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Abstract

The liver is commonly affected by metastatic disease. Therefore, it is essential to detect
and characterize liver metastases, assuming patient management and prognosis rely on
it. The imaging techniques that allow non-invasive assessment of liver metastases
include ultrasonography, computed tomography (CT), magnetic resonance imaging
(MRI), positron emission tomography (PET)/CT, and PET/MRI. This manuscript
reviews the imaging findings of liver metastases, focusing on each imaging modality’s
advantages and potential limitations. We also assessed the importance of different
imaging modalities for the management, follow-up, and therapy response of liver
metastases. To date, both CT and MRI are the most appropriate imaging methods for
initial lesion detection, follow-up, and assessment of treatment response.
Multiparametric MRI is frequently used as a problem-solving technique for liver lesions
and has evolved substantially over the past decade, including hardware and software
developments and specific intravenous contrast agents. Several studies have shown that
MRI performs better in small-sized metastases and moderate to severe liver steatosis
cases. Although state-of-the-art MRI shows greater sensitivity for detecting and
characterizing liver metastases, CT remains the chosen method. We also present the

controversial subject of the "economic implication" to use CT over MRIL
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Core Tip: Several imaging methods are clinically available to evaluate and characterize
liver metastases. Both computed tomography and magnetic resonance imaging (MRI)
are currently the techniques that show the highest diagnostic performance and are also
the most suitable for assessing therapy response and follow-up. Several studies have
shown that MRI has higher sensitivity for detecting and characterizing liver metastases;
therefore, it may be the ideal imaging method for treatment planning before and after
neoadjuvant chemotherapy. The traditional paradigm for ordering imaging studies
emphasizes diagnostic accuracy, which is why we believe MRI should be favored when
available, the first-line imaging for detecting liver metastases, pre-and post-treatment

follow-up.

INTRODUCTION

The liver is one of the most common organs involved with metastatic disease.

Secondary lesions are about 18-40 X more common than primary liver tumors/12l. Liver
metastases are most often secondary to colorectal carcinoma (CRC) (40%), stomach
(20%), pancreas (20%), lung (10%), and breast cancer (10%)[3l. Other less frequent
primary tumors include neuroendocrine tumors (NET), gastrointestinal stromal tumors
(GIST), and renal cell carcinomasl3l.

The spectrum of presentation is broad. Liver metastases frequently present as
multifocal and separate lesions; however, they can also be solitary or less frequently
manifest as confluent massesltl. The solitary mass form of presentation is most often

associated with colon cancer. Meanwhile, breast cancer metastases may infrequently




diffusely involve the liver in a pseudocirrhosis pattern (mimicking cirrhosis),
particularly following chemotherapyl3l.

Solid liver metastases are typically supplied by arterial blood flow; hence they can
be classified as hypovascular or hypervascularlll. The main group of hypovascular
metastases includes CRC, gastric, breast, and lung cancer!5. On the other hand,
hypervascular liver metastases are more commonly seen in renal cell carcinoma
(especially clear-cell type), NETs, melanoma, thyroid carcinoma, and GISTs. Breast
cancer liver metastases may appear hypovascular and hypervascular. Additionally,
liver metastases may be cystic, arising from cystic primaries, such as ovarian carcinoma
or mucinous cystadenocarcinoma of the GI and pancreas. These may also arise from
GIST, leiomyosarcoma, malignant melanoma, carcinoid, and pheochromocytomall.
Calcification may be present in mucinous adenocarcinomas from the gastrointestinal
tract or the ovary and in breast, lung, renal, and medullary thyroid carcinomal®7l.

In the current perspective of oncologic liver surgery or local ablation, imaging shows
a vital role in the detection, characterization, and determination of metastases' exact

cation, on a per-patient and per-lesion basis, even in patients with stage IV disease.
Surgery and a variety of interventional radiologic techniques are also performed in
selected patients with oligometastatic disease.

Stage IV CRC is defined as distant metastases that either is confined to one organ or
site (stage IVa) or affects more than one organ or site or the peritoneum (stage IVb). The
past decade has seen a paradigm shift in stage IV or metastatic CRC (mCRC)
management, leading to a significant increase in overall survival for these patients, from
less than six months to nearly two yearsl®. Much of this success is credited to the
increased utilization of hepatectomy in patients with oligometastatic liver disease, the
development of newer chemﬁherapy regimens, and the identification of new molecular
targets and their inhibitors. Imaging plays an essential role in the workup of patients
with mCRC by helping enumerate the number and sites of metastases, determine
resectability, assess response to systemic and liver-directed therapies, and detect drug

toxicities and disease recurrences.




This paper aims to briefly review each imaging technique and subsequently evaluate
them in assessing liver metastases, including detection, characterization, diagnosis, and

treatment response evaluation.

IMAGING TECHNIQUES

Ultrasonography

Ultrasonography (US) is a safe, accessible, and inexpensive technique. Nevertheless, it
has considerable limitations, including dependency on operator expertise, patient’s
body habitus, cooperation, and bowel gas interposition!®l. The lower performance of this
technique is also explained by limited spatial resolution, and for this reason, small (< 3-
5 mm), isoechoic, and deep-seated metastases can be missed['sl. The conventional US's
general sensitivity for detecting liver metastases is approximately 69% (sensitivity of
50%-76% in series with a true gold standard - intraoperative US or resection)19. This
sensitivity is probably lower in patients with subdiaphragmatic lesions, chronic hepatic
disease, and severe hepatic steatosis, which may be induced by chemotherapy.
Moreover, t mbiguity in segmental localization leads to a lack of reproducibility
compared to computed tomography (CT) and magnetic resonance imaging (MRI).

The appearance of metastases in ultrasound is diverse, but most appear rounded
and with sharp or smooth margins. They show variable echogenicity (hypo-, iso, or
hyperechoic relative to the surrounding parenchyma), with the hypoechoic pattern
being the most common (65%)/7. Sometimes a hypoechoic halo is noted (40%),
especially if the lesion is iso- or hyperechoic (Figure 1), Hepatic metastases of CRC are
typically well-defined, solid, hypoechoic lesions, hypovascular on Doppler ultrasound,
and occasionally present a peripheral halo ("target" or "bulls-eye" appearance) [8, 9].
This broad spectrum of appearance difficult the distinction between benign and
malignant lesions, reducing its specificitylsl.

Contrast-enhanced ultrasound (CEUS) has improved the sensitivity for the

detection of liver metastases. A study by Kong ef all1%], including 240 patients with liver




metastases, showed that diffuse homogeneous hyperenhancement followed by rapid
washout was the most common pattern on CEUS (55.4% and 96.2%, respectively).

Regarding CEUS, reports differ, mainly because they depend more on operator
expertise and other technical factors. Bernatik ef all!!l found that CEUS detected 97% of
the lesions diagnosed by CTI811l. Piscaglia et al(12l examined 109 patients with colorectal
and gastric cancer. They showed that CEUS improves sensitivity in the detection of
liver metastases to 95.4% when compared to conventional US (76,9%) and CT (90.8%)[121.
Cantisani ef all313 showed that CEUS improved US sensitivity from 67.4%-71.6% to
93.4%-95.8%. On the other hand, Vialle et all4l reported that the CEUS sensitivity was
inferior to CT in detecting hepatic metastases from colorectal cancer (CEUS 64.5% vs CT
80.4%). Moreover, since metastatic liver disease frequently shows multiple lesions, the
per-lesion evaluation would need multiple doses of ultrasound contrast agent!”].

The accuracy for the detection of hepatic lesions may differ with the US mode.
Two-dimensional (2D) CEUS shows limitations in evaluating liver metastases since it is
more prone to sampling errors, such as imaging caption of a single section and plane-to-
plane perfusion variation. On the other hand, three-dimensional (3D) CEUS imaging
techniques can image the tumor as a whole, provide spatial information, and allow
volumetric images. El Kaffas ef all'l showed that the 3D dynamic CEUS is superior to
the 2D dynamic CEUS imaging by reducing the sampling errors from heterogeneous
tumor perfusion. Other studies have shown no significant differences between the two
modes concerning sensitivityl'l. Nevertheless, the perception of the feeding arteries is
improved with the 3D CEUS, which might be helpful for the treatment of hypervascular

liver metastasesl!!¢l.

CT

Cross-section imaging techniques, including CT, and positron emission tomography
(PET)/CT, have advanced considerably, leading to early and accurate liver metastases
detection'7l. Multidetector CT is a reliable technique for detecting liver metastases and

preoperative staging, allowing volumetric acquisition with high-quality multiplanar




reformatted images, liver volume calculation, and 3D reconstructions preoperative
tumor resection planningl3l. CT is fast, accessible, allows high-quality liver imaging and
entire abdomen and chest coverage, and depicts extrahepatic diseasel'8l. CT shows
specificity of 77.3% and sensitivity up to 73.5% for the detection of liver metastases!(!?].

Liver metastases usually appear as hypo or iso-dense nodules at unenhanced CT.
These nodules tend to be well-defined, but they can also be irregular, depending on
sizel®l. Necrosis and cystic transformation may be present, appearing as a central area of
low attenuation. Besides, at times liver metastases may also show high attenuation due
to hemorrhagic content3l.

Dynamic imaging is crucial, and it':aconcept, perception, and evaluation are
similar between CT, MRI (Figure 2). Most liver metastases are hypovascular and are
best detected during the poﬁl venous phase (PVP), which begins approximately 60-80
s after the initial injection. In this phase, the liver parenchyma enhances through the
dominant blood supply by the portal vein. Hypovascular metastases appear as
hypodense/hypoattenuating lesions compared to the background liver parenchyma
(Figure 3)[1l. They usually show a peripheral rim enhancement in the late arterial phase
(LAP), which fades centrally on the venous phase (“target appearance”)>¢. On the
other hand, hypervascular metastases enhance earlier in the LAP, which is

monstrated by contrast in the portal vein and absence in the hepatic veins. These
lesions may fade and become isodense with the remaining liver parenchyma or show
variable degrees of washout on PVP and delayed acquisitions!>6-20l.

PVP is considered the most critical phase, with a sensitivity of 91.5% for
detecting hypovascular metastases/?!l. However, the optimal number and choice of
acquisition phases are still under debate, given the potential risks of higher radiation
doseslll. Honda et all2l showed that adding a LAP improved liver metastases’
detectability, particularly in lesions smaller than 10mm. However, other studies, such as
from Ferlay et al23], concluded that for evaluating CRC liver metastases, the addition of
the LAP and delayed phases did not improve the performance compared to the PVP

alone.




For hypervascular metastases, non-contrast-enhanced CT (NE-CT) only adds a
small incremental value to contrast-enhanced CT (CE-CT) for their detection and
characterization based on existing evidence. It seems that it is not worth adding further
radiation exposure and the increased number of images for interpretation associated
with NE-CT acquisition/?4. Still, NE-CT may be helpful as calcifications are present in
up to 11% of liver metastases at initial presentation/2520],

CT is the workhorse for abdominal imaging staging; however, liver metastases
may be missed. The detection rate of lesions by CT declines as its diameter decreases,
with a detection rate estimated at 72% for lesions measuring 10-20 mm and 16% for
lesions smaller than 10 mml[!%. Benoist et all?’l showed that missed liver lesions after
chemotherapy could be as high as 83%.

A recent study demonstrated that some liver metastases without sufficient
contrast enhancement were more likely to be overlooked, as were subcapsular lesions,
in case of liver steatosis or in cases of exam indication other than assessing malignant
tumorsl171.

It has been shown that imaging during the exact correct vascular phase of
contrast and an adequate iodine concentration (300-400 mg/mL) is essential for
improving the detectability of hypoattenuating metastases/?!l. However, it is known that
higher contrast concentration may harm renal impaired patients and may also lead to
contrast-induced nephropathy. As most patients will frequently need repeated exams
and extended follow-up periods, radiation exposure should also be kept in
consideration, representing one of the most critical limitations of CT.

Dual-epergy CT (DE-CT) scanners are getting progressively more available. It
involves the acquisition of two or more CT measurements with distinct energy spectra.
Using the differential attenuation of tissues and materials at different x-ray energies,
DE-CT allows the distinction of tissues and materials beyond what is possible with
conventional CTI291.

A study comparing DE-CT-driven low-keV virtual monoenergetic imaging to

standard linearly blended images concluded that low-keV images improved




quantitative size measurements and diagnostic accuracy of CRC liver metastasesP'l.
Also, this new technique improves the CT accuracy in differentiating liver abscesses
from liver metastases in the context of hypovascular metastases, a common clinical
dilemma- This technique may increase hypervascular and hypovascular liver lesions'
conspicuity, improving CT performance in detecting metastases, especially in cases of

concomitant liver steatosis/3!l.

MRI

Multiparametric MRI is frequently used as a problem-solving technique in the
evaluation of liver lesions. MRI has evolved substantially over the past decade,
including hardware and software developments and specific intravenous contrast
agentsl3l. Technological improvements also potentially allow better quality imaging in
non-cooperative patients, one of the main challenges in MRI. Therefore, when
reviewing this imaging technique's performance, one should be aware of these recent
advances in the field of MRI, preferring recent literature.

MRI allows anatomic and morphologic evaluation, as well as functional imaging.
The diagnostic sensitivity in detecting hepatic metastases is approximately 87% and has
increased with the introduction of diffusion-weighted imaging (WI) in routine protocols
and the development of hepatocyte-specific contrast agents, reaching a sensitivity of
95%I[21.26], This technique significantly improves the diagnostic efficacy and accuracy in
the approach of liver metastases. Several studies reported the superiority in detecting
liver lesions compared to CT, especially if they are small(3233].

Contrary to CT, non-enhanced sequences in MRI are essential for the detection
and characterization of liver metastases. Frequently, metastases are hypo- to isointense
on T1-WI sequences and mildly hyperintense on T2-WIll. However, some liver
metastases, such as those derived from NETs and sarcomas, may show moderately high
signal on T2-WI. Moreover, cystic and necrotic metastases (such as from ovary tumors,
NETs, melanoma, and sarcomas) may show moderately to markedly high T2 signal

intensityPl. Liver metastases may occasionally present intralesional hemorrhage, fat, or




glycogen deposition and appear hyperintense on T1-WI. Also, melanoma and mucinous
adenocarcinoma metastases may show high signal on T1-WI due to their high
melanocytic and mucin content, respectively (Figure 4). Occasionally, they may appear
as a target sign on T2-WI sequences, characterized by hyperintense central necrosis
delimited by a lesser intense rim of viable tumor. On T1-WI, a hypointense rim
surrounding a center of even lower signal intensity is known as the doughnut sign
(Figure 5)[16l.

Diffusion-WI (DWI)-MRI allows the interrogation of lesions’ cellularity, taking
advantage of water molecules” movement. Tissues with high cellularity (tumor, fibrosis,
abscess, cytotoxic edema) show restricted diffusionl!l. Diffusion may be quantified by
the apparent diffusion coefficient (ADC), and low ADC values correspond to restriction.
ADC values are reported to vary between 0.94-2.87; however, there may be an overlap
between the ADC values for primary malignant hepatocellular lesions, such as
hepatocellular carcinoma and benign hepatocellular lesionsi4l. In clinical practice, the
evaluation of DWI relies on subjective appreciation. DWI may also pose disadvantages
due to the inherent low spatial resolution, low signal-to-noise ratio, and predisposition
to artifats, especially for subcapsular/subdiaphragmatic lesions.

Kim et all®! reported higher sensitivity for DWI when compared to CT (79% vs
50%) in the detection of small liver metastases (< 1 cm) (Figure 6). Other studies
concluded that DWI is more sensitive than unenhanced T2-WI (88%-91% vs 45%-62%),
and the difference is even more obvious when only small metastases are considered
(85% ws 35%)136.371,

For the characterization of liver metastases, it is crucial to combine pre-and post-
contrast sequences as mentioned above. After entering the liver via the portal vein and
hepatic artery, the extracellular gadolinium-based contrast agent (GBCA) is distributed
through the extracellular interstitial spacel'l. The desired effect is tissue enhancement on
T1-WI, which is achieved by shortening the T1 and T2 relaxation times of adjacent
hydrogen protons. The suggested dose for liver imaging is 0.1 mmol/kg, administered

through a bolus injection at 2-3 mL/sl*l. Compared to iodine-based contrast agents




(used on CT), a greater sensitivity and a greater perception of enhancement are
observed with GBCAs. GBCAs are considered safe, primarily because they are not
nephrotoxic in the recommended doses and show fewer acute reactions than iodinated
contrast agents. Although some centers still refrain from using GBCAs in renal
impaired patients, one should know that class II contrast agents are rarely associated
with nephrogenic systemic fibrosis. A risk-benefit analysis for every individual is
required 39401,

As observed with CT, the characteristics of liver metastases vary with the
primary tumor. Hypervascular metastases show a hyperintense signal on the LAP, and
hypovascular metastases appear hypointense on the PVP (Figure 7). Hypovascular
metastases tend to show a thin peripheral rim type enhancement on LAP and PVP, with
progressive central enhaEement on interstitial phases (Figure 8)Fl. On the LAP,
hypervascular metastases may show homogeneous enhancement (if smaller than 2 cm)
or heterogeneous enhancement (if larger than 2 cm), demonstrating variable degrees of
washout or on delayed phases (Figure 9). Isovascular metastases may be seen in breast
cancer and avascular metastases on cystic metastases, such as ovarian cancer, and may
demonstrate septal or wall enhancement (Figure 10). Chemotherapy-treated metastases
may appear isovascular or avascular.

After being distributed in the vascular and extra-vascular space during the LAP,
PVP, and delayed phases, hepatocyte-specific contrast agents are incorporated by
functioning hepatocytes. The available hepatocyte-specific MRI contrast agents are
gadobenate dimeglumine (Gd-BOPTA; MultiHance®), with a recommended dose of 0.1
mmol/kg, and gadoxetic acid (Gb-EOB-DTPA; Primovist® / Eovist®), with a
recommended dose of 0.025 mmol/kgP8l. The hepatobiliary phase is acquired after 90-
150 min for MultiHance® and 15-20 min for Primovist®. These temporal differences for
the hepatocyte phases are related to the degree of biliary excretion, estimated at 3%-5%
for MultiHance® and 50% for Primovist®[1]. The kidneys excrete the remaining.

The normal functioning hepatocytes uptake the hepatocyte-specific MRI contrast

agents and excrete them into the biliary system due to cellular membrane transporters.




The coErast agent is responsible for shortening the T1 relaxation, which results in
higher signal intensity of the healthy liver parenchyma qn T1-WI in the hepatobiliary
phaselll. In the later (hepatobiliary) phase, there is also a subsequent excretion into the
biliary canaliculi, allowing imaging of the biliary pathways. Therefore, the hepatobiliary
phase is easily recognized because the normal liver parenchyma and bile ducts appear
enhanced!*!l. Non-hepatocellular lesions, as well as lesions with impaired hepatocytes,
appear hypointen.a. In short, as liver metastases lack functioning hepatocytes and
biliary ducts, they appear hypointense on the hepatobiliary phase. Allergic reactions are
infrequent and comparable with those of extracellular GBCAs.

In a recent meta-analysis, Zhang et all®2l showed that the gadobenate
(MultiHaﬁce‘@) sensitivity for detecting liver metastases on a per-lesion basis for pre-
contrast and combined dynamic, delayed hepatobiliary phase imaging was 77.8%,
88.1%, and 95.1%, respectively. These results are comparable to those reported for
gadoxetate (Primovist®/Eovist®).

Resembling only the MRI's specificities, a meta-analysis published in 2016
showed that DWI and gadoxetic acid-enhanced MRI (GA-MRI) sensitivity was 87.1%
and 90.6%, respectively. When both sequences were combined, the sensitivity for
detecting liver metastases on a per-lesion basis was highest (95.5% )43l

Therefore, MRI plays a crucial role in evaluating liver metastases and is
considered the ideal imaging method for detection and follow-up in many university

hospitals.

PET/CT

Liver metastases may have significant fluorine-18-labeled fluorodeoxyglucose (FDG)
uptake. Previous investigations mentioned the impact of FDG-PET on the detection of
such lesions (Figure 11). A meta-analysis published by Maffione et all*4l suggests that
FDG-PET/CT is highly accurate in detecting liver metastases on a patient-based
analysis, besides showing an added value in identifying extrahepatic disease. However,

conventional PET proved to be less sensitive than MRI and CT in detecting CRLM, both




on a patient-based (93% vs 100% vs 98%, respectively) and a lesion-based analysis (66%

vs 89% wvs 79%, respectively). In addié@n to the detection of extrahepatic disease,
PET/CT has the advantage of assessing treatment response (i.e., chemotherapy) of liver
metastases, demonstrated by a decrease in FDG uptakel!l. However, false negatives may
arise immediately after completing a chemotherapy cycle due to residual metabolic
inhibition. For this reason, PET/CT is not recommended to be performed earlier than
four weeks after finishing chemotherapy, and a negative result must not be fully

trusted 451,
PET/MRI

PET/MRI is a more recent technique that combines the advantages of metabolic
imaging (FDG-PET) with MRI sensitivity to assess liver metastases. PET/MRI is a
helpful diagnostic technique in detecting small hepatic lesions and may improve the
evaluation of treatment response after radiation and chemotherapy. Beiderwellen et
all*®l demonstrated that PET/MRI has a higher diagnostic accuracy for detecting liver
metastases than PET/CT or multidetector CT. However, according to Lake ef all47], there
is no significant difference between PET/MRI’s diagnostic performance and Gd-EOB-
DTPA MRI. Moreover, PET/MRI also shows an incremental value for detecting

additional extrahepatic metastasesi7l.

DECIDING BETWEEN TECHNIQUES

It is crucial to detect hepatic metastases as accurately as possible in a per-patient and
per-lesion to improve patient's clinical evolution, prognosis, and treatment planning.
CT, MRI, and FDG-PET are historically the most accurate and precise imaging
techniques for this purposeldsl. Below, we refer to various studies comparing these
techniques, which will help choose the best option for evaluating liver metastases. Table

1 summarizes the pros and cons of cross sectional techniques.




Several studies reported that CE-MRI is more sensitive and specific than CE-CT
for detecting liver metastases, mainly due to high intrinsic soft-tissue contrast, technical
versatility, sensitivity to blood flow, and contrast enhancement and biochemical
informationl®l. Vreugdenburg et all32 confirmed in their a'stematic meta-analysis that in
terms of per-lesion diagnostic accuracy, GA-MRI is superior to CE-CT (sensitivity
86.9%-100% vs 51.8%-84.6% and specificity 80.2%-98% vs 77.2%-98%). This difference is
more evident in lesions smaller than 10 mm, in which GA-MRI is notably more sensitive
but less specific. Based on the reported sensitivity, an equivocal result will happen more
frequently with CE-CT, which leads to a modest impact on patient prognosis and
management. In 2017, similar results were reported by Choi et all*8], who compared
MRI, CT, and PET/CT for the detection of CRC liver metastases, showing a sensitivity
of 93.1% vs 821% vs 74.1% and specificity of 87.3%, 73.5%, and 93.9%, respectively
(Figure 12). MRI showed more accuracy than CT in detecting CRC liver metastases and
presented an incremental value when added to CT alone to detect additional metastases
[48]. In this study, the authors reported that neoadjuvant chemotherapy decreases the
sensitivity of both CT and MRIL; however, it does not significantly affect the sensitivity
of PET/CTI48l,

The superiority of MRI is self-evident in small metastases. It is supported by
various studies, including Schulz et all*®], where they reported that the detection of
CRLM should rely on MRI. Overall sensitivity/specificity for MRI, CT and PET was
90%/87%, 68%/94% and 61%/99%, respectively; and the sensitivity/specificity for
lesions smaller than 10mm for MRI, CT and PET was 74% /88%, 16%/96% and 9% /98%,
respectively 9],

With the introduction of surgical removal of metastatic liver nodules, the overall
survival rate has increased. Therefore, it is crucial to ensure the best imaging method to
detect them, mainly the smaller ones, ich can be easily missed. Ko ef all®! showed
that CT’s sensitivity was 8%, 55%, 91%, and 100% for nodules of 1-5 mm, 6-10 mm, 11-
15 mm, and > 20 mm, respectively. Consequently, it appears obvious that in metastases

that are "too small to characterize," CT has a limited role, particularly for those smaller




than 5 mmP%. However, GA-MRI and CE-CT seem equivalent for detecting lesions
larger than 10 mml2L.26].

Maegerlein et all®!l confirmed that MRI was significantly superior (sensitivity of
87.4%) compared to PET /CT (sensitivity of 68.2%).

For metastases in a fatty liver background, the sensitivity of MRI is
approximately 85%-88% (vs 65%-68.3% for CE-CT)[1852 In these conditions, Kulemann
et all'8] found that MRI detects 66% of lesions up to 10 mm, while CT detects only 11%.
Therefore, they determined that MRI is superior to CT in detecting CRLM in liver
steatosis, especially the smaller onesl1852],

MRI also showed to be significantly better than CE-CT in the detection and
characterization of hypervascular liver metastases. For instance, according to Seemann
et all®l, MRI presented a sensitivity of 98.2%, and CT showed a sensitivity of only 37.1%
for detecting carcinoid metastases.

Nowadays, debate continues whether MRI should be a first-line imaging
technique for suspected liver metastases. The current European Society for Medical
Oncology (ESMO) guidelines for rectal cancer diagnosis and follow-up (2017) consider
that MRI is the imaging method of choice for loco-regional staging. However, CT is
preferred for distant metastases(®l. Still, these recommendations are relatively poor
(level V), and curiously that manuscript does not make any reference to the use of
hepatospecific contrast agents(55l. The American College of Radiology in 2017 also stated
that "the available evidence supports that both MRI and CT detect liver lesions with
high accuracy."

The updated NCCN guidelines (March 2019) for colon and rectal cancer suggest
chest, abdominal, and pelvic CT for metastatic disease's initial workup?*-2#%]. However,
if surgical resection of hepatic metastases is considered, contrast-enhanced MRI
(extracellular or hepatospecific contrast agent) is preferred over CT to assess its number
and distribution!®l. Also, PET-CT may be pondered in selected cases with surgical

curable M1 diseasel21.26],




Many clinicians use the “economic implication” to use CT instead of MRIP®L.
Patients often are referred to CT rather than MRI because of the perceived impression
that money is being saved in the healthcare system. Zech et all>l compared the three
imaging techniques (GA-MRI, CE-MRI, and CE-CT), considering the diagnostic workup
and surgery costs for patients with CRLM. The countries analyzed included Austria,
Germany, Italy, Sweden, Switzerland, and Thailand and all of them showed an overall
lower cost with GA-MRI compared to the other techniques7l. The reason is that no
patient needed any additional imaging technique to achieve a decision concerning the
treatment in the group that used GA-MRI as the initial imaging method. However, in
the group of patients submitted to extracellular CE-MRI and CE-CT as an initial
approach, approximately 18.1% and 39.7%, respectively, performed an additional exam.
Furthermore, it was also noted that the costs of surgery were higher in the GA-MRI
group since more liver metastases were detected and consequently needed surgery for a
curative approach.

According to these data, we concur that GA-MRI shows a superior sensitivity in
detecting hepatic metastases, which leads to a more curative approach, avoids
additional imaging examinations, and can be the most cost-effective option. Sadly, these
studies did not significantly affect the current clinical guidelines, especially the latest
consensus of ESMO, where MRI is still considered a second-line method!45541,

In addition, according to a recent study, laparoscopic liver ultrasound might

improve liver staging for CRLM compared to liver-specific contrast-enhanced MRI

(sensitivity of 93.1% vs 85.6%)I51.

IMAGING TECHNIQUES FOR FOLLOW-UP

Approximately 80% of CRLM are unresectable at initial presentation, and
chemotherapy is the treatment of choice (Figure 13). Some studies have reported that
some of these lesions might respond to chemotherapy and become resectable, showing
better long-term results - “conversion chemotherapy”[*l. As above-mentioned, these

patients submitted to neoadjuvant chemotherapy may then appear with liver steatosis,




especially after irinotecan and 5-FU or with sinusoidal obstruction (oxaliplatin), which
may limit CT liver evaluation[21.60],

In follow-up studies of CRLM, CT may be used to evaluate response to systemic
chemotherapy. In contrast, MRI (with hepatospecific contrast agent and DWI
sequences) can be used to assess metastases after neoadjuvant chemotherapy, to assess
resectability, and to estimate "disappearing” or “vanishing” metastases (DLM) (Figure
14211, This term corresponds to complete radiologic response - treated metastases that

are too small to be detected at follow-up imaging studies - ranging from 7%-24% in
CRLM2161],

Barimani ef all61l showed that the mbination of CE-CT, MRI, and intraoperative
ultrasound (IOUS) showed promising results in detecting DLM in CRLM. Furthermore,
it was suggested that when DLM remains undetectable by MRI and IOUS, it is a valid
option to leave DLM in situ as an alternaEe approach to surgical resection.

According to Jhaveri et all®2l, GA-MRI is superior to CE-CT for the detection of
small CRLM (< 1 cm) in both categories of non-treated patients and those who
underwent neoadjuvant chemotherapy.

In 2017, a study by Park et aljes) also concluded that MRI has a higher positive
predictive value for the absence of tumors after chemotherapy than CT (78% vs 35.2%,
respectively).

The RECIST criteria were developed to reach a standardized pattern of tumor
response evaluationl®l. These criteria show limitations and appear inadequate for
patients treated with immune checkpoint inhibitors due to the "pseudoprogression"
phenomenon. Pseudoprogression may occur when molecular target agents diminish the
tumor attenuation and enhancement to a lesser degree when compared to the
surrounding liver, making the preexisting lesion now visible and mimicking disease
progression. To assess this limitation, iRECIST criteria, based on RECIST-based
measurements and immune-related response patterns, have been developed!3s.

However, iRECIST still needs validation.




RECIST evaluation concerning CRLM often fails to identify clinically meaningful
responses to bevacizumab-containing therapy. In this matter, Liu et all®5l created a
developed-RECIST (D-RECIST) by combining CE-MRI and DWI-MRI. They showed
that responders employing D-RECIST had a longer median disease-free survival than
non-responders and that defined responseﬁ-m\rided important prognostic information.
It was concluded that D-RECIST might serve as a better response evaluation than
RECIST in CRLM treated with bevacizumab-chemotherapy.

Some morphologic and dynamic features of liver metastases in MRI may predict
the response before therapyl21.66l. For instance, a study showed that tumors with lower
ADC values correlate with a better response to chemotherapy, while others report a
poorer survivall®7],

Besides chemotherapy, ablative therapies such as icrowave ablation,
transarterial chemoembolization, and radioembolization lead to a low-density lesion on
CT and high T1 signal / low T2 signal MRI due to coagulative necrosis?l. These
areas tend to shrink progressively with time. The existence of thick linear peripheral
enhancement surrounding the lesion or nodular enhancement may suggest recurrence.
Partial response is suggestive by a decrease in enhancement, and a complete response /
successful embolization is shown by the absence of enhancement on CT/MRI and low

T2 signal’l.

CONCLUSION

The liver is one of the most common organs involved with metastatic disease. Both CT
and MRI are currently the techniques that show the highest diagnostic performance and
are also the most suitable for assessing therapy response and follow-up. Studies have
shown that MRI plays a crucial role and has higher sensitivity in evaluating liver
metastases. Therefore, it may be the ideal imaging method for treatment planning
before and after neoadjuvant chemotherapy and is also considered the best technique

for detection and follow-up in many university hospitals.
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