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Abstract

Fibrolamellar hepatocellular carcinoma (FLC) is a rare primary liver cancer
that affects primarily adolescents and young adults. It is associated with a
poor overall prognosis. There is a need to better define risk factors, but small
sample size has limited such studies. An FLC patient registry now provides
data sufficient for statistically robust inferences. We leveraged a unique pa-
tient community—based FLC registry to analyze the prognostic impact of de-
mographic and clinical characteristics evident at diagnosis. Variables were
analyzed using Cox proportional hazards regression to calculate hazard
ratios (HRs) and 95% confidence intervals (Cls). In multivariable models of
149 patients (88 females and 61 males), female gender was associated with
statistically significant improved survival with HR of 0.52 (95% CI 0.29-0.93).
Factors evident at diagnosis that are associated with worse survival included
the presence of 10 or more tumors within the liver (HR 7.1; 95% CI 2.4-21.04),
and metastases at diagnosis (HR 2.17; 95% Cl 1.19-3.94). Positive lymph
nodes at diagnosis, despite being found significantly associated with worse
survival in a univariate analysis, did not remain significant when adjusted for
covariates in a multivariable analysis. We found no statistically significant
effect of age at diagnosis nor tumor size at diagnosis on survival. Female
gender may confer a favorable prognosis in FLC. Established high-risk prog-
nostic factors that we confirmed in this Registry included the diagnostic pres-
ence of numerous intrahepatic tumors, and metastases. This is the first study
derived from a FLC patient community—based registry, and highlights how
registries of rare tumors can empower patients to meaningfully advance clini-
cal and scientific discoveries.
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INTRODUCTION

Fibrolamellar hepatocellular carcinoma (FLC) is a
liver cancer affecting children and young adults. The
reported overall 5-year survival rates are 33.6%-—
42.6%."? Surgery remains the cornerstone of ther-
apy, and there is no approved systemic therapy. FLC
is classified as a subtype of noncirrhotic hepatocellular
carcinoma (HCC)®! and is treated similarly, although
FLC has clinical, pathological, and molecular features
distinct from HCC.

The transcriptome, proteome,[4] and the preclinical
drug response profile of FLC®! are consistent across
patients and distinct from HCC. On a molecular level,
all patients with FLC have a dysregulation of protein
kinase A. A somatic deletion produces a gene fusion of
DNAJBH1, a heatshock protein cofactor, to PRKACA, the
catalytic subunit o of protein kinase A (PKA).®! For liver
tumors with hepatocellular differentiation, this fusion is
pathognomonic for FLC.I"! Expression of this gene fu-
sion in mouse liver is sufficient to produce tumors that
recapitulate the histology and molecular changes of
human FLC.B9 |n a few cases the PKA pathway can
be dysregulated by another mechanism: 3 patients
have mutations in a regulatory subunit of PKA.IC

There is no consensus as to the prognostic fac-
tors associated with patient survival.2"=13 Risk-
stratification models for patients with FLC are modeled
after those for HCC.'" Given that FLC is distinct from
HCC, we hypothesized that defining prognostically
relevant risk factors at diagnosis will improve risk
stratification.

The fibrolamellar patient community has been col-
lecting clinical data in a patient-run registry (http://
fibroregistry.org). The data are provided through
self-reported answers to surveys by patients or fam-
ily members and, when available, validated by cross-
referencing hospital medical records. Using these data,
we tested for associations between demographic and
clinical factors and overall survival.

METHODS
Data source

The Fibrolamellar Registry is an international,
community-based, non-profit launched in October
2016. The Registry is approved by the Genetic Alliance
Institutional Review Board and belongs to the REDCap
Consortium. The data are de-identified of specific
patient factors and are in compliance with the Health
Insurance Portability and Accountability Act (HIPAA).
The Fibrolamellar Registry enrolls patients with a
clinical diagnosis of FLC. Participants first answer the
main survey containing demographic questions (e.g.,
gender, race/ethnicity, date of birth) as well as clinical

questions (e.g., medical history before diagnosis, age at
diagnosis, symptoms of the disease, treatments, com-
plications). Then, subgroups of patients may answer
additional surveys depending on treatments they had
received (i.e., surgery, immunotherapy, chemotherapy)
or cases of complications (i.e., hyperammonemia, a
rare but potentially lethal consequence of FLC).

The data in the registry were provided by the patients
themselves (77, 51.6% of entries), by family members
of living patients (34, 22.8%), and by family members of
deceased patients (38, 25.5%). For 23% of the patients,
the registry has received medical records and a clinical
oncology nurse who, when applicable, checked the pa-
tient responses against the medical records.

Study design

In this retrospective cohort study, we included patients
with a diagnosis of FLC who joined the Fibrolamellar
Registry from its initiation in October 2016 to January
2021. Survival status was followed through direct contact
with members and their family and, if they could not be
ascertained, patient data were excluded from analysis.

The demographic and clinical characteristics at diag-
nosis of these patients were analyzed for their frequen-
cies and for their association with survival in unadjusted
univariate analysis. Variables found significant were in-
cluded in a multivariable analysis. The variables mea-
sured were gender, race/ethnicity, and, at the time of
diagnosis, the patient's age, tumor size, lymph node in-
volvement, and metastasis status. A separate analysis
evaluated the association between treatment modalities
(surgery only, surgical and systemic therapy, systemic
therapy only, and no therapy) and survival. Survival was
defined as the time from diagnosis with FLC until death
or the end of the follow-up period (April 2021).

Statistical analysis

Kaplan—Meier survival pIots[15] were created for each
group. The log-rank test!'® was used to assess statistical
differences in survival among categories. Variables sig-
nificantly associated with survival in the univariable anal-
ysis were included in a multivariable Cox proportional
hazards modell'”! to assess hazard ratios (HRs) for risk
of death at any time among categories. p-Values<0.05
were considered statistically significant. Because data
were not provided fully for all of the variables examined,
we analyzed the data in a complete case approach.

Tools

The survival analysis and the Kaplan-Meier and Cox
proportional hazard plots were generated using R
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Software v4.0.3 and Rstudio v1.4.1103, with packages
survival v3.2.11  (https://CRAN.R-project.org/packa
ge=survival) and survminer v0.4.9 (https://CRAN.R-
project.org/package=survminer). Some plots were cre-
ated using Microsoft Excel v16.4.

RESULTS
Study population

As of January 2021, the Fibrolamellar Registry included
data from 171 patients. We analyzed 149 records with
complete survival data. Demographic characteristics,
clinical presentations, and treatments are summarized
in Table 1.

Most patients were female (59%). The median age
at diagnosis was 22.4 years, with 37.6% of the patients
diagnosed under the age of 20. Most participants (133
of 149) were non-Hispanic White. Due to the limited
numbers in race/ethnicity categories, we did not per-
form survival analysis by that variable.

The median primary tumor size at diagnosis was
10 cm (interquartile 9—14 cm). There were positive lymph
nodes and metastases at diagnosis in 32.9% and 28.1%
of patients (n = 146), respectively. Sites outside of the liver
were in order of prevalence: lungs, gallbladder, stomach,
diaphragm, portal vein, peritoneum, inferior vena cava,
small intestine, abdominal cavity, adrenal glands, brain,
chest cavity, colon, omentum, ovaries, retroperitoneum,
and spine (most received surgery [84.6%] and 58% re-
ported receiving any systemic therapy [n = 143]).

Most patients in the registry (57%, n = 154) were
seen for diagnosis and/or treatment, at two or more
different facilities. For diagnosis alone, 44% visited
two or more facilities for a second opinion on their
diagnosis.

Overall survival

As of April 2021, 65 (43%) patients had died. The me-
dian survival was 8.2 years, and the 5-year survival rate
was 62.2% (54.4-71.2) (Figure 1). The median follow-
up time for living patients was 6years. The latest death
was 13.7 years after diagnosis, with no deaths for the
19 patients who survived longer. The longest time from
diagnosis to our follow-up was 35.1 years.

Univariate survival analysis

The univariate analysis of factors at diagnosis is found
in Table 2. The log-rank test found no significant sur-
vival difference between those diagnosed older or
younger than 22years old (p = 0.43), the rounded me-
dian age of patient diagnosis (Figure 2A).

TABLE 1 Demographic and clinical characteristics of patients
with FLC

Characteristics

Age at diagnosis, n (%)

<10years
10-20years
20-30years
30-40years
40-50years
50-60years
>60years
Median (years)
Gender, n (%)

Total
(n=149)

4 (2.7%)
52 (34.9%)
68 (45.6%)
17 (11.4%)
5 (3.4%)

2 (1.3%)
1(0.7%)
22.4

Male 61 (40.9%)
Female 88 (59.1%)
Race/ethnicity, n (%)
Non-Hispanic White 133 (89.3%)
Non-Hispanic Black 1(0.7%)
Hispanic 8 (5.4%)
Asian 4 (2.7%)
Mixed 3 (2%)
Number of tumors within the liver, n = 133
1 113 (76.8%)
2-5 15 (10.1%)
6-9 0
210 5 (3.4%)
Tumor size at diagnosis, n = 129
0-5 12 (9.3%)
6-10 56 (43.4%)
11-15 39 (30.2%)
16-20 12 (9.3%)
221 10 (7.8%)
Median 10 cm
Lymph node involvement, n = 146 48 (32.9%)
Metastases at diagnosis, n = 146 41 (28.1%)
Treatment modality, n = 143
Surgery alone 54 (37.8%)
Surgery & systemic therapy 67 (46.9%)
Systemic therapy alone 16 (11.2%)
Neither surgery or systemic therapy 6 (4.2%)

Abbreviation: FLC, fibrolamellar hepatocellular carcinoma.

Female patients had a better prognosis than males
(log-rank test p = 0.018; Figure 2B). The 5-year survival
for females was 69.9% (60.4—-80.8) and 50.7% (38.6—
66.5) for males. Median overall survival for males was
5.33years, and 13.43years for females. There was no
statistical (two-sample t test p = 0.39) gender-based
difference in the age (Figure 2C) nor the stage at
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FIGURE 1 Kaplan—Meier curve of survival of the participants.
Verticle notches mark the most recent follow-up for patients who
are censored from the plot for subsequent times. A vertical line
marks when survival dropped below 50%.

diagnosis (25 of 32 females and 17 of 25 males had
stage V).

Because of the marked difference in survival between
males and females, we assessed for association between
survival and contraceptive use before or after diagnosis.
Among the 71 female patients who gave information, no
significant difference in survival was found among those
who had (n = 52) and those who had not (n = 19) been
taking contraceptives. Those who had been taking con-
traceptives had a 5-year survival of 75.2% (63.4—89.2),
and those who had not, had a 5-year survival of 61.3%
(42.5-88.5) (log-rank test p = 0.38; Figure 2D).

A greater number of tumors within the liver was associ-
ated with poorer survival (Figure 3A). Patients had 5-year
survival of 68.7% (60.1-78.6) with a single tumor, 54.5%
(33.2—89.5) with two to five tumors, while no patients with
210 tumors survived 5years. The populations with one
or=10 tumors were distinct in their survival (log-rank test
p<0.003). No patients reported six to nine tumors.

Survival was assessed by size of the tumor at diag-
nosis (Figure 3B). No significant difference in survival

TABLE 2 Univariable analysis for patients with FLC included in this study

Variables No. of patients
Age

<22years 71

222years 78
Gender

Male 61

Female 88

Number of tumors inside the liver

1 114

2-5 15

6-9 0

210 5
Tumor size

<10 cm 38

210 cm 91
Lymph node involvement

Negative 98

Positive 48
Metastases

Negative 105

Positive 41
Treatment modality

Surgery only 54

Surgery & systemic therapy 67

Systemic therapy only 16

Neither surgery nor systemic therapy 6

Five-year survival (95% ClI) p (log-rank)
0.43
57.1% (45.9%—71.0%)
66.8% (56.5%—79.0%)
0.018
50.7% (38.6%—66.5%)
69.9% (60.4%—80.8%)
<0.01
68.7% (60.1%—78.6%)
54.5% (33.2%—89.5%)
N/A
0
0.44
68.7% (54.2%—-87.0%)
58.9% (48.9%—70.9%)
<0.01
67.7% (58.6%—78.2%)
49.9% (36.2%—68.7%)
<0.01
69.6% (60.7%—79.7%)
44.3% (30.8%—63.7%)
<0.0001

87.3% (78.2%—97.4%)
54.3% (43.0%—68.5%)
25.4% (10.2%—62.9%)
N/A

Abbreviations: Cl, confidence interval; N/A, not applicable.
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survival dropped below 50%.

was found between patients with tumors greater than
or less than the median size, 10 cm (log-rank test
p = 0.44). Further testing did not find significance at
any size cutoff. The Cox hazard test using size as a
continuous variable had an HR of 1 (95% CI 0.98-1.1),
indicating no association. No association was seen be-
tween tumor size and intrahepatic spread, nodal me-
tastases, and metastatic disease.

The detection of metastatic disease at diagnosis
was associated with poorer prognosis. Patients who
had a positive lymph node at diagnosis had a 5-year
survival of 49.9% (36.2-68.7) compared with 67.7%
(58.6—78.2) survival for those who did not report pos-
itive lymph nodes (log-rank test p<0.002; Figure 3C).
Patients with metastases had a 5-year survival of 44.3%
(30.8—63.7) versus 69.9% (60.7—79.7) for patients with
no metastases (log-rank test p<0.005; Figure 3D).

Treatment modalities

Additional analysis examined the treatment modalities
patients received (Figure 4A, Table 2). Patients who

underwent surgical treatment alone, without additional
systemic therapy, had a 5-year survival of 87.3% (78.2—
97.4). Those who had surgery with systemic therapy
had a 5-year survival of 54.3% (43—68.5). Those with
systemic therapy alone had a 5-year survival of 25.4%
(10.2-62.9), and those who were treated with neither
surgery nor systemic therapy did not survive until the
5-year mark. Patients treated with surgery alone had
a better overall survival than patients with systemic
therapy, or systemic therapy alone or no treatment (log-
rank test p<0.0001).

Of the 48 patients who were diagnosed as having
nonoperable tumors, those who subsequently had sur-
gical resection had a 5-year survival of 59.5% (42.9-
82.6), and those who did not had a 5-year survival of
22.5% (8.9-56.6) (log-rank test p<0.006; Figure 4B).

Nine patients underwent liver transplant. Three pa-
tients are still alive, 2 of whom had tumors only in the
liver and 1 had a single metastasis that was surgically
removed. Six patients had a mean survival of 3.7 years,
5 of whom had metastases and were at Stage 3 or 4,
and one patient who had at least 10 tumors in the liver,
but no detectable metastases.
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Multivariable survival analysis

Significant diagnostic variables in the univariate analy-
sis were tested in a Cox proportional hazards regres-
sion analysis. Most variables remained significant, even
when adjusted for the covariates (Table 3). The HR is the
risk of death at any time point during follow-up for one
group relative to another. Relative to a control group, an
HR>1is worse, HR<1 is better, and HR = 1 indicates no
difference in outcome. Female gender had a HR = 0.52
(0.29-0.93) relative to males. Ten or more tumors in the
liver had a HR = 7.1 (2.4-21.04). Positive metastases
had a HR = 2.17 (1.19-3.94). Positive lymph nodes did
not remain significant with a HR = 1.75 (0.97-3.18).

DISCUSSION

We queried a patient community—driven rare tumor reg-
istry to assess the association of factors with survival in
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patients with FLC. A notable observation is the survival
advantage of females over males, even when adjusting
for covariables. Most participants in the Fibrolamellar
Registry are females, matching earlier reports,[18'19]
which is different from HCC with a 4-8-times higher
incidence in males.?” Interestingly, in hepatocellu-
lar adenoma, there is also a predominance of female
patients with a much lower rate of malignant transition
compared with males.?"!

One possible explanation for the better survival of
females is “lead time bias”; female patients may come
to medical attention earlier than males.?? Diagnosis at
an earlier stage could lead to longer survival. However,
this is unlikely, as there was no difference in the age nor
stage at diagnosis based on gender.

A second possible explanation stems from the obser-
vation that females have two X-chromosomes and there
is not always a full inactivation of one X-chromosome,
which increases expression of some genes, including a
few involved in the immune response.ml This increased
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FIGURE 3 Kaplan-Meier curves of survival by (A) Number of tumors in the liver; (B) Tumor size; (C) Involvement of lymph nodes; (D)
Presence of metastases. All values were determined at time of diagnosis. Vertical notches mark the most recent follow-up for patients who
are censored from the plot for subsequent times. A vertical line marks when survival dropped below 50%.
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TABLE 3 Multivariable analysis of hazard ratio of risk of death at any time adjusting for variables found to be significant in the univariate

analysis

Variables No. of patients HR (95% CI) P
Gender

Male 61 Reference

Female 88 0.52 (0.29-0.93) 0.027
Number of tumors inside the liver

1 113 Reference

2-5 15 1.21 (0.56-2.6) 0.632

6-9 0 N/A

210 5] 7.1 (2.4-21.04) <0.001
Lymph node involvement

Negative 98 Reference

Positive 48 1.75 (0.97-3.18) 0.064
Metastases

Negative 105 Reference

Positive 41 2.17 (1.19-3.94) 0.011

Abbreviation: HR, hazard ratio.

expression has been implicated in the higher rate of au-
toimmune disorders in women.?* This increased gene
dose of immune function transcripts may be partially
protective against fibrolamellar carcinoma. There are
also some tumor suppressors on the X-chromosome.
Women would require two hits to lose these tumor-
suppressor genes, and men, with only one copy, would
be more vulnerable to their loss.?*!

Another possibility is that sex hormones may affect
tumor progression. Estrogen may be protective against
liver carcinogenesis, as it represses HCC growth in
mice.?®! Also, women with HCC have a significantly
longer survival, independent of age, race/ethnic-
ity, stage of disease, or treatment modalities.?”! The

advantage was more pronounced among ages 18—64,
and it was hypothesized that the advantage was as-
sociated with estrogen. Conversely, androgens may
have an oncogenic effect on liver cells. Transforming
growth factor beta 1 (TGF-$1) expression was acti-
vated by androgen and androgen receptor in isolated
Huh7 cells,”® and expression of TGF-p1 increases
during the progression of HCC.?®! The higher estro-
gen/androgen ratio for women could be protective,
but our analysis did not find an association between
contraceptive use and survival. We should note that
patients did not verify what kind of oral contraceptives
they had taken, and at least some could have poten-
tially used progestin-only pills.
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A second notable result is the lack of association
between primary tumor size and survival. Surprisingly,
survival was the same for patients with tumors larger or
smaller than 10 cm, our median tumor size. We tested
other size cutoffs, none of which showed association
with survival. A different study'® also did not find an
independent association for size (10 cm). Similarly,
there was no correlation between size and the pres-
ence of metastases. Some had very large tumors with-
out metastases, and others had very small tumors with
metastases.

Thus, there may be two variants of FLC: one that
is more aggressive in its metastatic potential, which
has metastasized by the time the primary tumor has
been detected; and another that is more quiescient,
and continues to grow with a low probability of metas-
tases. In some cancers, “synchronous metastases” can
be seeded from an early carcinoma cell, years before
diagnosis, and develop into colorectal, lung, or breast
cancers.BY If that process occurs in FLC, patient prog-
nosis may depend less on tumor size and more on
metastatic status. It is possible that something in the
genomic background of the patient modulates the met-
astatic potential of the tumor.B"

Accordingly, we found that a worse prognosis was
associated with the presence of metastases or with
mulitple intrahepatic tumors. While some liver tumors,
such as HCC, are usually the consequence of wide-
spread underlying liver damage, FLC is the conse-
quence of a very rare somatic mutation. Thus, multiple
intrahepatic tumors may represent local metastasis,
consistent with the worse outcome with metastases.

Our 32.9% of positive lymph nodes is lower than the
70% in earlier studies.!"" Despite positive lymph node
being associated with worse prognosis in the univar-
iate analysis, it was not significant when adjusting for
covariates (p = 0.064). The effect of lymph nodes on
survival may be co-dependent on another factor such
as positive metastasis; or the low rate of lymph nodes
and small sample of patients led to inadequate sta-
tistical power. Patients did not identify in the registry
whether the positive lymph nodes were regional or dis-
tant, whereas previous publications addressed positive
lymph nodes and distant organ metastases together, as
they are the components of stage IV disease according
to the American Joint Committee on Cancer staging
manual."2'81° E|ucidation of the association of posi-
tive regional versus distant lymph nodes with prognosis
would benefit from further studies.

We did not find significant association between sur-
vival and age of diagnosis. Another study found worse
survival for patients over the age of 40,'? and another
found worse survival for patients over the age of 58.['"!
We found no significant difference in survival at age cut-
offs of either 40years or 58 years. Patients in this study
were diagnosed at an earlier median age than those
other studies.['"""? Until all patients receive a molecular

analysis, it is unresolved whether FLC is a different dis-
ease in younger patients than older patients, or whether
the older patients included in previous studies were
misdiagnosed. FLC is believed to grow slowly in most
patients with fairly innocuous symptoms that are over-
looked.®?! Thus, there has been no way to determine
how long the tumors were growing before diagnosis.
This complicates evaluating the utility of early diagno-
sis. Therefore, even if a correlation is not seen between
the age of diagnosis and survival, individual patients
may still benefit from a diagnosis at an earlier stage.

All systemic treatment options, when compared with
surgery alone, were found to have significantly poorer
prognosis. This finding is not surprising, as patients
who were treated with surgery alone predominantly
included those with lower-stage disease. For patients
who were told their tumor cannot be resected, there
was better survival for those who eventually underwent
resection (Figure 4B). This suggests the importance of
resecting all radiographic evidence of disease.

This analysis of a patient community—based registry
of FLC aimed to assess the prognostic factors asso-
ciated with survival. There are advantages of such a
registry. The patient community running the registry
has ongoing direct communication with its members,
facilitating updates on clinical status. This is espe-
cially important for FLC, because, for diagnosis, 44%
went for a second opinion, and most (57%) were seen
for diagnosis and/or treatment at two or more facili-
ties. This is higher than the 16% of new oncology pa-
tients who went for a second opinion.[33] Because the
Fibrolamellar Registry follows patients as they switch
institutions or, in some cases, even countries, it has
the potential of allowing more complete data collection,
especially of patient outcomes. A second advantage
is that those involved in managing the registry remain
in touch with the patients with updates and advocate
for participants to have their clinicians re-evaluate their
samples to ensure the accuracy of the original diag-
nosis of FLC. Historically, the diagnosis of FLC was
based on morphology plus immunostains, but now the
diagnosis is based on morphology, immunostains, and
molecular testing. Although FLC has distinctive histo-
logic features, about 9% of the cases reported as FLC
were actually HCC,"®? and about the same percentage
of HCC cases were FLC." It has been suggested that
other databases may include patients incorrectly clas-
sified as FLCP?34. Thus, morphological classification
as well as confirmatory genetic testing has been rec-
ommended to diagnose FLC.BY This potential problem
may also exist in the registry's data. However, because
most of its patients have been diagnosed since the dis-
covery of the chimeric gene, it may be that there are
fewer misdiagnoses in the registry,[6'34] and indeed
we know of 29 participants (19%) whose diagnosis
has been verified with molecular testing. Furthermore,
this dynamic interaction with the patients allowed the
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registry management to go back and remove from the
records patients who had been misdiagnosed as hav-
ing FLC. Five such patients have been removed since
the beginning of the registry.

As a consequence of these patient record updates,
we may be looking at a different population of patients
than other studies. This may impact our observations on
median age of diagnosis and survival time. The median
age at diagnosis in the Fibrolamellar Registry (22 years
old) is younger than in earlier publications (27-39years
old)."?181% Because HCC occurs more frequently with
increasing age, the erroneous inclusion of patients with
HCC would raise the derived median age of diagno-
sis, as well as affect other variables. The overall me-
dian survival of the Fibrolamellar Registry participants
was 98 months, longer than reported previously (57.2—
80.4 months).l">3%3¢] This was surprising for a few rea-
sons. First, while the registry is actively pursuing data
from patients diagnosed years ago, most of those have
been actively recruited in the past few years with a me-
dium follow-up of 6.3years. We were concerned that
this might bias the survey toward a shorter survival
time. Instead, our survival is longer. Second, one study
that reported a shorter survival included only patients
who had surgery.m] Yet, our results indicate that those
undergoing surgery have longer survival. The reported
shorter survival time was associated with patients over
58years old with worse survival in univariate or multi-
variable analysis. The Fibrolamellar Registry has only
2 patients over age 58, which might account for the lon-
ger overall survival in our study. This absence of older
patients is the consequence of some patients who were
initially diagnosed with FLC aged over 40, who were
later removed when it was discovered they had HCC.

There are some potential limitations in working from a
patient registry. First, the data are self-reported by indi-
viduals, many of whom do not have medical training. To
address this potential issue, the registry has been col-
lecting medical records to supplement specific targeted
studies in collaboration with researchers. An oncology
nurse has been scanning those records for additional
information as well as comparing the self-reporting
with the health records for discrepancies. Second, it is
possible that the registry is missing a population of pa-
tients who had a short survival after diagnosis. These
patients may not have survived long enough after di-
agnosis to get involved in the patient registry, and the
family members of a deceased patient may not be as
motivated to upload the information. Another possible
limitation is the population of participants who partici-
pate. Many do so after hearing about it from other pa-
tients in forums, social media groups, or a web search.
The registry may bias toward patients who use these
online resources, which could skew the representa-
tion to particular countries, economic strata, gender, or
age groups. Another potential limitation is rarity of the
disease. With time, as the patient-run medical registry

gathers more data and reaches more countries, we will
re-examine whether there are any shifted outcomes in
the analyses. As is typical for such studies, we have
some censored observations in our data set for when
we lost patient contact. Because we try to keep in touch
with the patients and family members, we believe that
the survival probabilities apply to both censored and
uncensored observations. We will continue to update
the analyses across time and as more patients are
entered into the database. Determination of the demo-
graphic and clinical predictors of outcome for patients
with FLC may help guide risk stratification for patients
with this rare disease.

CONCLUSIONS

In this patient registry—based study on FLC, a patient's
gender was found to be a prognostic factor, with fe-
males having a better outcome than males. Age at di-
agnosis and tumor size at diagnosis were not found to
have significant effects on survival. Ten or more tumors
inside the liver, as well as metastases at diagnosis,
were associated with poorer prognosis.
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