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Abstract. In a previous study, we showed that the level of
soluble CD25 (sCD25) was elevated in a small series of patients
with hepatocellular carcinoma (HCC). In the present study, we
determined the capacity of serum levels of sCD25 to detect
the presence and the early stage of HCC using a larger cohort
of HCC patients and evaluated the correlation between sCD25
level and tumor burden. Serum levels of sSCD25 were quanti-
fied using ELISA in patients with HCC (n=145), controls with
advanced fibrosis (n=61) and healthy control subjects (n=30).
The levels of sSCD25 in patients with HCC (median, 6,955 pg/ml)
were significantly higher than those in cirrhosis-only patients
(4,310 pg/ml; P<0.0001). At a cut-off value of 2,180 pg/ml,
sCD25 had a sensitivity of 92.3% and a specificity of 37.7% in
detecting HCC presence [area under the curve (AUC) of 0.685;
P<0.0001]. By comparison, a-fetoprotein (AFP) had a sensi-
tivity of 53.8% and a specificity of 86.8% at a cut-off value of
32.8 ng/ml (AUC=0.755; P<0.0001) for HCC presence detec-
tion. For early HCC, the sensitivity of sCD25 was 89.6% and
its specificity was 39.3% (AUC=0.630; P<0.0001) at a cut-off
value of 2,859 pg/ml, while AFP had a sensitivity of 41.7%
and a specificity of 82.6% at a cut-off value of 20.6 ng/ml
(AUC=0.630; P=0.0257). We also found a significant positive
correlation between serum levels of sSCD25 and tumor stage. In
the present study study, sCD25 was more effective than AFP at
detecting the presence and early stages of HCC. This immune
factor may hold promise as a novel predictive marker of HCC
presence and may be useful in distinguishing early HCC from
advanced cirrhosis, currently areas of global unmet need.
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Introduction

Hepatocellular carcinoma (HCC) is among cancers with the
poorest outlook, with fewer than 12% of all patients surviving
at five years (1). Primary liver cancer most often emerges as
a complication of chronic liver disease, specifically cirrhosis.
In western countries, the most common cause of cirrhosis
is presently chronic hepatitis C virus (HCV) infection and
non-alcoholic fatty liver disease (NAFLD) is emerging
as a primary risk factor due to the epidemic of obesity (2).
In a population with cirrhosis, the most common clinical
sequela is HCC (3). The early detection of HCC markedly
improves outcome (4). While the risk factors for patients at
the highest risk for developing HCC are well characterized,
the early detection of liver cancer remains a challenge. The
current screening tools of ultrasonography and measurement
of a-fetoprotein (AFP) in the blood have limitations (5,6). In
clinical practice, AFP is not elevated in a significant number
of patients with HCC (7). While the serological AFP blood
test is non-invasive, inexpensive and reproducible, screening
programs that utilize the test suffer from limitations in this
marker's sensitivity and specificity. The poor sensitivity of
AFP explains its absence from the AASLD practice guide-
lines as a test recommended for screening of HCC (8). This
substandard sensitivity underlines the need for a biomarker
that is able to detect HCC at an early stage.

The immune system employs various defense mechanisms
to inhibit cancer proliferation. However, a hallmark of cancer
is the ability to exploit these defenses and ultimately eclipse
tumor immunity (9). We have identified soluble CD25 (sCD25)
as an immune factor that is part of the immune-suppressive
network of HCC with potential promise as a biomarker for
HCC. sCD25 is produced after proteolytic release from the
membrane-bound a-subunit (CD25) of the interleukin (IL)-2
receptor. When CD25 is present on the T-cell membrane,
together with the  and y chains it forms the high-affinity
IL-2 receptor that allows optimal IL-2 signaling for T-cell
activation and proliferation (10). We have previously shown
that the level of sCD25 in the serum of patients with HCC
is directly correlated with the degree of tumor burden (11).
In addition to the correlation with HCC burden, sCD25 also
has novel functional properties with an ability to inhibit, in a
dose-related manner, antitumor T-cell responses. The release
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of sCD25 with its immune-inhibitory properties is another
level of immune regulation involved in HCC development and
progression (12-14).

In the present study, we evaluated the correlation between
the serum level of sCD25 and liver pathology using a well-
defined cohort of patients with HCC and patients with advanced
liver fibrosis. We hypothesized that sCD25 has the potential to
be an effective biomarker for the presence and early detec-
tion of HCC. We determined the level of sCD25 in healthy
subjects (NCs), disease controls (DCs) with advanced fibrosis
and patients with HCC. We then determined the sensitivity
and specificity of sSCD25 in order to distinguish patients with
HCC from controls with advanced fibrosis and cirrhosis. We
also evaluated the efficacy of sCD25 in detecting early HCC.
We concluded our study by revisiting the connection between
sCD25 level and tumor burden observed in our previous study
using this larger cohort of patients with HCC.

Materials and methods

Study population. The study protocol was approved by the
University of Florida Institutional Review Board and we
obtained written informed consent from all participants in the
study. The study included 143 patients with HCC in the setting
of cirrhosis, 61 liver DCs and 30 NCs. Cirrhosis in the HCC
patients developed from various primary etiologies (Table IB).
The DC etiologies included patients with chronic HCV or
HBYV infection, chronic HCV- or HBV-related cirrhosis,
HCV and HBV co-infection, alcohol abuse, NAFLD and
cryptogenic cirrhosis (Table TA). All DCs were evaluated for
stage of fibrosis with a liver biopsy and serum collection was
performed on the same day as the biopsy. Of the 61 DCs, 54
had cirrhosis and these patients had a fibrosis stage =3 out of
6 (Table IA) (15). All DCs with cirrhosis and patients with
HCC enrolled in this study had well-compensated cirrhosis
compatible with Child-Pugh A classification. No patients had
a performance status >1 and the majority of HCC patients had
a performance status score of 0. Blood samples from gender-
and age-matched NCs (n=30; 15 males, 15 females) were
obtained from the local blood bank (Life South, Gainesville,
FL, USA). HCC was diagnosed according to the non-invasive
radiological criteria per the AASLD guidelines (7). The
staging of HCC was performed using the Barcelona Clinic
Liver Cancer (BCLC) staging system. Patients diagnosed with
stage A HCC had a single lesion <5 cm or 2-3 lesions <3 cm
in size. Multinodular lesions >5 cm were characteristic tumor
features in patients with stage B HCC. Macroscopic vascular
invasion or metastatic disease was established in patients with
Stage C HCC (16).

Within the group of DCs, 44 patients had HCV-related
cirrhosis confirmed by histopathology. The patients with
confirmed HCV-related cirrhosis were enrolled into our
surveillance program, received serial cross-sectional imaging
every six months and had no liver masses on enrollment and
12 months after enrollment. The following clinical data were
obtained for each HCC patient: age, gender, ethnicity, etiology
of HCC, BCLC stage, AFP level and Model for End-Stage
Liver Disease (MELD) score. For the DCs, we obtained age,
gender, ethnicity, etiology of liver disease, MELD score and
AFP data for 46 of the 61 DC patients. AFP was measured
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in 46 of the 61 DC patients. Laboratory hepatic function data
needed for MELD score calculation was not obtained for 10 of
the 61 DCs at the time of their enrollment

Serum preparation and sIL-2R ELISA for sCD25 quanti-
fication. Whole blood samples were collected on the clinic
date when patients were diagnosed with HCC and processed
for serum isolation. Then, using sIL-2R ELISA (Bender
MedSystems, Vienna, Austria), we processed fresh samples for
sCD25 in duplicate using our previous approach (11). Briefly,
microtiter plates coated with anti-human sIL-2R antibody
were inculcated with serum containing sCD25 and subjected
to horseradish peroxide, a substrate solution that upon addition
induced a color change. The intensity of the colored product
was directly proportional to the level of sCD25 present in
each well. Plates were read at 450 nm using the SpectraMax
190 reader (Molecular Devices, Sunnyvale, CA, USA).
Measurements of sCD25 above the upper limit of the calibra-
tion range (20,000 pg/ml) were diluted by half using buffer
from the manufacturer.

Statistical analysis. Data for sCD25 and AFP levels are
expressed as box plots with medians + SD. Receiver operator
characteristic (ROC) curves with respective points of maximal
accuracy for sensitivity and specificity were generated to deter-
mine biomarker performance. The multiple regression test was
used to evaluate the correlation between clinical parameters
and sCD25 level. We used the Mann-Whitney U test to assess
the significance of group differences in the level of sCD25.
Spearman's rank correlation coefficient was used to examine
the correlation between HCC stage and the level of sCD25.
P<0.05 was considered to indicate a statistically significant
result. Statistical data were analyzed using MedCalc version
11.5.1.0 (MedCalc Software, Mariakerke, Belgium).

Results

Clinical characteristics of HCC patients and DCs. In our study,
the majority of HCC patients were male (79%) and Caucasian
(82%). African-Americans, Hispanics and Asians were less
common (Table I). A near-equal distribution of patients was
present across all stages of HCC, with 48 patients having stage
A disease (early HCC), 45 patients being in the stage B subset
(intermediate HCC) and 50 patients having stage C cancer
(advanced HCC). The average age of the HCC patients was
63.6 years. Of the HCC patients, 60% had chronic HCV infection,
making HCV the predominant etiology of their liver disease.
Other primary causes of HCC included alcohol-related cirrhosis
(n=13), chronic HBV infection (n=7) and NAFLD/non-alcoholic
steatohepatitis (NASH; n=13). The majority of HCC patients
(97%) had a MELD score <15. Most HCC patients (67.13%)
had an AFP level <400 ng/ml. For the DCs, the main etiology
of their liver disease was chronic HCV infection and nearly all
patients had an AFP level <400 ng/ml (Table IB).

sCD25 levels in HCC patients. The serum levels of sCD25
were detected at a significantly higher level in HCC patients
than NCs and DCs (Fig. 1A). The median value of sCD25 in
the HCC patients (6,955 pg/ml) was significantly higher than
that of the DCs and NCs (P<0.0001). The median level of
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Table I. Baseline clinical characteristics of HCC (n=143) and
disease control patients.

A, Disease controls (n=61)

Category n (%), or mean (range)
Age (years) 55.9 (45-77)
Gender
Male 42 (68.90)
Female 19 (31.15)
Ethnicity
Caucasian 53 (86.89)
African-American 5 (8.20)
Hispanic 2(3.28)
Asian 1(1.64)
Etiology
Cryptogenic cirrhosis 2(3.28)
EtOH cirrhosis 3(4.92)
HBV 1(1.64)
HBYV cirrhosis 1(1.64)
HBV+HCYV cirrhosis 1(1.64)
HCV 6(9.84)
HCYV cirrhosis 44 (72.13)
NAFL cirrhosis 3(4.92)
AFP
<400 ng/ml 45 (97.83)
>400 ng/ml 12.17)
MELD score
<10 40 (78.43)
>10 11 (21.57)

B, HCC patients (n=143)

Category n (%), or mean (range)
Age (years) 63.6 (30-92)
Gender
Male 113 (79.02)
Female 30 (20.98)
Ethnicity
Caucasian 117 (81.82)
African-American 15 (10.49)
Hispanic 8(5.59)
Asian 3(2.10)
Etiology
Adenoma 4 (2.80)
Cryptogenic cirrhosis 19 (13.29)
EtOH cirrhosis 13 (9.09)
HBYV cirrhosis 7 (4.90)
HCYV cirrhosis 86 (60.14)
NAFL cirrhosis 13 (9.09)
PBC cirrhosis 1 (0.70)

ONCOLOGY LETTERS 4: 840-846, 2012

Table IB. Continued.

B, HCC patients (n=143)

Category n (%), or mean (range)
HCC stage®
A 48 (33.57)
B 45 (31.47)
C 50 (34.97)
AFP
<400 ng/ml 96 (67.13)
>400 ng/ml 47 (32.87)
MELD score
<10 106 (74.13)
=10 37 (25.87)

“Stage based on the Barcelona Clinic Liver Cancer HCC staging
system. HCC, hepatocellular carcinoma; HBV, hepatitis B virus;
HCYV, hepatitis C virus; NAFL, non-alcoholic fatty liver; PBC,
primary biliary cirrhosis; AFP, a-fetoprotein; MELD, Model for End-
Stage Liver Disease.

sCD25 in the DC group (4,310 pg/ml) was higher than that in
the NCs (2,098 pg/ml), but the difference was not significant
(P=0.0676). The levels of sCD25 of HCC patients were not
correlated with age, gender or MELD score.

AFP levels in HCC patients. AFP levels were obtained for DC
and HCC patients but not the NCs. The difference between the
median AFP level in HCC patients (49.4 ng/ml) and that in
DCs (5.3 ng/ml) was significant (P<0.0001; Fig. 1B). For the
DC and HCC patients, there was no correlation between the
AFP levels and age, gender or MELD score.

Utility of sCD25 in predicting HCC presence. After showing
that sCD25 was able to differentiate HCC from controls with
cirrhosis (P<0.0001), we then determined its capacity to
detect the presence of HCC. This analysis showed that at a
cut-off value of 2,180 pg/ml, sCD25 had a sensitivity of 92.3%
and a specificity of 37.7% for detecting HCC (Fig. 2A). By
comparison, AFP had a sensitivity of 53.8% and a specificity
of 86.8% at a cut-off value of 32.3 ng/ml. The area under the
curve (AUC) values for sCD25 and AFP were 0.685 and 0.755,
respectively. At 20 ng/ml, the recommended clinical cut-off
value for AFP used in clinical practice, the sensitivity of AFP
was 60.1% and the specificity was 81.8% (AUC=0.733).

sCD25 as a marker for early stage HCC. We evaluated the
performance of sCD25 in detecting early HCC by comparing
the level of sCD25 in patients with BCLC stage A HCC with
the sCD25 responses of DC patients (Fig. 3A). In this ROC
analysis, an optimal cut-off value of 2,859 pg/ml for sCD25
had a sensitivity of 89.6% and a specificity of 39.3% with an
AUC of 0.630 (P<0.0001). By comparison, at a cut-off value of
20 ng/ml, AFP had a sensitivity of 41.7% and a specificity of
82.6% (AUC=0.630, P=0.0257; Fig. 3B).
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Figure 1. Serum levels of sCD25 and AFP. Values expressed as median + standard deviation. (A) Serum sCD25 level in HCC patients (6,955 pg/ml) was
significantly higher than levels manifested in NCs (2,098 pg/ml) and DCs (4,310 pg/ml; P<0.0001). (B) Serum AFP rose as liver disease worsened. DC patients
had a median AFP concentration of 5.3 ng/ml and the median AFP level in HCC patients was 49.4 ng/ml. sCD25, soluble CD25; AFP, a-fetoprotein; HCC,
hepatocellular carcinoma; NC, healthy control; DC, disease control.
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Figure 2. ROC curves: HCC presence. ROC curves demonstrate the potential of sCD25 as a predictor of HCC presence. (A) At a cut-off value of 2,180 pg/ml
the sensitivity of sCD25 for HCC presence was 92.3% and the specificity was 37.7% (AUC=0.685). (B) Sensitivity of AFP was lower than the sensitivity for
sCD25. At a cut-off value of 39.7 ng/ml, the sensitivity of AFP was 53.1% while its specificity was 89.1% (AUC=0.753). ROC, receiver operator characteristic;
sCD25, soluble CD25; HCC, hepatocellular carcinoma; AUC, area under the ROC curve; AFP, a-fetoprotein.
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Figure 3. ROC curves: Early HCC. (A) ROC curve showing sensitivity and specificity of sCD25 in the detection of early stage HCC. The cut-off value of
2,859 pg/ml for sCD25 had a sensitivity of 89.6% and a specificity of 39.3% (AUC=0.630). (B) At a cut-off value of 20.6 ng/ml AFP possessed a sensitivity of
41.7% and specificity of 82.6% (AUC=0.630). sCD25 demonstrated a stronger capacity to predict early cancer (P<0.0001) than AFP (P=0.0257). ROC, receiver
operator characteristic; HCC, hepatocellular carcinoma; sCD25 soluble CD25; AUC, area under the ROC curve; AFP, a-fetoprotein.
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Figure 4. Tumor burden and sCD25 level. (A) Tumor burden was directly correlated with serum sCD25 level. (B) Tumor burden and serum AFP level increased
in tandem. sCD25, soluble CD25; AFP, a-fetoprotein; HCC, hepatocellular carcinoma. Stage based on the Barcelona Clinic Liver Cancer HCC staging system.

Table II. Correlation between sCD25 and stage A HCC tumor
size.

Tumor size (cm) Parameter sCD25% AFPP
<2 Sensitivity 91.7 333
Specificity 410 76.1
<5 Sensitivity 92.1 474
Specificity 393 82.6

*Cut-off value, 2,859 pg/ml; “cut-off value, 20.0 ng/ml. sCD25,
soluble CD25; HCC, hepatocellular carcinoma; AFP, a-fetoprotein;
stage based on the Barcelona Clinic Liver Cancer HCC staging
system.

Correlation between tumor burden and sCD25 level. We
evaluated the correlation between levels of sCD25 and tumor
burden. We also examined the correlation between AFP
and tumor burden. We observed a progressive elevation in
the level of sCD25 with increasing HCC stage (R=0.213,
P<0.0160). The patients with early stage HCC (stage A)
had the lowest median level of sCD25 (6,339 pg/ml), while
patients with multi-nodular HCC (stage B) had an interme-
diate median level of sCD25 (7,365 pg/ml). The patients
with advanced HCC (stage C) had the highest median level
of sCD25 (8,889 pg/ml; Fig. 4A). We also found a strong
positive correlation between AFP level and stage of HCC
(Fig. 4B; R=0.513, P<0.0001).

Using the cut-off value of 2,859 pg/ml for sCD25 and
20 ng/ml for AFP, we evaluated the correlation between
sCD25 and size of HCC in patients with early HCC. In this
analysis, we divided the subset of HCC patients with early
HCC into patients with a single small tumor <2 cm and
patients with single tumors <5 cm in size. In this analysis,
sCD25 retained a high sensitivity in those patients with the
smallest lesions (<2 cm) and in patients with lesions <5 cm
(Table IT). We also found that the sensitivity for AFP was low
and increased with size of HCC.

Discussion

Given that the majority of HCC patients present with advanced
disease, there is a pressing need for an effective biomarker
that detects the presence and early stages of HCC at a better
capacity than AFP. In the present study, we found that sCD25
effectively distinguished HCC patients from healthy and DC
subjects. The levels of sCD25 in HCC patients were signifi-
cantly higher than those in NCs and DCs with advanced liver
fibrosis. This analysis found that sCD25 possesses a sensitivity
of 92% at a cut-off value of 2,180 pg/ml for the presence of
HCC and warrants additional investigation as a potential
screening test. Furthermore, sCD25 also retained this high
sensitivity (90% at a cut-off value of 2,899 pg/ml) for detecting
HCC in a subset of patients with early stage HCC, highlighting
its potential use as a screening tool in those at high-risk for
HCC. When comparing sCD25 with AFP, we found that
sCD25 has a higher sensitivity than AFP in detecting the
presence of HCC, particularly in patients with early HCC.
We also observed a positive correlation between the level of
sCD25 and the degree of tumor burden of HCC, with levels
of sCD25 progressively increasing from early (stage A) to
advanced stage (stage C) HCC. This correlation was consistent
with our previous study (11), which revealed a positive correla-
tion between serum levels of sSCD25 and tumor burden. These
findings suggest that the measurement of serum levels of the
immune marker sCD25 may improve earlier detection of HCC
and could potentially be a useful novel prognostic marker.

A number of serum markers have been evaluated to detect
HCC, including AFP, lectin-bound AFP (AFP-L3%) and des-y
carboxy-prothrombin (DCP). The most commonly used sero-
logical assay to detect HCC is the blood test for AFP. However,
AFP at the clinically recommended cut-off value of 20 ng/ml
suffers from poor sensitivity (17). Studies have suggested DCP
and AFP-L3% as potential biomarkers for HCC, particularly
when used in a complementary fashion (18-20). However, a
multicenter phase II biomarker study, using a total of 836
patients with 50% of the patients being controls with cirrhosis
and 50% having HCC, showed the sensitivity of 60% for AFP
to be better than those of DCP and AFP-L3% (21). For those
patients with early stage HCC, the sensitivity of 65% for AFP
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was more sensitive than DCP and AFP-L3%. Studies that
combined the three markers AFP-L3%, DCP and AFP have
failed to show a substantial improvement in sensitivity, even
when using a cohort of HCC patients with large, unresectable
tumors (22). When patients with early HCC were analyzed
from a nested case-control study of 39 HCC cases developing
during the randomized Hepatitis C Antiviral Long-term
Treatment (HALT-C) trial, the sensitivity dropped to 47% for
DCP and 61% for AFP (23). Numerous studies have shown
that the sensitivity of these markers drops as a function of
decreasing tumor size, highlighting an insufficient sensitivity
for these markers at detecting the onset of cancer at its earliest
stage (24-26). The need to be able to detect HCC at its earliest
stage was further demonstrated in the HALT-C trial, which
analyzed the serum levels of AFP and DCP for 12 months
prior to the diagnosis of HCC. DCP and AFP had good speci-
ficities (94 and 75%, respectively), but possessed markedly low
sensitivities, of 47 and 43%, respectively. In the present study,
sCD25 was more sensitive than AFP in distinguishing patients
with early HCC from cirrhosis control patients. Moreover, our
study showed that AFP level was not correlated with early
stage HCC lesions smaller than 3 cm (P=0.1148). This finding
is consistent with the conclusions of other studies (27) demon-
strating a lack of sensitivity of the AFP serological test when
used in the screening for early tumors.

While AFP had poor sensitivity in our study, it did show
a high specificity for both HCC presence and early HCC in
comparison to the low specificity of sCD25 in these analyses.
The inadequate specificity of sCD25 is a limitation that
requires further evaluation through the recruitment of a
larger HCC cohort, since an ideal biomarker should possess
high sensitivity and specificity. The addition of complemen-
tary markers to sCD25 should also be considered, since this
approach to screening may improve the capacity of a test to
detect cancer in its early stage.

AFP continues to be widely used but concern over its poor
performance as a marker has led to its exclusion as a recom-
mended test for screening patients at high risk for HCC in
the current practice guidelines from the AASLD (7,28,29).
Currently, the main screening strategy recommended is serial
liver ultrasonography. However, this screening modality is
not being effectively used since the majority of patients at the
highest risk for HCC development are not undergoing surveil-
lance (30). Ultrasonography also poses significant challenges
related to availability and operator experience in interpreting
images from cirrhotic livers and obese patients (31). The
identification of a novel biomarker for HCC that detects early
cancer and is capable of overcoming these limitations may
improve surveillance efforts and clinical outcomes.

While this study was not designed to evaluate the influ-
ence of the etiology of underlying liver disease or other
clinical factors on sCD25, we did not identify a correlation
between clinical parameters and levels of sCD25 level. Most
importantly, our study controlled for underlying liver function
by enrolling only HCC patients with Child-Pugh A cirrhosis.
Biases were further eliminated through the blind implemen-
tation of bioassay procedures. Our study demonstrated a
dose-response correlation between sCD25 level and tumor
burden, suggesting its potential use as predictor of prognosis
at baseline. Future studies analyzing sCD25 responses in
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samples obtained during a surveillance program may provide
further insight on the utility of sCD25 in surveillance for early
HCC detection.

We currently lack a reliable serum marker for the early
detection of HCC. In accordance with the phase-specific
biomarker standardization model delineated by Pepe ef al, we
highlight the progress of our initial study using the immune
marker of sSCD25 (32). Previously, we assessed the perfor-
mance of sCD25 in a small group (n=60) of HCC patients.
In the present study, we expanded our analysis to a larger
cohort of HCC patients (n=143) and again observed the previ-
ously shown marked elevation of sCD25 in HCC patients in
comparison to the levels manifested in healthy controls and
controls with cirrhosis (11). Our findings show that sCD25
distinguished HCC from appropriate controls and that this
marker identified the presence of HCC more effectively than
AFP, particularly in patients with early tumors. The high
sensitivity of sCD25 suggests it holds promise as a marker
for early HCC which is an area of unmet need. To further
characterize the utility of sCD25 in detecting early stages of
HCC tumor development, larger longitudinal and validation
studies are planned.
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