the portal and transitional phase
became isointense or hypo-intense. During the
hepatobiliary phase, the lesions accumulated the
CM, with consequential isointense signal with a
hyper-intense rim or hyper-intense signal’’.
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Figure 8. 42-year-old male with history of rectal cancer. Oxaliplatin-induced lesions. Liver lesions appear hyperintense
(arrow) on T2 W sequence (A) hypointense (arrow) on T1-W in-of-phase sequence (B), with restricted diffusion (arrow) on b
50 s/mm? (C) and b800 s/mm? (D). During contrast study the lesions show hyperintense signal (arrow) on arterial phase (E)
and portal phase (F), isointense signal with hyperintense peripheral rim (arrow) on transitional (G) and EOB phase (H). US (I
and J) show solid, isoechoic to hypoechoic lesions (arrow). In (L-M) CT scan on portal phase of dynamic study: the lesion is

hyperdense or isodense with hyperdense peripheral rim (arrow).

Conclusions

Hepatic resection is the standard care of pa-
tients with mCRC. Some features should be con-
sidered when a liver resection is planned, such
as the number of hepatic segments involved, the
proximity of the lesions to vascular and biliary
structures, the amount of residual liver after the
resection, and the parenchymal injury secondary
to hepatotoxic chemotherapy. Therefore, there are
a number of chemotherapy-effects that should be
assessed with liver imaging since they have an
influence on surgical morbidity. The chemother-
apy-related complications, steatosis, CASH and
SOS might impair the hepatic parenchyma, thus
reducing the functionality and influencing the
outcome following resection. The radiologist’s
role should extend beyond just reporting the data
of metastases, providing additional information
that may greatly improve patient care. Radiolo-
gists should assess both the effects of chemother-
apy on the hepatic metastasis itself, as well as the
chemo-induced focal and diffuse modifications
of non-tumor hepatic parenchyma, since it is im-
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portant to avoid impaired hepatic function after
hepatic resection. The most efficient means to
communicate these diagnostic details to the mul-
tidisciplinary team for radiologist is to include
them in their radiological report.
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