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Abstract

Metastatic spread of primary tumours is best detected by various radiological methods such as
ultrasound, CT, MRI as well as PET CT and the latest MRI/PET.

The objective of our study was to assess the relative performance of different radiology
methods, magnetic resonance (MR) and 18FDG positron emission computed tomography (PET CT)
and to emphasize superiority of one of them with a goal of better planning of oncology and surgery
treatment of patients with metastasis of liver smaller than 10 mm.

Imaging data of 70 patients over a 4 year-period, enhanced liver MRI and whole-body FDG
PET CT were reviewed for the presence and number of liver metastases.

In comparison to FDG PET CT, MRI detected all hepatic metastases. All lesions were identified
on MRI (420), whereas only 296 were detected on FDG PET. Ninety-one of them with diameter less
than 10 mm were detected only on MRI. FDG PET CT provided additional information about
extrahepatic disease and was useful in initial staging. However, significantly more and smaller than 10
mm liver metastases were detected on MRI than on FDG PET.

MRI has presented more information concerning peripheral ring and PET CT is accurate for
identification of metabolic activity of hepatic metastases greater than 10 mm in diameter. Both
complementary methods give correct pathways in treatment and in building of criteria for appropriate
liver metastasectomies and radiofrequency ablations.
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Introduction

This paper provides a comprehensive overview of the importance of detecting liver metastases
using various radiological methods, with a particular focus on positron emission tomography- computed
tomography (PET-CT) and magnetic resonance imaging (MRI). These imaging techniques play a
crucial role in facilitating appropriate treatment decisions for patients with different types of carcinomas
and liver metastases. The significance of accurate detection and characterization of liver metastases is
paramount, as it directly impacts patient management, treatment planning, and overall prognosis [1,2].

Liver metastases are a common occurrence in many types of cancers, including colorectal,
breast, and pancreatic carcinomas. Early and accurate detection of these metastases is essential in
determining the extent of the disease spreading and guiding treatment strategies [3].

The liver is a frequent site of metastasis due to its dual blood supply and its role in filtering the
blood from the gastrointestinal tract. Metastatic lesions in the liver can significantly alter the course of
treatment and prognosis in cancer patients, making their detection a critical aspect of oncological care

[4].

While various imaging modalities have been employed for this purpose, PET-CT and MRI have
emerged as particularly promising techniques due to their high sensitivity and specificity. These
advanced imaging methods offer distinct advantages over conventional techniques such as ultrasound
or standalone CT scans, which may have limitations in detecting small or subtle lesions [5].
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PET-CT combines the metabolic information provided by positron emission tomography (PET)

with the anatomical detail of computed tomography (CT). This hybrid imaging modality has
demonstrated a significant potential in oncology, offering valuable insights into both the location and
metabolic activity of tumors [6]. PET-CT utilizes radioactive tracers, most commonly 18F-
fluorodeoxyglucose (FDG), which is preferentially taken up by metabolically active cancer cells. This
allows for the visualization of both primary tumors and metastatic lesions throughout the body. The CT
component of PET-CT provides high-resolution anatomical information, enabling precise localization
of lesions detected on PET [7].
MRI, on the other hand provides excellent soft tissue contrast and can detect smaller lesions with high
accuracy, making it an invaluable tool in liver imaging [8]. MRI does not use ionizing radiation, which
is advantageous for patients who may require repeated imaging. The ability of MRI to characterize
tissue based on multiple parameters, including T1 and T2 relaxation times, diffusion properties, and
contrast enhancement patterns, allows for detailed assessment of liver lesions. Advanced MRI
techniques, such as diffusion-weighted imaging (DWI) and dynamic contrast-enhanced (DCE) imaging,
further enhance the ability to detect and characterize liver metastases.

Small liver metastases are often missed on conventional imaging, leading to under staging of a
disease and potentially inappropriate treatment decisions. Accurate detection of these small lesions can
lead to more precise staging, better selection of patients for surgical intervention, and more effective
use of targeted therapies [9].

The objective of the study was clearly stated: to assess and compare the performance of MRI
and 18FDG PET-CT in detecting liver metastases with special reference to hepatic metastases smaller
than 10 mm.

Material and methods

The methodology section describes a retrospective study involving 70 patients over a 4-year
period. Patients were aged from 23 to 78 years. Inclusion criteria were: patients with previously
diagnosed malignancy proven by biopsy, patients with previously diagnosed malignancy proven after
surgical treatment, patients with metastatic liver deposits diagnosed by ultrasound or computed
tomography.

Exclusion criteria were: patients treated with oncology therapy, patients with previous
radiological oncology therapy, patients with focal lesions but not of a malignant nature, such as
hemangiomas, adenomas and others.

This study design allowed for a comprehensive evaluation of the imaging techniques in a real-
world clinical setting. Retrospective studies have the advantage of allowing researchers to analyze a
large amount of data collected over an extended period, potentially capturing a diverse range of clinical
scenarios and patient characteristics. However, it is important to note that retrospective studies may be
subject to certain biases, such as selection bias or information bias, which should be carefully considered
when interpreting the results.

Both enhanced liver MRI and whole-body FDG PET-CT were used to detect liver metastases,
providing a direct comparison of these two advanced imaging modalities. This head-to-head
comparison is crucial for determining the relative strengths and weaknesses of each technique in the
specific context of small liver metastasis detection. By using both modalities in the same patient
population, the study can control for variables such as patient characteristics, tumor biology, and timing
of imaging, which might otherwise confound the results.

To ensure the accuracy of the findings, the study used postoperative histopathology and
ultrasound findings as the reference standard. This approach provides a robust gold standard against
which the performance of MRI and PET-CT can be evaluated. Histopathological confirmation is
considered the ultimate standard for diagnosing metastatic lesions, as it allows for direct examination
of tissue at the cellular level. The inclusion of ultrasound findings as part of the reference standard likely
refers to intraoperative ultrasound, which is a highly sensitive technique for detecting liver lesions
during surgery. By combining these reference standards, the study aimed to establish a comprehensive
and accurate baseline for assessing the performance of MRI and PET-CT [10].

Detailed information about MRI and PET-CT protocols is provided, including the specific
sequences used and the FDG dosage. This level of detail is crucial for reproducibility and provides a
thorough understanding of the imaging techniques employed. In scientific research, particularly in
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medical imaging studies, reproducibility is essential for validating results and enabling other researchers
or clinicians to replicate the findings in different settings [11,12,13].

The MRI protocol included various sequences designed to optimize liver lesion detection and
characterization. These sequences likely included T1-weighted, T2-weighted, and diffusion-weighted
imaging, as well as dynamic contrast-enhanced sequences. Each of these sequences provides unique
information about liver tissue and potential lesions.

The use of a liver-specific contrast agent further enhances the ability to detect and characterize
liver lesions. Liver-specific contrast agents are taken up by normal hepatocytes but not by metastatic
lesions, creating a strong contrast between healthy liver tissue and metastases. This can significantly
improve the detection of small lesions that might be missed on non-contrast or conventional
extracellular contrast-enhanced imaging [14,15].

For the PET-CT protocol, the study utilized 18F-fluorodeoxyglucose (FDG) as the radiotracer.
FDG is widely used in oncological imaging due to its ability to highlight areas of increased glucose
metabolism, which is characteristic of many types of cancer cells. The specific FDG dosage and uptake
time were optimized to provide the best possible image quality and lesion detectability [16,17]. The
standardized uptake value (SUV) of FDG in liver lesions can provide valuable information about the
metabolic activity of metastases, which can be useful for assessing treatment response and prognosis.

Results
Seventy patients with different types of primary tumors participated in the study. Frequency of
tumors in which there were metastatic deposits in the liver was presented in fig.1.
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Figure 1. Frequency of tumors with metastatic deposits in the liver.

The gender structure of patients consisted of 26 (37.14%) men and 44 (62.86%) women. The
analysis of the initial results showed that in our group of patients there was a larger number of female
patients and a higher representation of metastatic liver changes in females.
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Figure 2. The gender structure of patients

Metastatic liver deposits were more common in women with primary breast and pancreatic
tumors. In other primary tumors, gender had no influence.

MRI demonstrated superior performance in detecting hepatic metastases, identifying all 420
lesions present in the study population. This underscores the high sensitivity of MRI for liver lesion
detection, particularly when using optimized protocols and liver-specific contrast agents.

FDG PET-CT, while still effective, detected only 296 lesions.

A critical finding was that 91 lesions with a diameter less than 10 mm were detected only on
MRI.

Table 1. Distribution of number of hepatic metastases smaller and larger than 10 mm on MR

Total number of liver metastases on MR n (%)
1(1.43)

6 (8.57)
13 (18.57)
8 (11.43)
6 (8.57)
10 (14.28)
9 (12.86)
2 (2.86)

6 (8.57)

1 1(1.43)
12 4 (5.71)
13 3 (4.28)
15 1(1.43)
Total 420 70
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Table 2. Distribution of number of hepatic metastases larger than 10 mm on FDG PET-CT

Total number of liver metastases on FDG PET-CT n (%)

7 (10)
5(7.14)
11 (15.71)
9 (12.86)
8 (11.43)
10 (14.28)
7 (10)
1(1.43)

4 (5.71)
3(4.28)

4 (5.71)
12 1(1.43)
Total 296 70

OO INO|O|BAWINIFL|IO

[EEN
o

No statistically significant difference was found in the number of lesions larger than 10 mm
detected by PET CT and MR (p=0.37).

The number of lesions smaller than 10 mm detected by MR was significantly higher compared
to PET CT (p=0.043).

The conclusion emphasizes the higher sensitivity of MRI in detecting liver metastases,
particularly those smaller than 10 mm. This finding has significant implications in clinical practice,
suggesting that MRI should be the preferred modality for detailed evaluation of the liver in patients
with known or suspected liver metastases.
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Figure 3. Morphological presentation of smaller metastatic deposits on the liver on MRI in a patient
operated on for breast cancer with suspected metastasis in the V segment of the liver with a diameter of
8 mm, hyposignal compared to the rest of the hepatic parenchyma, without emphasized vascularization
and without biliary invasion roads
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Figure 4. On the PET CT performed 1 month after MR, the same metastasis is shown with a
high retention of the intravenously applied radioisotope FDG 18, with an SUV max of 6.7

Discussion

The largest number of metastases are multiple, to be precise, only 10% of cases have solitary
metastases and usually involve different lobes.

The complexity of the hepatic vascularization and the microenvironment provide an
opportunity for the development and invasion of malignant cells due to their slowed movement or rather
stagnation in the sinusoids of the liver. The portal vein primarily delivers tumor emboli from malignant
changes in various organs.

Prompt detection of hepatic metastases has a very important role in evaluation, prognosis and
definition of the most appropriate therapeutic strategy in these patients, which is based on the
descriptions and radiological findings from the preoperative radiological examinations.

Since 2016, extreme progress has been made in the diagnosis of liver metastases with the
improvement of DWI techniques and Gd-EOB-DTPA MRI, which have been investigated in different
institutions and different studies published in the last 5 years. The results have confirmed that a
combination of different types of "imaging" techniques provide a very accurate diagnosis and
presentation of liver metastases. Asato et al. confirmed a significantly higher sensitivity of the
combination of DWI sequence with Gd-EOB-DTPA MRI (91.4%) compared to CT (80.9%), especially
in metastases with a diameter of less than 10 mm (73.3% vs. 56.0% lesions <1 cm; 91.9% vs. >1 cm;
99.2% vs. >2 cm [23].

Our study included analysis of metastases and their presentation on MRI in DWI and post-
contrast portovenous phase, PET CT analysis with number determination and anatomical localization.

It was shown that MRI was a more sensitive method for metastatic deposits smaller than 10
mm 91% compared to PET CT, 80.7%.

In a retrospective study by Tahtabasi et al. 42 patients with gastric and colorectal cancer origin
were included and examined by MRI and PET CT [24].

In this study, MRI detected up to 25% more metastases compared to PET CT, but only in
metastases smaller than 10 mm, while in metastases larger than 10 mm, both studies did not show a
significant difference in sensitivity and specificity. This also correlates with our study, where MRI
showed greater sensitivity in relation to metastases smaller than 10 mm by sorting their exact number
and localization.

In the study by Souza et al. [25], which included an analysis of 15 patients with suspected liver
metastases of various malignant origin, an analysis of PET CT and MRI 3 Tesla magnetic field strength
was made. Conclusion was based on a per-patient analysis and it was shown that for the detection of
metastases smaller than 10 mm, MRI with intravenous contrast application was a superior method, up
to 96% over PET CT, which was also shown in our study. But, the specificity of MR compared to PET
CT is somewhat lower considering the limiting character of our device which is 1.5 Tesla magnetic
field strength.
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The hepatobiliary phase, complementary to the sequence in DWI where the restriction of
movement of water molecules in the tissue is detected, shows metastases that are smaller than 10 mm
with a higher degree of demarcation of their borders compared to other modalities such as 18 FDG PET
CT and CT [26].

The study by Matteo Renzulli et al. [27] included an analysis of different results in the last 10
years, where with the development of new magnetic resonance techniques such as DWI, techniques
with intravenous contrast application and specific hepatobiliary contrast have led to a remarkable
progression in the detection and analysis of metastatic liver deposits of various malignant origins.

What is the impact of these findings on international oncological guidelines and protocols? The
latest edition of oncology protocols revised in 2017 by the European Society of Medical Oncology
unfortunately puts magnetic resonance in the detection of liver metastases as the second modality after
CT of the thorax and abdomen, and if there is suspicion of liver metastases, then liver MR is
recommended.

On the other hand, other authors in their individual papers propose and prove that in fact
magnetic resonance imaging should be performed immediately after an ultrasound examination of the
liver, and if there is any suspicion of ultrasound, it should be performed immediately with combined
techniques such as DWI and post-contrast series [28,29].

The latest version of the National Comprehensive Cancer Network (NCCN) guidelines for
colorectal cancer is in the direction of CT being the first-line modality for the detection of liver
metastases [30,31].

Conclusion

According to the results of the study, it can be seen that with the advancement and introduction
of new techniques with magnetic resonance, it is much superior in showing the smaller metastatic
deposits of the liver, and that in those with a diameter of less than 10 mm. MR provides opportunities
for multiple sequences and models with and without contrast enhancement, during which an accurate
assessment of the type of invasion of the metastases, whether it is biliary or vascular, is carried out.

Despite its lower sensitivity for small liver lesions, FDG PET-CT provided valuable additional
information about extrahepatic disease. This capability makes PET-CT particularly useful in initial
staging, as it can identify metastases in other organs or lymph nodes that might not be visible on liver-
specific MRI. The whole-body imaging capability of PET-CT is a significant advantage in oncological
staging, allowing for a comprehensive assessment of disease extent in a single examination.
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