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        INTRODUCTION

  Hepatocellular carcinoma (HCC) is one of the commonest can-

cers and is the third leading cause of cancer mortality worldwide. 

Despite the well-established etiologies and eff ective preven-

tion strategies for a majority of the causes, it is predicted to be 

a major health concern in future decades ( 1,2 ). As few eff ective 

palliative and therapeutic options are available, the progno-

sis of patients with advanced-stage HCC is extremely poor ( 3 ). 

By contrast, several potentially curative measures are avail-

able for HCCs detected at an early stage ( 4,5 ). Reportedly, early 

detection of HCC improves the disease prognosis ( 6 ). Th erefore, 

the guidelines from all professional societies have recommended 
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HCC surveillance has been determined. The aim of this study is to assess the effectiveness of 

α -fetoprotein (AFP) measurement in HCC surveillance.

    METHODS:     In this retrospective analysis, all patients with cirrhosis, who received HCC surveillance through 

ultrasound (US) and AFP measurement between January 2002 and July 2010, were followed up 

until June 2013. The performance effectiveness of surveillance using AFP, US, or both in HCC 

detection was compared.

    RESULTS:     Overall, 1,597 patients were followed for a median duration of 4.75 (range 1.42–12) years. Over 

the 8563.25-person-year follow-up period, 363 patients (22.7%) developed HCCs. For HCC 

detection, the area under the receiver operator characteristic curve of surveillance AFP was 0.844 

(95% confi dence interval: 0.820−0.868,  P <0.001). When the traditional cutoff value of 20 ng/ml 

was used, the sensitivity and specifi city of AFP were 52.9% and 93.3%, respectively. US exhibited 

a sensitivity and specifi city of 92.0% and 74.2%, respectively. A combination of US and AFP 

exhibited a sensitivity and specifi city of 99.2% and 68.3%, respectively. By using cut-off at 

20 ng/ml and AFP level increase ≥2× from its nadir during the previous 1 year, the combination of 

US and AFP yielded a sensitivity of 99.2% and an improved specifi city of 71.5%.

    CONCLUSIONS:     The complementary use of AFP and US improved the effectiveness of HCC surveillance in patients 

with cirrhosis.
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HCC surveillance in high-risk patients with an intent to diagnose 

HCC at an early stage ( 7–10 ).

  Ultrasound (US) and serum α -fetoprotein (AFP) measurement 

have been the most widely used methods for surveilling HCC in 

the past decades. However, the use of AFP in diagnosing or sur-

veilling HCC has been critically challenged ( 11–14 ). Th ere have 

been false-positive results for HCC detection, as elevated AFP 

also occurs in chronic liver disease and other malignancies than 

HCC ( 15–19 ). Moreover, false-negative results were reported, as 

not all HCCs secrete AFP ( 20 ). Th is is particularly veritable for 

early-stage HCCs, which are the targets of surveillance. Th e recent 

guidelines published by the American Association for the Study of 

Liver Diseases and the European Association for the Study of the 

Liver have discounted the value of AFP measurement and have 

discouraged its implementation in both diagnosing and surveil-

ling HCC ( 7,8 ).

  Despite these discredits, AFP measurement is still broadly 

employed as a complementary method to US for HCC surveillance 

in real-world clinical settings for various reasons. First, US yields 

suboptimal sensitivity and specifi city ( 14 ). Second, US is a highly 

operator-dependent technique and the interpretation of suspicious 

lesions can be challenging and occasionally questionable, even for 

a skilled operator ( 14 ). Th ird, compared with AFP measurement, 

US is less readily and timely available, which might result in low 

rates of HCC surveillance in community practice ( 21 ). Fourth, as 

an increased AFP level is a risk factor for HCC, the detection of 

increased AFP levels during surveillance may alert the surveyor 

and thus trigger a more intense survey. Finally, several studies have 

obtained superior surveillance and diagnosis results by using com-

bined surveillance methods, including biomarkers and US, and 

demonstrated that AFP measurement complements US in detect-

ing HCC early ( 11,21 ).

  Th e exclusion of AFP measurement was controversial and has 

raised several contradictory opinions ( 21–23 ). Th erefore, the aim 

of this study was to compare the performance of surveillance strat-

egies that involve using US with those that involve using both US 

and AFP measurement, by employing real-world practice data.

    METHODS

   Study patients

  Th is is a retrospective study that analyzed all patients with cir-

rhosis aged ≥20 years, who were subjected to HCC surveillance 

between January 2002 and July 2010 at Chang Gung Memorial 

Hospital, Chiayi, Taiwan, which is a tertiary referral hospital in 

Southern Taiwan. Th e medical histories of these patients were 

reviewed and recorded until the time of HCC emergence, death, 

loss to follow-up, or 30 June 2013. Liver cirrhosis was diagnosed 

according to image characteristics supplemented with clinical 

criteria, indicating portal hypertension, such as esophageal or 

gastric varices, splenomegaly, or thrombocytopenia. Th e patients 

were classifi ed according to the etiologies of liver disease, namely 

hepatitis B (HBV, the presence of the hepatitis B surface antigen 

in serum), hepatitis C (HCV, the presence of the hepatitis C anti-

body in serum), dual HBV and HCV (BC, the presence of both 

HBV and HCV), and non-B, non-C (NBNC, negative for both 

HBV and HCV). Th e exclusion criteria were as follows: (1) the 

development of a focal liver lesion within the fi rst 18 months, 

detected using US; (2) concurrent extrahepatic neoplasms; (3) a 

previous liver tumor; and (4) a follow-up duration of <18 months. 

Th is study was approved by the Chang Gung Medical Foundation 

Institutional Review Board.

    Surveillance program

  In Chang Gung Memorial Hospital (the study site), patients with 

liver cirrhosis from any etiologies routinely received HCC sur-

veillance using US and AFP measurement every 3–6 months. 

In addition to abdominal US and serum AFP measurement, the 

patients underwent clinical assessments and conventional liver 

biochemical tests at every visit. AFP levels were determined by 

performing an enzyme immunoassay by using a commercial kit 

(Abbott AFP-EIA; Abbott Laboratories, North Chicago, IL). US 

was performed by licensed gastroenterologists (TSC, SYT, KLW, 

YYH, HCH, WMC, and CHS) experienced in hepatobiliary 

US by using real-time scanners (GE Logiq E9; General Electric, 

Fairfi eld, CT) equipped with 3.5-MHz convex array transduc-

ers with pulsed and color Doppler facilities. Indeterminate US 

results were assumed as a negative test, as this implied failure of 

the imaging to detect HCC. Month 0 indicated the time of HCC 

diagnosis for patients with HCC and corresponded to the time 

point 12 months before the latest US for those without HCC, to 

prevent the inclusion of subclinical HCC. Th e increase of the AFP 

level to greater than twice its nadir (≥2× from nadir) was defi ned 

as any AFP value at Month 0 that, aft er being divided by the AFP 

value at 3 (Month-3), 6 (Month-6), 9 (Month-9), or 12 (Month-

12) months preceding Month 0, was ≥2. Th e primary study end-

point was the development of HCC. Patients were withdrawn 

from analysis at the time of their death or, if they were lost to 

further follow-up, their fi nal clinic visit.

    HCC diagnosis

  Th e diagnostic workup for HCC was initiated when AFP levels 

were elevated or a mass lesion was observed on US images. Th e 

diagnosis of HCC was based on triple-phase contrast enhanced 

computed tomography, magnetic resonance imaging, or histo-

pathology. In general, a strict follow-up procedure was followed 

(1- to 3-month intervals) and computed tomography, magnetic 

resonance imaging, or biopsy of the liver mass was repeated as 

indicated, when the initial diagnosis of the mass was inconclusive. 

As this is a retrospective study, all HCC diagnoses were confi rmed 

at the time of analysis.

    Statistical analysis

  Continuous variables are expressed as the mean±s.d. or median 

and range, as appropriate. Th e qualitative and quantitative 

diff erences between the groups were analyzed using the  χ  2 -test for 

categorical parameters and the Student’s  t-  or Mann–Whitney tests 

for continuous parameters, as appropriate. Multivariate logistic 

regression models were employed for exploring the relative con-

tributions of various factors to the increase in AFP. Th e Kruskal–
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Wallis test was used to compare the intergroup diff erences. Th e 

cumulative probability of HCC development was determined 

using Kaplan–Meier analysis. A receiver operator characteristic 

(ROC) curve was used to assess the performance characteristic of 

AFP measurement in HCC detection. All statistical analyses were 

performed using the SPSS soft ware (V. 19.0, Chicago, IL). A two-

tailed  P- value of <0.05 was considered signifi cant.

     RESULTS

   Patient characteristics

   Figure 1  presents a fl ow diagram of all patients with cirrhosis 

enrolled in this study. Overall, 5,664 patients with cirrhosis were 

followed up at Chang Gung Memorial Hospital between January 

2002 and July 2010. Of these patients, 4,107 were excluded for 

the following reasons: HCCs were discovered within the fi rst 18 

months in 242 patients, the follow-up duration of 3,228 patients 

was <18 months, 528 patients had a history of liver tumor, and 69 

patients had concurrent extrahepatic neoplasms. Th e remaining 

1,597 patients were included for analysis and their baseline char-

acteristics are listed in  Table 1 . Th e mean age was 57.0±11.7 years 

and the male-to-female ratio was 1.85:1. Th e median follow-up 

duration was 4.75 (range 1.42−14) years. In comparison with 

patients who did not develop HCC, the patients who developed 

HCC were older in age (59.2±10.4 vs. 56.42±12.0 years,  P =0.001), 

had a shorter follow-up duration (4.12; range 1.5−11.8 vs. 5.00 

years; range 1.42−12;  P <0.001), lower platelet counts (108±52 vs. 

132.49±78.58×10 3 /mm 3 ,  P <0.001), lower serum albumin levels 

(3.48±0.71 vs. 3.61±0.83 g/dl,  P =0.007), and lower serum total 

bilirubin levels (1.52±1.63 vs. 1.8±2.99 mg/dl,  P =0.003). Regard-

ing liver disease classifi cation, 1,233 (77.2%) patients belonged 

to Child-Pugh class A, 229 (14.3%) belonged to Child-Pugh class 

B, and 135 (8.5%) belonged to Child-Pugh class C. Signifi cant 

diff erences were observed in the baseline Child-Pugh scores 

between patients who developed HCC and those who did not 

( P <0.001).

    Incidence and characteristics of HCC

  During the 8563.25-person-year follow-up period, 363 (22.7%) 

patients developed HCCs (median size: 2.1 cm, range 0.7−17.2); 

of these patients, 213 (58.7%) exhibited early or very early 

HCCs, as defi ned by the Barcelona Clinic Liver Cancer stag-

ing system, and were amenable to curative therapies such as 

surgery and local ablation. Th e annual incidence of HCC was 

4.24% and the cumulative 3- and 5-year incidence rates were 

7.4% and 14.8%, respectively. HCC was diagnosed by typical 

imaging for HCC, which showed an arterially enhancing lesion 

with delayed washout in 312 patients (86%) and by histological 

confi rmation in 43 (12%). For the remaining eight patients (2%) 

who did not fulfi ll the imaging or histological diagnostic cri-

teria, HCC was diagnosed according to their clinical scenarios 

during the subsequent follow-ups. Most of the patients (254 of 

363; 70.2%) presented with a single HCC, whereas the remain-

ing 109 exhibited ≥2 tumors at the time of diagnosis. HCV was 

the most common etiology (55.1%) of HCC, followed by HBV 

(25.3%), BC (12.4%), and NBNC (7.2%). Signifi cant diff erences 

were observed among the HCC etiologies regarding their tum-

origenic potential: HCC developed in 26.6% of patients with 

HCV, 24.9% with BC, 19.8% with HBV, and 13.1% with NBNC 

( Tables 1 ,  P <0.001).

    Characteristics and factors associated with AFP elevation

  Signifi cant diff erences were observed in AFP levels at month 0 

among the various etiologies in the HCC subgroup. Th e patients 

with HCV exhibited higher AFP levels (median 5.9 ng/ml, 

range 1.0−68487.75) than did those with BC (median 5.2 ng/ml, 

Patients with cirrhosis followed up between
January 2002 and July 2010 (n=5664)

History of liver tumor
(n=528)

Follow-up duration
<18 months (n=3228)

Patients with cirrhosis and no history of
liver tumor (n=5136)

Concurrent extrahepatic
neoplasms (n=69)

Cirrhotic patients without previous liver tumor
or concurrent extrahepatic tumors (n=5067)

Patients with cirrhosis followed up for
≥18 months (n=1839)

Liver tumors discovered
within the first 18
months (n=242)

Patients with cirrhosis included
for analysis (n=1597)

Patients with cirrhosis who
developed HCC (n=363)

Patients with cirrhosis who did not
develop HCC (n=1234)

 Figure 1 .     Flow diagram of all patients with cirrhosis enrolled in this study.

        



The American Journal of GASTROENTEROLOGY    www.amjgastro.com

4

L
IV

E
R

Chang  et al. 

range 0.8−743.99), HBV (median 3.8 ng/ml, range 0.8−4401), 

and NBNC infections (median 3.8 ng/ml, range 0.7−1230.3; 

 Tables 2 ,  P <0.001). Moreover, the patients who developed HCC 

exhibited higher AFP levels at 12, 9, 6, and 3 months before HCC 

development than did those who did not develop HCC ( Table 2 , 

all  P <0.001). Factors associated with AFP elevation were deter-

mined using a multivariate analysis, as shown in  Table 3 . Among 

the study cohort patients ( n =1,597), HCC remained the most sig-

nifi cant factor for AFP elevation (relative risk (RR): 13.173, 95% 

confi dence interval (CI): 9.558−18.156,  P <0.001). Various etiolo-

gies had diff erent impacts on AFP levels ( P =0.012), whereas only 

HCV signifi cantly contributed to AFP elevation (RR: 2.731 com-

pared with NBNC, 95% CI: 1.396−5.344,  P =0.03). Th e etiology 

had no impact on the AFP changes in the HCC subgroup ( P >0.1 

for either etiology) but had a signifi cant impact on AFP elevation 

in the non-HCC subgroup (RR: 5.599, 95% CI: 1.266−24.764, 

 P =0.023 for HBV; RR: 6.915, 95% CI: 1.619−29.536,  P =0.009 for 

HCV; and RR: 7.014, 95% CI: 1.487−33.079,  P =0.014 for BC). 

Th e baseline platelet count had an inverse relationship with 

AFP elevation in all of the patients (RR: 0.992 per 10 3 /mm 3  

increase, 95% CI: 0.989−0.996,  P <0.001), and in the HCC (RR: 

0.995 per 10 3 /mm 3  increase, 95% CI: 0.990–0.999,  P =0.022) and 

non-HCC subgroups (RR: 0.990 per 10 3 /mm 3  increase, 95% CI: 

0.985−0.994,  P <0.001). Th e baseline factors such as age, sex, 

Child-Pugh class, and ALT levels had no impact on AFP eleva-

tion in any subgroup of patients.

 Table 2  .     AFP levels at time points before HCC diagnosis, ng/ml 

(median, range) 

    HCC ( n =363)    Non-HCC 

( n =1,234)  

  All patients 

( n =1,597)  

  P   -values      a     

 Month 12  8.77 

(0.6–16.13) 

 4.6 

(1.0–5.25) 

 5.1 

(0.6–16.13) 

 <0.001 

 Month 9  9.05 

(0.6–2160.24) 

 4.4 

(0.6–17.51) 

 5.1 

(0.6–2160.24) 

 <0.001 

 Month 6  10.01 

(0.7–1356.49) 

 4.1 

(0.7–193.91) 

 4.8 

(0.7–1356.49) 

 <0.001 

 Month 3  14.22 

(0.7–1903.29) 

 4.31 

(0.7–135.64) 

 5.25 

(0.7–1903.29) 

 <0.001 

 Month 0  25.02 

(0.7–68487.75) 

 3.8 

(0.7–743.99) 

 4.7 

(0.7–68487.75) 

 <0.001 

 HBV  3.8 (0.8–4401)      <0.001  b   

 HCV  5.9 

(1.0–68487.75) 

      

 BC  5.2 

(0.8–743.99) 

      

 NBNC  3.8 (0.7–1230.3)       

 AFP, α -fetoprotein; BC, dual HBV and HCV; HBV, hepatitis B virus; HCV, hepati-

tis C virus; HCC, hepatocellular carcinoma; NBNC, non-B, non-C. 

   a   Comparison between HCC and non-HCC groups.  

   b   Comparison of AFP levels among various etiologies in the HCC subgroup at 

month 0.  

 Table 1  .     Baseline patient characteristics 

  Patient characteristics    HCC (   n   =363)    Non-HCC (   n   =1,234)    All patients (   n   =1,597)     P  -values   a    

 Number  363  1234  1597   

 Age, mean±s.d. (years)  59.2±10.4  56.42±12.0  57.0±11.7   0.001  

 Sex, male  n  (%)  245 (67.5)  791 (64.1)  1036 (64.9)  0.26 

 Follow-up years (median)  4.12 (1.5–11.8)  5.00 (1.42–12)  4.75 (1.42–12)   <0.001  

  Etiology,  n  (%)          <0.001  

  HBV  92 (20)  372 (80)  464 (100)   

  HCV  200 (26.5)  553 (73.5)  753 (100)   

  BC  45 (25)  136 (75)  181 (100)   

  NBNC  26 (13)  173 (87)  199 (100)   

 Platelet count (×10 3 /mm 3 )  108±52  132.49±78.58  126.8±73.98   <0.001  

 Bilirubin, mg/dl  1.52±1.63  1.8±2.99  1.8±2.74   0.003  

 ALT, IU/ml  92.61±79.96  82.32±150.59  84.69±137.70  0.08 

 Albumin, g/dl  3.48±0.71  3.61±0.83  3.58±0.80   0.007  

 INR  1.18±0.17  1.22±0.50  1.21±0.45  0.062 

 Child-Pugh class A/B/C (%)  281/68/14 (77/19/4)  952/161/121 (77/13/10)  1233/229/135 (77/14/9)   <0.001  

 ALT, alanine aminotransferase; BC, dual HBV and HCV; HBV, hepatitis B virus; HCV, hepatitis C virus; HCC, hepatocellular carcinoma; INR, international normalized ratio; 

NBNC, non-B, non-C. 

   a   Comparison between HCC and non-HCC groups.  

 Signifi cance of bold entries is  P <0.05. 
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60%, respectively, when the AFP cutoff  value was 9 ng/ml, and 

99.2% and 68.3%, respectively, when the AFP cutoff  value was 

20 ng/ml. For the combination of US with an AFP cutoff  value 

and an increase in AFP levels by ≥2× from nadir during the pre-

vious year, the sensitivity was 99.2% when cutoff  values of 9 and 

20 ng/ml were used, and the specifi city increased from 70% to 

71.5% when the cutoff  value of 20 ng/ml was used. Th e sensitivities 

of the tests using a combination of US and AFP were signifi cantly 

higher than those of tests using US alone (all  P <0.001 for com-

binations of US and AFP with either cutoff  criterion). Regarding 

the subgroups with various etiologies, the sensitivities achieved 

by using US and AFP in combination were signifi cantly higher 

than those achieved by using US alone in subgroups of patients 

with cirrhosis caused by HBV, HCV, or BC infections (all  P <0.001 

for combinations of US and AFP with either cutoff  criterion). As 

shown in  Table 4 , test sensitivities using US alone vs. combina-

tions of US and an AFP cutoff  value of 9 ng/ml or combinations 

of US and an AFP cutoff  value of 20 ng/ml, or combinations of 

US and an AFP cutoff  value of 9 ng/ml and ≥2× from nadir, or 

combinations of US and AFP cutoff  values of 20 ng/ml and ≥2× 

from nadir were 89.1%, 97.8%, 97.8%, 97.8%, and 97.8%, respec-

tively, for HBV, 92%, 100%, 99.5%, 99.5%, and 99.5%, respectively, 

for HCV, and 95.6%, 100%, 100%, 100%, and 100%, respectively, 

for BC infection. However, in patients with cirrhosis caused by 

NBNC, the sensitivities achieved using US and AFP in combi-

nation were not higher than those achieved using US alone (all 

 P >0.1 for tests using a combination of US and an AFP with either 

cutoff  criterion). In this subgroup of patients, the sensitivity was 

    Performance of AFP measurement and US in HCC surveillance

  Among the 363 patients who developed HCC, 29 (8%) presented 

with increasing AFP levels before HCC diagnosis, prompting 

subsequent workup to confi rm diagnoses of HCC that were not 

detected by using US. By contrast, 334 of the 363 patients (92%) 

were diagnosed with HCC during US surveillance regardless of 

AFP levels.  Figure 2a  presents the ROC curve and the area under 

the ROC curve of surveillance AFP at the time of HCC diagnosis. 

For HCC detection, the area under the ROC curve of surveillance 

AFP was 0.844 (95% CI: 0.820−0.868,  P <0.001).  Figure 2b  shows 

the ROC curves and the corresponding area under the ROC 

curves for HCC detection in the subgroups of patients with vari-

ous etiologies. Th e area under the ROC curves for the HBV, HCV, 

BC, and NBNC groups were 0.865 (95% CI: 0.824−0.906), 0.848 

(95% CI: 0.816−0.880), 0.744 (95% CI: 0.657−0.831), and 0.822 

(95% CI: 0.733−0.911), respectively (all  P <0.001). Two cutoff  val-

ues were used, because the sum of sensitivity and specifi city was 

the highest at these two cutoff  values: 9 ng/ml for the total, HBV, 

HCV, and BC groups, and 10 ng/ml for the NBNC group. Th e 

eff ectiveness of these two cutoff  values was compared with that 

of the conventional cutoff  value of 20 ng/ml. As shown in  Table 

4 , for the surveillance of total patients with cirrhosis, the sensi-

tivity and specifi city of AFP in HCC detection were 68.9% and 

82.8%, respectively, when the cutoff  value of 9 ng/ml was used, 

and 52.9% and 93.3%, respectively, when the conventional cutoff  

value of 20 ng/ml was used. Th e sensitivity and specifi city of US 

in HCC detection were 92.0% and 74.2%, respectively. Combin-

ing US and AFP yielded a sensitivity and specifi city of 99.4% and 

 Table 3  .     Factors predicting AFP increase ≥20 ng/ml 

  Factors  a      All patients ( n =1,597)    HCC ( n =363)    Non-HCC ( n =1,234)  

    RR    95% CI     P -values    RR    95% CI     P -values    RR    95% CI     P -values  

 HCC (Y/N)  13.173  9.558–18.156  < 0.001              

 Sex (M/F)  0.893  0.632–1.262  0.522  1.113  0.683–1.816  0.667  0.741  0.453–1.212  0.233 

 Age  1.012  0.997–1.028  0.121  1.019  0.996–1.042  0.103  1.006  0.985–1.028  0.57 

  Etiology        0.012       0.058      0.069 

  NBNC  1      1      1     

  HBV  1.939  0.962–3.906  0.064  1.177  0.463–2.991  0.732  5.599  1.266–24.764   0.023  

  HCV  2.731  1.396–5.344   0.03   1.846  0.743–4.586  0.187  6.915  1.619–29.536   0.009  

  BC  1.737  0.787–3.833  0.172  0.766  0.267–2.197  0.620  7.014  1.487–33.079   0.014  

  Child-Pugh       0.816      0.604      0.277 

  Class A  1      1      1     

  Class B  1.146  0.737–1.781  0.545  0.944  0.523–1.702  0.847  1.515  0.824–2.785  0.181 

  Class C  1.106  0.572–2.138  0.764  1.861  0.524–6.605  0.337  0.742  0.286–1.926  0.540 

 ALT  1.00  0.999–1.001  0.776  0.998  0.995–1.001  0.207  1.001  1.0–1.002  0.239 

 Platelet  0.992  0.989–0.996  < 0.001   0.995  0.990–0.999   0.022   0.990  0.985–0.994  < 0.001  

 AFP, α -fetoprotein; ALT, alanine aminotransferase; BC, dual HBV and HCV; CI, confi dence interval; F, female; HBV, hepatitis B virus; HCV, hepatitis C virus; HCC, hepato-

cellular carcinoma; M, male; N, no; NBNC, non-B, non-C RR, relative risk; Y, yes. 

   a   All were baseline data, except for HCC; RR for increase of per 1 year for age, per 1 IU/ml for ALT, and per 10 3 /mm 3  for platelet.  

 Signifi cance of bold entries is  P <0.05. 
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96.2% for US alone and US plus an AFP cutoff  value of 20 ng/

ml, and 100% for US plus an AFP cutoff  value of 10 ng/ml or US 

plus an AFP cutoff  value of either 10 or 20 ng/ml and ≥2× from 

nadir. For all patient subgroups under surveillance with US or a 

combination of US and an AFP with either cutoff  criterion, using 

the conventional cutoff  value of 20 ng/ml yielded comparable sen-

sitivities, but higher specifi cities than the observed results when 

the cutoff  values determined using the ROC curves were applied. 

In addition,  Table 4  shows the positive and negative predictive 

values and positive and negative likelihood ratios in addition to 

the sensitivities and specifi cities of the various test combinations 

for all patient subgroups.

     DISCUSSION

  Despite the universal acceptance of US as the preferred method 

for HCC surveillance, the reported sensitivities of US surveil-

lance for HCC detection in patients with cirrhosis were het-

erogeneous ( 14 ). In addition, the interpretation of US was 

occasionally subjective because of the diff erences in operator 

skills, body habitus, and liver nodularity. Although computed 

tomography and magnetic resonance imaging are sensitive in 

diagnosing HCC and are less infl uenced by the operators’ tech-

nique and the patients’ body type as compared with US, their 

roles as surveillance tools for detecting early-stage HCC in 

patients with cirrhosis remains uncertain ( 24 ). In addition, the 

cost and potential adverse eff ects further impede their use in 

HCC surveillance. US remains the preferred HCC surveillance 

method for high-risk patients. However, in a meta-analysis of 

prospective cohort studies, US revealed a pooled sensitivity of 

only 63% in HCC detection at an early stage, and its sensitiv-

ity in clinical practice was estimated to be lower because of the 

apparent gap between the effi  cacy and the eff ectiveness of US 

( 14,21 ).

  Although AFP alone was demonstrated to be a suboptimal bio-

marker, in a prospective study, Lok  et al.  ( 11 ) reported an increase 

in AFP levels before detecting a suspicious liver nodule by using 

US in 6 of 39 patients with HCC. Th is indicates that AFP meas-

urement and US can be complementary. Recent study evaluating 

the performance characteristics of US and AFP measurement in a 

surveillance program for patients with cirrhosis, the sensitivity of 

using US in combination with AFP measurement was signifi cantly 

higher than that of using US alone, with only a minimal loss of 

specifi city ( 21 ). To date, despite the considerable eff orts in devel-

oping new serum biomarkers for detecting or diagnosing HCC, 

none have been proven superior to AFP ( 25 ). Our results suggest 

that, until a more reliable biomarker is determined, AFP measure-

ment in combination with US is superior to the use of US alone 

and may improve HCC detection in clinical practice.

  Because of the molecular heterogeneity of both individual 

patients and cancers, developing a perfect biomarker for all 

patients of a particular cancer is challenging. Ideally, by con-

sidering each person as their own control, the biomarker levels 

must be assessed multiple times during their lifetime, to ascer-

tain the changes in individual biomarkers over time ( 26 ). Th is 

is particularly true for HCC surveillance, because cirrhotic liv-

ers frequently exhibit varying degrees of infl ammatory change, 

which can interfere with the accuracy of surveillance when an 

absolute AFP cutoff  value is adopted ( 18,19 ). Our study results 

suggest that an increase in AFP levels that is greater than twice 

from the nadir during the previous year in addition to the cutoff  

value is a more suitable parameter for HCC detection than the 

cutoff  value alone. In addition, our results support the concept 

that an increased AFP level is a risk factor for HCC development, 

because patients who developed HCC exhibited higher AFP lev-

els at 12, 9, 6, and 3 months before developing HCC than those 

who did not develop HCC.

  A nationwide cohort study from Denmark discounted the 

eff ectiveness of HCC surveillance in patients with alcoholic cir-

rhosis in consideration of their relatively low risk of HCC ( 27 ). It 

was suggested that HCC surveillance is only cost eff ective among 

patients with an annual HCC risk of >1.5% ( 8 ). Th e present study 

was performed in an endemic area for both HBV and HCV ( 28 ). 

Th e annual incidence of HCC in our cohort was 4.24% and the 

cumulative 3- and 5-year incidence rates were 7.4% and 14.8%, 

respectively. Our results demonstrated that HCC surveillance 

using a combination of US and AFP measurement at regular inter-

vals between 3 and 6 months exhibited a higher sensitivity than did 

that using US alone, with a minimal loss of specifi city; however, 

this diff erence was not as signifi cant in the subgroup of patients 
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 Figure 2 .     Receiver operator characteristic (ROC) curves and their corresponding area under the ROC curves (AUROC) for subgroups of patients with 

various etiologies. ( a ) The AUROC of surveillance AFP for HCC detection was 0.844 (95% confi dence interval (CI): 0.820−0.868,  P <0.001). ( b ) The 

AUROCs of surveillance AFP for HCC detection for NBNC, HBV, HCV, and BC were 0.822 (95% CI: 0.733−0.911,  P <0.001), 0.865 (95% CI: 0.824−0.906, 

 P <0.001), 0.848 (95% CI: 0.816−0.880,  P <0.001), and 0.744 (95% CI: 0.657−0.832,  P <0.001), respectively.
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 Table 4  .     Performance characteristics of HCC surveillance tests 

  Test    Sensitivity (%)  a   

  (95% CI)  

  Specifi city (%) 

(95% CI)  

  PPV (95% CI)    NPV (95% CI)    LR   +    (95% CI)    LR   −    (95% CI)  

  Total ( n =1,597)  

  AFP (cutoff value of 9 ng/ml)  68.9 (64.1–73.6)  82.8 (80.7–84.9)  54.1 (49.6–58.7)  90.0 (88.3–91.8)  4.01 (3.48–4.61)  0.38 (0.32–0.44) 

  AFP (cutoff value of 20 ng/ml)  52.9 (47.8–58.0)  93.3 (91.9–94.7)  69.8 (64.4–75.2)  87.0 (85.3–88.9)  7.86 (6.25–9.89)  0.51 (0.45–0.56) 

  US  92.0 (89.2–94.8)  74.2 (71.8–76.7)  51.0 (47.4–55.1)  96.9 (95.8–98.0)  3.57 (3.23–3.94)  0.11 (0.08–0.15) 

  US and AFP (cutoff value of 9 ng/ml)  99.4 (98.7–100)  60.0 (57.2–62.7)  42.2 (38.9–45.5)  99.7 (99.3–100)  2.48 (2.32–2.66)  0.01 (0–0.04) 

  US and AFP (cutoff value of 20 ng/ml)  99.2 (98.2–100)  68.3 (65.7–70.9)  47.9 (44.4–51.5)  99.6 (99.2–100)  3.10 (2.88–3.40)  0.01 (0–0.04) 

   US and AFP (cutoff value of 9 ng/ml and 
≥2× from nadir) 

 99.2 (98.2–100)  70.1 (67.5–72.7)  49.4 (45.8–53.0)  99.7 (99.3–100)  3.32 (3.04–3.61)  0.01 (0–0.04) 

   US and AFP (cutoff value of 20 ng/ml and 
≥2× from nadir) 

 99.2 (98.2–100)  71.6 (69.0–74.0)  50.6 (47.0–54.0)  99.7 (99.3–100)  3.49 (3.19–3.81)  0.01 (0–0.04) 

  HBV ( n =464)  

  AFP (cutoff value of 9 ng/ml)  67.4 (57.8–77.0)  87.4 (84.0–90.7)  56.9 (47.6–66.2)  91.5 (88.7–94.4)  5.33 (3.94–7.22)  0.37 (0.28–0.50) 

  AFP (cutoff value of 20 ng/ml)  47.8 (37.6–58.0)  94.6 (92.3–96.9)  68.8 (57.4–80.1)  88.0 (84.8–91.2)  8.9 (5.52–14.33)  0.55 (0.45–0.67) 

  US  89.1 (82.8–95.5)  73.1 (68.6–77.6)  45.1 (37.8–52.3)  96.5 (94.3–98.6)  3.32 (2.76–3.98)  0.15 (0.08–0.27) 

  US and AFP (cutoff value of 9 ng/ml)  97.8 (94.8–100)  62.6 (57.7–67.6)  39.3 (33.0–45.6)  99.1 (98.0–100)  2.62 (2.29–3.00)  0.03 (0.01–0.14) 

  US and AFP (cutoff value of 20 ng/ml)  97.8 (94.8–100)  68.3 (63.6–73.0)  43.3 (36.5–50.0)  99.2 (98.0–100)  3.08 (2.65–3.59)  0.03 (0.01–0.13) 

   US and AFP (cutoff value of 9 ng/ml and 
≥2× from nadir) 

 97.8 (94.8–100)  69.1 (64.4–73.8)  43.9 (37.1–50.7)  99.2 (98.2–100)  3.16 (2.71–3.69)  0.03 (0.01–0.12) 

   US and AFP (cutoff value of 20 ng/ml and 
≥2× from nadir) 

 97.8 (94.8–100)  70.4 (65.8–75.1)  45.0 (38.1–51.9)  99.2 (98.2–100)  3.31 (2.82–3.88)  0.03 (0.01–0.12) 

  HCV ( n =753)  

  AFP (cutoff value of 9 ng/ml)  73.5 (67.4–79.6)  77.4 (73.9–80.9)  54.0 (48.1–60.0)  89.0 (86.2–91.8)  3.25 (2.73–3.87)  0.34 (0.27–0.43) 

  AFP (cutoff value of 20 ng/ml)  59.0 (52.2–65.8)  91.0 (88.6–93.3)  70.2 (63.3–77.2)  86.0 (83.2–88.8)  6.50 (4.89–8.71)  0.45 (0.38–0.53) 

  US  92.0 (88.2–95.8)  76.3 (72.8–79.9)  58.4 (53.0–63.9)  96.3 (94.6–98.1)  3.90 (3.33–4.54)  0.10 (0.07–0.17) 

  US and AFP (cutoff value of 9 ng/ml)  100  57.3 (53.2–61.4)  45.9 (41.2–50.5)  100  2.34 (2.13–2.58)  0 

  US and AFP (cutoff value of 20 ng/ml)  99.5 (99.0–100)  68.5 (64.7–72.4)  53.3 (48.3–58.4)  99.7 (99.2–100)  3.20 (2.80–3.58)  0.007 (0–0.05) 

   US and AFP (cutoff value of 9 ng/ml and 
≥2× from nadir) 

 99.5 (98.5–100)  71.6 (67.9–75.4)  55.9 (50.7–61.1)  99.7 (99.3–100)  3.50 (3.07–4.00)  0.007 (0–0.05) 

   US and AFP (cutoff value of 20 ng/ml and 
≥2× from nadir) 

 99.5 (98.5–100)  73.2 (69.5–76.9)  57.3 (52.1–62.6)  99.8 (99.3–100)  3.72 (3.23–4.27)  0.007 (0–0.05) 

  BC ( n =181)  

  AFP (cutoff value of 9 ng/ml)  60.0 (45.7–74.3)  76.5 (69.3–83.6)  45.8 (33.1–58.5)  85.2 (79.0–91.5)  2.60 (1.73–3.75)  0.52 (0.36–0.76) 

  AFP (cutoff value of 20 ng/ml)  42.2 (27.8–56.7)  91.9 (87.3–96.5)  63.3 (46.1–80.6)  82.8 (76.8–88.8)  5.20 (2.69–10.1)  0.63 (0.49–0.81) 

  US  95.6 (89.5–100)  72.8 (65.3–82.3)  53.8 (42.8–64.7)  98.0 (95.3–100)  3.51 (2.64–4.66)  0.06 (0.02–0.24) 

  US and AFP (cutoff value of 9 ng/ml)  100  53.7 (45.3–62.1)  41.7 (32.4–51.0)  100  2.16 (1.80–2.59)  0 

  US and AFP (cutoff value of 20 ng/ml)  100  67.4 (56.7–72.7)  48.4 (38.2–58.5)  100  2.83 (2.26–3.56)  0 

   US and AFP (cutoff value of 9 ng/ml and 
≥2× from nadir) 

 100  66.9 (59.0–74.8)  50.0 (39.7–60.0)  100  3.00 (2.38–3.84)  0 

   US and AFP (cutoff value of 20 ng/ml and 
≥2× from nadir) 

 100  69.1 (61.4–76.9)  51.7 (41.2–62.2)  100  3.24 (2.52–4.16)  0 

  NBNC ( n =199)  

  AFP (cutoff value of 10 ng/ml)  53.8 (34.7–73.0)  95.4 (92.2–98.5)  63.6 (43.5–83.7)  93.2 (89.5–96.9)  11.60 (5.42–25.00)  0.48 (0.32–0.73) 

  AFP (cutoff value of 20 ng/ml)  42.3 (23.3–61.3)  98.8 (97.3–100)  84.6 (65.0–100)  91.9 (88.0–95.8)  36.60 (8.59–155.9)  0.58 (0.42–0.81) 

  US  96.2 (88.8–100)  71.1 (64.3–77.9)  33.3 (22.7–44.0)  99.2 (97.6–100)  3.32 (2.60–4.25)  0.05 (0–0.37) 

  US and AFP (cutoff value of 10 ng/ml)  100 †   67.6 (60.7–74.6)  31.7 (21.6–41.8)  100  3.08 (2.49–3.83)  0 

  US and AFP (cutoff value of 20 ng/ml)  96.2 (88.8–100)  71.1 (64.3–77.9)  33.3 (22.7–44.0)  99.2 (97.6–100)  3.34 (2.60–4.25)  0.05 (0–0.37) 

   US and AFP (cutoff value of 10 ng/ml and 
≥2× from nadir) 

 100 ‡   69.9 (63.1–7.8)  33.3 (22.9–43.8)  100  3.33 (2.65–4.18)  0 

   US and AFP (cutoff value of 20 ng/ml and 
≥2× from nadir) 

 100*  70.5 (63.7–77.3)  33.8 (23.2–44.3)  100  3.39 (2.69–4.27)  0 

 AFP, α -fetoprotein; BC, dual HBV and HCV; CI, confi dence interval; HBV, hepatitis B virus; HCV, hepatitis C virus; HCC, hepatocellular carcinoma; LR + , positive likelihood 

ratio; LR − , negative likelihood ratio; NPV, negative predictive value; PPV, positive predictive value; US, ultrasound. 

   a   Comparison between combined US and AFP (either combination) and US alone for the total, HBV, HCV, and BC groups, all  P <0.001; † P =0.16, ‡ P =0.25, and * P =0.5 for 

the NBNC group.  
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with cirrhosis unrelated to viral hepatitis in comparison with 

cirrhosis related to viral hepatitis. Moreover, in the study cohort, 

the etiology of most patients with nonviral cirrhosis was alco-

holism, suggesting that AFP measurement is not as eff ective as a 

complementary method to US for HCC surveillance in western 

countries, where most liver cirrhosis is related to alcoholism, as it 

is in eastern countries.

  One limitation for the present study was the lack of independ-

ent sets of samples to validate these fi ndings. Another concern that 

deserves consideration is the cost eff ectiveness of adopting a policy 

for surveilling HCC. Our study did not investigate cost eff ective-

ness. However, assays for serum AFP levels are inexpensive, easy to 

perform, standardized, and widely available. On the basis of con-

venience and inexpensiveness, AFP measurement can be reasonably 

used as a valuable supplementary test to US in HCC surveillance. 

Our results revealed that combining US and AFP measurement can 

increase the sensitivity from 92% to 99.2% compared with the use 

of US alone, with a minor decrease in the specifi city from 74.2% to 

71.5%. Th e disadvantages of decreased specifi city with the use of 

US combined with AFP measurement include the performance of 

additional and expensive tests in addition to patient and physician 

anxiety. In our study, these additional investigational computed 

tomography or magnetic resonance imaging tests were performed 

for 351 patients. Most patients (318 patients, 91%) underwent 

these tests because of false-positive US results, whereas only 33 

patients (9%) underwent these tests because of increased AFP 

levels (namely, false-positive AFP elevation).

  In summary, our study suggests that until a superior alterna-

tive biomarker is developed, AFP measurement should be used in 

combination with US for HCC surveillance in patients with liver 

cirrhosis, in particular those with viral hepatitis-induced cirrhosis. 

Th e traditional cutoff  value of 20 ng/ml is optimal for HCC surveil-

lance.
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 Study Highlights

   WHAT IS CURRENT KNOWLEDGE 

    ✓     Surveillance of hepatocellular carcinoma (HCC) in high-risk 
patients can improve their outcomes and is recommended 
by all HCC guidelines. 

   ✓     Ultrasound (US) has been the most widely accepted tool 
for HCC surveillance. 

   ✓     The role of α -fetoprotein (AFP) in the surveillance of HCC 
remains controversial. 

    WHAT IS NEW HERE 

   ✓      Incorporating AFP into the HCC surveillance program for 
patients with cirrhosis improves the surveillance effective-
ness. 

   ✓     A combination of AFP measurement and US for HCC 
surveillance may be more applicable to hepatitis-virus-
induced cirrhosis than to alcohol-induced cirrhosis. 

   ✓     In addition to HCC, the etiologies and baseline platelet 
count affect AFP changes.   
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