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Simple Summary

Hepatocellular carcinoma (HCC) has several rare subtypes that each have characteristic
diagnostic features, presentations, and prognosis. Alpha-fetoprotein (AFP) is often ele-
vated in HCC and has been associated with poorer prognosis when elevated at diagnosis
of HCC. This association has not been characterized for the rare subtypes of HCC. This
retrospective study aimed to investigate AFP levels and its association with prognosis in
the fibrolamellar, scirrhous, clear-cell, spindle-cell, and pleomorphic subtypes of HCC.
The fibrolamellar, scirrhous, and clear-cell subtypes showed poorer prognosis when AFP
was elevated at diagnosis. These findings suggest that AFP may provide prognostic infor-
mation for these subtypes and that the subtype of HCC should be considered when inter-
preting AFP.

Abstract

Background/Objectives: Alpha-fetoprotein (AFP) is often elevated in hepatocellular car-
cinoma (HCC) and has been linked to poor prognosis. Among HCC subtypes, the associ-
ation is less defined. We aimed to characterize AFP and their association with prognosis
for the fibrolamellar, scirrhous, clear-cell, spindle-cell, and pleomorphic subtypes of HCC.
Methods: Patients in the National Cancer Database (NCDB) diagnosed with HCC be-
tween 1998-2021, including not otherwise specified (NOS), fibrolamellar, scirrhous, clear-
cell, spindle-cell, and pleomorphic were included. Elevated AFP was defined as 400
ng/mL or above. Associations between clinical characteristics, including AFP levels, and
HCC subtypes were analyzed using two-sample f-test, chi-square, and Fisher exact tests.
Survival was assessed using Kaplan-Meier curves with log-rank tests. Results: The study
population included 168,470 patients, of which 166,778 (99.0%) were HCC NOS, followed
by 872 (0.5%) clear-cell, 417 (0.2%) fibrolamellar, 251 (0.2%) scirrhous, 136 (0.1%) spindle-
cell, and 16 (0.01%) pleomorphic. Elevated AFP was highest in the spindle-cell subtype
(30.9%), followed by HCC NOS (29.4%), scirrhous (25.1%), clear-cell (23.4%), and fibrola-
mellar (15.6%) (p <0.0001). Elevated AFP was significantly different across stage of disease
with elevation in 11.9% of fibrolamellar, 6.8% of scirrhous, 35.7% of spindle-cell, 25.2% of
clear-cell, and 17.6% of HCC NOS at stage 2; 22.5%, 50%, 33.3%, 28.2%, and 44.2%, respec-
tively at stage 3; and 13.8%, 30.4%, 31.7%, 42.2%, and 53.2%, respectively, at stage 4 (all p
< 0.005). Elevated AFP was associated with decreased survival for the fibrolamellar (9.7
months when elevated vs. 39 months when not elevated), scirrhous (3.8 vs. 24.2) and clear-
cell (7.2 vs. 25.9) subtypes (p < 0.0001). Conclusions: Elevated AFP is least prevalent for
fibrolamellar HCC, including when stratifying by disease stage, though it is associated
with worse survival in that population. AFP elevation may offer important prognostic
information when rare subtypes are diagnosed.
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1. Introduction

Hepatocellular carcinoma (HCC) is a rare cancer, accounting for 2% of new cancer
cases in the US [1]. Despite advancements in screening, diagnosis, and treatment, HCC
has a significant mortality rate, with only 21.9% of patients expected to survive five or
more years following diagnosis [1]. The 2019 WHO classification recognizes eight distinct
subtypes of HCC: fibrolamellar, scirrhous, macrotrabecular massive, clear-cell, steatohep-
atitic, chromophobe, neutrophil-rich, and lymphocyte-rich, each of which has character-
istic histological features, presentation, and prognosis [2]. Fibrolamellar is a rare but well-
studied subtype that is believed to have distinct pathogenesis from HCC and other sub-
types. Fibrolamellar presents in younger patients, frequently in the second and third dec-
ades of life, with no gender bias. Patients often have no history of cirrhosis or chronic liver
disease [3]. Scirrhous is morphologically similar to fibrolamellar but presents in older pa-
tients with a history of cirrhosis [4]. Scirrhous tumors are clinically and pathologically
aggressive with infiltrative growth patterns and frequent vascular invasion [4]. Clear-cell
is a highly differentiated variant of HCC with similar etiology. It can present in patients
with either cirrhotic or non-cirrhotic livers [5]. In comparison to HCC NOS, clear-cell typ-
ically has a more favorable prognosis [6]. Spindle-cell is a sarcomatous variant of HCC [7].
Spindle-cell often presents as larger and more poorly differentiated tumors with higher
levels of extrahepatic and nodal metastasis [8]. Pleomorphic is a very rare sarcomatoid
subtype of HCC that presents with large, poorly or undifferentiated tumors with associ-
ated poorer prognosis [9].

Alpha-fetoprotein (AFP) is a plasma protein produced by the liver that is often ele-
vated in HCC. An AFP level of greater than 400 ng/mL is highly suggestive of HCC [10].
However, diagnosis requires specific imaging or histological criteria and cannot be made
utilizing AFP alone. AFP elevation has also been correlated with higher rates of recurrence
and worse prognosis in several studies [11-13]. The relationship between AFP and prog-
nosis in the individual histological subtypes of HCC, however, has not been fully charac-
terized.

The objectives of this study were to determine whether trends in AFP differ across
the fibrolamellar, scirrhous, clear-cell, spindle-cell, and pleomorphic subtypes of HCC, as
well as to characterize the relationship between AFP and prognosis in each subtype.

2. Materials and Methods
2.1. Study Population

Patients with hepatocellular carcinoma and recorded AFP values were identified
from the National Cancer Database (NCDB). The NCDB captures patient information
from approximately 1500 accredited hospitals across the United States and includes pa-
tients diagnosed with cancer between 1998 and 2021 [14]. Prior to the 2019 WHO reclassi-
fication, fibrolamellar, scirrhous, clear-cell, spindle-cell, and pleomorphic were recog-
nized as HCC subtypes. As such, these are the subtypes predominantly described in the
NCDB and thus included in this study. Hepatocellular carcinoma subtypes were identi-
fied according to the International Classification of Diseases for Oncology (ICD-O-3) codes
[15]. ICD codes 8170 (HCC, NOS), 8171 (fibrolamellar), 8172 (scirrhous), 8173 (spindle-
cell), 8174 (clear-cell), and 8175 (pleomorphic) were included in the study. Patients were
excluded if they were 17 years old or younger, did not have a diagnosis of HCC as
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classified above, or did not have an AFP level recorded. Figure 1 shows the step-by-step
process of obtaining the final dataset.

Data set of 294,296 patients
diagnosed from 1998 to 2021

Excluded

e Those under 18 (0)

e Those without an ICD diagnosis
that was 8170, 8171, 8172,
8173, 8174, 8175 (28,595)

v

Data set of HCC with ICD codes
(265,701)

.| Excluded those without AFP data
(97,231)

v

Final data set consist of 168,470 HCC patients

e ICD code 8170 HCC NOS (166,778)
e ICD code 8171 Fibrolamellar (417)
e ICD code 8172 scirrhous (251)

e |CD code 8173 spindle-cell (136)

e |ICD code 8174 clear-cell (872)

e |CD code 8175 pleomorphic (16)

Figure 1. Stepwise extraction process from acquirement of the database to the creation of the final

dataset.

2.2. AFP Categorization

In this study, elevated AFP was defined as greater than or equal to 400 ng/mL. Those
with AFP levels <400 ng/mL were classified as having non-elevated AFP levels. AFP lev-
els were reported separately to show the distinction between categorical and continuous
data. For demographics and morbidity analysis, the data was combined to create groups
of elevated AFP (greater than or equal to 400 ng/mL) and non-elevated AFP (<400 ng/mL).

In the NCDB, AFP levels were reported categorically through the year 2017 and con-
tinuously thereafter. For cases diagnosed in 1998 through 2017, AFP was obtained from
the Collaborative Stage Site-Specific Factors variable CS_SITESPECIFIC_FACTOR_3,
which recorded the highest pretreatment AFP value within predefined ranges which can
be found in the appendix in Table A1 [16]. Subjects with AFP values in categories includ-
ing values up to 399 ng/mL were included in the <400 ng/mL group and those with AFP,
values 400 ng/mL or greater were included in the =400 ng/mL group. For patients diag-
nosed in or after 2018, Collaborative Stage Site-Specific Factors were no longer utilized,
and the corresponding data was collected via the Site-Specific Data items, which provided
a pretreatment AFP as a continuous rather than categorical variable [17]. AFP groups for
this data were created by assigning all pretreatment AFP values of 399 ng/mL or less into
the <400 ng/mL group and all values of 400 ng/mL or greater into the >400 ng/mL group.
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AFP was harmonized across eras by defining a common binary variable of <400 ng/mL
versus =400 ng/mL. The proportion of patients classified as having AFP >400 ng/mL was
30.6% in the 1998-2017 era and 27.3% in the 20182021 era. While there is a significant
difference in elevated AFP between eras (p <0.001), the absolute difference is minimal. All
final conclusions from the lifestyle analysis showed no change when each era was utilized
independently.

2.3. Statistical Analysis

Per the data agreement policy with the NCDB, data cells with fewer than 10 cases
were labeled as <10. Cell suppression was done by the database to protect the patient’s
confidentiality in the form of providing completely deidentified data. Continuous varia-
bles are reported as mean with standard deviation. Discrete variables are reported as
counts with percentages. For continuous variables, statistical analysis was performed uti-
lizing a two-sample Student’s t-test. For categorical variables, a chi-square test or Fisher
exact test was used, with applicable conditions applied based on what was appropriate.
Survival analysis was conducted via the Kaplan—Meier test. Kaplan—Meier survival curves
were generated and compared using the log-rank test. The endpoint of the Kaplan—-Meier
survival curve was overall survival, as an analysis utilizing cancer-specific survival was
not possible due to limitations of the dataset. Overall survival was measured in months
from diagnosis to death or last contact utilizing the variable DX_LASTCON-
TACT_DEATH_MONTHS from the dataset. Death from any cause was considered the
event, while patients alive at last contact were censored at their last known follow-up.
Survival analyses were limited to patients diagnosed between 2004 and 2020. Survival and
follow-up information were not available for those diagnosed in 2021 and were thus ex-
cluded in the survival analysis, though were included in descriptive analyses. Multivari-
able Cox proportional hazard regression analyses were performed for each subtype sepa-
rately. Models included AFP status, age, sex, treatment modality, tumor size, and stage of
cancer as covariates. Hazard ratios (HRs) with 95% confidence intervals (Cls) were calcu-
lated. Stage 1 cancer, no treatment, size of <20 mm, female sex, and AFP <400 ng/mL
served as reference groups for this analysis. Statistical significance was defined as p <0.05.
Results were considered statistically significant when p < 0.05. The analysis was per-
formed using SAS software, Version 9.4 (TS1IM9) of the SAS System. © 2025 SAS Institute
Inc [18].

3. Results
3.1. Subtype Prevalence and Demographics in Study Population

The study population consisted of 168,470 patients, of whom 166,778 (99.0%) were
HCC NOS, 417 (0.2%) fibrolamellar, 251 (0.2%) scirrhous, 136 (0.1%) spindle-cell, 872
(0.5%) clear-cell, and 16 (0.01%) pleomorphic (Table 1). Of the subtypes, fibrolamellar and
clear-cell were the most common. Patients with fibrolamellar were significantly younger
(mean age 41.8 + 21.4 years compared to 63.5 = 11.0 for scirrhous, 65.7 + 11.9 for spindle-
cell, 67.1 + 11.6 for clear-cell, 67.6 + 10.2 for pleomorphic, and 64.8 + 10.2 for HCC NOS (p
<0.0001)). Each subtype predominantly presented in men (61.9% of fibrolamellar, 72.5%
of scirrhous, 76.5% of spindle-cell, 66.6% of clear-cell, 81.3% of pleomorphic, and 76.3% of
HCC NOS (p < 0.0001)). The majority of patients with each subtype were white (79.1%
fibrolamellar, 75.7% scirrhous, 77.2% spindle-cell, 76.7% clear-cell, 68.8% pleomorphic,
and 73.8% HCC NOS). Primary payor was different between subtypes, with fibrolamellar
having significantly more patients utilizing private insurance (51.1%) compared to 33.5%
in scirrhous, 29.4% in spindle-cell, 26.1% in clear-cell, and 27.2% of HCC NOS (p < 0.05).
Medicare was utilized as primary payor for more patients with scirrhous (47.7%), spindle-
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cell (46.3%), clear-cell (57.1%), pleomorphic (68.8%), and HCC NOS (49.6%) compared to
significantly fewer patients with fibrolamellar (23.7%) (p < 0.05).

Table 1. Characteristics of the histological subtypes of HCC.

Variable Fibrolamellar  Scirrhous Spindle-Cell Clear-Cell  Pleomorphic HCCNOS
Prevalence 417 (0.2%) 251 (0.2%) 136 (0.1%) 872 (0.5%) 16 (0.01%) 166,778 (99.0%)
Age (mean, SD) 41.8 (21.4)* 63.5 (11.0) 65.7 (11.9) 67.1 (11.6) * 67.6 (10.2) 64.8 (10.2)
Sex * *
Male 258 (61.9%) 182 (72.5%) 104 (76.5%) 581 (66.6%) 13 (81.3%) 127,198 (76.3%)
Female 159 (38.1%) 69 (27.5%) 32 (23.5%) 291 (33.4%) <10 39,580 (23.7%)
Race *
White 330 (79.1%) 190 (75.7%) 105 (77.2%) 669 (76.7%) 11 (68.8%) 123,054 (73.8%)
Black 54 (12.9%) 39 (15.5%) 17 (12.5%) 85 (9.7%) <10 25,617 (15.4%)
Other 29 (7.0%) 21 (8.4%) 13 (9.6%) 108 (12.4%) <10 16,235 (9.7%)
Unknown 4 (1.0%) <10 <10 10 (1.1%) <10 1872 (1.1%)
Primary Payor * *
Not Insured 19 (4.6%) 15 (6.0%) 6 (4.4%) 25 (2.9%) <10 8409 (5.0%)
Private Insurance 213 (51.1%) 84 (33.5%) 40 (29.4%) 228 (26.1%) <10 45,306 (27.2%)
Medicaid 75 (18.0%) 29 (11.6%) 22 (16.2%) 95 (10.9%) <10 24,948 (15.0%)
Medicare 99 (23.7%) 119 (47.4%) 63 (46.3%) 498 (57.1%) 11 (68.8%) 82,777 (49.6%)
Other Government <10 0 <10 17 (1.9%) 0 3117 (1.9%)
Status Unknown <10 <10 <10 9 (1.0%) 0 2221 (1.3%)
Charlson-Deyo "
Score
0 299 (71.7%) 122 (48.6%) 75 (55.1%) 401 (46.0%) 7 (43.8%) 73,899 (44.3%)
1 56 (13.4%) 63 (25.1%) 25 (18.4%) 238 (27.3%) 5 (31.3%) 38,340 (23.0%)
2 25 (6.0%) 21 (8.4%) 11 (8.1%) 104 (11.9%) 1 (6.3%) 18,777 (11.3%)
3 or more 37 (8.9%) 45 (17.9%) 25 (18.4%) 129 (14.8%) 3 (18.8%) 35,762 (21.4%)
NCDB . .
Analytic Stage !
Stage 0 <10 <10 0 (0%) 0 (0%) <10 <10
Stage 1 109 (26.1%) 84 (33.5%) 26 (19.1%) 309 (35.4%) <10 55,494 (33.3%)
Stage 2 42 (10.1%) 44 (17.5%) 14 (10.3%) 163 (18.7%) <10 34,296 (20.6%)
Stage 3 80 (19.2%) 48 (19.1%) 27 (19.9%) 188 (21.6%) <10 34,467 (20.7%)
Stage 4 159 (38.1%) 56 (22.3%) 60 (44.1%) 147 (16.9%) <10 28,001 (16.8%)
Unknown 27 (6.5%) 19 (7.6%) <10 65 (7.5%) <10 14,519 (8.7%)
Grade * * * *
Grade 1 23 (5.5%) 20 (8.0%) <10 77 (8.8%) <10 11,221 (10.6%)
Grade 2 75 (18.0%) 50 (19.9%) <10 211 (24.2%) <10 16,556 (15.6%)
Grade 3 19 (4.6%) 21 (8.4%) 35 (25.7%) 70 (8.0%) <10 7298 (6.9%)
Grade 4 <10 <10 <10 <10 <10 396 (0.4%)
Unknown 299 (71.7%) 157 (62.5%) 92 (67.6%) 510 (58.5%) <10 70,710 (66.6%)
Lymphovascular . . . .
Invasion
No 110 (26.4%) 70 (27.9%) 24 (17.6%) 196 (22.5%) <10 23,529 (14.1%)
Yes 68 (16.3%) 19 (7.6%) 10 (7.4%) 83 (9.5%) <10 6273 (3.8%)
N/A <10 <10 <10 <10 <10 435 (0.3%)
Unknown 237 (56.8%) 162 (64.5%) 102 (75.0%) 591 (67.8%) 12 (75.0%) 136,541 (81.9)%

* p < 0.05 when compared to HCC NOS. ! NCDB Analytic Stage Group was defined by the NCDB
as the reported pathologic stage group or clinical stage group if the pathological stage was not re-
ported.
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3.2. Comorbidities

The Charlson-Deyo Score, also referred to as the Charlson Comorbidity Index,
assesses a patient’s comorbidities in order to predict mortality risk. A score of zero
indicates no comorbidities whereas a score of 3 or more indicates a significant comorbidity
burden. As shown in Table 1, fibrolamellar had significantly more (p < 0.05) patients with
a score of zero (71.7%) compared to scirrhous (48.6), spindle-cell (55.1%), clear-cell (46.0),
pleomorphic (43.8%), and HCC NOS (44.3%). Conversely, fibrolamellar had the fewest
(8.9%) patients with a score of 3 or more compared to 17.9% scirrhous, 18.4% spindle-cell,
14.8% clear-cell, 18.8% pleomorphic, and 21.4% HCC NOS

3.3. Included vs. Excluded Subjects

Patients were included in the analysis if a recorded AFP value at diagnosis was pre-
sent and were excluded if the AFP value was absent. There were 168.470 patients with a
recorded AFP value that were included and 97,231 patients without a recorded AFP value
that were excluded. Table 2 compares demographic, clinical, and survival characteristics
of the included versus excluded patients in the dataset. Age was nearly identical between
included and excluded patients despite being significantly different (p < 0.0001). There
was no significant difference in proportions of sex between the included and excluded
groups. There were significant differences (p < 0.001) in percentages of patients with each
subtype between excluded and included subjects; however, the differences were small
(Cramer’s V = 0.0195). Excluded patients had significantly higher percentages of patients
with unknown stage of disease (22.19%) in comparison to included patients (8.66%) (p <
0.0001). Race was very similar between the included and excluded groups, although dif-
ferences were significant (p < 0.0001). Charlson-Deyo score was significantly different be-
tween groups with the excluded patients having a higher percentage with a score of 0
(53.3%) and a lower percentage with a score of 3 or more (14.99%) than the included pa-
tients (44.4%, 21.37%) (p < 0.001). Excluded patients had a significantly higher percentage
without a recorded treatment status (58.11%) compared to included patients (0.92%) (p <
0.0001). Percentages of patients with no primary-site surgery were similar but signifi-
cantly different between groups with 70.92% of excluded patients and 73.83% of included
patients not having surgical treatment (p < 0.0001). Significant differences in the modality
of chemotherapy were present between groups with more included patients having sin-
gle-agent chemotherapy (29.16%) than excluded patients (17.88%) (p < 0.0001). Categories
for survival analysis were significantly different with the percentage of evaluable N being
97.35% in excluded patients and 91.41% in included patients (p <0.0001). Median observed
survival months differed significantly between groups, with survival being shorter in ex-
cluded patients (11.37, 95% CI 11.17-11.56) than in included patients (16.53, 95% CI 16.33—
16.76).

Table 2. Comparison of demographic and clinical chararacteristics in included vs. excluded

Patients.
.. AFP Absent AFP Present
Characteristic (Excluded) (Included) p-Value
Age (mean, SD) 64.28 (11.77) 64.73 (10.27) <0.0001
Age (median, IQR) 64 (56-73) 64 (58-71)
Sex 0.088
Male 73,783 (75.88%) 128,336 (76.18%)
Female 23,448 (24.12%) 40,134 (23.82%)
Histology <0.0001
HCC NOS 95,851 (98.58%) 166,778 (99.00%)
Fibrolamellar 372 (0.38%) 417 (0.25%)

https://doi.org/10.3390/cancers18213524



Cancers 2026, 18, 3524

7 of 18

Scirrhous 188 (0.19%) 251 (0.15%)
Spindle-cell 105 (0.11%) 136 (0.08%)
Clear-cell 690 (0.71%) 872 (0.52%)
Pleomorphic 25 (0.03%) 16 (0.01%)
NCDB Analytic Stage <0.0001
Stage I 26,151 (26.90%) 56,027 (33.26%)
Stage II 16,157 (16.62%) 34,561 (20.51%)
Stage II1 18,389 (18.91%) 34,813 (20.66%)
Stage IV 14,923 (15.35%) 28,427 (16.87%)
Unknown stage 21,573 (22.19%) 14,582 (8.66%)
Other 38 (0.04%) 60 (0.04%)
Race <0.0001
White 72,182 (74.24%) 124,359 (73.82%)
Black 14,103 (14.50%) 25,816 (15.32%)
Other 9537 (9.81%) 16,407 (9.74%)
Unknown 1409 (1.45%) 1888 (1.12%)
Primary Payor <0.0001
Not Insured 4765 (4.90%) 8475 (5.03%)
Private Insurance 29,708 (30.55%) 45,874 (27.23%)
Medicaid 12,236 (12.58%) 25,170 (14.94%)
Medicare 45,467 (46.76%) 83,567 (49.60%)
Other Government 2251 (2.32%) 3144 (1.87%)
Status Unknown 2804 (2.88%) 2240 (1.33%)
Charlson-Deyo Score <0.0001
0 51,825 (53.30%) 74,803 (44.40%)
1 22,186 (22.82%) 38,727 (22.99%)
2 8643 (8.89%) 18,939 (11.24%)
3 or more 14,577 (14.99%) 36,001 (21.37%)
Treatment Status <0.0001
Missing/blank 56,503 (58.11%) 1545 (0.92%)
No treatment given 11,707 (12.04%) 32,474 (19.28%)
Treatment given 27,486 (28.27%) 130,399 (77.40%)
Active surveillance 388 (0.40%) 2073 (1.23%)
Unknown 1147 (1.18%) 1979 (1.17%)
Primary-Site Surgery <0.0001
No primary-site surgery 68,959 (70.92%) 124,388 (73.83%)
Chemotherapy <0.0001
None 55,433 (57.01%) 88,884 (52.76%)
Chemotherapy NOS 4260 (4.38%) 4687 (2.78%)
Single-agent 17,386 (17.88%) 49,134 (29.16%)
Multiagent 9265 (9.53%) 8908 (5.29%)
Survival Analysis <0.0001
Total Evaluable N 94,653 153,998
Deaths 76,600 (80.9%) 109,381 (71.0%)
Censored 18,053 (19.1%) 44,617 (29.0%)

Median OS, months (95% CI)

11.37 (11.17-11.56)

16.53 (16.33-16.76)

3.4. Stage

Significant differences in cancer stage at presentation were noted between fibrola-
mellar, spindle-cell, and HCC NOS (p < 0.05). At stage 1 and stage 2, more patients had
HCC NOS (33.3% and 20.6%) in comparison to fibrolamellar (26.1 and 10.2%) and spindle-
cell (19.1% and 10.3%). Patients presented with stage 3 disease at similar rates across
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subtypes. At stage 4, fewer patients had HCC NOS (16.8%) compared to fibrolamellar
(38.1%) and spindle-cell (44.1%). Due to its small sample size, the pleomorphic subtype
was not included in this analysis.

3.5. AFP

When data was collected categoricaly in 1998 to 2017, median AFP for patients was
the 1-19 ng/mL category across subtype groups. In 2018 and beyond when AFP was
collected continuously, mean AFP (ng/mL) was 1555 + 3253 for HCC NOS, 1042 + 2777 for
fibrolamellar, 1452 + 3122 for scirrhous, 1332 + 3141 for spindle-cell, and 812 + 2407 for
clear-cell (p =0.001).

Table 3 outlines the percent of patients with each subtype that had elevated AFP
levels (defined as greater than or equal to 400 ng/mL). Elevated AFP was seen in 15.6% of
fibrolamellar, 25.1% of scirrhous, 30.9% of spindle-cell, 23.4% of clear-cell, 18.8% of
pleomorphic, and 29.4% of HCC NOS (p < 0.0001).

Table 3. AFP levels in the HCC subtypes.

AFP Value Fibrolamellar Scirrhous Spindle-Cell Clear-Cell Pleomorphic HCC NOS

* *
L008 too0yy  <A00mE/mL  200(86%) 126 (75.9%) 55 (632%) 456 (74.6%) <10 73,709 (69.4%)
>400ng/mL 34 (14%) 40 (24.1%) 32 (36.8%) 155 (25.4%) <10 32,472 (30.6%)
Total 243 166 87 611 15 106,181
<400ng/mL 143 (822%) 62 (73%) 39 (79.6%) 212 (81.2%) <10 44,063 (72.7%)
2018andbeyond o 0 ol 31(17.8%)  2327%)  10(204%) 49 (18.8%) <10 16,534 (27.3%)
Total 174 85 49 261 <10 60,597
* *
<400ng/mL 352 (844%) 188 (749%) 94 (69.1%) 668 (76.6%) 13(812%) 1772
1998 and beyond (70.6%)
>400ng/mL 65 (15.6%) 63 (25.1%) 42 (30.9%) 204 (23.4%) <10 49,006 (29.4%)
Total 417 251 136 872 16 166,778

* p <0.05 when compared to HCC NOS.

3.6. AFP and Stage of Disease

There was no significant difference across subtypes for stage 1 disease. At stage 2,
more patients with spindle-cell and clear-cell had elevated AFP (35.7%, 25.2%) in compar-
ison to fibrolamellar (11.9%), scirrhous (6.8%), and HCC NOS (17.6%) (p =0.0054). At stage
3, more patients with scirrhous and HCC NOS had elevated AFP (50%, 44.2%) compared
to fibrolamellar (22.5%), spindle-cell (28.2%), and clear-cell (28.2%) (p < 0.0001). At stage
4, HCC NOS and clear-cell had the highest numbers (53.2%, 42.2%) of patients with ele-
vated AFP compared to fibrolamellar (13.8%), scirrhous (30.4%), and spindle-cell (31.7%)
(p <0.0001). Pleomorphic was not included in this analysis due to a small sample size.

Figure 2 compares the percentages of patients with each subtype that have non-ele-
vated and elevated AFP at each stage of disease. Clear-cell and HCC NOS both show in-
creasing percentages of patients with elevated AFP as the stage of disease increases. Clear-
cell has 10.7% at stage 1, 25.2% at stage 2, 28.2% at stage 3, and 42.2% at stage 4 and HCC
NOS has 13.7%, 17.6%, 44.2%, and 53.2%, respectively. Fibrolamellar, scirrhous, and spin-
dle-cell show no trend in the percentage of patients with elevated AFP associated with
stage of disease.
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Figure 2. Comparison of AFP levels in HCC subtypes when stratified by stage of disease. * p <0.05
when proportions of elevated and non-elevated AFP are compared to HCC NOS.

3.7. AFP and Survival

When AFP was elevated, there were significant differences in median survival for the
fibrolamellar, scirrhous, and clear-cell subtypes (Figure 3). Survival for fibrolamellar pa-
tients with elevated AFP was 9.7 months (95% CI 4.90-23.39) vs. 39 months (CI 32.33-
52.83) when AFP was non-elevated (p < 0.0001). For scirrhous, median survival was 3.8
months (CI 1.81-8.94) vs. 24.2 months (CI 15.61-40.15) (p < 0.0001). For clear-cell, median
survival was 7.2 months (CI 5.19-9.89) when AFP was elevated and 25.9 months (CI 21.82—
29.77) when AFP was non-elevated (p < 0.0001). Spindle-cell interestingly showed a me-
dian survival of 3.7 months (CI 2.04-7.49) when AFP was elevated in comparison to 3.2
months (CI 1.74-5.09) when AFP was non-elevated, although this was not significant (p =
0.84). Table 4 outlines median follow-up for each subtype of HCC. Median follow-up was
estimated using the reverse Kaplan—-Meier method. Among the full dataset, the median
follow-up was 47.4 months (95% CI 46.9-47.7 months). To address potential confounding
by tumor stage, a stage-specific Kaplan—-Meier analysis was performed as outlined in Ta-
ble 5. Significant survival differences persisted for some subtypes at certain stages. Fi-
brolamellar showed significantly lower survival when AFP was elevated at stages III (p =
0.0076) and IV (p < 0.0001), scirrhous at stage I (p < 0.0001), and clear-cell at stages I (p =
0.026) and IV (p = 0.0029). Survival continued to show no significant differences for spin-
dle-cell when stratified by stage of disease. Treatment-stratified analysis was also per-
formed between surgical and non-surgical management and is outlined in Table 6. Further
stratification by stage was not possible due to the rarity of the subtypes, producing a small
sample size for certain groups. Significantly lower survival was present when AFP was
elevated for non-surgical management in fibrolamellar (p = 0.0014), scirrhous (p = 0.0082),
and clear-cell (p < 0.0001). There was no significant difference in survival for non-surgical
management in spindle-cell. No significant differences in survival were present for surgi-
cal management across subtypes.
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Figure 3. Kaplan—-Meier survival curves with number at risk for each HCC subtype when AFP is
elevated vs. non-elevated (a) Fibrolamellar HCC (p < 0.0001); (b) scirrhous HCC (p < 0.0001); (c)
spindle-cell HCC (p = 0.84); (d) clear-cell HCC (p < 0.0001).

Table 7 outlines an additional analysis utilizing multivariable Cox proportional haz-
ards regression that was performed for the fibrolamellar, spindle-cell, clear-cell, and scir-
rhous subtypes of HCC to adjust for variables that may influence survival. After adjust-
ment for these covariates, elevated AFP remained significantly associated with increased
mortality in patients with fibrolamellar (adjusted hazard ratio [aHR] = 1.87, 95% confi-
dence interval [CI]: 1.26-2.76; p = 0.0019) and clear-cell (aHR = 1.35, 95% CI: 1.10-1.66; p =
0.0036). Elevated AFP was not significantly associated with increased mortality in spindle-
cell (aHR =1.17, 95% CI: 0.71-1.93; p = 0.53) or scirrhous (aHR = 1.22, 95% CI: 0.78-1.90; p
= 0.38). Although the point estimates indicated an increased mortality hazard, the confi-
dence intervals included the null value, suggesting that the available evidence was insuf-
ficient to establish statistically significant associations in these subtypes.

Table 4. Median follow-up for the subtypes of HCC.

Survival N Median Follow-Up Months (95% CI)
Fibrolamellar 369 62.3 (55.7-78.6)
Scirrhous 228 86.8 (78.8-95.1)
Spindle-cell 123 68.4 (40.5-141.9)
Clear-cell 794 70.2 (61.6-75.2)
Pleomorphic Sample too small Not estimable
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Table 5. Median overall survival months when stratified by stage of disease and AFP.
Stage I Me- Stage II Me- Stage III Me- Stage IV Me-
AFP Level dian Survival Value dian Survival e dian Sur- Value dian Survival Value
Months Months vival Months Months
Fibrolamellar <400 ng/mL 76.7 80.2 32.3 26.8
0.3 0.76 0.0076 <0.0001
>400 ng/mL 38.7 28.3 8.6 4.2
Scirrhous <400 ng/mL 72.9 39 13.67 6.14
<0.0001 0.26 0.2045 0.4799
>400 ng/mL 11.5 12.19 5.65 4.07
Spindle-Cell <400 ng/mL 12 17.2 2.6 2
0.32 0.59 0.56 0.89
>400 ng/mL 40 9.4 3.2 1.97
Clear-Cell <400 ng/mL 47.6 34.6 10.6 8.51
0.026 0.29 0.25 0.0029
>400 ng/mL 30.7 22.6 7.5 2.279
Table 6. Median overall survival for the HCC subtypes when stratified by surgical vs. non-surgical
management.
. Non-Surgical Man- .
All Patients Me- on au:i:;t an Surgical Man-
AFP Level dian Survival p-Value ,g . p-Value agement Median p-Value
Median Survival .
Months Survival Months
Months
Fibrolamellar <400 ng/mL 39 14.2 87
<0.0001 0.0014 0.21
2400 ng/mL 9.7 4.8 42
Scirrhous <400 ng/mL 24.2 8.1 96.9
<0.0001 0.0082 0.29
>400 ng/mL 3.8 2.7 66.7
Spindle-cell <400 L 3.2 2 17.3
e ng/m 0.84 0.4 0.6
>400 ng/mL 3.7 2 9.4
Clear-cell <400 ng/mL 25.9 12.5 63.1
<0.0001 <0.0001 0.97
>400 ng/mL 7.2 6 57.5
Table 7. Adjusted survival and covariates for the HCC subtypes.
Fibrolamellar HCC Spindle-Cell HCC Clear-Cell HCC Scirrthous HCC
Covariates Levels Hazard Ratio Val Hazard Ratio p- Hazard Ratio Val Hazard Ratio  p-
(95% CI) P-YaTEE  (959% i) Value (95% CI) P-VaTE (959 1) Value
AFP Level —200M8/MLVS. 4 o7 1 26076) 00019 117 (0.71-1.93) 053 135 (110-1.66) 0.0036 122 (0.78-1.90) 0.38
<400 ng/mL
1.00 (0.978- 1.01 (0.990-
Age 1.00 (0.995-1.012) 0.42 1.017) 0.77  1.01 (1.005-1.021)0.0009 1.024) 0.44
Sex Male 1.13 (0.85-1.51) 0.39 1.01 (0.60-1.71) 0.96 0.91(0.76-1.09) 0.31 1.20 (0.82-1.76) 0.35
Stage I 1.19 (0.61-2.32) 0.6 0.91 (0.41-2.06) 0.83 1.22(0.94-1.58) 0.13 1.53 (0.90-2.60) 0.12
Stage Stage III 2.04 (1.31-3.20) 0.0018  2.35(1.05-5.24) 0.037 1.59 (1.24-2.05) 0.0003 1.99 (1.11-3.55) 0.02
of Disease Stage IV 3.65 (2.32-5.74)  <0.001 2.26 (1.19-4.29) 0.013 2.55(1.94-3.34) <0.001 1.73(1.00-3.01) 0.051
Unknown 1.55 (0.82-2.94)  0.18 2.25(0.83-6.09) 0.11 1.86 (1.30-2.64) 0.0006 4.04 (2.00-8.16) <0.001
0.096 (0.059- 0.192 (0.103- 0.161(0.124— 0.180 (0.104-
Surgery only 00 0001 o <0.001 " 00) 0001 (a) <0.001
L 0.315 (0.183— 0.201 (0.057— 0.377 (0.274— 0.662 (0.361-
Radiation only 0.540) <0.001 0.706) 0.012 0518) <0.001 1215) 0.183
Chemotherapy 0.275 (0.174— 0.307 (0.150— 0.478 (0.377— 0.709 (0.453—
Treatment 201 0.434) <0001 608) 0001 604) <0001 41 0.134
Immunotherapy 0.635 (0191 .o 0777(0100- o0 039 (0219- . 0202(0.048- .
only 2.108) ) 6.039) ) 0.730) ) 0.856) )
Surgery + Radia-0.126 (0.044— . . 0.111 (0.045- 0.517 (0.206—
tion 0.367) <0.001 0.277) <0001 599) 0.161
Surgery + Chem-0.126 (0.068- 0.134 (0.051- 0.168 (0.104- 0.119 (0.034-
otherapy 0.236) Q0L 353 <0001 27y <0001 4oy 0.001
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Tumor Size

Surgery + Immu- 0.153 (0.037-

- - - - 0.009 - -
notherapy 0.626)
Radiation + 0.400 (0.216— 0.207 (0.079- 0.339 (0.221- 0.541 (0.219-
Chemotherapy 0.742) 0.004 0.542) 0.001 0.520) <0.001 1.333) 0.182
Radiation + Im- 0.307 (0.094— 0.372 (0.117-
munotherapy  1.003) 0.051 B B 1.185) 0094 — B
Chemotherapy +0.419 (0.145- 0.065 (0.008— 0.415 (0.152— 0.193 (0.025-
Immunotherapy 1.212) 0109 518 001 139 0086 468) 0.112
Radiation +

0.268 (0.036— 0.756 (0.104— 1.205 (0.155-

h h 197 - - 782 .
Chemot erapy+1.981) 0.19 5.481) 0.78 9.370) 0.859
Immunotherapy
Surgery + Chem-, ;55 4 062- 0.247 (0.030—
otherapy +Im- 0379) <0.001 2.032) 0.193 --- - - -
munotherapy
Surgery + Radia-
tion + Chemo- - - - - - - - -
therapy
Surgery + Radia-
tion + Chemo-

0.182 (0.060— 0.133 (0.032-
therapy 0.545) 0.002 - - 0.549) 0.005 - -
+ Immunother-
apy
20-29 mm 1.50 (0.39-5.74)  0.556 0.43 (0.04-4.52) 0.481 1.49(0.78-2.84) 0.225 0.91 (0.35-2.35) 0.840
30-39 mm 1.33 (0.31-5.71)  0.706 0.26 (0.02-2.84) 0.269 1.81 (0.96-3.41) 0.068 1.93 (0.70-5.36) 0.207

40-49 mm

1.87 (0.51-6.93)  0.348 1.69 (0.12-24.19) 0.698 1.14 (0.60-2.14) 0.695 2.99 (1.03-8.71) 0.044

>50 mm

0.65 (0.23-1.85)  0.417 0.71 (0.07-7.00) 0.768 1.95(1.09-3.48) 0.024 1.55 (0.61-3.96) 0.358

--- indicates inability to generate a reliable hazard ratio due to small sample size, insufficient events,
or model instability. Reference groups for the analysis were AFP <400 ng/mL, female sex, stage I

disease, no treatment, and tumor size <20 mm for each respective category.

4. Discussion

Hepatocellular carcinoma (HCC) is not a single biologic entity, and the rare histologic
subtypes included in this study appear to differ in both frequency and prognostic signifi-
cance of alpha-fetoprotein (AFP) elevation. In this national cohort, AFP > 400 ng/mL was
most common in spindle-cell HCC (30.9%), followed by HCC NOS (29.4%), scirrhous
HCC (25.1%), clear-cell HCC (23.4%), pleomorphic HCC (18.8%), and fibrolamellar HCC
(15.6%). However, the estimate for pleomorphic HCC should be interpreted cautiously
given the small number of cases. The prognostic value of AFP also appeared to vary by
subtype. Elevated AFP was associated with worse survival in fibrolamellar, scirrhous and
clear-cell HCC, but AFP elevation was not associated with a significant difference in sur-
vival in spindle-cell HCC. These findings suggest that AFP should not be interpreted as a
uniform marker across all HCC histology. Rather, AFP appears most useful when inter-
preted alongside histology and disease stage.

AFP is better understood as a marker of tumor phenotype and hepatocellular secre-
tory activity than as a stand-alone diagnostic test. Current AASLD guidance emphasizes
that HCC diagnosis should not rely on AFP alone and that imaging and/or pathology re-
main central to diagnosis depending on the clinical context [19]. This distinction is im-
portant for the present study. Although AFP > 400 ng/mL has historically been used as
a high-specificity threshold, it is clinically more appropriate to interpret this cutoff as a
high-risk biomarker threshold rather than a diagnostic definition of HCC. Prior studies
showed that AFP-positive HCC is associated with aggressive tumor biology, including
vascular invasion, greater tumor burden, and worse outcomes, but our findings suggest
that these relationships may not apply equally to every histologic variant [20].
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The fibrolamellar findings are particularly important because they illustrate the lim-
itations of using AFP as a general HCC marker. Fibrolamellar HCC had the lowest rate of
AFP elevation in this cohort, which fits with its distinct clinical and molecular profile.
Unlike HCC NOS, fibrolamellar carcinoma often arises in younger patients without cir-
rhosis or chronic liver disease and is closely linked to the DNAJB1-PRKACA fusion onco-
gene [21,22]. The low frequency of AFP elevation in fibrolamellar HCC is consistent with
prior reports that AFP is typically not elevated in this subtype, although the biologic basis
for this pattern remains incompletely understood [23,24]. However, when AFP elevation
is present in fibrolamellar HCC, it may identify a higher-risk subgroup. In our analysis,
fibrolamellar patients with AFP > 400 ng/mL had significantly worse survival. After ad-
justment for covariates, AFP > 400 ng/mL remained significantly associated with poorer
prognosis, suggesting that elevated AFP may provide prognostic information beyond the
demographic and clinical characteristics included in the covariate analysis. These findings
are consistent with a previous study that found elevated AFP was associated with worse
overall survival among patients with fibrolamellar carcinoma undergoing curative resec-
tion [25]. When stratified by stage of disease, significantly worse survival when AFP was
elevated remained for stages III and IV. In this study, a majority of patients with fibrola-
mellar HCC presented with stage II or IV disease. This is consistent with a previous study
that described fibrolamellar HCC presenting at a later stage of disease [24]. While AFP is
not commonly elevated in fibrolamellar HCC, it may indicate a later stage of disease and
carry a heavier prognostic weight when elevated. This distinction should be emphasized
because while an AFP level <400 ng/mL cannot exclude aggressive fibrolamellar disease,
an elevated AFP may suggest a more biologically unfavorable phenotype.

Clear-cell HCC showed a different pattern. Although clear-cell tumors had a lower
overall frequency of AFP elevation than HCC NOS, AFP elevation increased with advanc-
ing stage and was associated with worse survival, which remained true following survival
adjustments and for stage I and IV when stratified by stage of disease. Prior data regarding
AFP in clear-cell HCC are limited. Yang et al. reported a mean AFP of 1276.4 ng/mL in a
series of 13 patients [6]. Among the rare subtypes in this study, clear-cell HCC therefore
appeared to behave most like HCC NOS with respect to AFP. This is biologically plausible
because clear-cell HCC is often regarded as a morphologic variant of HCC NOS rather
than a biologically distinct disease process. Population-based work has shown that clear-
cell HCC overlaps substantially with HCC NOS in clinical behavior after accounting for
stage, grade, and treatment variables [9,26]. A separate SEER-based nomogram study of
primary clear-cell carcinoma of the liver also supports that clear-cell HCC shares im-
portant prognostic determinants with HCC NOS [27]. Taken together with our results,
these findings suggest that AFP-positive clear-cell HCC may represent a more aggressive,
HCC NOS-like subgroup in which AFP elevation is associated with advancing disease
and poorer prognosis.

Scirrhous HCC also demonstrated clinically meaningful AFP elevation, with 25.1%
of patients having AFP > 400 ng/mL. Prior literature has suggested that AFP elevation
may occur relatively frequently in this subtype. Murtha-Lemekhova et al. reported AFP
greater than 20 IU/mL in 70.3% of patients with scirrhous HCC [28]. Direct comparison
with the present study is limited, however, because that study used a substantially lower
AFP threshold than the AFP > 400 ng/mL cutoff used in our analysis. In the present co-
hort, elevated AFP was associated with markedly worse survival, with median survival
of 3.8 months compared with 24.2 months among patients with AFP <400 ng/mL. When
stratified by stage of disease, this significant difference persisted for patients with stage I
disease. These findings suggest that marked AFP elevation may identify a subgroup of
scirrhous tumors with unfavorable prognosis, particularly in patients presenting with
early-stage disease. These survival differences did not persist following covariate analysis,
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with hazard ratios being insignificant. Given the rarity and heterogeneous clinical features
of scirrhous HCC, additional studies are needed to determine whether AFP provides
prognostic information independent of stage, treatment, liver function, and other tumor
characteristics.

Spindle-cell HCC demonstrated one of the highest frequencies of AFP elevation in
the study, with AFP > 400 ng/mL in 30.9% of patients. Prior evidence regarding AFP in
spindle-cell HCC has largely been restricted to small case series. Maeda et al. reported
AFP greater than 20 IU/mL in six of 13 patients and greater than 100 IU/mL in three pa-
tients [7]. Although spindle-cell tumors had one of the highest rates of AFP elevation in
this cohort, AFP did not significantly influence survival, and this remained true when
stratified by stage of disease and following covariate analysis. This may reflect the aggres-
sive biology of spindle cells, in which prognosis is poor regardless of AFP status. Prior
studies have characterized the subgroup at an advanced stage, with atypical imaging fea-
tures, a high recurrence risk, and poorer outcomes compared with HCC NOS [29,30]. Clin-
ically, this supports that AFP-negative disease should not be considered reassuring in
such rare HCC variants with aggressive histology.

The interpretation of AFP in pleomorphic HCC remains particularly limited. Only 16
patients with pleomorphic HCC were identified in this cohort, of whom three (18.8%) had
AFP > 400 ng/mL. Previous evidence is similarly sparse. A SEER-based analysis of 17
pleomorphic HCC cases reported positive AFP in 76.5% of patients [9]. Differences in the
definition of AFP positivity and the extremely small sample sizes limit direct comparison
between these estimates. The present data therefore do not permit strong conclusions re-
garding the frequency or prognostic significance of AFP elevation in pleomorphic HCC.

Several limitations should be acknowledged in our study. First, this study is retro-
spective and based on NCDB data, which limits adjustment for important clinical varia-
bles that may have influenced treatment decisions and eventual prognosis. Second, AFP
reports changed over time, with categorical reporting before 2017 and continuous report-
ing afterward, introducing measurement heterogeneity across the study period. Third,
because patients without recorded AFP were excluded, selection bias is possible if AFP
testing differed according to disease severity, treatment setting, institution or time period.
Finally, rare subtypes such as pleomorphic and spindle-cell HCC had small sample sizes,
limiting the ability to perform robust stage-specific or treatment-specific survival anal-
yses.

Despite these limitations, this study provides one of the first national evaluations of
AFP across rare HCC histologic subtypes and supports a subtype-specific approach to
biomarker interpretation. The most clinically meaningful finding is not simply that AFP
differs across subtypes, but that the prognostic capability of the tumor marker differs as
well. AFP elevation appears to identify higher-risk patients with fibrolamellar and clear-
cell HCC, while non-elevated AFP should not be interpreted as reassuring in aggressive
subtypes such as spindle-cell HCC. The prognostic association observed in scirrhous HCC
warrants further validation given the rarity of this subtype and the potential for unmeas-
ured clinical and treatment-related confounding. Future studies incorporating additional
biomarkers, liver function, treatment characteristics, and centralized pathology review
may further improve risk stratification in rare HCC subtypes.

5. Conclusions

In this national cohort, AFP elevation varied significantly across histologic subtypes
of HCC and was not uniformly associated with prognosis. AFP > 400 ng/mL was least
common in fibrolamellar HCC, but when present, it was associated with worse survival,
suggesting that AFP elevation may identify a higher-risk subset within this otherwise
AFP-low subtype. Clear-cell HCC demonstrated a more HCC NOS-like pattern, with AFP
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elevation increasing across advancing stages and being associated with worse survival.
Additional analysis to adjust for demographic and clinical characteristics in the subtypes
maintained a significantly lower survival in fibrolamellar and clear-cell HCC, strengthen-
ing the possible prognostic capability of elevated AFP in these subtypes. Elevated AFP
was also associated with worse survival in scirrhous HCC. In contrast, spindle-cell HCC
showed no significant AFP-based survival difference. Finally, interpretation of pleo-
morphic HCC remains limited by its very small sample size. Overall, these findings sup-
port a subtype-specific approach to AFP interpretation in which its prognostic value de-
pends on the histological subtype rather than functioning as a uniform biomarker across
all HCC subtypes.
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Abbreviations

The following abbreviations are used in this manuscript:

HCC Hepatocellular Carcinoma

NOS Not Otherwise Specified

AFP Alpha-Fetoprotein

NCDB National Cancer Database

ICD International Classification of Diseases

SEER Surveillance, Epidemiology, and End Results Program
Appendix A

Table Al. Predefined categories for AFP values recorded from 1998 to 2017.

Code Description
000 0 ng/mL
001 1-19 ng/mL
002 20-29 ng/mL
003 30-39 ng/mL
004 40-49 ng/mL
005 50-59 ng/mL
006 60-69 ng/mL
007 70-79 ng/mL
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008 80-89 ng/mL

009 90-99 ng/mL

010 100-199 ng/mL

020 200-299 ng/mL

030 300-399 ng/mL

040 400-499 ng/mL

050 500-599 ng/mL

060 600-699 ng/mL

070 700-799 ng/mL

080 800-899 ng/mL

090 900-999 ng/mL

100 1000-1999 ng/mL

120 20002999 ng/mL

130 3000-3999 ng/mL

140 40004999 ng/mL

150 5000-5999 ng/mL

160 6000-6999 ng/mL

170 7000-7999 ng/mL

180 8000-8999 ng/mL

190 9000-9999 ng/mL

200 Greater than or equal to 10,000 ng/mL
997 Test ordered, results not in chart
998 Test not done (not ordered and not performed)
999 Unknown or blank
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