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Abstract
Background Fibrolamellar carcinoma (FLC) and conventional hepatocellular carcinoma (HCC) share the same American Joint
Committee on Cancer (AJCC) staging. The worse survival with HCC is attributed to the underlying cirrhosis.The aim of this
study was to compare stage-matched prognosis after resection of FLC and non-cirrhotic HCC.
Methods Outcomes after resection of 65 consecutive patients with FLC and 158 non-cirrhotic patients withHCCwere compared.
Patients were staged according to the 7th edition AJCC staging.
Results The AJCC stage distributions for FLC and HCC demonstrated a predominance of stage IV disease in FLC and stage I in
HCC (FLC stage I—23%, II—15 %, III—15%, IV—46% vs. HCC stage I—42%, II—32 %, III—20%, IV—6 %, p < 0.001).
Among stage IV FLC patients, 81 % had isolated nodal metastases, which did not affect overall survival (OS) or recurrence-free
survival (RFS). In FLC, OS was significantly affected by the number of tumors and vascular invasion (p < 0.05). Recurrent
disease developed in 56 (86 %) FLC patients and was treated with repeat surgical resection in 25 (45 %) patients. Vascular
invasion was associated with recurrent FLC, with 3-year RFS rates of 9 % and 35 %, with and without vascular invasion
(p = 0.034). With respect to RFS, the AJCC staging did not stratify FLC patients, compared to non-cirrhotic HCC.
Conclusions When compared to non-cirrhotic HCC, patients with FLC are not adequately stratified by AJCC staging with
respect to RFS. Our results support classifying lymph node metastases in FLC as regional disease, rather than systemic disease.
Important prognostic factors in FLC are the number of tumors and vascular invasion.

Keywords Fibrolamellar carcinoma
Hepatocellular carcinoma . AJCC stage

Introduction

Fibrolamellar hepatocellular carcinoma (FLC) accounts for
0.85 % of all primary hepatic malignancies in the USA, and
its incidence rate is 0.02 cases per 100,000 person-years,
which is about 100 times less common than that of conven-
tional hepatocellular carcinoma (HCC).1 FLC occurs most
commonly in adolescents and young adults without chronic
liver disease or known risk factors. Histologically, FLC is char-
acterized by well-differentiated neoplastic hepatocytes and la-
mellar bands of fibrosis.2 The most important prognostic factor
is surgical resection, which results in 5-year overall survival
rates between 30 % and 76 %.3

, 4 More patients with FLC are
candidates for surgical resection than those with HCC, owing
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to their young age and absence of cirrhosis. Unlike convention-
al HCC, lymph nodemetastases are common in FLC, occurring
in up to 70 % of patients.4 Recurrence rates as high as 100 %
have been reported after surgical resection of FLC, but durable
survival can be achieved with resection of recurrent disease.

Previously, FLC was considered a variant of conventional
HCC. However, recent molecular studies highlight the unique
tumor biology of FLC. Honeyman et al. identified a chimeric
transcript in FLC, DNAJB1-PRKACA, which increases aden-
osine 3′,5′-monophosphate-dependent protein kinase A
activity.5 This transcript has been identified in 79–100% cases
of FLC, but not in any other cancer type.6

FLC and conventional HCC share the sameAmerican Joint
Committee on Cancer (AJCC) staging.7 Historically, FLCwas
thought to be an indolent tumor with improved prognosis
compared to conventional HCC, but more recent data suggest
that the higher overall survival is due to the younger age and
absence of cirrhosis in patients with FLC.2 The objective of
this study was to compare prognosis after resection of FLC
compared to non-cirrhotic conventional HCC. We found that
the AJCC staging did not stratify FLC patients with respect to
recurrence-free survival. Nodal metastases, which are classi-
fied as stage IV disease, did not significantly affect overall or
recurrence-free survival after resection of FLC.

Materials and Methods

Patients evaluated at the University of Texas MD Anderson
Cancer Center betweenNovember 1990 andMarch 2015 with

pathology data available after potentially curative initial sur-
gical resection were identified from a prospectively main-
tained hepatobiliary database. During the same time period,
240 patients with conventional HCC underwent hepatic resec-
tion with curative intent. Absence of cirrhosis was confirmed
by review of surgical pathology in 158 patients with conven-
tional HCC. Clinicopathologic data were recorded from com-
puterized medical records. The study was approved by the
Institutional Review Board.

Major hepatectomy was defined as anatomic resection of
≥3 Couinaud segments. Patients were followed after resection
with history, physical examination, laboratory evaluation, and
axial imaging every 3–4months for the first 2 years, and every
4–6 months thereafter.

Staging

Pathological staging was performed according to the 7th edi-
tion of the AJCC StagingManual for HCC.7 Stage I is defined
as a solitary tumor without vascular invasion. Stage II is sol-
itary tumor with vascular invasion or multiple tumors ≤5 cm.
Stage III includes multiple tumors >5 cm, major vascular in-
vasion, and/or invasion of adjacent organs. Stage IV includes
lymph node and distant metastases.

Statistical Analysis

Overall and recurrence-free survival rates were calculated
from date of initial surgical resection using the Kaplan-
Meier method and compared using the log-rank test.

Table 1 Comparison between
patients with fibrolamellar
carcinoma and non-cirrhotic
conventional hepatocellular
carcinoma (HCC), n (%)

Factor Fibrolamellar carcinoma,
n = 65

Conventional HCC,
n = 158

p

Male gender 31 (48) 96 (61) 0.073

Age, years, median (range) 25 (14–67) 64 (12–86) <0.001

Caucasian race 56 (86) 106 (67) 0.004

Hepatitis B or C 0 40 (25) <0.001

Preoperative treatment 14 (22) 41 (26) 0.49

Largest tumor diameter, cm, median
(range)

10.5 (3.5–21.0) 6.6 (0.4–29.0) <0.001

Multiple tumors 13 (20) 35 (22) 0.72

Major hepatectomy 48 (74) 93 (59) 0.016

R1 margin 11 (17) 14 (9) 0.062

Vascular invasion 38 (58) 78 (49) 0.22

Lymph node metastases 28 (43) 2 (1) <0.001

AJCC stage

I 15 (23) 67 (42) <0.001
II 10 (15) 51 (32)

III 10 (15) 31 (20)

IV 30 (46) 9 (6)

Median follow-up, months (range) 48 (2–254) 52 (1–292) 0.69
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Categorical variables were compared using the chi-square test.
Continuous variables were compared using the Wilcoxon
rank-sum test. Statistical analyses were conducted using
JMP software (version 11.0.0; SAS Institute Inc., Cary, NC).

Results

Comparison Between Fibrolamellar Carcinoma
and Non-cirrhotic Conventional Hepatocellular
Carcinoma

A comparison of clinicopathologic characteristics between
patients with surgically resected FLC (n = 65) and non-
cirrhotic conventional HCC (n = 158) is shown in Table 1.
Non-cirrhotic conventional HCC was associated with signifi-
cantly older age, non-Caucasian race, viral hepatitis, smaller
tumors, and fewer major hepatectomies. The frequency of
nodal metastases was 1 % among patients with conventional
HCC, compared to 43 % with FLC (p < 0.001), resulting in

higher prevalence of stage IV disease in FLC compared to
conventional HCC (46 % vs. 6 %, p < 0.001).

Five-year and median overall survival rates after resection
of non-cirrhotic conventionalHCCwere 67% and 137months
(95 % confidence interval [CI], 89–184 months), similar to 5-
year and median overall survival rates of 58 % and 81 months
(95 % CI, 42–120 months) after resection of FLC (Fig. 1). In
contrast, recurrence-free survival was significantly longer for
patients with conventional HCC, whose 5-year and median
recurrence-free survival rates were 55 % and 108 months,
compared to 10 % and 11 months (95 % CI, 8–14 months)
after resection of FLC (p < 0.001). AJCC staging stratified
recurrence-free survival for patients with conventional HCC
but not FLC (Fig. 2).

Stage IV Disease in Fibrolamellar Carcinoma Patients

Among the 31 patients presenting with stage IV disease, 25
(81 %) patients had isolated nodal metastases, 3 (5 %) had
isolated pulmonary metastases, and 3 (5 %) had nodal and

Fig. 1 Overall and recurrence-
free survival after resection of
non-cirrhotic conventional
hepatocellular carcinoma (HCC)
and fibrolamellar carcinoma
(FLC)

Fig. 2 The American Joint
Committee on Cancer staging
stratified recurrence-free survival
after resection of non-cirrhotic
conventional hepatocellular
carcinoma (a) but not
fibrolamellar carcinoma (b)
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extrahepatic metastases in the lung (n = 2) and diaphragm
(n = 1). Eleven patients presented with metastases in multiple
nodal basins. At presentation, nodal basins most commonly
involved were the hepatoduodenal ligament (n = 22),
gastrohepatic ligament (n = 9), celiac (n = 5), retroperitoneal
(n = 5), and cardiophrenic (n = 4). All 9 patients with metas-
tases in gastrohepatic ligament nodes had primary tumors in
the left liver.

Predictors of Survival and Recurrence in Fibrolamellar
Carcinoma Patients

On univariate analysis, predictors of overall survival were the
presence of vascular invasion and multiple tumors (Table 2).

Five-year overall survival rates were 25 % vs. 67 % with
multiple vs. solitary tumors, respectively (p = 0.001), and 45
% vs. 72 %, with and without vascular invasion (p = 0.040).
Lymph node metastases were not significantly associated with
overall survival; 5-year overall survival rates were 42 % and
67 %, with and without nodal metastases (p = 0.15, Fig. 3).

Recurrent disease was observed in 56 (86 %) patients after
resection of FLC. Longer recurrence-free survival was asso-
ciated with absence of vascular invasion and age > 25 years.
Three-year recurrence-free survival rates were 9 % vs. 35 %,
with and without vascular invasion (p = 0.034). The most
common sites of first recurrence were intra-abdominal and/
or intrathoracic lymph nodes (n = 17), liver (n = 11), lungs
(n = 11), liver and lymph nodes (n = 7), and peritoneum

Table 2 Univariate analysis of
overall (OS) and recurrence-free
survival (RFS) after resection of
fibrolamellar carcinoma (n = 65)

Factor n Median OS (months) p Median RFS (months) p

Gender

Male 31 57 0.32 9 0.17
Female 34 100 13

Age, years

≤25 35 52 0.069 11 0.006
>25 30 107 17

Preoperative treatment

Yes 14 36 0.057 12 0.46
No 51 100 11

Hepatectomy

Major 48 69 0.31 11 0.53
Minor 17 111 14

Lymph node dissection or sampling

Yes 34 54 0.09 11 0.56
No 31 107 12

Lymph node metastases

Yes 28 52 0.15 6 0.10
No 37 100 12

Vascular invasion

Yes 38 50 0.040 8 0.034
No 27 100 17

Number of tumors

Solitary 52 107 0.001 12 0.10
Multiple 13 40 4

Size of tumors, cma

≤10.5 30 78 0.93 14 0.15

>10.5 27 57 9

Extranodal metastases

Yes 6 111 0.88 13 0.83
No 59 81 11

Surgical margin

R0 54 78 0.95 12 0.91
R1 11 81 5

Postoperative chemotherapy

Yes 20 81 0.98 12 0.46
No 45 78 11

aData available in 57 patients
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(n = 5). Surgical resection of recurrent disease was associ-
ated with median overall survival of 122 months, com-
pared to 37 months without surgical resection (p = 0.001,
Fig. 4). Among the 31 patients who did not undergo
resection of recurrent disease, 12 (39 %) patients had
widespread, unresectable disease and/or progression on
systemic therapy.

Discussion

Fibrolamellar carcinoma (FLC) has been considered a variant
of conventional hepatocellular carcinoma (HCC) and shares
the same American Joint Committee on Cancer (AJCC) stag-
ing system. However, unlike conventional HCC, FLC occurs
most commonly in adolescents and young adults without un-
derlying liver disease and normal serum alpha-fetoprotein
levels. Historically, FLC was considered an indolent disease
due to case reports of long-term survival after resection or
transplantation.1

, 8 However, more recent data demonstrate
that the perceived better prognosis with FLC over HCC is
due to the younger age and absence of cirrhosis in FLC
patients.9 In this study, we compared patients undergoing sur-
gical resection of FLC and non-cirrhotic conventional HCC.
Similar to previous reports, we found that patients with FLC
had similar overall survival as patients with non-cirrhotic
HCC but significantly shorter recurrence-free survival. FLC
patients presented with more advanced stage, primarily due to
lymph node metastases, which did not affect prognosis.
Despite high recurrence rates, durable overall survival was
achieved with surgical resection of recurrent disease.

The current report affirms prior studies showing epidemi-
ologic differences between patients with FLC and non-
cirrhotic conventional HCC. FLC patients were younger,
more often Caucasian, and none had viral hepatitis. Com
pared to HCC, FLC tumors were larger, requiring more fre-
quently a major hepatectomy. In a Surveillance, Epide
miology, and End Results (SEER) database analysis, Eggert
et al. compared 183 patients with FLC and 31,278 patients
with conventional HCC.10 Most FLC patients were non-
Hispanic white (60 %) and under 40 years of age (60 %), in
contrast to HCC patients, who were 50 % non-Hispanic white
and only 2 % under age 40. Surgical resection was performed
more often in FLC patients (41 vs. 8 %, p < 0.0001).

Our data demonstrate that despite shorter recurrence-free
survival after resection of FLC, overall survival rates are sim-
ilar, with a 5-year overall survival of 58 % for patients with
FLC and 67%with non-cirrhotic HCC. In a systematic review
and meta-analysis, Njei et al. demonstrated that for all pa-
tients, FLC was associated with improved overall survival
compared to HCC.9 However, in subgroup analysis limited
to non-cirrhotic patients, the 5-year overall survival was sim-
ilar between FLC and HCC. The results of our study support
aggressive surgical resection for recurrent FLC, which was
associated with median overall survival of 122 months, com-
pared to 37 months with non-surgical therapies for recurrence.
Similarly, Maniaci et al. described aggressive multimodality
therapy for recurrent FLC, including re-resection in 7 of 10
patients, resulting in median overall survival of 9.3 years.11 In
the current series, among patients who did not undergo resec-
tion of recurrent disease, 39 % had widespread, unresectable
disease and/or progression on systemic therapy. These results

Fig. 3 Overall survival was not significantly different between FLC
patients presenting with (N1) and without (N0) lymph node metastases

Fig. 4 Overall survival among patients with fibrolamellar carcinoma
undergoing surgical resection vs. no surgery for recurrent disease
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highlight the importance of tumor biology in determining re-
sectability and patient survival.

In this study, prognostic factors for overall survival were
the number of tumors and vascular invasion, which define
AJCC stages I–III for conventional HCC. Size >5 cm, another
key element in AJCC stage, was not a significant prognostic
factor among patients with FLC, whose median tumor size
was 10.5 cm. In our previous report of 94 patients with
FLC, including 48 % who did not undergo surgical resection,
the number of tumors, but not AJCC stage, was significantly
associated with overall survival.12 In the current series, AJCC
stage did not stratify recurrence-free survival for patients with
FLC. Among the factors that define AJCC stage, vascular
invasion was the sole factor associated with recurrence. FLC
patients with vascular invasion had a 3-year recurrence-free
survival of 9 %, compared to 35 % without vascular invasion
(p = 0.034).

Among our patients with FLC, 46 % presented with stage
IV disease, primarily due to lymph node metastases. For con-
ventional HCC, lymph node metastases are considered a sign
of systemic disease and associated with poor prognosis.
However, in this study of patients undergoing resection of
FLC, lymph node metastases did not significantly affect over-
all or recurrence-free survival. These results are in contrast to
previous reports showing worse prognosis with nodal metas-
tases. In a study of 41 FLC patients, including 13 unresectable
patients, Stipa et al. observed median overall survival rates of
46 and 117 months, with and without lymph node metastases
(p = 0.047).13 We found similarly a longer 5-year overall sur-
vival of 67 % without nodal metastases, compared to 42 %
with nodal metastases, but this did not reach statistical signif-
icance (p = 0.15). Prolonged survival can be achieved after
resection of nodal metastases. Our results support classifying
lymph node metastases in FLC as regional disease, rather than
systemic disease.

A limitation of this study is the small number of patients
with FLC. Thus, the lack of difference in survival with and
without lymph node metastases may be the result of a type II
error. Another limitation is its retrospective nature and small
number of patients with FLC. However, we present the largest
single-institution series in the literature of patients with surgi-
cally resected FLC.

In conclusion, we demonstrate that among patients under-
going surgical resection, FLC is associated with higher recur-
rence rates but similar overall survival, compared to non-
cirrhotic conventional HCC. Repeat surgical resection for re-
current FLC is associated with prolonged survival and should
be performed, when feasible. Almost half of the FLC patients
in this series presented with stage IV disease, primarily due to
lymph node metastases, which did not significantly affect
prognosis. AJCC stage was not a significant predictor of
recurrence-free survival after resection of FLC. Together,
these data suggest that the AJCC staging system for HCC

can be modified to better stratify survival and recurrence for
FLC patients.
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