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	� Hepatocellular carcinoma (HCC) is a leading cause of cancer-related mortality 
(~830,000 deaths/year)1,2 and typically develops in patients with chronic liver diseases 
(CLDs)3

	 •  �Cirrhosis, which can be caused by chronic viral infection (hepatitis B [HBV] or C [HCV]), 
alcoholic or non-alcoholic steatohepatitis (NASH), accounts for 80–90% of cases 
regardless of etiology4

	� Current guidelines recommend routine surveillance of high-risk patients every 6 months 
using ultrasonography; however, effectiveness for the detection of early-stage HCC 
is limited5

	� Protein-induced by vitamin K absence-II (PIVKA-II) and alpha-fetoprotein (AFP) have 
been identified as serum biomarkers linked to HCC, but these biomarkers have been 
inconsistently incorporated into guidelines5–7

	� The Elecsys® GAAD algorithm (Roche Diagnostics International Ltd, Rotkreuz, 
Switzerland) is an in vitro diagnostic multivariate index assay combining the following 
to provide a semi-quantitative result:

	� The Elecsys GAAD score showed better clinical performance for detecting both early- 
and all-stage HCC versus Elecsys AFP alone (Figure 2).

	� Distribution of the Elecsys GAAD score results by cases and controls (Figure 1A), 
BCLC staging (Figure 1B), etiology (Figure 1C) and geographical region (Figure 1D) 
are shown below.

	 •  �The Elecsys GAAD score results were effective at distinguishing between HCC cases 
and CLD controls, and correlated with HCC disease stage.

	� Patients and disease controls aged ≥18 years were prospectively enrolled at 
seven clinics in the People’s Republic of China, Germany, Japan and Thailand.

	� Eligible HCC cases had first-time HCC diagnosis confirmed radiologically 
according to national guidelines, or by liver biopsy. Key exclusion criteria were: 
presence of any other cancer, except non-melanoma skin cancer (NMSC); 
recurrent HCC; current or previous treatment for HCC. The key exclusion criterion 
in disease controls was presence of any cancer except NMSC

	 •  �HCC cases were also grouped according to Barcelona Clinic Liver Cancer 
(BCLC) staging (early, stages 0/A; late, stages B/C/D).

	� Eligible disease controls had absence of HCC confirmed by imaging within 
12 months prior, and presence of: cirrhosis; non-cirrhotic chronic HBV infection; 
non-cirrhotic chronic HCV infection; non-cirrhotic NASH. 

	� Serum samples were collected ≥1 day prior to surgery and the measurements 
of Elecsys PIVKA-II (ng/mL) and Elecsys AFP (ng/mL) assays were run on cobas 
e 601 analyzer in three experimental runs at Microcoat GmbH (Bernried, Germany). 

	� The clinical performance of the Elecsys GAAD algorithm was compared with 
that of the Elecsys AFP assay alone. Cut offs for the detection of HCC were:

	 •  �Elecsys GAAD score of 2.57 (generated score between 0–10)
	 •  �Elecsys AFP concentration of 20 ng/mL

	� All clinical information was collected in an electronic data capture system and 
informed consent provided.

	� Performance was assessed using receiver operating characteristic (ROC) 
analysis and AUC values were calculated.

	� Sensitivity and specificity at the established cut-offs were determined and 
derived 95% confidence intervals (CIs) computed from the binomial distribution 
using the Clopper-Pearson method8

	 •  �One-sided McNemar test was used for comparison of sensitivities

	� The Elecsys GAAD algorithm, combining PIVKA-II and AFP, plus age and gender, 
demonstrated good clinical performance in differentiating HCC and benign CLD, 
across all disease stages and etiologies 

	� For the detection of both early- and all-stage HCC, the Elecsys GAAD score 
performed better than Elecsys AFP assay alone

	 �These findings provide supporting evidence for the use of the Elecsys GAAD 
score as an aid in the detection of early-stage HCC in patients with CLD 
undergoing surveillance

Objective
To assess the clinical performance of the Elecsys GAAD algorithm to differentiate 
HCC and benign CLD, according to disease stage and etiology
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*quantitative measurements (using respective Elecsys assays) in human serum and plasma

ALD, non-cirrhotic alcoholic liver disease; BCLC, Barcelona Clinic Liver Cancer; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; 
HCV, hepatitis C virus; NASH, non-alcoholic steatohepatitis; SD, standard deviation.

Table 1. Participant demographics and clinical characteristics 

Figure 1. Distribution of Elecsys GAAD score by cases and controls 
(A), BCLC staging (B), etiology (C) and geographical region (D).

Figure 2. ROC plot of Elecsys AFP assay and Elecsys GAAD score 
for discriminating between disease control and (A) early-stage or 
(B) all-stage HCC patients

Figure 3. ROC plot of Elecsys GAAD score for discriminating between 
HCC patients and disease controls, by etiology group (A and B) and by 
region (C and D) 

Control (N=208) HCC (N=156)Characteristics

Mean age, years (SD)

Gender, n (%) 
	 Male

Race, n (%) 
	 Asian 
	 White 
	 Black or African American 
	 Other 
	 Missing

Disease etiology, n (%) 
	 Cirrhosis 
	 HBV 
	 HCV 
	 NASH 
	 ALD 
	 Other

BCLC stage, n (%) 
	 0 
	 A 
	 B 
	 C 
	 D
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Participants 
  A   total of 470 patients were screened; of these, 156 HCC cases and 208 disease 

controls were enrolled in the study (Table 1). 

  In the HCC cohort, mean age was 62.6 years, 130 (83.3%) were male and 130 (83.3%)   
had cirrhotic etiology. 

  •  Seventy-one (45.5%) had early-stage and 85 (54.5%) had late-stage HCC.  

  In the control cohort, mean age was 52.2 years, 126 (60.6%) were male and 79 
(38.0%) had cirrhotic etiology. 

Clinical Performance

AFP, alpha-fetoprotein; ALD, non-cirrhotic alcoholic liver disease; BCLC, Barcelona Clinic Liver Cancer; HBV, hepatitis B virus;  
HCC, hepatocellular carcinoma; HCV, hepatitis C virus; NASH, non-alcoholic steatohepatitis.

AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma; ROC, receiver operating characteristic.

ALD, non-cirrhotic alcoholic liver disease; AUC, area under the curve; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C 
virus; NASH, non-alcoholic steatohepatitis; ROC, receiver operating characteristic.

AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma.

	� The sensitivity for detecting early- and all-stage HCC, respectively, was 41 and 
34 percentage points higher using the Elecsys GAAD algorithm compared with 
Elecsys AFP assay alone at a high specificity (>90%) (Table 2).

	� The Elecsys GAAD algorithm was effective at distinguishing early- and all-stage HCC, 
regardless of etiology or geographical region (Figure 3).

Sensitivity % 
(95% CI)

38.0 
(26.8–50.3)

78.9 
(67.6–87.7)

 

Elecsys AFP assay 
(cut off: 20 ng/mL)

Elecsys GAAD score  
(cut off: 2.57)

Sensitivity % 
(95% CI)

52.6 
(44.4–60.6)

86.5 
(80.2–91.5)

Specificity % 
(95% CI)

98.1 
(95.2–99.5)

91.4 
(86.7–94.8) 

Specificity % 
(95% CI)

98.1 
(95.2–99.5)

91.4 
(86.7–94.8)

Early-stage HCC (N=71) All-stage HCC (N=156)

Table 2. Clinical performance of Elecsys AFP assay and Elecsys GAAD 
algorithm for the detection of early- and all-stage HCC.
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