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Abstract
Background and Aims: The outcome of patients with hepatocellular carcinoma (HCC) remains
poor because of late diagnosis. The aim of this study was to compare the accuracy of alpha fetoprotein
(AFP) and des-gamma-carboxy prothrombin (DCP) in the early diagnosis of HCC.

Methods: Among 1031 patients randomized in the Hepatitis C Antiviral Long-Term Treatment
against Cirrhosis (HALT-C) Trial, a nested case-control study of 39 HCC cases (24 early stage) and
77 matched controls was conducted to compare the performance of AFP and DCP. Testing was
performed on sera from 12 months prior (month −12) to the time of HCC diagnosis (month 0).

Results: The sensitivity and specificity of DCP at month 0 was 74% and 86% at a cutoff of 40
mAU/mL and 43% and 100% at a cutoff of 150 mAU/mL. The sensitivity and specificity of AFP at
month 0 was 61% and 81% at a cutoff of 20 ng/mL and 22% and 100% at a cutoff of 200 ng/mL. At
month −12, the sensitivity and specificity at the low cutoff was 43% and 94% for DCP and 47% and
75% for AFP. Combining both markers increased the sensitivity to 91% at month 0 and 73% at month
12 but the specificity decreased to 74% and 71%. Diagnosis of early HCC was triggered by
surveillance ultrasound in 14, doubling of AFP in 5 and combination of tests in 5 patients.

Conclusions: Biomarkers are needed to complement ultrasound in the detection of early HCC but
neither DCP nor AFP is optimal.

Keywords
hepatitis C; interferon; cirrhosis

Hepatocellular carcinoma (HCC) is the sixth most common malignancy and the third most
common cause of cancer-related death worldwide 1. The incidence of HCC in the United States
is increasing and is largely attributed to hepatitis C 2. While the survival of patients with most
malignancies has improved over the last decade, 5-year survival of patients with HCC has
remained less than 10% 3. The poor outcome of patients with HCC is related to the late detection
with more than two-thirds of patients diagnosed at advanced stages of disease 4. Cirrhosis of
any cause and chronic infection with hepatitis B virus (HBV) or hepatitis C virus (HCV) are
the most common risk factors for HCC 5. Thus, surveillance of populations at-risk may detect
tumors at an early stage when curative interventions can be implemented. Several studies
reported a benefit of HCC surveillance on survival 6, 7 and guidelines from professional
organizations recommend HCC surveillance for at-risk populations 5, 8.

A major problem with HCC surveillance is the lack of reliable biomarkers. Alpha fetoprotein
(AFP) is the most widely used biomarker for HCC surveillance; however, not all HCCs secrete
AFP. Furthermore, AFP may be elevated in patients with chronic liver disease in the absence
of HCC. The low sensitivity and specificity of AFP in detecting early HCC led the American
Association for the Study of Liver Diseases (AASLD) Practice Guidelines Committee to
recommend that ultrasound alone (without AFP) be used for HCC surveillance 5. However,
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the interpretation of ultrasound is operator-dependent and can be difficult in persons who are
obese or have underlying cirrhosis. Therefore, reliable biomarkers to complement ultrasound
are needed.

Des-gamma-carboxy prothrombin (DCP) has been used widely in Japan for HCC diagnosis
and surveillance 9-16. DCP is an abnormal prothrombin molecule that is generated as a result
of an acquired defect in the posttranslational carboxylation of the prothrombin precursor in
malignant cells; this prothrombin defect in malignant cells is similar to the deficit in vitamin
K deficiency and has been called Prothrombin Induced by Vitamin K Absence (PIVKA) 17,
18. Experience with DCP in western countries, particularly the United States, is limited.

To date, most studies on HCC biomarkers have focused on the accuracy of these markers at
the time of HCC diagnosis. Few studies have included cohorts of at-risk persons followed
prospectively to determine the utility of these markers in detecting early stage HCC, before
clinical manifestations 19. Of note, some studies included patients with early stage liver
disease, who are at low risk of HCC, and, in most studies, the performance of the biomarkers
was assessed by focusing on baseline values rather than on serial determinations over time
13,20-26. The Hepatitis C Antiviral Long-Term Treatment against Cirrhosis (HALT-C) Trial
enrolled patients with chronic hepatitis C and bridging fibrosis or cirrhosis, who failed to
respond or to achieve a sustained virologic response (SVR) to combination therapy with
pegylated interferon and ribavirin. These patients were randomized to maintenance therapy
with peginterferon alfa-2a 90 mcg/week or to no treatment for 3.5 years 27, 28. One of the
goals of the HALT-C Trial was to identify and validate serum markers for the surveillance of
HCC. In an earlier report on 1,145 patients enrolled in the Lead-in phase, we observed that
baseline AFP levels were >20 ng/mL in 16.6% of patients and were significantly higher in
patients with cirrhosis, women, and blacks 29. Furthermore, AFP levels decreased during
peginterferon and ribavirin treatment. The aims of the current analysis were to (a) compare the
impact of demographics and liver histology on baseline AFP and DCP values, (b) compare the
effect of maintenance peginterferon on changes in AFP and DCP values during the randomized
study, (c) determine the accuracy of AFP and DCP in the detection of HCC during a 12-month
period before HCC diagnosis, and (d) determine whether an increase in AFP or a suspicious
nodule on ultrasound occurred earlier in the HCC cases.

PATIENTS AND METHODS
HALT-C Trial design, HCC definition and surveillance

The design of the HALT-C Trial has been described previously27, 28. All patients were required
to have an ultrasound, computed tomography (CT) or magnetic resonance imaging (MRI) with
no evidence of hepatic mass lesions suspicious for HCC and a serum AFP <200 ng/mL prior
to enrollment (except for 3 patients who had AFP values of 206, 212, and 315 ng/mL). Liver
biopsies were reviewed in conference by a panel of 12 hepatic pathologists, who used the Ishak
scoring system to stage fibrosis (0-6) 30.

Patients were seen every 3 months during the 3.5 years of the randomized trial. Blood samples
were collected at each visit for subsequent research testing including assays for HCC
biomarkers. AFP levels at enrollment and every 3 months were tested at the local clinical
laboratories. DCP levels at enrollment and during follow-up were tested on all patients with
an enzyme immunoassay (PIVKA II, Eisai Company, Tokyo, Japan) in a central laboratory at
the University of Michigan. Ultrasound examinations were repeated 6 months after enrollment
and again every 12 months. Patients with an elevated or rising AFP and those with new lesions
on ultrasound were evaluated further by CT or MRI.
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Two definitions of HCC were adopted as described previously, one for “definite” HCC and
one for “presumed” HCC 31. Definite HCC was defined by histologic confirmation or a new
mass lesion on imaging with AFP levels increasing to >1,000 ng/mL. Presumed HCC was
defined as a new mass lesion on ultrasound in the absence of histology and AFP <1,000 ng/
mL in conjunction with one of the following characteristics: a) 2 liver imaging studies showing
a mass lesion with characteristics of HCC (arterial enhancement ± wash out), b) progressively
enlarging lesion on ultrasound leading to death, or c) 1 additional imaging study showing a
mass lesion with characteristics of HCC that either increased in size over time or was
accompanied by AFP level >200 ng/mL and more than tripling of baseline value. All cases of
HCC were adjudicated by an Outcomes Review Panel to ascertain that they met predefined
diagnostic criteria and to determine the date when these criteria were first met. The radiology
reports of all HCC cases were retrospectively reviewed by the HCC working group to determine
the date when the last imaging showed no hepatic lesion, the date when imaging first revealed
a suspicious nodule, and the tumor stage at diagnosis. Early stage HCC was defined as a single
tumor nodule <3 cm in diameter with no evidence of vascular invasion or metastasis. For each
case, the HCC working group also determined whether a doubling in AFP or a lesion detected
on ultrasound occurred earlier. A doubling of AFP instead of an absolute cutoff value was
chosen because all patients had 3-monthly AFP monitoring, 19% of patients had baseline AFP
values exceeding 20 ng/mL, and because gender, race, cirrhosis and interferon therapy can
affect AFP values.

Nested case-control study
A nested case-control study was used to compare the accuracy of AFP and DCP in the detection
of HCC during a 12-month period before the diagnosis of HCC. For this study, all 39 HCC
cases (33 definite – 32 histologically confirmed and 6 presumed) diagnosed between
randomization and 3.8 years after randomization were included. For each case, 2 controls
without HCC, matched for treatment assignment, presence of cirrhosis on baseline biopsy and
length of follow-up, were selected. Blood samples at the time of HCC diagnosis and months
−3, −6, −9, and −12 before the diagnosis of HCC from HCC cases and at corresponding time
points from the matched controls were tested for AFP and DCP. Time 0 for the controls
corresponded to the study visit closest to the time of HCC diagnosis in the matched case. To
ensure that the controls did not have subclinical HCC at time 0, only patients who had more
than 12 months follow-up beyond time 0 with no evidence of HCC were included in the
matching process.

One control was subsequently excluded because of high DCP values related to coumadin use,
leaving 77 controls. DCP values were not available to investigators and therefore, played no
prospective role in diagnosis of HCC in contrast to AFP and ultrasound.

Statistical analyses
Statistical analyses were performed at the Data Coordinating Center with SAS release 9.1 (SAS
Institute, Cary, NC). Because of the wide range in AFP and DCP values, log10 AFP and
log10 DCP were used for all analyses unless specified otherwise. Comparisons of baseline AFP
and DCP values according to fibrosis strata, gender, race/ethnicity and age were performed
with t-test and Wilcoxon rank sum test. The effect of maintenance peginterferon treatment on
AFP and DCP values was analyzed by comparing changes in these values between year 3.5
after randomization and time of randomization in the two treatment groups. For this analysis,
control patients who subsequently developed HCC (beyond year 3.8) and those receiving
coumadin were excluded.

For the nested case-control study, baseline characteristics of HCC cases and matched controls
were compared with conditional logistic regression for matched pairs. The selected controls
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were also compared to the remaining non-HCC patients with either a chi-square or a t-test.
Trends for both AFP and DCP values during specific times in the 12 months before the
diagnosis of HCC were compared. For patients with missing DCP values due to insufficient
stored samples, the mean values before and after the missing values (+/− 3 months) were used.
Changes in AFP and DCP over the 12 months prior to HCC diagnosis were compared with
mixed linear models. For analyses comparing the accuracy of AFP and DCP in differentiating
HCC cases from controls, area under the receiver operator characteristic curve (AUROC) was
calculated and only patients with available values for both markers at the same time point were
included. Controls were excluded if data were not available for their case. Unmatched logistic
regression was used to calculate sensitivity, specificity, and receiver operator characteristic
curves. A 2-sided significance level of 5% was used for all analyses.

RESULTS
Baseline AFP and DCP values of all randomized patients

Of the 1,050 patients randomized, baseline AFP and/or DCP values were not available in 19.
Thus, 1,031 (98.2%) patients were included in this analysis. Baseline characteristics of these
patients (39 HCC cases, 77 matched controls and 915 other non-HCC patients) are shown in
Table 1. The mean age of these 1,031 patients was 50 years, 29% were women, and 18% were
black. Cirrhosis was present on baseline biopsies in 41% of patients. Half (49%) of the patients
were randomized to maintenance peginterferon. The results of the HALT-C Trial showed that
low dose peginterferon had no effect on outcomes including the development of HCC 28, 31;
therefore, patients in the two treatment groups were combined for this analysis.

Impact of demographics and liver histology on baseline AFP and DCP values—
Both AFP (p<0.0001) and DCP (p<0.0001) values were significantly higher in patients with
cirrhosis (Ishak fibrosis 5-6) than those with bridging fibrosis (Ishak 3-4). Mean ± SD AFP
values were 23.6 ± 36.4 and 13.3 ± 22.7 ng/mL (p<0.0001) while mean ± SD DCP values were
48.8 ± 114.7 and 35.2 ± 85.3 mAU/mL (p<0.0001) for patients with cirrhosis and those with
bridging fibrosis, respectively. Whereas AFP values were higher in women than men: 19.6 ±
29.7 vs. 16.7 ± 29.5 ng/mL (p=0.0004), DCP values were higher in men than women: 44.5 ±
115.9 vs. 31.8 ± 25.8 mAU/mL (p=0.002). AFP values were significantly higher in blacks than
Caucasians: 23.1 ± 29.4 vs. 15.6 ± 28.7 ng/mL (p<0.0001) while DCP values were significantly
higher in Caucasians than blacks: 43.9 ± 114.6 vs. 30.2 ± 21.9 mAU/mL (p=0.0005). Age had
no effect on baseline AFP or DCP values.

Impact of peginterferon on AFP and DCP values in patients with no HCC—During
the randomized phase, mean DCP values gradually increased among both treated and untreated
patients, but to a similar degree. The mean DCP values increased from 36.6 mAU/mL at the
time of randomization to 53.1 mAU/mL at the end of the 3.5 year randomized study in the
treated patients and from 35.4 to 50.8 mAU/mL in the untreated patients (p=0.65 for differences
of means at the end of the randomized study). In contrast, mean AFP values remained lower
among the patients randomized to receive peginterferon although the changes in both groups
were minor. The mean AFP values decreased from 17.1 ng/mL at the time of randomization
to 15.7 ng/mL at the end of the randomized study in the treated patients but increased from
17.1 ng/mL to 19.0 ng/mL in the untreated patients (p=0.046 for differences of means at the
end of the randomized study).

Case-control study on the accuracy of AFP and DCP in the diagnosis of HCC
The baseline characteristics of the 39 HCC cases and 77 controls are shown in Table 1. Twenty-
four (61.5%) HCC cases had early tumors at the time of diagnosis. The cases and controls were
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well matched for age, gender, and race/ethnicity. HCC cases had more advanced liver disease
and higher baseline DCP (p=0.002) and AFP values than the controls (p =0.02).

Changes in AFP and DCP values between month -12 and month 0—Figure 1
displays AFP values in the HCC cases and controls at month −12, −9, −6, −3 and 0 (time of
HCC diagnosis). Mean ± SD AFP values increased from 37.0 ± 51.3 ng/mL at month −12 to
157.6 ± 296.6 ng/mL at month 0 in the HCC cases (p<0.0001) but remained unchanged in the
controls: 17.4 ± 25.8 and 23.0 ± 34.2 ng/mL, respectively. Similarly, mean ± SD DCP values
increased from 79.1 ± 172.5 mAU/mL at month −12 to 413.4 ± 597.7 mAU/mL at month 0
(p<0.0001) in the HCC cases while DCP values remained stable in the controls: 28.8 ± 11.4
and 27.9 ± 13.1 mAU/mL, respectively (Figure 2).

Sensitivity and specificity of AFP and DCP and combination of both markers in
differentiating HCC cases from controls at fixed cutoff values—Table 2 shows the
sensitivity and specificity of AFP alone, DCP alone, and the combination of both markers in
differentiating all HCC cases from controls at various time points from month −12 to month
0. For each marker, two fixed cutoff values were chosen based on previously published
literature: 20 and 200 ng/mL for AFP and 40 and 150 mAU/mL for DCP 32, 33. At the lower
cutoff value, the sensitivity of DCP increased from 43% at month −12 to 74% at month 0 while
the sensitivity of AFP increased minimally, from 47% to 61%. This same trend was observed
at the higher cutoff values for both DCP and AFP. When the two markers were combined, the
sensitivity was enhanced compared to that of either marker alone suggesting that DCP and
AFP are complementary. As an example, at month 0, the sensitivity increased from 74% for
DCP alone and 61% for AFP alone to 91% when either DCP >40 mAU/mL or AFP >20 ng/
mL was considered.

When the analysis was limited to early stage HCC cases and their controls, the sensitivity and
specificity of both DCP and AFP at all time points were similar to the results for all HCC cases
and controls.

Accuracy of AFP, DCP and the combination of both markers in differentiating
HCC cases from controls—Table 3 shows the AUROC of AFP, DCP and the combination
AFP and DCP in differentiating HCC cases from controls at various time points between month
−12 and month 0. The AUROC for DCP was higher than that for AFP at all time points except
at month −3 when both markers were comparable but none of the differences were significant.
The combination of both markers in which either AFP or DCP was above a specified cutoff
yielded a higher AUROC at all time points and the combination was significantly better than
AFP alone at all time points and significantly better than DCP alone at month −9. Figure 3
illustrates the ROC curve at the time of HCC diagnosis; the AUROC was 0.82 for DCP, 0.79
for AFP, and 0.92 for the combination of the two markers.

Specificity of AFP alone and DCP alone for various levels of sensitivity—Table
4 shows the specificity of AFP alone and DCP alone at pre-specified sensitivities from 50%
to 100% and the corresponding cutoff values, determined from the ROC curves, for these
markers. As the predefined sensitivity increased, the specificity decreased. At a predefined
sensitivity of 90%, the specificity of DCP ranged from 21% to 47% and of AFP from 15% to
57% at various time points between month −12 and month 0; the cutoff values for these two
markers at month 0 were 21.8 mAU/mL and 8.2 ng/mL, respectively.

As a corollary, at a predefined specificity of 90%, the sensitivity of DCP and AFP at month 0
was 70% and 30%, and the cutoff values were 44.5 mAU/mL and 87.2 ng/mL, respectively.
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AFP versus ultrasound as the first indication of HCC—Among the 24 cases of early
HCC, a suspicious nodule on ultrasound was detected earlier in 14 (58.4%) cases. In 5 (20.8%)
cases, AFP values increased from 13 to 111, 5 to 42, 58 to 134, 46 to 119, and 4 to 30 ng/mL
37, 54, 68, 102, and 273 days, respectively before a suspicious nodule was detected on imaging,
and 4 of these 5 patients had negative ultrasounds on the same day or up to 98 days after the
doubling of AFP. In the remaining 5 cases, a suspicious nodule was detected on MRI or CT
before AFP doubling in 4 patients and simultaneous with AFP doubling in 1 patient. In these
5 patients, ultrasounds performed 113, 207, 255, 333, and 550 days earlier did not reveal any
suspicious nodule.

When all 39 HCC cases were analyzed, a suspicious nodule(s) on ultrasound was detected
earlier in 19 cases, a doubling of AFP occurred earlier in 6 cases, and a suspicious nodule(s)
on ultrasound and doubling of AFP occurred simultaneously in 3 cases. In the remaining 11
cases, CT or MRI detected a suspicious nodule(s) before AFP doubling in 8 cases and
simultaneous with AFP doubling in 3 cases while ultrasounds performed 32-550 (median 212)
days earlier did not reveal any suspicious nodule.

DISCUSSION
This analysis took advantage of the large cohort of at-risk patients followed prospectively in
the HALT-C Trial to compare the accuracy of AFP and DCP in the early detection of HCC
and to determine factors that might affect the performance of these markers. The availability
of samples before the diagnosis of HCC allowed for the comparison of the accuracy of AFP
and DCP in differentiating HCC cases from matched controls before clinical diagnosis, an
important feature in HCC surveillance. DCP had greater accuracy than AFP at all time points
between month −12 and time of diagnosis but the differences were not statistically significant.

Using a cutoff value of 40 mAU/mL, DCP testing alone had a sensitivity of 74% and a
specificity of 86% in differentiating HCC cases and controls at the time of diagnosis. In
comparison, using a cutoff value of 20 ng/mL, AFP testing alone had a sensitivity of 61% and
a specificity of 81%. When the higher cutoff values frequently used in clinical practice were
applied, the sensitivities of the two markers were only 43% and 22%, at the time of diagnosis
and decreased to 3% at month −12 for both markers. An important goal in cancer surveillance
is the detection of preclinical tumors. Therefore, optimizing sensitivity is critical. At the lower
cutoff values of DCP and AFP, sensitivities of these markers at month −12 were better: 43%
and 47%, respectively (Table 2). Improvement of sensitivities to 90% could be achieved by
further lowering of DCP and AFP cutoff values; (Table 4) however, the improved sensitivity
would come at the expense of a decrease in specificity to 21% to 47% for DCP and 15% to
57% for AFP, which will lead to many unnecessary and expensive tests as well as patient and
physician anxiety.

The low sensitivity and specificity of AFP led to the recommendation against its use in HCC
surveillance unless ultrasonography is not available 5. Ultrasound, however is operator-
dependent, and differentiation between regenerative or dysplastic nodules and HCC in a
cirrhotic liver can be difficult. In this study, the diagnosis of 17 (10 of 24 early HCC) of 39
HCC cases was first triggered by an increase in AFP and/or suspicious nodule on CT or MRI.
Although the HALT-C HCC surveillance protocol called for annual rather than every 6 month
ultrasounds, this is consistent with the AASLD guidelines 5. We acknowledge that some
patients did not adhere to the surveillance protocol, but 8 patients had ultrasounds within 6
months of HCC diagnosis and 6 patients had ultrasounds within 12 months of diagnosis that
did not reveal any suspicious nodule. Admittedly, tumor nodules may have been present on
ultrasounds in some of these patients and were missed by inexperienced radiologists.
Nevertheless, these results reflect the real world experience where ultrasounds are frequently
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performed in community hospitals and not at academic liver centers. Therefore, new
biomarkers with better sensitivity and specificity than AFP to complement ultrasound are
needed.

Several case control studies have shown sensitivities of DCP of 28% to 89% and specificities
of 87% to 96% in the diagnosis of HCC 10-12, 33, 34. In some studies DCP was more sensitive
than AFP 12, 33, 34 while in other studies AFP was more sensitive 10, 11. A recent Japanese
study of 1377 HCC patients and 355 non-HCC controls with chronic hepatitis or cirrhosis
showed that the accuracy of DCP was inferior to AFP particularly for small tumors 15.

Various factors may influence the performance of HCC biomarkers including patient
demographics, cause of underlying liver disease, presence of cirrhosis, tumor stage and tumor
biology 35-38. Thus, Nguyen et al have reported that AFP was less sensitive in diagnosing HCC
among African Americans with hepatitis C related cirrhosis compared to non-African
Americans 38. In an earlier report of the HALT-C Trial data, baseline AFP values were noted
to be significantly higher in patients with cirrhosis, women, and blacks 29. Increased AFP values
in patients with cirrhosis versus those with earlier stage liver disease had been reported in other
studies and attributed to increased liver injury and hepatocyte turnover. This is supported by
the observation of a decline in AFP values during pegylated interferon and ribavirin treatment
and a correlation between decrease in AFP and decrease in ALT values during treatment 29.
Analysis of the baseline DCP and AFP values of 1031 patients included in the current analysis
showed that DCP values were also significantly higher in patients with cirrhosis but lower in
women and blacks. The finding that patient demographics influenced both DCP and AFP values
but in opposite directions was surprising and merits further investigation. This observation
might impact the accuracy of these biomarkers in the detection of HCC and underscores the
importance of recall policies based on changes in biomarker values from baseline rather than
absolute cutoff values in HCC surveillance. Data from the randomized phase of the HALT-C
Trial confirmed that AFP values decreased during interferon treatment. The effect however,
was minimal possibly related to the use of a lower dose of peginterferon. In contrast, DCP
values were not affected by interferon treatment. The performance of cancer biomarkers may
also be influenced by tumor stage; 24 of the 39 HCC cases in this analysis had early stage
tumors. It is reassuring that the accuracy of DCP and AFP in detecting early stage tumors was
similar to that of all tumors.

Neither DCP alone nor AFP alone was optimal in the detection of HCC but the combination
of both markers enhanced the sensitivity indicating that these two markers are complementary.
At a DCP cutoff value of >40 mAU/mL or AFP value of >20 ng/mL, sensitivity increased from
61% and 74% for each marker alone to 91% for both markers combined at month 0 and from
43% and 47% to 73% at month −12. Several other studies also showed that DCP and AFP are
complementary 14, 16, 39 which is consistent with the fact that production of DCP and AFP in
HCC occurs through different pathways and with our finding that gender and race had opposite
effects on these two markers.

This study has several strengths including a homogenous underlying cause for liver disease in
all patients, well-matched cases and controls, prospective follow-up of at least 12 months to
rule out undiagnosed HCC among the controls, and predefined criteria for diagnosis of HCC
with further review of each case by a panel of investigators. A unique aspect of our analysis
was the availability of samples dating back 12 months before the diagnosis of HCC allowing
the assessment of the performance of DCP and AFP in differentiating preclinical HCC cases
from controls.

The most important limitations in the current analysis were the small number of HCC cases
and the incomplete availability of samples at all of the time points from month −12 to month
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0. Also, because study sites were aware of AFP but not DCP results, a confounding bias was
introduced that may have influenced investigators to order additional testing based on AFP but
not DCP results, and hence the accuracy of AFP vs. DCP for HCC diagnosis. Furthermore,
only 61.5% of patients presented with early stage HCC. Non-compliance with the HCC
surveillance protocol and variations in interpretation of ultrasound may have contributed to the
delay in diagnosis in some cases but there is a clear need for better screening strategies. The
differential effects of interferon treatment on AFP and DCP values may have confounded
comparisons of the accuracy of these two markers but the impact is likely to be small. Finally,
our results cannot be generalized to patients with liver disease not caused by HCV or to patients
that are not Caucasians or Blacks.

In conclusion, this case-control study demonstrated that DCP was not superior to AFP in the
early detection of HCC in patients with advanced hepatitis C and that neither AFP alone, DCP
alone nor the combination of AFP and DCP was sufficiently accurate to be used for HCC
surveillance. The sensitivity of these markers was maximal at the time of HCC diagnosis and
considerably lower at earlier time points. Nevertheless, increasing AFP triggered the evaluation
that led to the diagnosis of some cases of early HCC. This study demonstrated that DCP and
AFP are complementary; therefore, prospective studies should be conducted to determine if
combining both markers will improve the detection of early HCC and to establish the optimal
cutoff values that should be used for patient recall and further testing. In addition, the influence
of patient demographics and interferon treatment on DCP and AFP values should be confirmed
and their impact on the performance of these markers in HCC surveillance determined. Until
better serum markers are available, ultrasonography remains the preferred tool for HCC
surveillance but reliable biomarkers to complement ultrasound may improve the detection of
early HCC in clinical practice where interpretation of ultrasound is variable.
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Figure 1.
Box plot of AFP values in HCC cases and matched controls
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Figure 2.
Box plot of DCP values in HCC cases and matched controls
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Figure 3.
ROC curves of AFP alone, DCP alone, and combination of both markers (either marker
increase) in differentiating HCC cases from controls at the time of HCC diagnosis
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Table 1

Baseline Characteristics of HCC cases and Controls

HCC cases Matched
controls

Other
non-HCC
patients

No. of patients 39 77 915

Demographics

 Age, years 51.9 ± 5.6 51.6 ± 8.3 50.0 ± 7.1

 Gender, % female 18 25 30

 Race/ethnicity, %

  Non-Hispanic White 62 60 73

  Hispanic 5 6 8

  Black 28 32 16

  Others 5 1 2

Metabolic factors

 BMI, kg/m2 27.8 ± 4.3 29.4 ± 4.7 30.0 ± 5.6

 Diabetes, % 18 38 23

Viral factors

 HCV genotype 1, % 90 96 93

 HCV RNA, log10 IU/mL 6.37 ± 0.54 6.44 ± 0.6 6.44 ± 0.52

Labs

 Hemoglobin, g/dL 14.8 ± 1.6 14.8 ± 1.4 15.0 ± 1.4

 WBC × 1000/mm3^ 4.9 ± 1.4 5.8 ± 1.9 5.8 ± 1.9

 Platelet × 1000/mm3* 123 ± 51 155 ± 54 167 ± 67

104 (58-288) 148 (51-331) 162 (39-426)

 Albumin, g/dL^ 3.7 ± 0.4 3.8 ± 0.4 3.9 ± 0.4

 AST, U/L 123 ± 80 98 ± 68 85 ± 56

 ALT, U/L 141 ±116 113 ± 74 105 ± 76

 Alkaline phosphatase, U/L^ 131 ±62 106 ± 49 98 ± 44

119 (50-341) 92 (48-308) 89 (20-478)

 Total bilirubin, mg/dL 0.9 ± 0.4 0.8 ± 0.4 0.8 ± 0.4

 INR* 1.08 ± 0.08 1.02 ± 0.08 1.04 ± 0.12

HCC markers

 AFP, ng/mL 30.7 ± 36.9 20.4 ± 33.3 16.7 ± 28.8

 Log10 AFP, ng/mL^ 1.25 ± 0.44 1.02 ± 0.47 0.97 ± 0.42

 DCP, mAU/mL 55.8 ± 54.9 27.9 ± 13.0 41.3 ± 103.9

 Log10 DCP, mAU/mL* 1.6 ± 0.34 1.40 ± 0.19 1.47 ± 0.26

Cirrhosis on biopsy, % 56 57 39

Esophageal varices, %* 53 24 25
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HCC cases Matched
controls

Other
non-HCC
patients

Maintenance IFN, % 49 49 49

Data provided are percentages or means ± SD

Median (range) are provided for variables that are not normally distributed

*
p <0.01

^
p <0.05 for comparisons between HCC cases and matched controls
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Table 2

Sensitivity and Specificity of DCP alone, AFP alone, and the combination of both markers in differentiating HCC
cases from controls at two fixed cutoff values

Months from
HCC diagnosis

Sensitivity Specificity Sensitivity Specificity

DCP (mAU/mL) >=40 >=150

0 74% 86% 43% 100%

−3 65% 84% 39% 100%

−6 63% 88% 11% 100%

−9 52% 88% 6% 100%

−12 43% 94% 3% 100%

AFP (ng/mL) >=20 >=200

0 61% 81% 22% 100%

−3 58% 80% 13% 98%

−6 57% 76% 3% 100%

−9 45% 77% 6% 100%

−12 47% 75% 3% 100%

DCP and/or AFP DCP >=40 or AFP >=20 DCP >=40 and AFP >=20

0 91% 74% 43% 93%

−3 87% 69% 35% 95%

−6 86% 69% 34% 96%

−9 82% 67% 15% 97%

−12 73% 71% 17% 98%
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Table 3

AUROC for DCP >40 mAU/mL, AFP >20 ng/mL or the combination of the 2 markers (either marker elevated)
in differentiating HCC cases from controls

Months from
HCC diagnosis

AUROC (95% CI)

DCP AFP DCP / AFP

All HCC cases and controls*

0 0.82 (0.68-0.95) 0.79 (0.68-0.90) 0.92 (0.84-0.998)

−3 0.78 (0.67-0.90) 0.80 (0.70-0.89) 0.87 (0.79-0.95)

−6 0.83 (0.74-0.92) 0.72 (0.61-0.82) 0.88 (0.80-0.95)

−9 0.79 (0.70-0.89) 0.70 (0.59-0.80) 0.84 (0.75-0.92)

−12 0.69 (0.56-0.82) 0.61 (0.48-0.75) 0.75 (0.63-0.86)

*
P < 0.01 for AFP compared to the combination of AFP or DCP at months 0, −6, and −9 and p < 0.05 at months −3 and −12. P < 0.05 for DCP

compared to AFP and DCP combined at month −9.
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