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Abstract: Purpose: To investigate the etiology of metachronous focal liver lesions (FLL) detected in
patients with solid primary tumors (PT) and to evaluate the factors influencing the nature of these
lesions. Materials and Methods: This retrospective study analyzed 202 patients with a history of
solid PT who developed metachronous FLL, defined as lesions detected at least 3 months after the
initial PT diagnosis. Latency period (LP) was defined as the time interval, in months, between the
initial diagnosis of PT and the detection of the FLL. All patients underwent hepatic ultrasound (US)
at our tertiary university hospital between June 2016 and December 2023. Data were retrieved from
a prospectively maintained registry. Diagnosis of malignant FLL (mFLL) was histologically
confirmed and subclassified as metastases from the known primary tumor (M-PT) or de novo
primary tumors (DNPT), which were further divided into metastases from a de novo primary tumor
(M-DNPT) and hepatobiliary de novo primary tumors (HB-DNPT). Benign FLL (bFLL) were
diagnosed either histologically or based on characteristic features on contrast-enhanced imaging and
clinical follow-up, following current diagnostic guidelines. The prevalence, clinical parameters, and
sonographic characteristics of the different lesion groups were analyzed and compared.
Multinominal and binary regression analyses were used to examine the association between different
variables and FLL types. The PT-FLL concordance rate (PT-FLLCR) for each PT was defined as the
proportion of FLLs identified as metastases from the corresponding PT. Results: The study cohort
included 202 patients, including 98 males and 104 females, with a mean age of 64 +13 years. The
average LP was 62.4 +72.6 months. Of all detected FLLs, 144 (71.3%) were malignant (mFLL) and 58
(28.7%) were benign (bFLL). M-PT was the most frequent etiology, accounting for 117 lesions (57.9%).
Among DNPT, 19 (9.4%) were M-DNPT, and 8 (4.0%) were HB-DNPT. The most common benign
lesions were hemangiomas (23; 11.4%), followed by fat deposition/sparing (10; 5.0%) and simple
hepatic cysts (9; 4.5%). The final etiology of FLLs varied according to lesion’s echogenicity (p =0.01),
size (p=0.009), multiple FLL (p=0.002), and presence of extrahepatic metastases (p=0.004). The
highest PT-FLL-CRs were noted in pancreatobiliary (76.2%) and breast tumors (72.1%), while the
lowest rates were seen in prostate carcinoma (20%) and malignant melanoma (6/16; 37.5%). However,
there was no statistically significant association between PT-FLL-CR and either the anatomical site or
histological subtype of the primary tumor (p > 0.05). Among the 144 mFLL cases, the likelihood of an
FLL being a DNPT rather than an M-PT increased with longer LP; specifically, for each additional
month of latency, the odds of the lesion being an M-DNPT (vs. M-PT) rose by 0.6% (OR 1.006,
p=0.036). Conclusion: M-PT represents the most common etiology of metachronous FLL in patients
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with solid tumors. While lesion characteristics —such as size, echogenicity, multiplicity, and presence
of extrahepatic metastases—differed significantly between FLL groups, neither PT origin nor PT
histology independently predicted lesion type. Both benign lesions and de novo malignant FLLs can
occur. Notably, among mFLLs, a longer LP was associated with a higher probability of DNPT. These
findings underscore the importance of histological confirmation of FLLs in patients with a history of
solid tumors.

Keywords: metachronous liver lesions; de novo tumors; ultrasound; metachronous cancer; late
metastasis

1. Introduction

Metastases in patients with solid primary tumors (PT) are chronologically classified into
synchronous, referring to lesions found at or prior to the diagnosis of the primary tumor, and
metachronous, denoting lesions detected later after a latency period (LP) following the initial PT
diagnosis. The precise time cutoff for distinguishing metachronous metastases remains a subject of
debate, with reported thresholds varying between 3 to 6 months [1].

During the follow-up of malignant tumors, two key challenges arise in the evaluation of
metachronous focal liver lesions (FLL). On one hand, benign liver lesions (bFLL) are found in up to
15% of the normal population [2]. These benign lesions may not be detected at the initial diagnosis
of the PT due to factors such as small lesion size, limitations of baseline imaging modalities,
overlooked or underreported findings, or subsequent parenchymal changes affecting lesion visibility
[3-6]. Additionally, certain benign FLL may arise after PT diagnosis. Inflammatory lesions such as
abscesses or pseudotumors, regenerative nodules, and hyperplastic lesions like focal nodular
hyperplasia (FNH) may develop over time secondary to infections, systemic inflammation, vascular
alterations, or as sequelae of chemotherapy-induced hepatic changes, including steatosis or
sinusoidal obstruction [7-10]. On the other hand, metastatic spread is a hallmark of malignant
diseases and a major determinant of patient prognosis. The liver has been identified as the most
common site of distant metastases in solid tumors [11].

When a patient with a known malignant PT is found to have a new FLL after an LP, a
comprehensive diagnostic work-up is necessary to differentiate between benign and malignant FLL
(mFLL). B-mode ultrasound (B-US) and contrast-enhanced ultrasound (CEUS) remain the primary
imaging modalities of choice in this setting [12-18]. Among contrast-enhanced techniques, CEUS,
computed tomography (CT), and magnetic resonance imaging (MRI) demonstrate comparable
diagnostic accuracy [12]. However, owing to its high sensitivity, specificity, broad availability, cost-
effectiveness, and absence of radiation exposure, CEUS is recommended in international ultrasound
guidelines for the evaluation of FLL [12,13,15,19,20].

Apart from colorectal cancer, where metachronous liver metastases are well-documented [1,21],
data on the prevalence and etiology of metachronous FLL, both benign and malignant, in patients
with other solid PT remain scarce. This study aimed to evaluate the etiology and distribution of
metachronous benign and malignant FLLs, primarily detected on ultrasound, in patients with solid
malignant tumors of various origins.

2. Patients and Methods

This study was conducted at a tertiary healthcare center (University Hospital of Marburg) and
included 231 consecutive patients with solid (non-hematological) PT who developed newly detected
metachronous FLL, defined as liver lesions identified at least 3 months after the initial PT diagnosis
[1]. Lesions were either detected on ultrasound (US) or referred for US-guided biopsy evaluation after
identification on other imaging modalities, during the period from June 2016 to December 2023. All
data were recorded prospectively in a dedicated registry. Diagnosis validation of FLL was achieved
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through histological confirmation for all malignant FLL (mFLL) or based on a consensus of
characteristic imaging patterns on contrast-enhanced studies, or both, for benign FLLs (bFLL)
[19,22,23]. Clinical, imaging, and pathological data were retrospectively retrieved and analyzed. The
study was approved by the local ethics committee (protocol code: RS 22/27) and conducted per the
amended Declaration of Helsinki. An informed consent was obtained from all patients for the
ultrasound examination. Twenty-nine of the initial 231 patients (12.6%) were excluded due to
insufficient diagnostic validation, leaving 202 patients included in the final analysis. The exclusion
process is illustrated in Figure 1.
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Figure 1. Exclusion and diagnosis validation diagram. PT: primary tumor, FLL: focal liver lesion, mFLL:
malignant focal liver lesion, bFLL: benign focal liver lesion, M-PT: metastases from the known primary tumor,
DNPT: de novo primary tumor, M-DNPT: metastases from a de novo primary tumor, HB-DNPT: hepatobiliary

de novo primary tumor, FU: follow-up.
2.1. Demographic Data of the Study Patients
Of the 202 study patients 98 (48.5%) were males and 104 (51.5%) females. The mean age was
64 =13 years (range 24-86 years).
2.2. Underlying Primary Tumors in the Study Cohort

Table 1 provides an overview of the anatomical sites and histological subtypes of the primary
tumors (PT) in all 202 patients included in the study. The most common anatomical sites were the
breast (44 patients; 21.8%) and the large intestine (35 patients; 17.3%). Adenocarcinoma was the
predominant histological subtype, accounting for 129 cases (63.9%).
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Table 1. Anatomical site and histological subtypes of the primary tumor in all patients.
Primary tumor anatomical site N Percentage (%)

Breast 43 21.8
Large intestine 35 17.3
Pancreatobiliary 21 9.9

Skin 16 7.9

Lung 16 7.4

Female reproductive organs 12 5.4
Prostate 10 5.0

Small intestine 8 4.5
Esophagus 9 4.5

Bladder & urethra 9 4.5

Head & neck 7 4.0
Stomach 7 3.0

Kidney 5 2.5

Others 4 2.5

Primary tumor histological subtype N Percentage (%)

Adenocarcinoma 129 63.9

NET 21 10.4

SCC 19 9.4

Malignant melanoma 16 7.9
TCC 9 4.5

Sarcoma 6 3.0

GCT 1 0.5

MANEC 1 0.5

SCC: squamous cell carcinoma, NET: neuroendocrine tumor, TCC: transitional cell carcinoma, GCT: germinal

cell tumor, MANEC: mixed adenoneuroendocrine carcinoma.

2.3. Diagnostic Workup for Focal Liver Lesions (FLL)

Ultrasound examinations were conducted using an ACUSON SEQUOIA 512 ultrasound system
(Siemens, Erlangen, Germany) equipped with a 4C1 curved array transducer. For B-mode ultrasound
(B-US), a frequency of 4 MHz was applied. Contrast-enhanced ultrasound (CEUS) examinations were
performed using the same probe in contrast-specific mode at 1.5 MHz. CEUS examinations were
performed and interpreted according to European Federation of Societies for Ultrasound in Medicine
and Biology (EFSUMB) guidelines [12]. All B-US, CEUS assessments, and ultrasound-guided liver
biopsies were conducted by a DEGUM Level IlI-certified investigator (C.G., specialist in internal
medicine) with more than 40 years of experience in diagnostic ultrasound [24]. Cross-sectional
imaging was performed in 193/202 (95.5%). Histological diagnosis of FLL was available in 159/202
(78.7%) including All 144 mFLL and 15/58 (25.9%) bFLL. The diagnosis of the remaining bFLL was
based on characteristic morphology on CEUS and cross-sectional imaging and clinical follow-up
(FU). The mean FU was 22.9 + 22.9 months. All tissue specimens were examined by two experienced
pathologists in gastrointestinal diseases at a tertiary university hospital.

2.4. Statistical Analysis

Continuous variables were reported as mean + SD. Categorical data were analyzed using the
Chi-square or Fisher’s exact test, and continuous variables using the Mann-Whitney U or Kruskal—-
Wallis test. Multinominal and binary regression analyses were used to examine the independent
effect of different variables on FLL final diagnosis. A p-value < 0.05 was considered statistically
significant. Analyses were conducted using Excel and SPSS v26.0 (Microsoft Excel (Microsoft 365
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MSO; Microsoft Corporation, Redmond, WA, USA) and IBM SPSS Statistics, Version 26.0 (IBM Corp.,
Armonk, NY, USA).

3. Results
3.1. Final FLL Etiology

Among the 202 patients, 58 (28.7%) had bFLL, while 144 (71.3%) had mFLL. Hemangioma was
the most common bFLL, observed in 23 patients (11.4%). Within the mFLL group, metastases from
the known primary tumor (M-PT) represented the most frequent etiology (117 cases; 57.9%), followed
by metastases from a de novo extrahepatic primary tumor (M-DNPT) in 19 cases (9.4%), and
hepatobiliary de novo primary tumors (HB-DNPT) in 8 cases (4.0%). The final etiologies in all FLLs
are shown in Table 2. There were no significant differences in the frequency of FLL etiology based
on the anatomical site (p > 0.05) or histological subtype (p > 0.05) of the PT.

Table 2. Final diagnoses of all 202 FLL.

Group bFLL mFLL
N 58 144
Disease entity Hemangioma (23) M-PT (117)
- Breast AC (31)
. ) - Colorectal and anal (21)
Fat deposition/ sparing (10) o CRC(18)

o Anal SCC (2)

Simple cyst (9) o Rectal NET (1)
- Pancreas (13)
o NET ()
Inflammatory pseudotumor (7) o PDAC (9)
- Lung(8)
Abscess (3) o ACE)
o SCC®#4)
o NET (1)

Granuloma (2)

FNH (1)

Von Meyenburg complex (1)

Focal calcification (1)

Focal lipofuscinosis (1)

Malignant melanoma (6)
Female genital system (6)

o Ovarian AC (4)

o Vulvar-SCC (1)

o Fallopian tube AC (1)
Urothelial (6)

Esophageal (6)

o Esophageal AC (5)

o Esophageal MANEC (1)
Small intestinal NET (5)
Stomach (5)

o Gastric AC (2)

o GIST (3)
Pharyngeal SCC (2)
Prostate AC (2)

RCC (1)

Oral cavity SCC (1)
Papilla of Vater AC (1)
Germinal cell tumor (1)
Upper thigh MPNST (1)
DSRCT (1)

M-DNPT (19)

Prostate AC (4)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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- Breast AC(3)

- CRC(2)

- Lung SCC (2)

- Gastric NET (1)

- Esophageal AC (1)

- Malignant Melanoma (1)

- Nasal sinuses SCC (1)

- Ovarian AC (1)

- Urothelial AC (1)

- Pancreas AC (1)

- Laryngeal SCC (1)
HB-DNPT (8)

- HCC(6)

- ICC(2)

FLL: focal liver lesion, bFLL: benign focal liver lesion, mFLL: malignant focal liver lesion, FNH: focal nodular

hyperplasia, M-PT: metastases from the known primary tumor, CRC: colorectal carcinoma, C: adenocarcinoma,
SCC: squamous cell carcinoma, NET: neuroendocrine tumor, PDAC: pancreatic ductal adenocarcinoma,
MANEC: mixed adenoneuroendocrine carcinoma, GIST: gastrointestinal stromal cell tumor, MPNST: malignant
peripheral nerve sheath tumor, DSRCT: desmoplastic small round cell tumor, M-DNPT: metastases from a de
novo primary tumor, HB-DNPT: hepatobiliary de novo primary tumor, HCC: hepatocellular carcinoma, ICC:

intrahepatic cholangiocarcinoma.

3.2. Clinical Features

There were no statistically significant associations between age or gender and FLL category (p >
0.05). Likewise, latency period (LP) did show significant influence on the FLL category (p = 0.16) in
our study sample. Figure 2. Extrahepatic metastases (EHM) were more frequently present in the M-
PT and M-DNPT groups (62.4% and 63.2%, respectively), compared to the bFLL and HB-DNPT
groups (31.0% and 25.0%, respectively; p = 0.004). However, there were no significant differences in
FLL distribution between patients with pre-existing EHM (diagnosed >3 months prior to FLL
detection) and those with concurrent EHM (p > 0.05). Table 3.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 2. Differences in the latency period (LP) between the time of initial diagnosis of the primary tumor (PT)
and the first diagnosis of metachronous focal liver lesions (FLL) across different FLL categories. bFLL: benign
focal liver lesion, M-PT: metastases from the known primary tumor, M-DNPT: metastases from a de novo

primary tumor, HB-DNPT: hepatobiliary de novo primary tumor.

3.3. Sonographic Features

The largest mean lesion sizes were observed in HB-DNPT (4.8+1.7 cm), followed by M-PT
(3.2+2.8cm) and M-DNPT (3.2+1.4cm). In contrast, bFLLs had significantly smaller mean sizes
(1.9+2.1 cm; p = 0.009). Hypoechogenicity was more frequently observed in M-PT and M-DNPT
groups (78.6% and 78.9%, respectively) compared to bFLL and HB-DNPT groups (48.3% and 50.0%,
respectively; p = 0.01). Additionally, multiple lesions (>3 FLLs) were more commonly found in the
M-PT and M-DNPT groups (55.6% and 78.9%, respectively), while they were significantly less
common in the bFLL and HB-DNPT groups (17.2% and 12.5%, respectively; p = 0.002). Table 3.
However, in pair comparison using Bonferroni correction there were no significant differences in FLL
size or echogenicity within the mFLL group (M-PT vs. DNPT; p > 0.05).

Table 3. Distribution of different metachronic focal liver lesions (FLL) groups in relation to different clinical and

sonographic features in 202 study patients.

Group bFLL M-PT M-DNPT  HB-DPT
N (%) 58(287) 117 (57.9) 19 (9.4) 8 (4.0) p-value
Age (years) 61+14 64+13 70+8 75+8 0.12
Males (%) 30 (51.7) 51 (43.6) 13 (68.4) 4 (50.0) 0.79
Latency period 603+814  57.3+651  801+59.8 110.6+117.4 0.16
(months)
Presence of EHM (%) 18 (31.0) 73 (624%)  12(632%) 2 (25.0%) 0.004

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Time of diagnosis of

EHM: concurrent/ 6/12 40/33 8/4 1/1 0.29
preexisting

Ascites 2 (3.4) 15 (12.8) 3 (15.8) 1(12.5) 0.20
FLL size (cm) 1.9:2.1 32428 32414 4.8+1.7 0.009
HypOEChm(f, /e)ChOteXt“re 28 (48.3) 92 (78.6) 15 (78.9) 4 (50.0) 0.01
Multiple lesions (%) 10 (17.2) 65 (55.6) 15 (78.9) 1(12.5) 0.002

bFLL: benign focal liver lesion, M-PT: metastases from the known primary tumor, M-DNPT: metastases from a
de novo primary tumor, HB-DNPT: hepatobiliary de novo primary tumor, EHM: extrahepatic metastases. P-

values based on multinominal regression test using M-PT as the reference category.

3.4. PT-FLL Concordance Rate

The primary tumor—focal liver lesion concordance rate (PT-FLL-CR) was defined as the
percentage of patients in whom the FLL was histologically confirmed to be a metastasis from the
known primary tumor (M-PT/PT). Among primary tumors with n >10, the highest PT-FLL-CRs were
seen in pancreatobiliary tumors (16/21; 76.2%), breast cancer (31/43; 72.1%), and colorectal tumors
(19/35; 54.3%). In contrast, tumors with n >10 and low PT-FLL-CRs included prostate cancer (2/10;
20.0%) and malignant melanoma (6/16; 37.5%). However, the observed variations in FLL concordance
and discordance across different anatomical sites of the primary tumors were not statistically
significant (p > 0.05). Similarly, the PT-FLL-CR did not significantly differ among patients with
various histological subtypes of the primary tumor, including adenocarcinoma (76/129; 58.9%),
neuroendocrine tumors (NET) (12/21; 57.1%), squamous cell carcinoma (SCC) (10/19; 52.6%), and
malignant melanoma (6/16; 37.5%) (p > 0.05). Figures 3 and 4.
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Figure 3. Distribution of various categories of focal liver lesions depending on the anatomical site of the
underlying primary tumor (where n >10). FLL: focal liver lesion, bFLL: benign focal liver lesion, M-PT:
metastases from the known primary tumor, M-DNPT: metastases from a de novo primary tumor, HB-DNPT:

hepatobiliary de novo primary tumor.
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Figure 4. Distribution of various categories of focal liver lesions depending on the histological type of the
primary tumor (where n >10). SCC: squamous cell carcinoma, NET: neuroendocrine tumor, FLL: focal liver
lesion, bFLL: benign focal liver lesion, M-PT: metastases from the known primary tumor, M-DNPT: metastases
from a de novo primary tumor, HB-DNPT: hepatobiliary de novo primary tumor.

3.5. Latency Period (LP) in Malignant FLL (mFLL)

We performed a binary logistic regression analysis on 144 mFLL cases to assess the impact of LP
on the likelihood of an FLL being a DNPT rather than an M-PT. The model was statistically significant
(p=0.036), with LP emerging as a significant predictor (OR =1.006). This indicates that with each
additional month of latency, the odds of the FLL being due to a DNPT (vs. M-PT) increase by 0.6%
(Figure 5).
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Figure 5. Modeled probability of de novo primary tumor (DNPT) as a function of latency period in metachronous

malignant focal liver lesions in n =144 patients with a history of solid tumor.

4. Discussion

Upon detection of a new FLL, it is crucial to review the patient's clinical history for any earlier
malignancies. Both synchronous and metachronous metastases are possible across various PT, with
the etiology of FLL varying depending on clinical factors such as the presence or absence of a
malignancy history, underlying liver cirrhosis, and the nature of the PT [17,18,25,26] (Table 4). In
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addition, two key aspects must be considered when evaluating new FLLs in oncology patients. First,
benign FLLs are relatively common [2] , and may either be initially overlooked [3-6] or develop
metachronously after the diagnosis of the primary tumor [7-10]. Second, hepatic metastases can also
emerge after prolonged periods of disease remission [27]. These findings highlight the dynamic
nature of liver imaging in oncology and the importance of thorough longitudinal follow-up to
differentiate benign from malignant lesions.

Table 4. Prevalence of malignant focal liver lesions in different diagnostic contexts: a stratified overview for risk

assessment.
Prevalence of
] FLL
Clinical background ma11g1(101/11)1t N Year Author
o,
Incidental finding in 0.6 542 2016 Choi et al. [28]
asymptomatic patients
Pati ith h
atients with synchronous 33.0 61 2013 Heller et al. [26]
hematological malignancy
Patients with 6‘1 synchr‘onous 59.4 434 2021 Safai Zadeh et
non-hematological malignancy al. [17]
Patients with liver cirrhosis 68.4 228 2022 Alhy[alr;]et al.
Patients with metachronous 713 202 2025 Present study

non-hematological malignancy

FLL: focal liver lesion.

In this standardized study, we analyzed the frequency of different FLLs in patients with a history
of solid primary tumors. Benign lesions accounted for nearly one-third (28.7%) of all FLLs. The most
frequent were hemangiomas (23; 11.4%), followed by fat deposition/sparing (10; 5.0%) and simple
hepatic cysts (9; 4.5%) (Table 2). As expected, malignant FLLs (71.3%) were more common than
benign lesions. The prevalence of mFLL in our cohort exceeded that reported in patients with
synchronous hematologic malignancies (33.0%) as described by Heller et al. [26], and surpassed the
frequency seen in synchronous solid malignancies (59.4%) reported by Safai Zadeh et al. [17].
Notably, the frequency of metachronous mFLL in our study was comparable to that seen in patients
with liver cirrhosis, where rates between 68% and 84% have been reported [18,29].

M-PT represented the most frequent etiology among all FLL, accounting for 57.9% of cases.
There were observable variations in the frequency of M-PT across different PT types. The highest
primary tumor-FLL concordance rates (PT-FLL-CR) were seen in pancreatobiliary tumors (76.2%),
breast cancer (72.1%), and colorectal cancer (54.3%). In contrast, tumors such as prostate cancer
(20.0%) and malignant melanoma (37.5%) exhibited lower concordance rates. However, these
differences in PT-FLL-CR based on anatomical site were not statistically significant. Similarly, no
significant differences were noted in PT-FLL-CR across histological subtypes, including
adenocarcinoma (58.9%), neuroendocrine tumors (57.1%), squamous cell carcinoma (52.6%), and
malignant melanoma (37.5%).

The cumulative incidence of metachronous liver metastases from colorectal cancer (CRC) has
been reported to range between 1% at one year and 15% at five years post-diagnosis [30]. Risk factors
associated with metachronous CRC metastases include advanced age, higher N and T stage, specific
anatomic locations of the tumor, elevated postoperative carcinoembryonic antigen (CEA) levels, and
the presence of mutations such as EGFR and HER2 overexpression [30-40]. In contrast, data on the
incidence and risk factors of metachronous liver metastases in non-CRC solid tumors are still limited.
For instance, in patients with stage III pancreatic cancer, one study reported cumulative incidences
of metachronous liver metastases at 7.2% after 3 months, 18.8% after 6 months, and 37.8% after 12
months following the initial diagnosis, although no specific predictive factors were identified [41].
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On the other hand, patients with prior PT have a higher risk of developing a second synchronous
or metachronous tumor. Differentiating between de novo tumor from PT metastasis (M-PT) is critical
for guiding treatment and prognosis. Although a long LP (typically >5 years), solitary presentation,
and an atypical site of metastasis favor a de novo tumor, whereas a short LP and multifocal
involvement suggest M-PT, these features are indicative but not definitive —histological evaluation
remains essential for accurate diagnosis [42].

In our cohort, metastases from a de novo extrahepatic primary tumor (M-DNPT) were seen in
9.4% of patients, while hepatobiliary de novo primary tumors (HB-DNPT) accounted for 4.0%. No
significant associations were found between patient age or gender and the frequency of certain FLL
categories. Differences were observed in the mean LP among FLL categories—bFLL (60.3 +81.4
months), M-PT (57.3+65.1 months), M-DNPT (80.1+59.8 months), and HB-DNPT (110.6 +117.4
months). However, the LP did not significantly influence the FLL category in our study (P > 0.05).

Given the high diagnostic accuracy of modern US, CEUS, and other imaging modalities in
reliably identifying benign lesions and suggesting malignancy [12,15,19,20,22], bFLL can typically be
diagnosed with a high degree of confidence, often without the need for histological confirmation.
Therefore, it is methodologically sound to focus comparative analyses on malignant FLLs, where
diagnostic uncertainty tends to be greater and histological diagnosis is often required. In this context,
we analyzed the influence of LP on the likelihood of an FLL being a DNPT rather than M-PT. The
logistic regression model demonstrated statistical significance (p=0.036), with LP emerging as a
significant predictor (OR =1.006). This finding indicates that for each additional month of latency, the
odds of the lesion being a DNPT (as opposed to an M-PT) increase by 0.6% (Figure 5).

The prevalence of de novo metastatic cancer varies widely, with reports of 5-10% in developed
countries to over 20% in certain African nations [43]. This is partly due to comprehensive cancer
screening programs and greater public health awareness in high-income countries which enable
earlier cancer detection, thereby reducing the likelihood of cancers presenting with de novo
metastases [43].

Extrahepatic metastases (EHM) were significantly more frequent in the M-PT and M-DNPT
groups (62.4% and 63.2%, respectively) compared to the bFLL and HB-DNPT groups (31.0% and
25.0%, respectively). However, the timing of EHM —whether pre-existing or detected concurrently
with the FLL —did not significantly influence the etiology of the liver lesion.

Regarding sonographic characteristics, mFLLs groups were significantly larger than bFLLs. M-
PT and M-DNPT lesions were more often hypoechoic than bFLL and HB-DNPT (48.3% and 50.0%,
respectively). Furthermore, multifocal FLL were more often found in M-PT and M-DNPT (55.6% and
78.9%, respectively) as compared to bFLL and HB-DNPT (17.2% and 12.5%, respectively).

This study had several limitations. It was retrospective in design and conducted at a single
tertiary university center, which may limit generalizability. Moreover, not all focal liver lesions were
histologically confirmed; however, all diagnoses were made either through histology or in
accordance with established radiologic consensus criteria.

5. Conclusions

In patients with solid malignancies, metachronous FLL are predominantly malignant, with
metastases from the known primary tumor being the leading cause. This study underscores tumor-
specific differences in metastatic behavior, which may aid in clinical risk stratification. Although
statistical significance was not achieved, the observed high concordance rates in pancreatic and breast
cancers suggest potential utility for tailored imaging and follow-up strategies. Notably,
approximately one-third of FLLs were benign and nearly one-sixth represented de novo
malignancies, emphasizing the critical importance of histological confirmation. Larger prospective
studies are warranted to enhance predictive models for FLL etiology in this patient population.
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