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Abstract

The liver is the major drug-metabolizing and drug-detoxifying organ. Many drugs
can cause liver damage through various mechanisms; however, the liver response
to injury includes a relatively narrow spectrum of alterations that, regardless of
the cause, are represented by phlogosis, oxidative stress and necrosis. The
combination of these alterations mainly results in three radiological findings:
vascular alterations, structural changes and metabolic function reduction.
Chemotherapy has changed in recent decades in terms of the drugs, protocols and
duration, allowing patients a longer life expectancy. As a consequence, we are
currently observing an increase in chemotherapy-associated liver injury patterns
once considered unusual. Recognizing this form of damage in an early stage is
crucial for reconsidering the therapy regimen and thus avoiding severe complic-
ations. In this frontier article, we analyze the role of imaging in detecting some of
these pathological patterns, such as pseudocirrhosis, “yellow liver” due to
chemotherapy-associated steatosis-steatohepatitis, and “blue liver”, including
sinusoidal obstruction syndrome, veno-occlusive disease and peliosis.

Key Words: Hepatic damage; Yellow liver; Chemotherapy-associated steatohepatitis; Blue
liver; Sinusoidal obstruction syndrome; Veno-occlusive disease; Peliosis; Pseudocirrhosis

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Chemotherapy-induced hepatic damage represents an increasingly frequent
condition observed in oncology patients: recent pharmacological innovations and
specific and longer therapies have led to longer life expectancy and, inevitably, to an
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increase in systemic side effects and organ damage, primarily in the liver because of its
detoxifying function. Even for experienced radiologists, the assessment of radiological
patterns associated with liver injury derived from chemotherapy can sometimes be
challenging. Our aim is to summarize useful ways to recognize, understand and
monitor the evolution of these forms of hepatic damage to support clinicians in
decision making.

Citation: Calistri L, Rastrelli V, Nardi C, Maraghelli D, Vidali S, Pietragalla M, Colagrande S.
Imaging of the chemotherapy-induced hepatic damage: Yellow liver, blue liver, and
pseudocirrhosis. World J Gastroenterol 2021; 27(46): 7866-7893
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INTRODUCTION

The liver plays key roles in the metabolism and detoxification of many commonly
used drugs, predisposing hepatocytes to xenobiotic- and toxin-induced injury[1].
Chemotherapy has recently evolved, from the use of cytotoxic drugs to new biological
drugs acting on specific molecules critical for cell growth, differentiation, and nutrient
supply. The advent of these new treatments, as well as the frequent use of multidrug
regimens and the longer duration of systemic therapies due to longer survival, have
increased the potential for liver parenchymal damage, collectively referred to as
chemotherapy-associated liver injury (CALI)[2].

The first case of CALI was reported in the early 1950s in reference to clinical and
laboratory signs of hepatic fibrosis presented by 5 children with acute leukemia during
folic acid antagonist treatment[3]. Recently, efforts to identify imaging features and
standardize the management of CALI have been made[4,5]. However, with the advent
of newer molecular targeted oncological therapies and, more recently, immune
checkpoint inhibitors, the evaluation and treatment of liver toxicity associated with
these drugs are still evolving[6-9].

Regardless of the cause of injury, CALI can manifest as nonspecific symptoms and
signs of abdominal discomfort, evidence of hepatomegaly, and/or elevated liver
function tests, often representing a diagnostic dilemma for the oncologist, as the same
symptoms and signs of liver injury may also be unrelated to chemotherapy[4,10].

Moreover, many chemotherapy-induced hepatic parenchymal effects can impair the
detection of liver metastases. As patients with metastatic cancer increasingly undergo
chemotherapy with curative intent, it is mandatory that radiologists understand the
pathophysiology of these therapy-induced liver changes and become familiar with
their imaging features[11]. Finally, the early recognition of certain adverse reactions is
essential for cancer patients to prevent dangerous complications such as acute
hepatitis, liver cirrhosis, and even liver failure. Often, patients can be managed with
supportive therapies, and the liver toxicity may resolve after discontinuation of
chemotherapy.

After a summary of the main forms of liver damage, including drug-induced liver
injury (DILI), we analyze the role of imaging in detecting certain pathological patterns
of CALI that may appear during oncologic follow-up, such as so-called “yellow liver”,
“blue liver” and “pseudocirrhosis”.

HEPATIC DAMAGE

Various forms of hepatocyte injury are known: infectious (viral hepatitis), autoimmune
hepatitis, toxicity/drug-induced injury, metabolic injury (nonalcoholic fatty liver
disease), and intracellular depositions (hemochromatosis, alpha-1-antitrypsin, Wilson
disease, and metabolic diseases such as glycogen storage disorders)[12]. Other types of
damage involve biliary stasis-induced injury (“long standing obstruction of the bile
duct”), injury to the hepatic artery that affects circulation, and damage from
physical/chemical agents[13-16]. Vascular alterations, inflammation and oxidative
stress represent the pathogenesis of various forms of liver damage: in liver
ischemia-reperfusion injury (during the liver transplantation process), the damage
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involves all parenchymal cells (hepatocytes, endothelial cells and cholangiocytes)[17].
The lack of substrates and oxygen during the ischemic phase of injury results in the
mitochondrial production of reactive oxygen species (ROS); in the reperfusion phase,
the availability of oxygen further accentuates the oxidative stress, increasing damage
to the donor liver; moreover, there is a concomitant release of inflammatory cytokines
and an influx of inflammatory cells that amplify tissue injury[18]. Considering a more
general definition of damage as a reversible or irreversible modification of cellular
and/ or tissue function in response to a stressful stimulus, the liver response to injury
includes a relatively narrow spectrum of morphologic changes, and accordingly, there
are only a few pathologic patterns that can be recognized microscopically[19].

Therefore, dividing liver injury patterns by the cell type being destroyed, regardless
of the cause, we can categorize injuries into cell-indiscriminate (most frequently in
response to mechanical injury, ischemia, and liver resection), cholestatic (typically in
response to mechanical and presumed autoimmune biliary injury), and hepatocyte-
associated injuries[20]. Hepatocyte-related injury includes cell death (apoptosis,
necrosis, necroptosis, and autophagy) and degenerative and/or intracellular accumu-
lation (i.e., ballooning degeneration, steatosis and iron or copper accumulation)[20,21].

Clinical data and animal models suggest that hepatocyte death is the key trigger of
liver disease progression, manifested by the subsequent development of inflammation
due to an influx of acute or chronic inflammatory cells involving the lobular
parenchyma (diffuse inflammation), foci inside lobules or limited to the portal tracts
(focal inflammation). If the damage is severe enough, and if the blood flow is
adequate, then hepatic regeneration can restore a functional liver mass. If the damage
is chronic, liver fibrosis/ cirrhosis may develop[19,22].

LIVER BLOOD FLOW

Knowing the peculiarities of hepatic vascularity helps with understanding the imaging
features of liver damage. Hepatic feeding is guaranteed for a 70%-75% by portal flow,
with a low oxygen content and high metabolite content, and for a 20%-25% by arterial
flow with a high oxygen content and a low metabolite content. The two systems are
interconnected through transvasal, transsinusoidal and peribiliary communications
that allow the arterial supply to compensate for any small reduction in portal inflow,
according to a mechanism regulated by humoral mediators (adenosine, histamine,
vasopressin, and prostacyclin) and by the autonomic nervous system, activated by
hepatocyte demand for oxygen and metabolites[13,23]. This condition appears on
computed tomography (CT)/magnetic resonance (MR) images as hyperdensity/
hyperintensity of the involved parenchyma during the arterial phase, also called
transient hepatic parenchymal enhancement (THPE)[24]. Depending on the level of the
obstacle and the predominance of the shunt involved, different THPE, either localized
or diffuse, can be seen on images. There are three diffuse types: (1) If the obstacle
diffusely compromises the intralobular vein or the structures downstream (e.g., in
Budd-Chiari or right-sided heart failure), the prevailing plexus is the trans-sinusoidal
plexus, and the resulting THPE is of the “mosaic” type (Figure 1A); (2) If the obstacle is
at the level of the portal axis or upstream from the intralobular vein (as happens in
portal thrombosis or cirrhosis, respectively), the prevailing shunt is peribiliary, and the
resulting THPE is of the “central-peripheral” type (Figure 1B); and (3) In contrast, if
the peribiliary plexus is blocked, as occurs in bile duct dilatation or sometimes in
cholangitis, arterialization is “peribiliary”[24] (Figure 1C).

In addition to the major vascular systems, a third type of vasculature contributes no
more than 2%-3% of hepatic blood flow, establishing communication between the
systemic venous system and the portal system, and it includes capsular veins,
Sappey’s paraumbilical veins, epiploic and hilar veins, suspensory ligament and
diaphragmatic veins, and accessory cystic veins[24]. These components may act
according to the pressure gradient through an anomalous blood supply or drainage
from vessels to certain areas of the parenchyma, mainly located in segments I-IV.
Normally, the third inflow is “afferent” to the liver, but its flow direction can be
reversed. Therefore, during portal hypertension or under other stress conditions, the
intraportal pressure becomes higher than that of the systemic veins, and the “third”
hepatic system becomes efferent, allowing a preferential outflow that can cause a
localized reduction in portal inflow, sometimes resulting in a compensatory “arterial
buffer response” and correlated sequelae[24]. The same diversion of the third inflow
explains both the development of shunting systems in cirrhotic liver and the
appearance of pseudonodular lesions in noncirrhotic liver, especially after che-
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Figure 1 Transient hepatic parenchymal enhancement. A: Contrast-enhanced computed tomography axial scan in the arterial phase shows a “mosaic’
pattern of enhancement in patients with Budd-Chiari syndrome; B: “Central-peripheral” pattern in patients with portal thrombosis; C: “Peribiliary” pattern in patients
with cholangitis.

motherapy, which can damage minor portal vessels and facilitate blood inflow
through the third inflow system[24].

In general, if the cause of arterial rebound persists, hepatocyte can be injured as in
normal conditions they need low oxygen tension and high nutrient levels typical of
those supplied by portal inflow. Therefore, persistent hemodynamic changes can
determine focal metabolic alterations that result in focal sparing in fatty liver or
nodular fat accumulation in normal liver, which are typically found in the subdia-
phragmatic aspect of the right lobe, the posterior aspect of the left lobe, the periportal
aspect of segment IV, around the falciform ligament and around the gallbladder bed
[25,26] (Figure 2). Finally, if the obstacle remains, then the insufficient blood supply to
much of the liver leads to metabolic infarction, fibrosis and atrophy of the liver
(especially in segments V, VI and VII, where the third inflow is lacking or poorly
represented) (Figure 3), along with compensatory nodular regenerative hyperplasia
(NRH) and large regenerative nodules in areas of hepatic parenchyma that maintain
an adequate portal and arterial blood supply (especially the left lobe and segment VIII,
with higher third inflow)[24,27-29].

DILI

DILI is a current hot topic, as seen by the increasing number of publications in recent
years[30-32]. It is a challenging clinical problem with respect to both diagnosis and
management, with an estimated incidence of 14 to 19 cases per 100000 persons[30].
Iproniazid, cinchophen, and sulfonamides were the first prototypical hepatotoxins to
be identified[31,33]. By the mid-1980s, close to 1000 drugs were linked to hepatic
injury[34]. Clinically, DILI ranges from asymptomatic hypertrasaminasemia and
hepatitis to acute or fulminant hepatic failure[35]. Although severe DILI is rare, drugs
have become the overall leading cause of acute liver failure in the United States and
other Western countries[31]: acetaminophen (paracetamol) is the responsible drug in
40%-50% of these cases, with another 11%-12% of cases caused by herbal compounds
and dietary supplements, equaling the frequency of cases due to acute viral hepatitis
[36,37].

On the basis of liver function tests, DILI may be defined as predominantly hepatic,
distinguished by disproportionate elevations in serum aminotransferases compared
with the level of alkaline phosphatase, or cholestasis, distinguished by inverted,
disproportionate and mixed patterns[36].

Considering the histopathology, DILI is particularly complex. The United States
DILI Network recognizes 18 distinct categories of DILIL: acute and chronic hepatitis,
acute and chronic cholestasis, cholestasis-hepatitis, granulomatous, macro- and
microvesicular steatosis, steatohepatitis, zonal and nonzonal necrosis, vascular injury,
hepatocellular alterations, nodular regenerative hyperplasia, mixed or unclassified
injury, minimal nonspecific changes, absolutely normal, and massive necrosis[38].

Currently, DILI is classified as either idiosyncratic (injury unpredictable, not dose-
dependent, and caused by agents that have little or no intrinsic liver toxicity) or direct
(injury predictable, dose-dependent, and caused by agents that are intrinsically toxic to
the liver), but indirect injury is now accepted as a third type (caused by the action of
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Figure 2 Schematic representation of the anatomical sites of the liver “Third inflow” in hepatic sections. Yellow areas show the typical sites of
focal sparing in fatty liver or nodular fat accumulation in the normal liver. A: Volumetric representation; B: Computed tomography axial scan.
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the drug not by its toxic or idiosyncratic properties, such as the induction of immune-
mediated hepatitis or the worsening of pre-existing hepatitis or fatty liver disease)[30].

The most common forms of DILI involve idiosyncratic hepatotoxicity, including
acute and chronic hepatitis (most often associated with isoniazid, nitrofurantoin, and
diclofenac and with methyldopa, minocycline, and statins, respectively), acute and
chronic cholestasis (correlated with estrogens, androgenic steroids and flurixidine),
and mixed hepatitis-cholestasis (due to amoxicillin-clavulanate and fluoroquinolones)
patterns[30,32,39].

Many antineoplastic agents can cause acute hepatic necrosis due to direct
hepatoxicity, as well as sinusoidal obstructive syndrome (SOS) (myeloablative agents,
alkylating agents and monoclonal antibody-cytotoxic conjugates such as gemtuzumab
and ozogamicin) or NRH (azathioprine, mercaptopurine and thioguanine)[30,32,39].

Finally, an increasing form of indirect injury is immune-mediated liver injury due to
various immunomodulatory agents, tumor necrosis factor antagonists, and, most
important, antineoplastic checkpoint inhibitors[40-42]. There are several reports of the
reactivation of both hepatitis B and hepatitis C in patients treated with agents such as

rituximab, cyclophosphamide, doxorubicin, vincristine, or prednisolone for lymphoma
[2,43].

CALI

Among the various forms of DILI, CALI is often reported in the literature, mainly in
association with patients with colorectal liver metastases[44-46]. CALI appears to be
regimen-specific, generally including two main types of liver injury, vascular changes
and fatty changes, which are primarily associated with the development of ROS that
lead to cellular damage and activate apoptosis pathways[5]. The prevalence of CALI
increases with the duration of chemotherapy, and currently, no convincing data on the
reversibility of CALI are available[46].

Various studies support the important clinical impact of CALI. Karoui et al[47]
demonstrated that CALIs increased the risk of postoperative liver failure by 11%, with
others such as Vauthey et al[48] demonstrating increased 90-d postoperative mortality
in patients with steatohepatitis (14.7% vs 1.6%). Nevertheless, it remains unclear
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Figure 3 Liver metabolic infarction areas in patients with breast cancer. A, B: Unenhanced (A) and arterial phase (B) computed tomography (CT) axial
scan before therapy show normal liver; C, D: Unenhanced (C) and late arterial phase (D) CT axial scans after 3 mo of therapy show early steatotic changes of the
parenchyma and inhomogeneous enhancement in segments VII-VIII; E-L: Magnetic resonance after 6 mo of therapy shows progression of parenchymal involution
and atrophy in gradient echo (GE) T1w in-phase (E), GE T1w out-of-phase (F), fat sat GE 3D T1w unenhanced (H), arterial (1), portal (J) and hepatobiliary phase (K).
Capsular retraction is seen (white arrow). On T2w (G), and high b-value diffusion-weighted (L) images, no signal alteration was detectable.
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whether CALI influences survival. Although Tamandl et al[49] reported lower survival
in patients with SOS, other studies demonstrated that SOS is associated with a lesser
degree of regression of liver metastases, and this regression, not SOS, impacts
prognosis[50,51]. Controversial data have also been reported for steatosis[50,52].
Moreover, postoperative morbidity and mortality due to liver failure are often related
to inadequate function of the residual liver[53]. Therefore, the improved detection of
CALI during the preoperative assessment of the future liver remnant is an important
clinical issue.

More frequently, oxaliplatin treatment is associated with SOS, which occurs in
19%-52% of patients and is linked to an increased occurrence of NRH[54]. Irinotecan-
based treatments are related to the appearance of steatohepatitis, with a rate of 20.2%,
and its effects are exacerbated by baseline obesity and/or metabolic syndrome[51,55].
Furthermore, the development of steatosis was observed in 30 to 47% of patients who
received 5-fluorouracil therapy, which remains a cornerstone of modern chem-
otherapy[10,56].

More unusual forms of CALI include pseudocirrhosis, which is mostly observed in
patients undergoing chemotherapy for breast cancer, and chemotherapy-induced
sclerosing cholangitis (CISC)[57]. CISC is a form of secondary sclerosing cholangitis,
occasionally resulting from ischemic injury to the bile ducts associated with hepatic
artery infusion with fluoropyrimidines (incidence of 8%-55%). Since biliary endothelial
cells, in contrast to hepatocytes, derive their vascular supply almost exclusively from
the branches of hepatic arteries[58], arterial occlusion may cause bile duct ischemia
and fibrosis without parenchymal infarction. The main finding was segmental or
diffuse narrowing of the cystic, biliary-shared, left and right hepatic ducts, with
sparing of the common intrapancreatic bile duct, which is usually supplied by
branches of the gastroduodenal artery[58]. Reports of CISC triggered by systemic
chemotherapy (taxanes, bevacizumab, paclitaxel, or cisplatin) are even more rare[59,
60]. Although CISC should be considered rare, it is clinically important, requiring
frequent endoscopic intervention to maintain biliary drainage[58].

Finally, over the past two decades, molecular targeted agents, including small-
molecule protein kinase inhibitors, monoclonal antibodies, and immune checkpoint
inhibitors, have become promising for use in the treatment of various malignant
neoplasms (especially malignant melanoma, non-small cell lung cancer and renal cell
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carcinoma)[61]. Protein kinase inhibitors are reported to induce a low-grade elevation
in serum transaminases in approximately 30% of patients and high-grade elevation in
2% of patients[62]. Liver injury due to immune checkpoint inhibitors most often
presents with a hepatocellular biochemical pattern, occurring in 2%-30% of patients,
with increasing risk when multiple immune checkpoint inhibitors are administered
and in patients who develop other immune-related adverse events, although severe
cases remain very rare[63].

Overall, radiologists should know that chemotherapy frequently modifies not only
the radiological appearances of liver tumors but also the imaging features of the non-
tumor-bearing liver. Excluding CISC, due to its rarity, and acute hepatitis, due to its
nonspecific imaging features (hepatosplenomegaly, collapsed gallbladder with wall
thickening, decreased liver enhancement, ascites and widening of the periportal space
due to edema)[2], we analyze the role of imaging in the identification of more typical
features of CALI, namely, yellow liver, blue liver and pseudocirrhosis.

YELLOW LIVER

The term “yellow liver” refers to a macroscopic feature of the liver that can be
observed upon histopathologic examination and is determined by a general increase in
the parenchymal lipidic content, compared to physiological normal texture[5].
Different pathological conditions fall under the generic definition of yellow liver.
Hepatic steatosis is identified by pathological deposition of lipid vesicles in
hepatocytes, usually associated with metabolic syndrome, obesity, diabetes, insulin
resistance or alcohol[64]. Hepatic steatosis must be differentiated by steatohepatitis, a
more serious histologic complication where fat deposition is associated with an inflam-
matory response, consisting of ballooning of hepatocytes, lobular inflammation,
hepatocyte degeneration and thus fibrosis of different grades, including liver cirrhosis
[48]. CASH is a form of steatohepatitis that can sometimes develop as a consequence of
therapies with chemotherapeutic agents (CTAs) that produce side effects critical for
hepatocyte[65,66].

Among the forms of CALI, other than the aforementioned association with 5-
fluorouracil-based treatment[57], steatosis is seen in 14.6% and 41.1% of patients with
estrogen-receptor-positive breast cancer treated with tamoxifen and anastrozole,
respectively[10,67]. Additionally, cases of steatosis in patients receiving pazopanib and
bevacizumab, alone and in combination with paclitaxel, have been reported[6].
Similarly, an increased incidence of CASH in recent decades has been reported[56,68,
69]. Although the true frequency of these pathologies is not easily determined[65,70],
as mentioned above, the prevalence of CASH is increasing in patients undergoing
treatment with 5-fluorouracil and irinotecan[71], especially when the drugs are
coadministered[48]. Additionally, platinum derivatives (oxaliplatin), taxanes and
methotrexate have been linked to this condition, and with a lower frequency, L-
asparaginase, dactinomycin, mitomycin C and bleomycin sulfate[72,73].

Interestingly, steatosis and CASH occur not only during treatment for liver
metastases but also in the course of systemic chemotherapy for nonmetastatic cancer
[71]. Considering the pathogenesis of steatosis, as discussed above (see “Liver blood
flow”), persistent hemodynamic changes determining focal metabolic alterations and
the third hepatic inflow system are involved. The pathogenesis of CASH remains
under discussion, and different mechanisms have been proposed. First, CTAs can be
responsible for decreasing fatty acid oxidation, thus generating oxidative stress with
hepatocyte dysfunction[74]. According to You et al[11], CTAs have been reported to
produce abundant ROS, damaging not only cancer cells but also normal cells. This
damage promotes both the deposition of lipid vesicles into hepatocytes and inflam-
mation[65,75]. Robinson et al[57] described a “two hits” model, in which patients with
underlying hepatic steatosis, undergo a “second hit” to the parenchyma, represented
by chemotherapy-induced oxidative stress or mitochondrial dysfunction, creating the
conditions of inflammation and giving rise to CASH. Finally, minor portal vessels can
be increasingly susceptible to the direct damage caused by CTAs, facilitating the
reversion of the “third inflow” system and triggering consequent arterial com-
pensation. Therefore, the resultant inadequate perfusion, together with direct damage
to hepatocytes, can contribute to the metabolic dysfunction critical for CASH
development[24].

Fatty infiltration leading to yellow liver requires a relatively short development
time (generally only a few weeks after the beginning of chemotherapy)[57]. Hepatic
steatosis and steatohepatitis are typically asymptomatic even when liver function tests
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are abnormal, making an early diagnosis a difficult goal[4]. When chemotherapy is
withdrawn, there is often a regression of steatosis, suggesting that most of the changes
caused by chemotherapy are at least partially reversible[6,57]. In other cases, especially
when the diagnosis is delayed or under-evaluated, the parenchymal inflammatory
response can lead to more serious and irreversible changes, including fibrosis and
atrophy. Finally, the regenerative phenomenon of liver parenchyma, such as in NRH,
is a possible compensatory response to injury, as long as adequate perfusion is
maintained[28,56,76]. As expected, when steatosis is present prior to the therapy, liver
is thought to be more susceptible to CALI due to its impaired regenerative capability
and abnormal innate immunity[10]. Diffuse forms of hepatic steatosis and steatohep-
atitis can be obstacles to surgical planning, e.g., not allowing large liver resection due
to presence of metastases[69]. Patients with steatosis who undergo major hepatectomy
have increased blood loss, more postoperative complications, and a longer stay in the
intensive care unit than patients with healthy livers[19]. Finally, patients’
postoperative morbidity and mortality can be increased since both steatosis and steato-
hepatitis impair liver function[48].

Imaging

Clinicians increasingly demand the quantification of liver fat to grade the level of
hepatic damage, not only in living donors for liver transplantation and for patients
who must undergo liver resections or bariatric surgery but also in patients receiving
potentially hepatotoxic therapies. The ability of MR-based methods to detect and
quantify steatosis has been investigated in the past 30 years, and substantial correl-
ations between pathologically and radiologically determined fat fractions have been
demonstrated[77-79].

However, most often, in daily practice, steatosis and steatohepatitis are evaluated
qualitatively. From a radiological point of view, it is impossible to differentiate
between these two forms of liver disease, as they can be distinguished only by
histologic alterations[71]. The distribution of CASH, as well as hepatic steatosis, can
vary from diffuse to focal infiltration. Ultrasound allows a subjective estimation of the
degree of diffuse fatty infiltration using some features that include liver brightness and
contrast between the liver and the kidney[80]. On an unenhanced CT scan, diffuse
steatosis can be diagnosed when attenuation of the liver is at least 10 Hounsfield units
less than that of the spleen, the hepatic-to-splenic attenuation ratio is less than 1, or the
liver attenuation is less than 40 Hounsfield units (Figure 4A). In more severe cases,
intrahepatic vessels may appear hyperdense relative to fat-containing liver tissue[81].
With MRI, chemical shift gradient-echo imaging with in-phase and out-of-phase
acquisitions is the most widely used technique for the assessment of fatty liver
(Figure 4E and F). These scans show signal intensity loss on out-of-phase images in
comparison with in-phase images, whereas the application of chemical fat saturation
sequences is less sensitive[82,83].

While diffuse forms of steatosis are not difficult to recognize, focal fat deposition or
fatty sparing can sometimes mimic a hepatic mass or single and multimetastatic
disease[84]. However, MRI often serves as a problem-solving tool because signal loss
on out-of-phase T1-weighted images cannot be seen in metastasis[85]. Additionally,
focal fatty deposition or sparing can be recognized by the characteristic location (in the
anatomic sites of the third inflow system), geographic pattern rather than round or
oval shapes, absence of a mass effect on the vasculature, poorly delineated margins,
and contrast enhancement that is similar to or less than that of the normal liver
parenchyma[9,86] (Figure 5). These features usually allow for the differentiation of
focal or multifocal fat accumulations from hepatocellular carcinoma, hepatic adenoma,
focal nodular hyperplasia (FNH), FNH-like nodules and hypervascular metastases
that show mass effects, marked or heterogeneous enhancement, and sometimes
necrotic and hemorrhagic areas; however, hepatocellular carcinomas, hepatic
adenomas and, more rarely, FNH, may involve microscopic fat content[87]. Clinical
manifestations and diffusion-weighted images can help in the more complex differen-
tiation of ischemic or mucinous metastases, abscesses, lymphoma and hypovascular
metastases[87-89] (Figure 4K). The differential diagnosis between large areas of focal
steatosis with infiltrative hepatocellular carcinoma may be more difficult; irregular
liver contours, mild mosaic pattern enhancement and the presence of portal vein
thrombosis are suggestive of the latter[87]. Shape, location and MR chemical shift
imaging allow us to distinguish periportal fat deposition from other periportal
abnormalities (edema, inflammation, hemorrhage, and lymphatic dilatation) and focal
sparing in the liver with diffuse steatosis mimicking hypervascular lesions (such as
hemangiomas or arterioportal shunts)[87]. Interestingly, when steatosis develops
during chemotherapy, in the presence of hepatic metastases, the parenchyma
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Figure 4 Chemotherapy-associated diffuse steatosis in patients with liver metastatic colorectal cancer 6 mo after the beginning of
chemotherapy with 5-fluorouracil + folinic acid + irinotecan. A-C: Unenhanced computed tomography axial scan (A), arterial (B) and portal phase (C)
show severe inhomogeneous hepatic steatosis. Liver attenuation in steatotic areas is 8 HU (yellow ROI), less than that of the spleen (43 HU, red ROI), and the
hepatic/splenic attenuation ratio is << 1. No nodules are visible; D-L: On magnetic resonance performed during the following week, gradient echo (GE) T1w in-phase
(E) and out-of-phase (F) images confirm severe hepatic steatosis. On unenhanced fat sat GE 3D T1w images (G), arterial (H), portal (I), hepatobiliary (J) phases and
high b-value diffusion-weighted images (K), multiple metastases are evident, some of which are characterized by rim enhancement (arrows). The T2-weighted image
(D) and apparent diffusion coefficient map (L) are also shown.

Jaishideng®

surrounding the lesion can be spared from steatosis[90]. Once again, this outcome may
be attributed to a modification of parenchymal perfusion, and in particular, a
reduction of portal inflow in the peritumoral area caused by direct compression of the
adjacent parenchyma, the presence of tumor emboli in the portal vein branches[90]
and/or the neoangiogenesis that accompanies tumoral growth, increasing arterial
perfusion[91,92].

Morphological changes such as increased craniocaudal liver diameter and an
increased caudate-to-right lobe ratio are more characteristic of steatohepatitis[93].
Finally, when CASH is diagnosed in advanced stages and, in particular, when it
progresses toward cirrhosis, typical morphological changes of the latter can be
observed[94].

BLUE LIVER

Blue liver refers to parenchymal venous congestion resulting from blockage of blood
outflow, macroscopically characterized by an intraoperative subcapsular livid
appearance and a similar “marble” bluish-red discoloration on the cut surface[95].
Budd-Chiari syndrome is a typical postsinusoidal form of blue liver. In this case, the
physical obstacle to hepatic outflow, represented by stenosis or a thrombus, is located
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Figure 5 Chemotherapy-associated focal steatosis in patients with lung cancer 3 mo after the beginning of immunotherapy. A-F: On
magnetic resonance, focal geographic fatty deposition, poorly delineated, is seen as signal hypointensity on gradient echo (GE) T1w out-of-phase (B) in the periportal
aspect of segment IV and around the falciform ligament. On T2w images (C) it is weakly hyperintense. No signal alterations are seen on the GE T1w in-phase images
(A), T2w fat saturation (D), diffusion-weighted (E) images, or apparent diffusion coefficient map (F).
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in the hepatic veins or in the inferior vena cava, and therefore, considering the blood
flow, after the hepatic sinusoids[24]. However, different causes of blue liver are
possible. Other postsinusoidal forms include increased blood pressure in the right
atrium (e.g., congestive heart failure, constrictive pericarditis, and mitral stenosis)[96].
Moreover, injuries to the sinusoidal endothelium itself can cause a sinusoidal form of
blue liver that is mainly known as SOS, but that includes a full spectrum of histologic
features involving restrictive (nonthrombotic sinusoidal obstruction and perisi-
nusoidal fibrosis), dilating (hepatic sinusoid dilation and peliosis) and regenerative
(NRH) aspects of the disease[97].

Considering CALI, sinusoidal endothelial injury can be defined as nontumor-
bearing hepatic parenchymal damage resulting from chemotherapy itself, not
associated with the presence or infiltration of hepatic metastasis[11,98]. Therefore, the
injury primarily originates at the level of the sinusoidal endothelium, eventually
extending distally to the centrilobular veins or proximally to the portal branches. Its
pathogenesis remains under discussion, but some consistent data have been reported.
Namely, oxaliplatin induces depolymerization of F-actin in sinusoidal endothelial cells
and activates matrix metallopeptidase (MMP-9 and MMP-2)[57,99,100]. This activation
results in cytokine production, which induces sinusoidal endothelial damage and
swelling[101]. Depletion of antioxidants such as glutathione and nitric oxide from
endothelial cells can increase the damage[102]. Therefore, floating red blood cells enter
the space of Disse through the gaps formed in the sinusoidal endothelium (the basis of
peliosis), and collagen fibers are deposited in the extravascular space (perisinusoidal
fibrosis). A combination of these factors, in addition to clogging of necrotic sinusoidal
endothelial cells in sinusoids, results in sinusoidal narrowing, thus causing obstruction
and increased pressure in the sinusoids. When sinusoidal outflow blockage is
sustained, sinusoids upstream of the obstruction undergo dilation and disruption,
resulting in pseudocystic blood-filled lacunae typical of peliosis. Concurrently, the
damage from altered hepatic blood flow induces the regeneration of residual
hepatocytes to replace the parenchymal damaged cells, giving rise to NRH[103].

As a consequence, the histology of sinusoidal injury involved in blue liver is hetero-
geneous. In the early phase, vascular alterations are predominant, including sinusoidal
dilatation and congestion, perisinusoidal hemorrhage and peliosis. With the
progression of the damage, fibrosis of different grades (which can be localized in the
perisinusoidal space around the centrilobular vein or portal vein) is dominant, and
hepatocyte disruption and NRH are evident. Although primarily originating from
impaired hepatic perfusion, blue liver is characterized by parenchymal nodularity
without fibrous septa, with a benign aspect similar to that of FNH, resulting from the
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regeneration of hepatocytes replacing the parenchymal damaged cells[57]. Oxaliplatin
is a well-known drug implicated in the development of NRH, vascular injury, such as
sinusoidal ballooning, microvascular injury, and long-term fibrosis. Furthermore,
paclitaxel, capecitabine, doxorubicin, and trastuzumab are also known to be causative
CTAs[104].

In cases of severe progression, the chronic presentation of blue liver can be similar
to that observed in cirrhosis[105]. However, in the advanced stage of chemotherapy-
induced sinusoidal injury, fibrosis develops primarily between the centrilobular veins;
in contrast, in primary liver disease, such as cirrhosis, bridging fibrosis, promoted by
inflammation, usually develops between portal spaces. Therefore, the histologic
pattern that occurs in certain forms of blue liver has been variably defined as “cardiac

v ou

cirrhosis”, “reversed lobulation” or “centrilobular cirrhosis”[96].

Veno-occlusive disease and SOS

Veno-occlusive disease (VOD) is a well-established condition historically associated
with myelosuppressive therapy in hematologic malignancies, and it is characterized
by the obliteration of small hepatic venules and centrilobular fibrosis without
macroscopic signs of obstruction[97]. This pathologic alteration was first reported in
1920 by Willmot et al[106] and was caused by lethal intoxication by pyrrolizidine
alkaloids, which are present in certain herbal remedies. The association between
chemotherapy and VOD became clear in the 1950s[107]. Finally, in 1999, when DeLeve
et al[98] recognized that the disease originated primarily in the hepatic sinusoid and
did not necessarily involve the centrilobular vein, the disease was renamed SOS. These
two forms therefore indicate a non-thrombotic obstruction of hepatic sinusoids with
(VOD) or without (SOS) involvement of the centrilobular veins, whereas large hepatic
veins remain patent[98].

More often, these pathological conditions diffusely involve the nontumor-bearing
hepatic parenchyma. However, rare cases of focal SOS have been reported. The true
incidence of sinusoidal focal injury remains unknown, but radiologists should be
aware of it since, similar to focal steatosis, it can mimic hepatic metastasis[11,108].

Several CTAs are critical for the sinusoidal type of CALL In particular, cyclophos-
phamide has been associated with the development of a rapidly progressive form of
VODI[109]. Even 5-fluorouracil, mercaptopurine, dacarbazine, and vincristine have
been associated with it[110], with an onset of damage ranging from 1 to 3 wk after
initiation of therapy[4].

However, oxaliplatin, more than other CTAs, seems to be particularly involved in
the development of SOS. According to Rubbia-Brandt et al[103], 51%-79% of patients
who underwent oxaliplatin-based therapy developed SOS, compared with only
21%-30% of the patients who received different regimens[75,111]. Nonetheless, the
incidence of sinusoidal injury is significantly higher in patients who receive more than
6 cycles of chemotherapy, while adding the anti-vascular endothelial growth factor
antibody bevacizumab seems to have a protective effect[112].

Most patients with diffuse SOS are asymptomatic, in contrast to patients with VOD
[97]. Clinical presentation in the acute phase may include abdominal pain and ascites.
In the subacute setting, patients present with recurrent ascites and hepatospleno-
megaly resulting from portal hypertension, which can be confirmed with a
transjugular biopsy (pressure gradient > 10 mmHg), while the chronic presentation is
similar to that of cirrhosis. Hematic tests may show nonspecifically increased bilirubin
and hepatic enzyme levels[105].

Concerning prognosis, diffuse forms of SOS are associated with poor outcomes and
a higher complication rate after major hepatectomy. Especially since the liver
parenchyma tends to become soft and brittle, patients who undergo hepatectomy
show an increased risk of perioperative morbidity (approximately 30%)[97,99] and
postoperative complications[113]. Indeed, the presence of SOS is associated with a
reduced liver functional reserve[108].

Imaging
Since the disease was renamed, imaging findings of VOD have been limited to case
reports[114], whereas data regarding SOS are more consistent.

Concerning oxaliplatin-based chemotherapy, the radiological features reach a
maximal severity approximately 4 mo after the beginning of therapy, and they show
radiologic remission approximately 3 mo after discontinuation[115]. The cessation of
chemotherapy is often followed by a reduction in these abnormalities, suggesting that
SOS, at least for mild-to-moderate forms, both diffuse and focal, is potentially
reversible[108].
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Morphological alterations such as hepatosplenomegaly, periportal edema,
edematous wall thickening of the gallbladder and ascites can be seen[116]. With the
detection of ascites, it is important to confirm the diagnosis of SOS and distinguish it
from the malignant ascites associated with peritoneal spread or metastasis[117]. US
may show a decrease or reversal of blood flow in the portal veins, but its usefulness is
debated[105,108]. Contrast-enhanced CT imaging features include arterial-portal
heterogeneous parenchymal enhancement, characterized by a “mosaic pattern” or
diffuse linear hypoattenuation lesions resulting from hepatic congestion, which tend to
be homogenous in the late phase. These alterations are predominantly located in the
peripheral area (67.1%) and right hepatic lobe (62.4%), with an irregular distribution of
abnormal areas intermingled with intact lobules[11,118]. A reduced caliber of
suprahepatic veins has also been reported[4]. Eventually, complications of portal
hypertension, such as the presence of periesophageal varices, form[116].

Similarly, MR images show a heterogeneous reticular or linear pattern in the
nontumor-bearing parenchyma characterized by hypointensity on T1-weighted
images and hyperintensity on T2-weighted images. Using liver-specific contrast agent
(CA), reticular hypointensity of background liver tissue on hepatobiliary phase images
with a high prevalence in peripheral areas of the liver is highly specific for SOS,
occurring in 69% of cases[11,119]. This radiological finding is probably due to reduced
uptake of liver-specific CA resulting from dysfunctional damaged hepatocytes and
reduced portal flow[119] (Figure 6], ] and K). In focal SOS, the presence of ill-defined
margins, especially on hepatobiliary phase images, and the absence of restricted
diffusion on diffusion-weighted images, can help differentiate focal hepatic toxicity
from metastasis[118].

Severe forms of SOS can also progress after discontinuation of therapy, leading to
the appearance of regenerative phenomena including cirrhotic alterations[10]. In
addition, in oxaliplatin-treated patients, portal hypertension and histological changes
in NRH can arise during long-term therapy with 6-thioguanine for acute lymphatic
leukemia[120]. The nodularity of NRH is usually microscopic and thus is not
detectable on images. Larger nodules can show hyper/hypointensity on T1/T2-
weighted images and increased vascularity (hyperintensity in the arterial phase,
followed by iso- or slight hyperintensity in the portal and equilibrium phases), but
their benign nature can be confirmed by their normal uptake of liver-specific MR CAs
[57].

Finally, FNH-like lesions have been described to occur in these patients many years
after the discontinuation of chemotherapy[108] (Figure 7).

Hepatic sinusoid dilatation and peliosis hepatis

Hepatic sinusoid dilatation (HSD) is a rare hepatic vascular lesion characterized by
diffuse dilatation of hepatic capillaries with or without venous outflow obstruction.
Causes of HSD with hepatic outflow obstruction include Budd Chiari syndrome,
pericardial disease or right heart failure, and sinusoidal occlusion secondary to
endothelial sinusoidal damage itself, as in SOS. It can be classified according to the
affected zone of the hepatic lobule as centrilobular, periportal, or irregular[108]. On the
other hand, forms of HSD without venous outflow obstruction are caused by
extrahepatic acute inflammatory conditions (pyelonephritis, cholecystitis, pneumonia,
pancreatitis, and inflammatory bowel diseases), use of oral contraceptives (still
debated as a possible cause) and chronic conditions, such as congenital or idiopathic
vascular diseases, neoplasms with or without secondary liver involvement, inflam-
matory or infectious diseases, the use of hormones and drugs.

HSD can be distinguished from peliosis, since the latter shows evidence of rupture
of the reticulin fibers that support hepatocytes and sinusoids[121]. More precisely,
peliosis hepatis is characterized by multiple blood-filled cystic lesions at the level of
the sinusoids, with dimensions ranging from 1 mm to several centimeters, randomly
distributed throughout the lobule, with loss of the endothelium[120]. Peliosis hepatitis
was first described in 1861 on the basis of the Greek word “pelios”, meaning “reddish”
or “bluish”, referring to the parenchymal color[122,123]. It is often a primary idi-
opathic condition (Figure 8). However, different etiologies have been proposed for
secondary forms, including toxins (arsenic and polyvinyl chloride) and certain drugs,
such as steroids, oral contraceptives, tamoxifen, 6-thioguanine, 6-mercaptopurine and
methotrexate. Chronic wasting diseases have been proposed as another possible
causes (diabetes mellitus, malignancy, acquired immunodeficiency syndrome,
pregnancy, and infectious diseases, such as tuberculosis, leprosy, Bartonella and
adenovirus)[105,120,124].
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Figure 6 Association between sinusoidal obstructive syndrome and peliosis in patients without a history of hepatopathy, with lung
cancer treated with 3 cycles of cisplatin and etoposide and 12 subsequent cycles of immunotherapy. A-K: After 1 year of therapy, magnetic
resonance was performed for abdominal pain and an increase in liver enzymes. Hyperintense nodules on T2w (A), T2w fat sat (B) and high b-value diffusion-
weighted images (C) are seen. On the apparent diffusion coefficient map (D), they are hypointense. On dynamic imaging, weak enhancement is seen (E:
Unenhanced image; F, G, H: Arterial, portal and equilibrium phases, respectively). In the hepatobiliary phase, they appear predominantly hypointense (I-K). A
transcutaneous biopsy was performed, resulting in peliosis nodules. Mosaic pattern enhancement of the liver parenchyma in the arterial phase (F) and reticular
aspects in the hepatobiliary phase (I-J) were consistent with sinusoidal obstructive syndrome.
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Its pathogenesis is not completely clear, except for SOS-dependent peliosis, and
regardless of the cause, sinusoidal damage has been generally proposed as being
critical to outflow blockage and dilation of the sinusoids/central vein of the hepatic
lobule[120,125]. Moreover, hepatocellular necrosis may represent another possible
mechanism with the subsequent formation of blood-filled lacunae[126,127]. Two
different histological forms of peliosis can be identified: the parenchymal type, usually
associated with hemorrhagic parenchymal necrosis and characterized by a lack of
endothelial lining within the blood-filled lacunae, and the phlebectatic type, with a
dilated central vein, showing an endothelial lining within the cystic spaces[128].
However, these seem to represent different temporal phases of the same condition,
with the endothelial lining in the blood-filled lacunae continuously being disrupted
and rapidly reconstituted[129].

The distribution of the lesions can vary considerably, from focal areas of peliosis
within the liver parenchyma to widespread forms occupying most of the liver
parenchyma[130,131]. Peliosis hepatis is usually an asymptomatic condition and
therefore is often incidentally diagnosed. However, patients can present with hepato-
megaly, portal hypertension, hepatic failure and ascites. Severe abdominal pain is a
possible complication associated with minor trauma, resulting in hepatic rupture and
hemoperitoneum[132]. The evolution of peliosis is variable and unpredictable. Peliosis
sometimes worsens in terms of extension, thus remaining asymptomatic[133,134]. In
the presence of underlying conditions such as HCV-related cirrhosis, it can promote
the risk of liver failure[130,134]. In some cases, especially in young patients, this
alteration can cause compression and stenosis of the vena cava[l35]. However,
regression is also possible once the etiologic agent causing secondary peliosis is
identified and treated[130,134], and idiopathic forms can undergo spontaneous
regression[136].

Imaging
On contrast-enhanced CT and MR images, HSD is associated with the typical features
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Figure 7 Focal nodular hyperplasia-like nodules in patients with colorectal cancer treated with surgery and adjuvant chemotherapy. A-C:
Six months after adjuvant chemotherapy discontinuation, contrast-enhanced computed tomography (CT) showed a newly appeared nodule in segment Il (white
arrow), hypodense on unenhanced scan (A), with contrast enhancement on arterial phase (B) without washout in portal phase (C); D-M: Magnetic resonance
performed 3 mo after CT showed a volumetric increase in the nodule, characterized by signal hypointensity in gradient echo T1w in-phase (D) and out-of-phase (E)
and weak hyperintensity in T2w images (F), without diffusivity restriction on diffusion-weighted imaging (G-H). After liver-specific contrast agent administration, it
presented homogeneous wash-in on the arterial phase (J) compared to the unenhanced image (1), no wash-out (K), and weak central signal hypointensity on
equilibrium (L) and hepatobiliary (M) phases. A transcutaneous biopsy was performed, resulting in focal nodular hyperplasia-like nodules.

described for SOS, with mosaic pattern enhancement in the arterial-portal phase and
reticular hypointense appearance in the MR hepatobiliary phase. On T2-weighted
images, the affected areas may show slightly increased and heterogeneous signal
intensity[137] (Figure 9).

The imaging features of peliosis depend on its extension, pathologic type and stage
of blood components. In a few cases, the number or size of the peliotic lesions can
increase in a short period and disseminate throughout the liver, resembling the
progression of liver carcinoma or metastases[138].

On US, peliotic lesions appear homogeneous and hyperechoic, associated with
pseudocyst formation, which may correspond to venous lacunae in the parenchyma
[124], whereas in fatty liver, they will appear as hypoechoic lesions. In addition, when
hemorrhage is present, US shows heterogeneously hypoechoic lesions. Unenhanced
CT generally shows hypodense lesions, eventually associated with hyperdense foci,
secondary to hemorrhage or calcifications (Figure 10). In dynamic phases, the pattern
is variable; usually, in the arterial phase, the lesions show vessel-like enhancement at
the center (target sign), with centrifugal enhancement during the venous phase;
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Figure 8 Primary idiopathic diffuse peliosis in patients without a cancer history. A-C: On magnetic resonance T2w images (A) and on diffusion-
weighted imaging (B: High b value; C: Apparent diffusion coefficient map), numerous hemangioma-like lesions are visible, the largest in segments VII-VIII; D-I: After
interstitial contrast agent administration, progressive centrifugal enhancement of the lesions was observed (D: Fat sat gradient echo 3D T1w unenhanced image; E,
F, G: Arterial, portal and equilibrium phases; H-I: 5 and 30 min after contrast agent administration).
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however, a centripetal enhancement pattern is also possible, which may be confused
with that of a hemangioma[139]. Lesions tend to acquire diffuse homogeneous
enhancement in the delayed phase[120,128]. In the presence of thrombosed cavities,
these latter may show no enhancement. MR examination is the gold standard for
radiologic diagnosis, presenting high specificity and sensitivity in the detection of the
features of peliosis[134,136]. In MRI, on T2-weighted sequences, peliotic lesions are
usually hyperintense compared to liver parenchyma with foci with a higher signal,
which is likely attributable to hemorrhagic necrosis. On T1-weighted sequences, the
lesions are hypointense, although isointense and hyperintense foci have also been
described, depending on the age and the status of the blood components[120,140].
Exophytic extension of the peliotic nodules and fluid-fluid level, probably due to old
and new blood products in the lesions, are rarely reported[140]. The dynamic behavior
after CA administration is similar to that seen on CT scan, typically centrifugal, and
more rarely centripetal[120]. In the hepatobiliary phase, a “branching” appearance
caused by the direct demonstration of the vascular component within the lesion has
been reported[134]. Although peliosis hepatis is a benign condition, the apparent
diffusion coefficient values are lower than those of a normal-appearing liver, probably
due to its content, including thrombi and hemorrhaged areas[140] (Figure 6). If the
clinical and radiological findings are suggestive of peliosis, percutaneous liver biopsy
should be avoided because of the significant risk of severe bleeding[141].

A summary of the liver mosaic appearance enhancement in blue liver and a classi-
fication of hepatic peliosis types are shown in Figure 11 and Figure 12, respectively.

PSEUDOCIRRHOSIS

Pseudocirrhosis is a pathological condition characterized by morphological changes of
the liver mimicking macronodular cirrhosis without histopathological confirmation
[104,142]. The “pseudo” prefix can also lead to confusion, indicating a more benign
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Figure 9 Hepatic sinusoid dilatation in patients with breast cancer during hormone therapy. A, B: Arterial (A) and portal (B) computed tomography
axial scans show a liver mosaic pattern of arterial enhancement, with reticular aspects on the subcapsular parenchyma of segment VIl in the portal phase; C-F:
Magnetic resonance (MR) T2w images show mild signal hyperintensity on different liver sections and different echo times; G-I: MR unenhanced (G), arterial (H) and
portal phases (1) confirm the mosaic pattern mostly subcapsular of the liver parenchyma.
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condition than cirrhosis; indeed, even for patients who are asymptomatic and pseudo-
cirrhosisis identified only incidentally during oncological follow-up, most patients can
develop serious systemic complications, sometimes life-threatening, including portal
hypertension, ascites and splenomegaly[143]. Abdominal distension, ascites and
splenomegaly are the most common initial presentations in patients. Therefore, early
recognition is important.

Breast cancer liver metastasis treated with chemotherapy is the most commonly
reported cause of pseudocirrhosis[143,144]. However, it has also been linked to other
metastatic diseases, including gastroenteric (pancreatic, esophageal, and colon), small-
cell lung and thyroid cancers[144,145]. Vuppalanchi et al[146] estimated a prevalence
of up to 50% in patients with metastatic breast cancer. Qayyum et al[142] said that
approximately 75% of patients with liver metastatic breast cancer receiving
chemotherapy demonstrated various degrees of hepatic contour abnormalities, from
limited retraction to diffuse nodularity, and that approximately 9% of these patients
developed portal hypertension. Morphological changes were seen after a median
follow-up interval of 15 mo[142]. Indeed, the real prevalence of pseudocirrhosis has
not yet been defined[147]. Interestingly, it is often observed in patients with a major
morphologic response to chemotherapy[145]. Among the various CTAs, most cases of
pseudocirrhotic changes are described after patients receive regimens including
gemcitabine, 5-flurouracil, oxaliplatin[2] and trastuzumab[4,104]. More recently,
Vuppalanchi et al[146] described two cases of pseudocirrhosis in patients after they
had received the latest target therapy.

The pathophysiology of postchemotherapy pseudocirrhosis is still unknown, but it
is proposed to be multifactorial and represent a mechanism of both cancer regression
as a response of hepatic metastasis to CTAs and a consequence of the hepatotoxic
effect of the treatment itself and cancer progression, with fibrosis surrounding the
infiltrating hepatic tumor[147,148]. Tumor shrinkage in response to chemotherapy
causes hepatic capsular retraction and scar formation around metastatic lesions, thus
resulting in macronodular cirrhosis[149,150]. The regenerative response of hepatocytes
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Figure 10 Secondary idiopathic multiple peliotic lesions in patients with a history of 6-mercaptopurine treatment for leukemia. A-D:
Contrast-enhanced computed tomography shows multiple lesions, hypodense on unenhanced scan (A) with dystrophic calcifications and hyperdense foci, probably
secondary to hemorrhage. On dynamic imaging (B, axial arterial phase; C, axial portal phase), the lesions present centripetal (arrowhead) or centrifugal (asterisk)
globular contrast enhancement without signs of washout. In the delayed phase (D), they appear isodense compared with the hepatic parenchyma; E-L: Magnetic
resonance confirming the presence of hypointense lesions on T1w images (E-F) and hyperintense lesions on T2w images (I, J and L, arrow), which maintain high
signal in long echoes echo time 320 ms (K). No signs of altered diffusion (G-H) or mass effects are shown. These characteristics were consistent with multiple peliotic

lesions.
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to ischemia following chemotherapy-induced injury has been proposed as another
mechanism; in this case, the development of NRH is thought to be critical to
compression of the surrounding parenchyma, resulting in atrophy[151]. Finally,
sinusoidal obstruction may contribute to pseudocirrhosis[146,149]. This effect may be
secondary to both chemotherapy-induced sinusoidal damage and mechanical
compression resulting from metastases, leading to rebound arterialization and portal
flow reduction, which helps to explain the atrophy of the parenchyma and the
cirrhotic appearance of the liver[152]. Interestingly, the mechanism is quite similar to
that proposed by Breen for hepatic changes during cirrhotic progression[153]. A
general rule of progression is proposed as follows: less portal inflow, an arterial
phenomenon, metabolic infarction and fatty changes, fibrosis and atrophy[24,154].
Importantly, in this setting, in contrast to liver cirrhosis, histologic examination is
consistent with NRH without bridging fibrosis[151]. In chemotherapy-naive patients,
however, pseudocirrhosis seems to occur only rarely[155] (Figure 13). This second type
of pseudocirrhosis is linked to cancer progression and may be related to tumor size,
with extensive fibrosis corresponding to a desmoplastic reaction surrounding the
infiltrating tumors[155,156]. The pressure generated by fibrosis determines pare-
nchymal portal flow lessening, with a consequent arterial reaction[24]. Therefore, in
chemotherapy-naive patients, the pathogenesis may also be similar to that after
chemotherapy. Histologic examination of this second setting of pseudocirrhosis shows
extensive fibrosis resulting from a desmoplastic reaction determined by the infiltrating
lesion[149].

Imaging

The diagnosis of pseudocirrhosis is radiological and is defined by features typical of
cirrhosis[104,142]. Because it progresses rapidly compared with ‘true” liver cirrhosis, it
can be easy to detect serial changes in liver morphology on imaging studies.
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Figure 11 Diagram of different forms of mosaic pattern enhancement in blue liver syndrome. HSD: Hepatic sinusoid dilatation; SOS: Sinusoidal
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Figure 12 Diagram showing the classification of hepatic peliosis. SOS: Sinusoidal obstruction syndrome; CA: Contrast agent.
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On CT or MR, hepatomegaly and diffuse fatty changes of the liver parenchyma
were initially seen, with smooth hepatic surfaces and metastases that focally bulge out.
These are followed by a reduction in the hepatic volume along with capsular retraction
[104] (Figure 14). With time, fibrosis becomes prominent, confluent low-attenuation
nodularity with irregular enhancement can be seen, and parenchymal atrophy of the
right lobe associated with relative hypertrophy of the caudate and left lobe becomes
more evident[104]. Moreover, other findings complicating cirrhotic changes include
signs of portal hypertension such as splenomegaly, ascites and portosystemic varices
[143]. Liver-specific gadolinium-enhanced MR can confirm the same morphological
alterations, allowing for more accuracy in the characterization of any metastases.
These lesions may appear as several focal lesions with high signal intensity on T2-
weighted images and low signal intensity on T1l-weighted images, with rim
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Figure 13 Pathologically proven pseudocirrhosis due to a small breast cancer in a chemotherapy “naive patient”, having received no

chemotherapy. A-C: On unenhanced (A) computed tomography (CT) axial scans, a lobulated liver contour with retraction of the capsular surface (white arrow),
low-attenuation parenchymal areas, and ascites (white asterisk) are seen. On arterial (B) and portal (C) CT axial scans, architectural disorder and heterogeneous
contrast enhancement are detectable; D-I: On magnetic resonance, the presence of ascites is confirmed on T2w images (D). Profound structural and architectural
changes due to the presence of coarse nodules separated by areas of fibrosis in an unenhanced fat sat gradient echo 3D T1w image (E) and a contrast-enhanced
phase T1w image at equilibrium (F) are visible; various confluent nodules with irregular hyperintense rims on high b-value diffusion-weighted images (G) and low
signal intensity in apparent diffusion coefficient map value (H) were observed. A small necrotic area inside a nodule is indicated in F (black arrow). One small left
breast cancer nodule (white arrowhead) on a contrast-enhanced T1w image is visible in the arterial phase (I).
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enhancement after CA administration[157] (Figure 15). Tumor markers do not increase
during the period of pseudocirrhosis, indicating that progression of metastasis is
unlikely[104]. Furthermore, nonspecific radiological findings may lead to a misinter-
pretation of the cancer response[147,158]. In addition, noncirrhotic causes of diffuse
liver surface nodularity vary, and the clinical presentations are quite similar. In some
of these causes, such as chronic Budd-Chiari syndrome, chronic portal vein thrombosis
and pseudomyxoma peritonei, hepatic contour changes are easily distinguishable from
cirrhosis because of their characteristic features. The latter shows coarse and lobulated
contours, while nodularity associated with cirrhosis is typically relatively fine and
diffuse. However, noncirrhotic causes of fine, diffuse nodularity are occasionally
shown not only in pseudocirrhosis but also in hepatic failure and sarcoidosis[143].
Fulminant hepatic failure can present with diffuse surface nodularity due to a
combination of alternating foci of confluent regenerative nodules and necrosis[159].
Sarcoidosis of the liver is rarely observable on imaging because noncaseating
granulomas are usually microscopic. However, it can sometimes be visible as diffuse
granular heterogeneity with or without fine nodularity of the hepatic surface[160,161].

Moreover, once pseudocirrhosis has been properly assessed, careful monitoring and
appropriate management of complications are necessary to avoid progression toward
life-threatening complications, such as hepatic failure, encephalopathy, and
esophageal/ gastric variceal bleeding, similar to those seen in classic severe cirrhosis
[144,147]. Therapy should be modified and sometimes interrupted[154] because
imaging features of pseudocirrhosis have been shown to completely resolve in some
patients[154,158].
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Figure 14 Early features of pseudocirrhosis in patients with metastatic breast cancer treated with gemcitabine for 12 mo. A-D: On axial
unenhanced (A, C) and contrast-enhanced portal (B, D) computed tomography (CT) scan images, executed prior chemotherapy, the liver presents a regular volume,
morphology and a smooth surface. No signs of ascites are present; E-H: On CT exam after chemotherapy (12 mo) at the same levels, in the same phases, fatty
changes of the liver parenchyma, reduction of the hepatic volume with relative hypertrophy of the left lobe, irregular margins and capsular retraction corresponding to
the IV segment (asterisk) were detectable. Peri-hepatic and pericholecystic effusion occurred (arrowhead).

Figure 15 Pseudocirrhosis in patients with breast cancer treated with surgery and 6 mo of chemotherapy (capecitabine and monoclonal

antibodies). A-D: Unenhanced (A: Axial) and contrast-enhanced computed tomography (CT) (B: Axial arterial phase; C: Axial portal phase; D: Coronal portal
phase) was performed at staging. The liver shows regular volume, morphology and a smooth surface. No focal lesions were found; thus, no chemotherapy was
undertaken; E: At the 1-year follow-up, unenhanced CT demonstrated the appearance of a hypodense focal lesion (arrowhead); F-H: A complete magnetic resonance
study with liver-specific contrast agent confirmed the presence of new focal lesions consistent with metastases. Mild hyperintensity in the T2w sequence (F), clear
hypointensity in the fat sat gradient echo 3D T1w hepatobiliary phase (G) and high signal in diffusion-weighted images (H) are shown. Chemotherapy was started. I-L:
A 6-mo follow-up unenhanced (I: Axial) and contrast-enhanced CT (J: Axial arterial phase; K: Axial portal phase; L: Coronal portal phase) shows typical signs of liver
pseudocirrhotic changes: parenchymal volume reduction, irregular macrocyclic margins, right lobe atrophy and caudate lobe hypertrophy.

CONCLUSION

In conclusion, many drugs can cause liver damage through various mechanisms in
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oncologic patients. As a consequence of the longer life expectancy of these patients,
chemotherapy-associated liver injury is becoming increasingly frequent. Radiologists
need to be aware of and know the imaging patterns of chemotherapy injury,
supporting clinicians in therapeutic decisions and thus preventing severe complic-
ations for patients.
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