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Purpose: Fibrolamellar hepatocellular carcinoma (FLHCC) is a rare primary liver malignancy often diagnosed at advanced stages.
While there are limited data on the efficacy of specific agents, we aim to report outcomes of patients treated with systemic therapies
and explore prognostic factors.

Patients and Methods: Medical records of patients treated between 2010 and 2022 were reviewed. Treatments were defined after
multidisciplinary assessment. Descriptive statistics were used for baseline demographics. Time-to-event outcomes were estimated
using the Kaplan—Meier method, compared by log-rank and adjusted by a regression model. Radiomic features (including size, shape,
and texture) of the primary lesion were extracted and dimensionality reduced. An unsupervised Gaussian Mixture Model (GMM)
clustering was performed, and survival was compared between clusters.

Results: We identified 23 patients: 12 males, with a median age of 23.6 years. At diagnosis, 82.6% had metastases, most frequently to
the lungs (39.1%), lymph nodes (39.1%), and peritoneum (21.7%). Patients received a median of three lines (1-8) of treatment,
including different regimens. Sorafenib (39.1%), capecitabine (30.4%), and capecitabine/interferon (13%) were the most used first-line
regimens. The median time-to-failure was 3.8 months (95% CI: 3.2-8.7). Capecitabine + interferon (42.1%) and platinum combina-
tions (39.1%) were the most used second-line regimens, with a time-to-failure of 3.5 months (95% CI: 1.5-11.6). Median overall
survival was 26.7 months (95% CI: 15.1-40.4). A high baseline neutrophil-to-lymphocyte ratio (NLR) was associated with worse
survival (p=0.02). Radiomic features identified three clusters, with one cluster (n=6) having better survival (40.4 vs 22.6 months,
p=0.039). Tumor sphericity in the arterial phase was the most relevant characteristic associated with a better prognosis
(accuracy=0.93).

Conclusion: FLHCC has unique features compared to conventional HCC, including young onset, gender balance, and absence of
hepatopathy. Systemic therapies can provide encouraging survival, but lack of uniformity precludes defining a preferable regimen.
Radiomics and NLR were suggested to correlate with prognosis and warrant further validation.
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Introduction

Fibrolamellar hepatocellular carcinoma (FLHCC) is a rare liver malignancy that was first identified in 1956." FLHCC is
recognized as a separate entity rather than a variant of hepatocellular carcinoma, although it is defined as a subtype of
hepatocellular carcinoma according to the fifth edition of the World Health Organization (WHO) Classification of
Tumours.? This type of tumour often presents in the absence of cirrhosis or chronic hepatopathy and is mostly diagnosed
in pediatric and young adult population.®>* The fusion kinase DNAJB1-PRKACA is presumed to be an oncogenic driver
of FLHCC. DNAJBI encodes Hsp40 and PRKCA encodes a protein kinase A subunit, which regulates cell proliferation,
differentiation, and apoptosis. This fusion is detectable in virtually all cases of FLHCC.’

Because the occurrence of FLHCC concentrates in an otherwise healthy population, clinical suspicion is low, and
diagnosis is frequently based on tumor-related symptoms. Liver resection and transplantation are potentially curative
modalities for patients diagnosed with localized disease and are associated with favorable prognosis.®® Nevertheless,
around 50% of the cases are diagnosed at a late stage, when no curative modality is feasible. In these cases, systemic
therapies are commonly indicated, but the prognosis is limited.’

Prospective clinical trials enrolling patients with FLHCC are scarce mainly due to its low incidence. Therefore, there
is no standard systemic treatment, and management is extrapolated from other liver malignancies and case series.

191" and immunotherapy'? have shown modest activity, whilst retrospective cohort studies suggest

Targeted therapies
divergent results with the use of chemotherapy-based regimens.'* '® Radiologic response rates are generally low, but
some patients may experience long-term disease control, which highlights the need for tools to identify prognostic
subgroups. Thus, in addition to clinical and laboratory variables, there is also a growing interest in exploring imaging
resources such as radiomics. Radiomics explores a variety of quantitative characteristics from medical images that can be
modeled by artificial intelligence algorithms to make predictions and may serve as a promising tool for treatment
decisions.'”"'®

Due to the lack of robust evidence to guide the management of advanced FLHCC, it is relevant to report outcomes in
relation to therapeutic regimens, sequences, radiological features, and prognostic factors. Therefore, the aim of the

present study was to report baseline characteristics and management in a cohort of patients with advanced FLHCC.

Materials and Methods

Patients
A database of patients with primary liver malignancies consecutively treated at our institution from July 2010 to
December 2022 was retrospectively analyzed. We selected adult patients with confirmed diagnosis of advanced FLHCC
who were referred for systemic treatment due to unresectable or metastatic disease (de novo or recurrent disease after
curative-intent treatments). We obtained approval from the institutional Ethics Committee (Hospital das Clinicas, University
of Sao Paulo School of Medicine Ethics Committee — Comissio de Etica para Analise de Projetos de Pesquisa: Cappesq —
Report: 3807496). Written informed consent was waived due to retrospective design and the fact that a significant proportion
of patients was no longer under follow-up (death or lost to follow-up). The data was anonymized and maintained confidential
to guarantee the privacy of the participants. The study complies with the Declaration of Helsinki.

Demographics, comorbidities, performance status according to the Eastern Cooperative Oncology group classification
(ECOG PS), family history, clinical stage, laboratory parameters, treatment outcomes, and death were collected from
medical records. Data were last updated on 14th-February 2023.

Treatment and Assessment

The treatments were conducted through a multimodal approach involving clinical oncologists, surgeons, hepatologists, inter-
ventional radiologists, radiation oncologists, and pathologists. Patients who were considered candidates to systemic therapy
received one of the following regimens: 1) Sorafenib 800 mg daily; 2) oral hormone therapy with megestrol 160 mg daily,
tamoxifen 20 mg daily or anastrozole 1 mg daily; 3) doxorubicin 75 mg/m® every 21 days 4) 5-fluorouracil (5-FU) 370 mg/
m? plus leucovorin (LV) 50 mg/m? every 7 days; 5) oxaliplatin 85 mg/m?* at weeks 1, 3 and 5, plus 5-FU 500 mg/m® with LV
20 mg/m at weeks 1, 2, 3,4, 5 and 6 (mFLOX regimen); 6) gemcitabine 1000 mg/m” on days 1, 8 and 15, then every 28 days; 7)
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oxaliplatin 130 mg/m? on day 1 plus capecitabine 2000 mg/m?*/day on days 1-14, every 21 days (CapOx); 8) gemcitabine
1000 mg/m? and oxaliplatin 85 mg/m? every 14 days (GemOx); 9) capecitabine 2500 mg/m?/day on days 1-14, every 3 weeks
alone or plus interferon (IFN)-alpha 3 million U three times a week; 10) cisplatin 60-80 mg/m? every 21 days monotherapy or
associated with capecitabine 2000 mg/m? /day on days 1-14, every 21 days; 11) doxorubicin 25 mg/m?* on days 1-3 plus cisplatin
100 mg/m? on day 1, then every 21 days. Dose adjustments were made for the management of adverse events if necessary. The
choice of regimens and sequencing was defined at the discretion of the treating physicians based on individual clinical evaluation.
Treatments were continued until tumor progression, limiting toxicities, or death. The follow-up comprehended physical
examination, laboratory analysis before every treatment cycle. Images (computed tomography — CT or magnetic resonance —
MR) were performed bimonthly, and evaluation was made on the basis of the Response Evaluation Criteria in Solid Tumors
version 1.1."

Radiomics

For radiomics analysis, only patients with a measurable primary dominant liver tumor in the baseline contrast-enhanced
computed tomography were included. For patients who underwent resection prior to systemic treatment, we used baseline
imaging before liver resection. In patients who received initial systemic treatment, baseline images were considered as
the scans performed before the start of systemic treatment. Patients who have performed other imaging modalities at
baseline (eg, MR or non-contrast-enhanced images) were not included in this analysis.

Digital Imaging and Communication in Medicine (DICOM) files from arterial and portal phases were extracted and
anonymized, and the segmentation of the dominant liver tumor was made by a certified radiologist for both phases. The
segmentation was performed using 3D Slicer (slicer.org) in a semi-automated fashion, using thresholding to define tumor
boundaries with posterior manual correction.

A total of 111 radiomic features were extracted from the arterial and portal phases using PyRadiomics® software.*
Features categories included size (eg, area, volume, axis lengths, maximum 3D diameter, etc...), shape (eg, elongation,
sphericity, flatness, etc.), and texture (eg, gray level matrices). A delta radiomics analysis was also performed, with
a simple subtraction of arterial minus portal features.

We embedded the radiomics features in two dimensions using Uniform Manifold Approximation and Projection (UMAP)
and defined the optimal quantification of clusters using the Silhouette Score with a Gaussian Mixture Model (GMM).!

Finally, we trained XGBoost,”” a gradient boosting decision tree machine learning model, in a fivefold cross
validation in the entire dataset to classify each patient into the cluster assigned by the GMM. After measuring the
model’s accuracy, we extracted the features with the highest importance for the model. The survival outcomes of the
clusters were expressed as median survival from systemic treatment initiation.

Statistical Analysis

The overall survival (OS) was measured from the initiation of the first line systemic treatment until death. Time to treatment
failure was calculated from initiation of treatment to disease progression defined by imaging or clinical interpretation or limiting
toxicity requiring treatment withdrawal. Time to events were estimated using the Kaplan-Meier method and were expressed in
terms of median and 95% confidence interval (CI). Survival times were compared using the Log rank test, and Hazard ratios
(HR) were calculated from a Cox regression model including the variables with p<0.010 in the univariate analysis. A p value <
0.05 was considered statistically significant in the regression model. Data were analyzed with the Stata software version 15.1
(StataCorp, College Station, Texas).

Results

Baseline Features

A total of 446 patients with primary liver tumors were screened. Twenty-eight patients had a confirmed diagnosis of
FLHCC, but five patients did not receive systemic therapy and were not included (two were treated with resection, one
was treated with resection plus ablation, and two were managed with palliative supportive care). Finally, 23 patients were
treated with systemic treatment and were enrolled in the analysis. The median age was 23.6 years (Interquartile range
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[IQR]: 21.8-28.6), 12 (52.2%) patients were male, and 20 (86.9%) had ECOG-PS 0. Only 1 (4.3%) patient had cirrhosis
caused by hepatitis B virus and 18 (78.3%) had no comorbidities. The most frequent comorbidities were dyslipidemia
(n=2; 8.7%) and hypothyroidism (n=2; 8.7%). At the time of systemic treatment indication, most of the patients had
metastatic disease (n=19, 82.6%), and the most frequent sites were lungs (n=9; 39.1%), and lymph nodes (n=9; 39.1%).
Additionally, 7 (30.4%) patients had macrovascular invasion. Regarding previous treatments before systemic treatment,
13 (56.5%) patients had been submitted for surgical resection, 2 (8.7%) patients to surgery followed by percutaneous
ablation, and 1 (4.3%) patient had received surgery and stereotactic body radiotherapy (SBRT). Seven (30.4%) patients
received systemic treatment as the first treatment. None received systemic treatment as adjuvant treatment after surgery.
Only one patient had raised alpha-fetoprotein (33.2 ng/mL, reference value: <10 ng/mL), while the median alpha-
fetoprotein was 2.9 ng/mL (IQR: 1.1-5.2). Baseline characteristics are detailed in Table 1.

Treatment Responses
Patient received a median of three lines of systemic treatment (range: 1-8) and the median time under systemic treatment
was 18.4 months (IQR: 12.1-37.1). The most commonly used first-line therapy was sorafenib (n=9; 39.1%), followed by

Table | Baseline Characteristics of the Patients Included in the Analysis

Characteristics N= 23 (100%)
Median age, years (IQR) 23.6 (21.8-28.6)
Female/Male n(%) 11 (41.8%)/12 (52.2%)

Performance status, n(%)

0 20 (86.9%)

| 3 (13.1%)
Cirrhosis, n(%) 1 (4.3%)
No comorbidities 18 (78.3%)
Family history of cancer 4 (17.4%)

Disease extent
Intrahepatic unresectable 4 (17.4%)
Metastatic 19 (82.6%)

Liver affection

Single lesion 12 (52.2%)

Multinodular 11 (47.8%)
Macrovascular invasion 7 (30.7%)
Lung metastasis 9 (39.1%)
Lymph node metastasis 9 (39.1%)
Peritoneal metastasis 5 (21.7%)
Bone metastasis 1 (4.3%)

Previous local treatment

Hepatic surgery 15 (65.2%)
Ablation 2 (8.7%)
SBRT 1 (4.3%)
Palliative radiotherapy 4 (17.4%)
Median size of the largest liver tumor, cm (IQR) 8.8 cm (3.1-13.3)

Abbreviations: IQR, interquartile range; SBRT, Stereotactic Body Radiotherapy.
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capecitabine (n=7; 30.4%), and IFN plus capecitabine (n=3; 13%), with a median of 3.8 months (95% CI: 3.2-8.7) to
first-line progression. Three patients discontinued the first line due to limiting toxicities and 19 patients due to tumor
progression, while 1 patient was still under treatment at the last follow-up. Nineteen patients received second line
treatment, mostly capecitabine+ IFN (n=8; 42.1%), mFLOX (n=3; 15.8%) and GemOx (n=3; 15.8%), with a median of
3.5 months (95% CI: 1.5-11.6) to progression. Six patients discontinued the second-line due to adverse events and 11
patients because of disease progression, while 2 patients were under treatment at the last follow-up. Twelve patients
received third-line treatment, with a median time to disease progression of 2.5 months (95% CI: 1-22). Five (21.7%)
patients received conventional transarterial chemoembolization (TACE) using doxorubicin after systemic treatment
initiation, 1 patient (4.3%) received SBRT aiming at local disease control and 4 (17.4%) patients received palliative
radiotherapy.
Treatment, radiological responses, and time-to-treatment failure are highlighted in Table 2 and Figure 1.

Table 2 Response Assessment and Time to Treatment Failure in the First, Second, and Third

Lines
n n-SD/PR/PD/NE | Time to Failure, Median
(95% CI)

First-line 23 7/2/10/4 3.8 mo (3.2-8.7)
Sorafenib 9 1/0/4/4 7.8 mo (1.2-NA)
Capecitabine 7 2/1/470 3.2 mo (0.4-NA)
IFN plus capecitabine 3 2/1/0/0 4.0 mo (3.5-NA)
GemOX | 1/0/0/0 NA

Cisplatin plus capecitabin | 0/0/1/0 NA

Cisplatin plus doxorubicin | 1/0/0/0 NA

Cisplatin | 0/0/11/0 NA

Second-line 19 5/5/8/1 3.5mo (1.5-11.6)
IFN plus capecitabine 8 /175171 3.5 mo (2.7-NA)
mFLOX 3 0/2/1/0 NA

GemOX 3 1/1/11/0 6.8 mo (3.6-NA)
GemCis 2 1/170/0 8.7 mo (NR-NA)
Doxorubicin 2 1/70/11/0 1.4 mo (NR-NA)
Cisplatin plus capecitabine | 1/0/0/0 NA

Third-line 12 3/1/612 2.4 mo (1.1-22)
Doxorubicin 3 1/0/2/0 1.7 mo (1.4-NA)
GemOx 3 1 /171170 5.1 mo (2.4-NA)
mFLOX | 0/0/11/0 2.7 mo (NA-NA)
Gemcitabine 2 1/70/1/0 1.4 mo (NA-NA)
Others 3 0/0/1/2 NA

Abbreviations: SD, stable disease; PR, partial response; PD, progressive disease; NE, non-evaluable; NA, not-achieved;
Cl, confidence interval.
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Figure | Plot illustration representing the duration of each line of systemic treatment and systemic treatment free interval individually.

Survival and Prognostic Markers

At the last update, 6 (26.1%) were alive, 16 (69.6%) died, and 1 (4.3%) was lost to follow-up. The median follow-up
from the diagnosis was 27.9 months (IQR: 22.0-41.4) and 21.4 months (IQR: 13.1-39.1) from the first-line systemic
treatment. The median OS was 31.4 months (95% CI: 23.2-41.4) from the diagnosis and 26.7 months (95% CI: 15.1-
40.4 months) from the first-line systemic treatment. The survival rates were 86.5% (95% CI: 63.7-95.5) at 12 months,
67.3% (95% CI: 43.3-82.9) at 18 months, and 51.5% (95% CI: 28.4-70.1) at 24 months.

Subgroup analyses were restricted by the small sample size. The presence of peritoneal metastases showed a non-
significant trend towards worse survival, with a median OS of 19.8 months (95% CI: 4-not reached) versus 39.1 months
(95% CI: 15.1-40.4) for patients without peritoneal metastases (p=0.07; HR: 1.7; 95% CI: 0.8—4.8). Similarly, patients
with lung metastasis showed a non-significant trend towards worse survival with a median OS of 19.8 months (95% CI:
12.7-58.5) versus 39.1 months (95% CI: 10 — not reached; p=0.09). Nevertheless, a significant difference in OS
according to the baseline neutrophil-lymphocyte ratio (NLR) was observed. Patients with NLR < 3.5 had a median
OS of 39.1 months (29.6-not reached) versus 22.7 (2.1-not reached) for patients with NLR > 3.5 (log-rank p=0.02,
adjusted HR: 1.8; 95% CI: 1.1-4.3; p=0.02). (Table 3 and Figure 2)

Table 3 Median Survival and Univariate Analysis

Characteristics n Median Survival (95% CI) | P value Univariate

Female I 26.7 mo (10-39) 0.07

Male 12 22.7 mo (12.7-NA)

No comorbidities 18 39.1 mo (15.1-58.5) 0.56

Any comorbidity 5 17.9 mo (2.1-NA)

Family history 4 40.4 mo (15.1-NA) 0.20

No family history 19 22.7 mo (13.5-39.1)

Liver only disease 4 20.8 mo (2.1-NA) 0.83

Metastatic spread 19 26.7 mo (15.1-40.4)

(Continued)
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Table 3 (Continued).

Characteristics n Median Survival (95% CI) | P value Univariate
Node metastasis 9 29.6 mo (12.7-NA) 0.35

No node metastasis 14 22.7 mo (10-40.4)

Lung metastasis 9 39.1 mo (10-NA) 0.09

No lung metastasis 14 19.8 mo (12.7-58.5)

Peritoneal metastasis 5 19.8 mo (4.0-NA) 0.07

No peritoneal metastasis 18 39.1 mo (15.1-40.4)

Multinodular I 22.7 mo (10.0-64.8) 0.47

Uninodular 12 29.6 mo (12.7-39.1)

Macrovascular invasion 7 26.7 mo (12.7-39.1) 0.84

No macrovascular invasion 16 40.4 mo (15.1-NA)

NLR high* 7 22.7 mo (2.1-NA) 0.02 (HR: 1.8; 95% CI 1.1-4.3).
NLR low 6 39.1 mo (29.6-NA)

Notes: Multivariate analysis was not performed because NLR was the only significant variable. ¥10 patients did not have
baseline blood cell count available.
Abbreviations: Cl, confidence interval; NLR, neutrophil-to-lymphocyte ratio; NA, not achieved; HR, Hazard ratio.

Patients treated with sorafenib in the first line had a median survival of 38.1 months (95% CI: 17.9-not reached), and
patients treated with capecitabine had a median OS of 29.6 months (4-not reached). Patients who received IFN plus
capecitabine at some time point, including three in the first line and nine in the second line, had a median OS of 38.4
months (95% CI: 19.8-58.7). Two patients presented hyperammonemic encephalopathy late during the treatment course.
Due to the restricted sample size and retrospective nature, no inferential comparisons between regimens were performed,

and survival times are only illustrative.

Radiomics

The radiomic analysis included 15 patients, while 8 were excluded due to a lack of available baseline contrast-enhanced
computed tomography scans or a lack of measurable primary liver lesions. Seven patients were treated with initial
systemic treatment and underwent baseline scans before starting systemic treatment. Eight patients underwent surgical
resection before systemic treatment. For these patients, the scans performed before resection were analyzed. Survival was
calculated from the start of systemic treatment. Radiomic features extracted from the arterial phase identified three
distinct clusters (1a, 2a, and 3a) with median OS of 23.2 months (95% CI: 4.4-34.3) for cluster la (n=7), 28.2 months
(27.1-NR) for cluster 2a (n=3) and 41.4 months (9.1-NR) for cluster 3a. Cluster 3a had superior OS compared to cluster
la, with a log rank p-value of 0.048.

Radiomic features extracted from the portal phase were unable to yield clusters with statistically different survival
outcomes. Radiomic features from delta radiomics (arterial — portal phases) identified four clusters (1d, 2d, 3d, and 4d)
with median OS of 16.4 months (95% CI: 4.4-34.3) for cluster 1d (n=4), 27.1 months (95% CI: 23.2-28.2) for cluster 2d
(n=3), 23.5 months (95% CI: 22.6-NR) for cluster 3d (n=3), and 40.0 months (95% CI: 9.8-NR) for cluster 4d (n=5).

We identified five clusters (1ad, 2ad, 3ad, 4ad, and 5ad) based on integrated data from both arterial and delta phases,
with median OS of 4.4 months (95% CI: 4.4-NR) for cluster 1ad (n=2), 28.2 months (95% CI: 27.1-NR) for cluster 2ad
(n=3), 40.0 months (95% CI: 9.8-NR) for cluster 3ad (n=6), 22.6 months (95% CI: 22.5-23.5) for cluster 4ad (n=2), and
16.4 months (16.4-NR) for cluster 5ad (n=2).
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After performing Min-Max scaling of the arterial phase and delta features, we trained XGBoost with all features from
both datasets in a fivefold cross-validation. The model achieved an accuracy of 0.73 (95% CI: 0.61-0.85) to identify the
cluster with a better prognosis while identifying sphericity, surface-to-volume ratio, low gray-level emphasis, and small
area high gray-level emphasis in the arterial phase as important features. We then repeated UMAP embedding with only
these features and identified three clusters: cluster 1 (n=5) with a median OS of 22.6 months (95% CI: 4.4-34.6), cluster
2 (n=7) with a median OS of 40.0 (95% CI: 9.8-NR), and cluster 3 (n=3) with a median OS of 28.2 months (95% CI:
27.1-NR). Cluster 2 had better survival compared to cluster 1 (log rank p=0.039).

Lastly, using normalization instead of Min-Max scaling, XGBoost achieved an accuracy of 0.93 (95% CI: 0.81-1.0),
and only tumor sphericity in the arterial phase was considered a relevant feature, meaning that a round-shaped tumor was
associated with a better prognosis. Tumor sphericity was defined as the index between the measured area of the tumor
and the area of a sphere of the same volume, to quantify the similarity of tumor morphology to a sphere.

Discussion
This study reports a cohort of patients with FLHCC treated at a tertiary center, focusing on the management of advanced-
stage disease. Our findings confirm that FLHCC has unique features compared to conventional HCC, regarding young
onset, gender balance, and low alpha-fetoprotein. Only one case occurred in a patient with cirrhosis caused by chronic
hepatitis B. Fifty-one percent of the cohort were alive at 2 years with sequential lines of systemic treatment, mainly
sorafenib or chemotherapy-based regimens. Data suggest a potential prognostic role for radiomics and baseline NLR.
FLHCC is a rare disease, and information on its management is largely based on case reports, retrospective studies,
and database analysis. Most of the series describe 40-50% of potentially resectable cases at diagnosis, but 50-80% of
them relapse.”® Additionally, around 60% of the cases are not amenable to curative resection at first presentation due to
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widespread disease or high tumor burden, with a limited prognosis.”*** Our cohort was enriched with patients who
presented high tumor burden, mostly metastatic. The most common sites of metastasis were the lungs, lymph nodes, and
peritoneum, which is in line with other reports on FLHCC.”*>**® Peritoneal and lungs spread appeared to have a limited
prognosis in the present study. Other studies suggested that macrovascular invasion, nodal spread, and multinodularity
also have a negative prognostic impact.”*’>° Data remain conflicting in relation to prognostic impact of gender,”=%!
and the present study did not show survival difference between genders.

For recurrent or de novo metastatic disease not amenable to surgery or transplant, the literature supports the use of
systemic treatment, although there is not a definitive evidence-driven regimen due to the lack of randomized trials.'>
With the young onset and normal liver function, systemic agents used for hepatoblastoma, conventional hepatocellular
carcinoma, and other gastrointestinal malignancies are reported. In a pooled analysis of 26 patients with FLHCC treated
with systemic treatment without surgery reported by Kaseb et al, the median OS was 20.6 months with encouraging
responses seen with 5-FU plus IFN.? A Phase II study in patients with primary liver tumors, including nine with FLHCC
treated with 5-FU and IFN reported a response rate of 62.5% and a median OS of 23.1 months.'® Lamarca et al also
reported favorable results with this regimen, with a median OS of 38.5 months for patients treated at some point with IFN
and 5-FU." Our study showed similar OS of 38 months for patients who received IFN plus capecitabine, although few
responses were observed with this regimen.

Data from the Fibrolamellar Consortium published by Ang et al reported 45 patients treated with systemic treatment,
including fluoropyrimidine, cisplatin, oxaliplatin, irinotecan, gemcitabine, and doxorubicin, with varying results. Ten
patients received sorafenib at some point during treatment, including eight patients with disease progression and one
mixed response.’ In a study with 17 patients treated with systemic treatment, Chakrabarti et al reported 4 out of 9 patients
treated with sorafenib showing stable disease, with duration ranging from 5 months to 5 years.*> In our study, sorafenib
was associated with a 20% of DCR in the first line and provided numerically longer survival when compared to other
regimens, with a median survival of 38.1 months, suggesting a time effect with sorafenib presumably appearing later.
Some patients in our cohort experienced treatment-interval periods during their clinical course (shown in Figure 1),
which can be used as a strategy to balance quality of life and treatment-related toxicities in selected patients with less
aggressive disease behavior.

More recently, studies have addressed the search for actionable drivers and targeted therapies. The DNAJBI1-
PRKACA transcript, which is virtually present in all cases of FLHCC, results in overexpression of aurora-kinase
A. The use of a ENMD-2076, a selective aurora-kinase A inhibitor, was reported in a phase II trial showing a median
overall survival of 19 months, with 1 partial response and 20 patients with stable disease out of 35 patients included."’
Studies with everolimus and sunitinib were discontinued after showing no clinical benefit.'®**> Whether DNAJBI-
PRKACA is an actionable target remains under active investigation and ongoing studies are addressing this target
(NCT04248569).'03%33

Since molecular targets are still far from clinical practice in FLHCC, novel tools are needed for prognostication.
Radiomics is an emerging field that extracts quantitative data from conventional radiological imaging modalities
(including size, shape, and texture) and correlates with several clinical outcomes. This field is increasingly being
explored in the setting of primary liver malignancies.’®** Despite the small sample size, we are able to identify clusters
with distinct outcomes and suggest that radiomic features of the primary tumor may be explored as a prognostic tool to
either predict survival or help in practical decisions. Tumor sphericity was shown to be a relevant radiomic feature in the
present study, which is in line with other studies in oral,*® lung,*® and breast cancer.*'

Currently, radiomics remains a promising methodology for clinical practice lacking validation in larger studies.'®** In
our study, even with a small sample, the use of radiomics was able to detect cluster patterns with different prognoses,
including a detection accuracy of 0.79. We recognize the possibility of false-positive results and, here, we cautiously
interpret our results as a generating hypothesis that claims for both larger prospective data and validation cohorts.

In addition, high NLR was associated with worse survival in the present study. Similar findings were also reported by
our group among patients with conventional HCC, which is thought to be associated with a pro-tumoral systemic

inflammatory response.*?
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Conducting clinical trials in FLHCC has proven challenging and unpractical since it presents putative low patients
accruing, usually presenting advanced disease and unmeasurable worldwide differences in both surgical and systemic
approaches. Retrospective series may inform about prognostic markers, stratification factors, and experimental regimens,
in addition to helping to select subgroups to be included in prospective trials. However, retrospective studies often
present selection bias by reporting a small number of patients treated in tertiary centers.

Moreover, there may be bias due to less intensive regimens, such as sorafenib or capecitabine, being chosen for
patients with low tumor burden and an indolent course, while patients with more aggressive features tended to receive
regimens with high cytotoxicity activity, such as platinum combinations. Finally, imaging assessments were performed in
routine practice, which hinders accurately determining responses and time to treatment failure.

Conclusion

In conclusion, clinical features and survival outcomes of FLHCC in this study are consistent with literature. Although
sorafenib and cytotoxic chemotherapy may provide encouraging DCR, the lack of uniformity precludes defining
a preferable regimen. NLR and radiomics of the primary lesion have shown a prognostic role in advanced FLHCC
and deserve further validation. FLHCC is a highly lethal tumor with little progress in recent years. Multicenter
collaborations are needed to achieve a better understanding of this disease and provide better outcomes.
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