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Abstract

Ultrasound-based surveillance has suboptimal sensitivity for early detection
of hepatocellular carcinoma (HCC) in patients with cirrhosis. There are several
emerging alternatives, including a novel multitarget HCC blood test (Mt-HBT).
We compared performance of mt-HBT against ultrasound with or without
alpha-fetoprotein (AFP) for early HCC detection in patients with cirrhosis. Per
the Preferred Reporting ltems for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines, two reviewers searched PubMed, Cochrane, Embase,
and clinicaltrials.gov databases from January 1990 through December 2020
to identify studies reporting sensitivity and/or specificity of ultrasound and
AFP for overall and early stage HCC detection in patients with cirrhosis. Mt-
HBT diagnostic performance was derived from a clinical validation study. A
network meta-analysis model was built for comparative assessment, and
pooled estimates of sensitivity at a fixed specificity were estimated based on
Bayesian binormal receiver operating characteristic models for each modal-
ity. Forty-one studies (comprising 62,517 patients with cirrhosis) met inclusion
criteria. Ultrasound-alone sensitivity was 51.6% (95% credible interval [Crl],
43.3%-60.5%) for early stage HCC detection, which increased with the ad-
dition of AFP to 74.1% (95% Crl, 62.6%—82.4%); however, this was offset by
decreased specificity (87.9% vs. 83.9%, respectively). With specificity fixed
at 90%, mt-HBT sensitivity for early stage HCC detection was higher than ul-
trasound alone (18.2%; 95% Crl, 0.2%—37.7%) and similar to ultrasound with
AFP (=3.3%; 95% Crl, —22.3%—17.4%). Pairwise posterior probabilities sug-
gested a preference for mt-HBT over ultrasound alone in 97.4% of cases but
only 36.3% of cases versus ultrasound with AFP. Conclusion: A blood-based
mt-HBT has higher sensitivity than ultrasound alone for early stage HCC de-
tection but similar sensitivity compared to ultrasound and AFP. Mt-HBT could
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COMPARISON OF A MULTITARGET BLOOD TEST TO ULTRASOUND AND

ALPHA-FETOPROTEIN

be a comparable alternative to existing methods for HCC surveillance in pa-

tients who are at risk.

INTRODUCTION

Hepatocellular carcinoma (HCC) is the third leading
cause of cancer death worldwide and a rising cause
of cancer-related death in the United States.l"! Despite
improved treatment options over time, the average 5-
year survival for HCC has remained below 20%. The
prognosis for patients with HCC depends on tumor
stage at diagnosis, with curative options available for
early stage HCC, affording 5-year survival exceeding
70%. In contrast, patients with late-stage HCC have a
median survival of only 1-2years.

Accordingly, professional society practice guidelines
recommend ultrasound-based surveillance, with or with-
out alpha-fetoprotein (AFP), every 6 months in patients
who are at risk, including those with cirrhosis from any
etiology. Several cohort studies have demonstrated that
HCC surveillance is associated with significant improve-
ments in early HCC detection, curative treatment receipt,
and overall survival in patients with cirrhosis.? Although
ultrasound with AFP has high sensitivity for any stage
HCC detection, it misses over one third of HCC at an early
stage, with a pooled sensitivity of only 63% in a recent
systematic review and meta-analysis.[3] Further, ultra-
sound and AFP often yield false-positive or indeterminate
results, resulting in potential physical, financial, and psy-
chological harm. Finally, patient and provider barriers to
HCC surveillance result in suboptimal adherence in clini-
cal practice, with less than 30% of patients with cirrhosis
undergoing surveillance.”! These notable limitations of
current surveillance strategies highlight an unmet need
for a simpler efficacious method for HCC surveillance.

A novel, multitarget, HCC blood test (mt-HBT)
composed of three methylation markers (homeobox
A1 [HOXA1], testis-specific Y-encoded-like protein
5 [TSPYL5], and beta-1,3-galactosyliransferase 6
[B3GALT6]), AFP, and patient sex was recently shown
to have high accuracy for early stage HCC detection
(82% sensitivity for early stage HCC and 87% speci-
ficity) in a phase Il biomarker validation study.® These
data highlight the potential of mt-HBT to provide an ef-
ficacious alternative to ultrasound-based surveillance,
particularly given the relative ease of implementing
blood-based biomarker strategies; however, there is no
head-to-head comparison between these two tests.

The objective of this study was to conduct a system-
atic literature review of studies for the sensitivity and
specificity of ultrasound with or without AFP for HCC
surveillance and compare test performance with mt-
HBT by using a network meta-analysis.

MATERIALS AND METHODS

The study was reported in accordance to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses Network Meta-Analysis (PRISMA-NMA)
guidelines for a complete systematic literature review
and network meta-analysis.

Systematic literature review

An electronic-based search was performed using
medical subject headings terms, text words, title
abstracts, and keywords in PubMed/MEDLINE,
Cochrane, and Embase database libraries, with dif-
ferent combinations to identify the pool of studies
published between January 1, 1990, and December
8, 2020, evaluating sensitivity and specificity of HCC
surveillance modalities in patients with cirrhosis
(Table S2). After duplicate studies were removed,
the remaining publications underwent title/abstract
and full-text screening. Both title/abstract and full-text
screening were performed by two independent inves-
tigators, and a third investigator resolved any disa-
greements or discrepancies.

Study selection and inclusion/
exclusion criteria

Potential eligible study designs included both rand-
omized controlled trials (with no restriction on ran-
domization procedure) and observational studies
(case—control and cohort studies). The study popula-
tion included patients with cirrhosis, with no restrictions
on age, who were undergoing HCC surveillance with
any of the following modalities: ultrasound alone, AFP
alone, ultrasound and AFP, and mt-HBT. Studies not
reported in English, nonhuman data, conference ab-
stracts, review articles, case report studies with less
than five patients, opinion letters, and studies focusing
on imaging for diagnostic purposes only (rather than
surveillance) were excluded. Studies with sequential
test combinations (imaging based on AFP levels) were
excluded because of information bias from the initial
study. Studies with <50% of patients with cirrhosis or
those that did not report the proportion of patients with
cirrhosis were also excluded. If the same cohort of pa-
tients was used in duplicate publications, data from the
most recent study were included.
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Data extraction

After a set of articles that met inclusion and exclu-
sion criteria was identified through full-text review
(Table S1), the data were extracted from individual
articles by independent investigators and validated by
the scientific team. Data from included studies were ex-
tracted following the structure highlighted in Table S3.
The extracted outcomes data included sensitivity and
specificity of HCC surveillance modalities and overall
and early stage HCC; effect sizes for test comparative
effectiveness with credible intervals (Crls); and number
of HCC cases (Tables S3 and S4). Data for early stage
HCC detection were extracted if studies used either
Milan criteria or the Barcelona Clinic Liver Cancer stag-
ing system.

Quality/bias assessment

Quality/bias assessment of included studies was
performed using a modified checklist based on the
National Institutes of Health study quality assessment
tool for observational studies.

Network meta-analysis

Because comparisons of ultrasound versus AFP, ultra-
sound alone versus ultrasound plus AFP, and AFP ver-
sus mt-HBT are present in the literature, we conducted
an NMA to estimate indirect comparisons of ultrasound
versus mt-HBT and ultrasound plus AFP versus mt-
HBT. The NMA was conducted based on a Bayesian
binormal receiver operating characteristic (ROC) model,
jointly for sensitivity and specificity of each modality.
The NMA model included terms for within-study varia-
tion in sensitivity and specificity estimates, across-study
averages in sensitivity and specificity for each modal-
ity, between-study variation in sensitivity and specificity
for each modality, and correlations between the study
effects for distinct modalities. The within-study varia-
tion terms captured sampling variability due to finite
within-study sample sizes, while the between-study
variation terms captured the study-to-study variations
in performance of each modality. The binormal ROC
model provides a link between the diversity of operat-
ing specificities for a particular diagnostic modality and
the corresponding sensitivities and provides a means
for estimating the sensitivity at a fixed-target specificity.

The overall structure of the NMA for comparison of
HCC surveillance modalities is illustrated in Figure S1.
The primary comparative assessments of current surveil-
lance modalities to mt-HBT were conducted based on av-
erage sensitivity at a fixed 90% operating specificity. The
threshold of 90% specificity was established based on
recommendations in biomarker validation.”® Estimates

and contrasts were accompanied by 95% Crls, 95%
predictive intervals, and pairwise posterior probabilities
that each modality is superior to the other. In addition,
the surface under cumulative ranking curve (SUCRA)
for each modality was estimated to identify hierarchy
between modalities and quantify effectiveness and ac-
ceptability of the HCC surveillance tests. Prior distribu-
tions were constructed uninformatively but in a manner to
rule out implausible estimates. Given the limited range of
operating specificities, particularly for ultrasound-based
diagnostics that identify presence/absence of lesions,
meta-analyzed average sensitivities and specificities
are reported in secondary analyses. Study-to-study het-
erogeneity in modality performance was assessed by
stratification on study-level characteristics and predictive
intervals, which are constructed to capture the plausible
range of study-specific performance and comparative
performance of each modality in a new unobserved study
setting. In addition, we generated separate forest plots for
sensitivity and specificity, showing point estimates along
with credible and predictive intervals. Each estimate was
annotated with the corresponding probability that the mo-
dality is the best. Finally, we generated Pareto frontier,
which provides a visual summary of multiobjectives in
multiobjective optimization (for joint posterior distribution
of sensitivity and specificity); graphics were generated as
graphical summaries.

Subgroup analyses

We additionally conducted subgroup analyses strati-
fied by geography (North America vs. other), study de-
sign (prospective vs. retrospective), study period (study
period ending after vs. during or before 2006), and pro-
portion of viral hepatitis (£75% vs. >75% of patients).
Because there is a single clinical validation study for
the mt-HBT modality (which had a prospective study
design, had completed data collection in 2020, and in-
cluded 48.5% of patients with viral etiology), estimates
for mt-HBT and corresponding comparisons were only
included for one side of each stratification.

RESULTS
Study selection

Of 8598 studies identified through a systematic search,
815 duplicates were removed and 7783 underwent title
and abstract screening. There were 119 studies that went
on to full-text review, of which 41 (comprising 62,517 pa-
tients with cirrhosis) met all inclusion and exclusion cri-
teria and were suitable for data extraction (Figure 1). A
majority (71%) of the studies reported data on more than
one surveillance modality, such as both ultrasound alone
and ultrasound plus AFP. Overall, 34 studies (n = 13,544
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FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) schematic flow diagram. HCC,

hepatocellular carcinoma; SLR-MA, systematic literature review and meta-analysis.

patients) reported performance characteristics for ultra-
sound alone and 14 studies (n = 7140 patients) evaluated
the performance of ultrasound with AFP. We extracted
data from these 41 studies and compared them against
the published clinical validation study of mt-HBT.

Study characteristics

Characteristics of the studies included in NMA are de-
tailed in Table 1. Of the 41 studies, 21 were retrospective
studies, 18 were prospective, one was a case—control
study, and one was a randomized controlled trial.
Fourteen studies were conducted in North America, 10
in Europe, 12 in Asia, and the remaining five in other
regions (Argentina, Australia, or Egypt). The mean age
of participants ranged from 41 to 67 years, and the pro-
portion of men ranged from 35% to 99%.

Test sensitivities

The sensitivities of AFP alone, ultrasound alone, ul-
trasound with AFP, and mt-HBT at the observed

specificities are reported in Table 2. As expected, the
sensitivity of AFP alone for early stage HCC detection
was poor at 49.1% (95% Crl, 40.7%—-56.1%) with speci-
ficity of 87.9% (95% Crl, 83.4%—-92.5%). Ultrasound
alone had a sensitivity of only 51.6% (95% Crl, 43.3%—
60.5%) for early stage HCC detection, which was in-
creased to 74.1% with the addition of AFP (95% Crl,
62.6%—82.4%); however, this was offset by a small de-
crease in specificity (87.9% vs. 83.9%). When speci-
ficity was fixed at 90%, the sensitivities of ultrasound
alone and ultrasound with AFP for early stage HCC
detection were 50.9% (95% Crl, 42.6%—-59.1%) and
72.4% (95% Crl, 60.8%—80.5%), respectively (Table 3).

Compared with ultrasound alone, the sensitivity of
mt-HBT did not significantly differ for any stage HCC
(difference6.6%; 95% Crl, -11.2%—-23.2%) or early
stage HCC (18.2%; 95% Crl, -0.2%-37.7%) when
specificity was fixed at 90% (Table 4). Similarly, mt-
HBT sensitivity did not significantly differ from ultra-
sound and AFP for detection of any stage HCC (5.5%;
95% Crl, -13.7%—21.1%) or early stage HCC (-3.3%;
95% Crl, —22.3%—-17.4%). SUCRA values for any stage
and early stage HCC surveillance showed preference
for mt-HBT over ultrasound alone; however, cumulative
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(Continued)

TABLE 1

Surveillance
modality

Mean
age

With

With

Total

HCC Male %

cirrhosis

Study period enrolled

Location
USA

Type of study

Study

US & AFP

52.7
52

73.2
67

199
24
34
Sl

226
254
322
173
63

239
360
372
602
78

Jan 1988-Dec 2004
Jan 1988-Dec 1993
Jun 2000-Jun 2004

1991-1998
1991-2008

retrospective

Snowberger et al.[5%
Solmi et al.®*

US & AFP
AFP

Egypt

prospective

52.7
59

75
51

Canada
USA
USA

retrospective

Sterling et al.%%

US & AFP

prospective

Tong et al.®®

US & US+AFP

AFP
us

56.5

NA

82

68

retrospective

Tong et al.®”!

NA

184
123
17

1037
1278

77

1277
1340
2293
514
85

Jan 1988-Dec 2001
Jun 2000—Mar 2006

NA

Italy

retrospective

RCT

Trevisani et al.?%

54.5

69.1
47

France

Trinchet et al 158

US & US+AFP
US & AFP

41.25
5513

63
60

Thailand
Egypt
Spain

prospective

Ungrtukul et al.®®
Ziada et al.[®¥!

81

103
85
34

NA
NA
164

Apr 2013—Jan 2015
2003-2005

prospective

US, AFP, & US+AFP

US & AFP

87
45.7

retrospective

Zapata et al.?"!

164

Jan 1989-Dec 1991

Italy

prospective

Zoli et al.1®"

Abbreviations: AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma; NA, not applicable; US, ultrasound; US+AFP, ultrasound plus alpha-fetoprotein.

@ Study reported median instead of mean age.

ranking preferences were similar between mt-HBT and
ultrasound with AFP for detection of any stage HCC
(81.8% vs. 65.2%, respectively) and early stage HCC
(77.6% vs. 87.9%, respectively) (Table 4). Pairwise
posterior probabilities suggested a preference for mt-
HBT over ultrasound and AFP in 70.3% of cases for
any stage HCC detection and 36.3% of cases for early
stage HCC detection (Table 3).

There was variation in performance of modalities
from study to study in both absolute and relative terms,
as demonstrated by the predictive intervals in Figure 2.
However, even in the presence of this variation, the
comparative analysis showed that mt-HBT would be
statistically significantly superior to AFP alone for both
any stage and early stage HCC detection (posterior
predictive probability mt-HBT superior to AFP alone:
97.2% in any stage and 90.4% in early stage HCC).
Further, there was moderate evidence that mt-HBT
would be superior to ultrasound alone in early stage
HCC surveillance (posterior predictive probability mt-
HBT superior to ultrasound alone, 86.4% in early stage)
(Figure 3).

Subgroup analyses
North American sites only

Results for the subgroup of studies conducted in North
America are included in Table 5. Specifically, we re-
port the sensitivities of AFP alone, ultrasound alone,
ultrasound with AFP, and mt-HBT, at the observed spe-
cificities in Table 5A, at fixed specificities in Table 5B,
and sensitivity comparisons at 90% fixed specificity in
Table 5C. The sensitivity of AFP alone for early stage
HCC detection was 50.0% (95% Crl, 38.8%—-58.8%)
with specificity of 88.7% (95% Crl, 84.7%—-92.7%).
Ultrasound alone had a poor sensitivity of only 44.0%
(95% Crl, 27.6%—58.4%) for early stage HCC detection,
which was substantially lower than the pooled estimate
of ultrasound performance across all studies globally.
The addition of AFP to ultrasound increased early stage
sensitivity to 63.5% (95% Crl, 42.8%—83.2%); however,
this was offset by a decrease in specificity (90.7% vs.
84.2%). When specificity was fixed at 90%, the sen-
sitivities of ultrasound alone and ultrasound with AFP
for early stage HCC detection were 68.6% (95% Crl,
59.5%—76.4%) and 80.0% (95% Crl, 64.1%—96.4%), re-
spectively (Table 5B).

Compared with ultrasound alone, the sensitivity of
mt-HBT provided a clinically and statistically significant
improvement (difference 25.2%; 95% Crl, 8.4%—44.1%)
for early stage HCC when specificity was fixed at 90%
(Table 5C). On the other hand, mt-HBT sensitivity did not
significantly differ from ultrasound with AFP for detec-
tion of any stage HCC (0.4%; 95% Crl, —20.2%—19.5%)
or early stage HCC (12.3%; 95% Crl, —11.3%—-34.6%).
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TABLE 2 Pooled sensitivity (any stage and early stage HCC) and specificity estimates at the observed modality operation for HCC

surveillance

Surveillance modality Estimate (95% Crl)

Any stage sensitivity

AFP alone 56.3 (48.4-63.0)
US alone 78.6 (69.4-86.8)
US+AFP 85.1 (76.0-92.2)
mt-HBT 84.3 (65.6-97.9)

Early stage sensitivity
49.1 (40.7-56.1)
51.6 (43.3-60.5)
741 (62.6-82.4)
70.1 (50.1-89.2)

Specificity

87.9 (83.4-92.5)
87.9 (82.0-94.5)
83.9 (77.6-91.1)
86.8 (73.9-97.7)

Abbreviations: AFP, alpha-fetoprotein; Crl, credible interval; HCC, hepatocellular carcinoma; mt-HBT, multitarget hepatocellular carcinoma blood test; US,

ultrasound; US+AFP, ultrasound plus alpha-fetoprotein.

TABLE 3 Any stage and early stage HCC sensitivity estimates by modality for specificities fixed at 90%

Surveillance modality Any stage HCC

Early stage HCC

Estimate (95% Crl)
AFP alone 53.5 (48.3-59.0)
US alone 77.0 (69.7-83.6)
US+AFP 79.0 (70.9-86.9)
mt-HBT 83.6 (66.8-97.5)

SUCRA

53.0%
65.2%
81.8%

Estimate (95% Crl) SUCRA
0.0% 48.0 (40.0-55.5) 11.1%
50.9 (42.6-59.1) 23.5%
72.4 (60.8-80.5) 87.9%
69.1 (51.1-87.2) 77.6%

Note: Estimates and comparisons include 95% Crls, estimates include SUCRA statistics, and comparisons include posterior probability that mt-HBT is

superior.

Abbreviations: AFP, alpha-fetoprotein; Crl, credible interval; HCC, hepatocellular carcinoma; mt-HBT, multitarget hepatocellular carcinoma blood test; SUCRA,
surface under cumulative ranking curve; US, ultrasound; US+AFP, ultrasound plus alpha-fetoprotein.

TABLE 4 Any stage and early stage HCC sensitivity comparisons of modalities to mt-HBT for specificities fixed at 90%.

Modality

comparison Any stage HCC

Early stage HCC

Difference in sensitivity
estimate (95% Crl)

mt-HBT vs. AFP 30.0 (13.4-44.9) >99%

mt-HBT vs. US 6.6 (-11.2-23.2) 75.2%

mt-HBT vs. 5.5 (-13.7-21.1) 70.3%
US+AFP

Posterior probability
mt-HBT superior

Difference in sensitivity
estimate (95% Crl)

Posterior probability
mt-HBT superior

211 (3.3-39.4) 98.9%
18.2 (-0.2-37.7) 97.4%
-3.3 (-22.3-17.4) 36.3%

Abbreviations: AFP, alpha-fetoprotein; Crl, credible interval; HCC, hepatocellular carcinoma; mt-HBT, multitarget hepatocellular carcinoma blood test; US,

ultrasound; US+AFP, ultrasound plus alpha-fetoprotein.

SUCRA values showed preference for mt-HBT over ul-
trasound alone for detection of early stage HCC (95.1%
vs 16%, respectively) and any stage HCC (83.2% vs.
38.2%, respectively). In addition, SUCRA values for
early stage HCC favored mt-HBT over ultrasound with
AFP (95.1% vs. 62.8%, respectively); however, cumula-
tive ranking preferences were similar between mt-HBT
and ultrasound with AFP for detection of any stage
HCC (83.2% vs. 78.5%, respectively).

Other subgroup analysis

Results from subgroup analyses stratified by study
design, study period, and proportion of viral hepatitis

are presented in Tables S1-S6. Overall, the stratified
results were qualitatively similar to the overall results,
although there was an indication that mt-HBT perfor-
mance relative to other modalities may be stronger in
populations with less viral hepatitis, and the estimated
performance of AFP alone, ultrasound alone, and ultra-
sound with AFP may be worse for retrospective studies.

Quality assessment

Quality/bias assessment of included studies is provided
in Table S5. Although most studies had appropriate pa-
tient selection, three studies °~" only enrolled patients
listed for liver transplantation and nine studies!'?2"]
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Any stage HCC Early stage HCC
AFP alone +——w— 0.54 (95% Crl, 0.48-0.59; SUCRA 0%) AFP alone +——re+—i 0.48 (95% Crl, 0.48-0.56; SUCRA 11%)
Us alone —— 0.77 (95% Crl, 0.70-0.84; SUCRA 53%) Us alone i 0.51 (95% Crl, 0.43-0.59; SUCRA 24%)
US+AFP — 0.79 (95% Crl, 0.71-0.87; SUCRA 65%) US+AFP - 0.72 (95% Crl, 0.61-0.81; SUCRA 88%)
mt-HBT ———t 0.84 (95% Crl, 0.67-0.98; SUCRA 82%) mt-HBT ———t—] 0.69 (95% Crl, 0.51-0.87; SUCRA 78%)
L [ L
02 08 1.0 02 06 1.0
Sensitivity at 90% specificity Sensitivity at 90% specificity
Any stage HCC Early stage HCC
mt-HBT 0.30 (95% Crl, 0.13-0.45; mt-HBT 0.21 (95% Crl, 0.03-0.39;
o p—— )
vs. AFP Post Pr mt-HBT superior >99%) vs. AFP Post Pr mt-HBT superior 99%)
mt-HBT 0.07 (95% Crl, —0.11-0.23; mt-HBT 0.18 (95% Crl, 0.00-0.38;
———t ———t
vs. US Post Pr mt-HBT superior 75%) vs. US Post Pr mt-HBT superior 97%)
mt-HBT 0.05 (95% Crl, —0.14-0.21; mt-HBT —0.03 (95% Crl, —0.22-0.17;
———t— . ——— )
vs. US+AFP Post Pr mt-HBT superior 70%) vs. US+AFP Post Pr mt-HBT superior 36%)
— T T T 1 — 1 T T T 1
—0.4 0.0 0.4 -04 00 0.4
Difference in sensitivity at 30% specificity Difference in sensitivity at 0% specificity

FIGURE 2 Pooled estimates of sensitivity at 90% fixed-target specificity for each modality and comparisons to mt-HBT in any stage
HCC and early stage HCC surveillance. Data show 95% Crl in black and 95% predictive intervals in red. AFP, alpha-fetoprotein; Crl,
credible interval; HCC, hepatocellular carcinoma; mt-HBT, multitarget hepatocellular carcinoma blood test; Post PR, posterior probability;
SUCRA, surface under cumulative ranking curve; US, ultrasound; US+AFP, ultrasound plus alpha-fetoprotein.
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FIGURE 3 Pareto frontier (sensitivity vs. specificity) for pooled
observed operation of each modality in any and early stage HCC.
AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma; mt-HBT,
multitarget hepatocellular carcinoma blood test; US, ultrasound;
US+AFP, ultrasound plus alpha-fetoprotein.

examined cohorts diagnosed with HCC, potentially in-
troducing selection bias and overestimating index test
performance with a dearth of false-negative results.
Several studies excluded patients with limited life ex-
pectancy due to comorbidities or Child C cirrhosis, but
this was felt to be appropriate and not introduce se-
lection bias given surveillance is not recommended in
patients with Child C cirrhosis outside of candidates for
liver transplantation. Most studies used standard refer-
ence tests to confirm HCC diagnosis, including com-
puted tomography, magnetic resonance imaging (MRI),
and biopsy; however, in most studies, it was unclear if
the reference standard was interpreted without knowl-
edge of the index test, potentially overestimating sur-
veillance test performance. Finally, most studies failed
to perform reference tests in those with negative sur-
veillance tests, introducing verification bias with likely
overestimation of surveillance test performance.

DISCUSSION

Our results reinforce that ultrasound alone has a poor
sensitivity for early stage HCC detection, with a pooled
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TABLE 5 Any stage and early stage HCC sensitivity estimates by modality and comparisons of modalities®

Any stage sensitivity

Surveillance modality estimate (95% Crl)

Early stage sensitivity
estimate (95% Crl)

Specificity estimate
(95% Crl)

(A) Pooled sensitivity and specificity estimates at observed modality operation

AFP alone 57.4 (48.1-65.5) 50.0 (38.8-58.8) 88.7 (84.7-92.7)
US alone 67.6 (58.5-76.2) 44.0 (27.6-58.4) 90.7 (83.6-96.3)
US+AFP 83.9 (68.5-96.7) 63.5 (42.8-83.2) 84.2 (74.1-93.9)
mt-HBT 79.6 (63.0-92.9) 69.9 (46.9-84.9) 89.6 (78.8-97.9)
Surveillance modality Any stage HCC Early stage HCC

Estimate (95% Crl) SUCRA Estimate (95% Crl) SUCRA
(B) Pooled sensitivity estimates at 90% fixed operating specificity
AFP alone 55.1 (49.2-60.7) <1% 48.6 (34.9-56.1) 26.2%
US alone 68.6 (59.5-76.4) 38.2% 45.7 (31.9-57.8) 16.0%
US+AFP 80.0 (64.1-96.4) 78.5% 58.5 (38.5-78.8) 62.8%
mt-HBT 80.4 (68.1-92.3) 83.2% 70.9 (57.0-83.6) 95.1%
Modality comparison ~ Any stage HCC Early stage HCC

Difference in sensitivity Posterior probability Difference in sensitivity = Posterior

estimate (95% Crl)

mt-HBT superior

estimate (95% Crl) probability mt-

HBT superior

(C) Pooled sensitivity comparisons at 90% fixed operating specificity

mt-HBT vs. AFP 25.3 (14.7-36.3) >99%
mt-HBT vs. US 11.8 (-1.3-24.3) 96.2%
mt-HBT vs. US+AFP 0.4 (-20.2-19.5) 53.3%

22.3 (10.1-34.1) >99%
25.2 (08.4—44.1) >99%
12.3 (-11.3-34.6) 85.5%

Abbreviations: AFP, alpha-fetoprotein; Crl, credible interval; HCC, hepatocellular carcinoma; mt-HBT, multitarget hepatocellular carcinoma blood test; SUCRA,
surface under cumulative ranking curve; US, ultrasound; US+AFP, ultrasound plus alpha-fetoprotein.

@Analysis restricted to North American sites.

sensitivity of only 51.6%. Early stage HCC detection
is significantly increased to 74.1% when ultrasound is
used in combination with AFP, although this improved
sensitivity was offset with decreased specificity. The
poor effectiveness of ultrasound-based surveillance
has underscored the importance of novel imaging and
blood-based surveillance strategies, including mt-HBT,
which was recently validated in a phase Il case—control
biomarker study. Herein, we found that mt-HBT had
similar sensitivity as ultrasound with or without AFP for
any stage and early stage HCC detection when speci-
ficity was fixed at 90%.

Given increasing recognition of the limitations of
ultrasound-based surveillance, there has been increas-
ing interest in alternative imaging and blood-based
surveillance strategies. Promising imaging-based
strategies include abbreviated MRI, which has demon-
strated high sensitivity and specificity in several small
case—control studies.”? There have also been sev-
eral proposed blood-based biomarkers with promising
early results.””®) GALAD is a biomarker panel com-
prised of sex (gender), age, AFP-L3%, AFP, and des-
y-carboxyprothrombin (DCP); it has demonstrated high
sensitivity and specificity for early stage HCC detection
in large case—control studies and small cohort studies,
with ongoing phase Il evaluation in the Early Detection
Research Network Hepatocellular Carcinoma Early

Detection Strategy Study.?* The mt-HBT panel was also
shown to have high sensitivity and specificity for early
stage HCC detection in a large national case—control
phase Il study, with comparable performance to that of
GALAD. A conjoint survey study among three academic
health systems suggested that patients would strongly
prefer these emerging MRI-based and biomarker-based
strategies to that of ultrasound with or without AFp.[2
Of three available surveillance strategies—ultrasound
alone, ultrasound with AFP, and mt-HBT—we found ul-
trasound with AFP and mt-HBT are preferred, with the
highest performance for early stage HCC detection and
both achieving sensitivities exceeding 70%. It is import-
ant to consider that there is often a gap between test
efficacy and effectiveness, given differences in opera-
tor expertise, patient characteristics, and test utilization.
This gap is particularly notable for ultrasound, which is
known to be operator dependent and have worse visual-
ization in patients with obesity and those with nonviral eti-
ologies of cirrhosis.?®! Studies have also demonstrated
site-to-site variation in ultrasound performance, poten-
tially driven by differences in ultrasound volume and
protocols.[27'28] These issues with ultrasound were high-
lighted in our study by the lower sensitivity and speci-
ficity of ultrasound among studies conducted in North
America compared to those conducted elsewhere. This
gap is not surprising given ultrasound in the United
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States is conducted by technicians with frozen images
subsequently interpreted by radiologists, whereas ul-
trasound is typically conducted and interpreted concur-
rently by clinicians in Europe and Asia.”®! Therefore,
the need for alternative strategies, such as biomarkers,
may vary by site and be driven by local performance of
ultrasound-based surveillance rather than pooled global
estimates. Further, issues with ultrasound-based sur-
veillance will likely become more prevalent as cirrhosis
etiologies shift from being viral hepatitis predominant to
an increasing proportion related to alcohol and nonal-
coholic steatohepatitis-related cirrhosis.??! In contrast,
the performance of mt-HBT appears to be consistent
across liver disease etiologies and obesity classes.BY
Therefore, it will be important to continue monitoring ul-
trasound performance and reassess the relative benefit
of biomarker-based strategies, such as mt-HBT, over
time. Finally, patients and providers both report barriers
to HCC surveillance, resulting in underuse of surveil-
lance in clinical practice.[31'32] Several observed barri-
ers are specific to imaging-based surveillance, such as
scheduling and transportation for a separate radiology
appointment, so adherence to blood-based surveillance
strategies may be higher.[31] Therefore, despite similar
efficacy, blood-based surveillance strategies may have
higher effectiveness for early stage HCC detection than
ultrasound-based surveillance.

Results of our meta-analysis should be interpreted
considering its limitations. First, network meta-analyses
are often used in the absence of direct head-to-head
comparisons to provide indirect comparisons; however,
these results would not obviate the need for prospec-
tive validation studies. This is particularly important, as
the performance of biomarkers are often overestimated
in phase Il case—control biomarker studies while phase
Il and IV validation studies typically provide more ac-
curate estimates. Accordingly, mt-HBT is currently un-
dergoing prospective evaluation in the Performance of
a Multitarget HCC Test in Subjects With Increased Risk
(ALTUS) study, although these results are not anticipated
for years and our data provide important insights in the
interim. Second, several included studies had potential
for verification bias and dependence between surveil-
lance and diagnostic tests, which could have led to over-
estimation of surveillance test performance. Third, the
systematic review and network meta-analysis included
both randomized and observational study designs, and
there is a possibility of systematic differences between
these study designs. Further, differences in patient char-
acteristics and study settings across studies may con-
tribute to observed heterogeneity and inconsistency,
particularly given that ultrasound is operator dependent
with site-to-site variation in performance and test accu-
racy can vary by patient characteristics. Fourth, results
of the study also combined test performance across
phase Il and phase Ill biomarker studies, with the former
potentially overestimating test performance compared to

a phase Il study. This is particularly important as the mt-
HBT validation study was a phase || case—control study,
although a prospective validation study is ongoing.[33]
Additionally, the studies included in this NMA did not
allow for assessment of coherence between direct and
indirect comparisons to mt-HBT because the clinical val-
idation study of mt-HBT was compared to AFP. Finally,
the binormal ROC model has limitations in its ability to
model all shapes of ROC curves and could introduce a
bias, particularly if used to estimate sensitivity at a spec-
ificity far from the observed specificity. Here, our target
specificity of 90% is near the operating specificities of all
modalities so any impact would be slight.

In summary, we found that ultrasound alone had
poor sensitivity for early stage HCC detection, although
this was significantly increased when used in combina-
tion with AFP. The mt-HBT achieved similar test per-
formance for early stage HCC detection as ultrasound
with AFP, suggesting that it may be another potential
emerging tool for HCC surveillance.
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