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Abstract

Background & Aims—Saociety guidelines differ in their recommendations for surveillance to
detect early-stage hepatocellular carcinoma (HCC) in patients with cirrhosis. We compared the
performance of surveillance imaging, with or without alpha fetoprotein (AFP), for early detection
of HCC in patients with cirrhosis

Methods—Two reviewers searched MEDLINE and SCOPUS from January 1990 through August
2016 to identify published sensitivity and specificity of surveillance strategies for overall and early
detection of HCC. Pooled estimates were calculated and compared using the DerSimonian and
Laird method for a random effects model. The study was conducted in accordance with Preferred
Reporting Items for Systematic Review and Meta-analysis guidelines.
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Results—Thirty-two studies (comprising 13367 patients) characterized sensitivity of imaging
with or without AFP measurement for detection of HCC in patients with cirrhosis. Ultrasound
detected any stage HCC with 84% sensitivity (95% CI, 76%-92%), but early-stage HCC with only
47% sensitivity (95% ClI, 33%—-61%). In studies comparing ultrasound with vs without AFP
measurement, ultrasound detected any stage HCC with a lower level of sensitivity than ultrasound
plus AFP measurement (relative risk [RR], 0.88; 95% CI, 0.83-0.93) and early-stage HCC with a
lower level of sensitivity than ultrasound plus AFP measurement (RR, 0.81; 95% ClI, 0.71-0.93).
However, ultrasound alone detected HCC with a higher level of specificity than ultrasound plus
AFP measurement (RR, 1.08; 95% ClI, 1.05-1.09). Ultrasound with vs without AFP detected
early-stage HCC with 63% sensitivity (95% ClI, 48%—-75%) and 45% sensitivity (95% ClI, 30%-—
62%), respectively (P=.002). Only 4 studies evaluated computed tomography or magnetic
resonance image-based surveillance, which detected HCC with 84% sensitivity (95% CI, 70%—
92%).

Conclusions—In a meta-analysis of publications, we found ultrasound alone to detect early-
stage HCC with a low level of sensitivity in patients with cirrhosis. Addition of AFP to ultrasound
analysis significantly increases the sensitivity of HCC detection in clinical practice.

Keywords
screening; liver cancer; ultrasound; alpha fetoprotein

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the leading causes of death in patients with
cirrhosis, with prognosis largely driven by tumor stage.! Patients detected at an early stage
are eligible for curative therapies and can achieve 5-year survival rates approaching 70%
with liver transplantation or surgical resection.? Conversely, those with more advanced
tumors are only eligible for palliative treatments and have a poor prognosis, with median
survival of 1-2 years.3

Several cohort studies have demonstrated an association between HCC surveillance and
early tumor detection and improved survival in patients with cirrhosis.* ® However, there is
uncertainty regarding what surveillance strategy is most effective for early tumor detection
in clinical practice.5-8 Choice of surveillance modality must balance sensitivity to optimize
early HCC detection, specificity to minimize surveillance-related harms, and costs to remain
cost-effective. Professional society guidelines from the American Association for the Study
of Liver Diseases (AASLD) and European Association for the Study of the Liver (EASL)
both recommend surveillance using ultrasound every 6 months in patients with cirrhosis;
however, they disagree about the value of adding the serum biomarker alpha fetoprotein
(AFP) as an adjunct surveillance test.® 10 Additionally, there is increasing use of computed
tomography (CT) and magnetic resonance imaging (MRI) for surveillance purposes in
clinical practice given concerns about ultrasound’s accuracy.”: 11

Given few direct comparative studies, we are forced to primarily rely on indirect
comparisons across studies. The aim of this systematic review is to characterize and
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compare the performance of surveillance modalities including ultrasound with or without
AFP, CT, and MR for the detection of HCC.

METHODS

Literature search and study selection

We searched the MEDLINE and SCOPUS databases from January 1990 through August
2016 using search terms described in Supplemental Methods. Additional studies that may
have been missed by the electronic search were identified through manual searching of
reference lists from applicable studies and consultation with experts in the field. Two
investigators (K.T. and J.0.) independently reviewed publication titles identified by the
search strategy. If the applicability of an article could not be determined by title or abstract
alone, the full text was reviewed. Articles were independently evaluated for possible
inclusion and any disagreements were resolved through consensus with a third reviewer
(A.S.). The study was conducted in accordance with Preferred Reporting Items for
Systematic Review and Meta-analysis (PRISMA) guidelines.

Study inclusion and exclusion criteria

Studies were included for analysis if they evaluated abdominal imaging (ultrasound, CT, or
MRI) with or without AFP for HCC surveillance in a cohort of patients with cirrhosis.
Surveillance was defined as the repeated use of the test at a regular interval over time to
detect a previously undiagnosed lesion. Studies evaluating imaging for screening or
diagnostic purposes instead of surveillance were not included in the analysis. Studies
performed exclusively in a non-cirrhotic cohort, such as patients with chronic hepatitis, were
excluded. If the study cohort included both patients with cirrhosis and chronic hepatitis, only
data regarding cirrhosis patients were included when possible. If data could not be extracted
for the subset of patients with cirrhosis, we only included those studies in which a majority
of patients had cirrhosis. Studies in which <50% of patients had cirrhosis, or those in which
the proportion of patients with cirrhosis was not detailed, were excluded. Studies using
sequential test combinations, such as ultrasound testing in patients based on AFP levels,
were excluded because information bias from the initial study could have unpredictable
effects on the ultrasound operating characteristics. Studies were required to report the
number of discovered HCC and number of missed HCC for each surveillance test, as lack of
data for false negative results (i.e. patients with missed lesions) precluded sensitivity
calculations. Studies that reported the proportion of HCC discovered by surveillance, but not
stratified by test, were excluded. Additional exclusion criteria included non-English
language, non-human data, and lack of original data. If duplicate publications used the same
cohort of patients, the data from the most recent manuscript were included.

Data extraction

Three authors (K.T., J.O., A.S.) independently reviewed and extracted required information
from eligible studies using standardized forms. A fourth investigator (N.R.) was available to
resolve any discrepancies between the sets of extracted data. The data extraction form
included the following study design items: geographical location and date of study,
characteristics and size of study cohort, inclusion and exclusion criteria, surveillance
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methods, surveillance interval, duration of follow-up and ‘gold-standard’ methods for
diagnostic confirmation of HCC. In addition, the extraction form recorded the following
primary data: number of HCC discovered during surveillance (true positives), number of
false positives, number of missed lesions (false negatives) and number of true negatives for
each surveillance test. We also recorded the proportion of HCC discovered at an early stage,
as defined by Milan criteria: one nodule <5 cm or 2-3 nodules, each <3 ¢cm in diameter,
without gross vascular invasion or extra-hepatic metastases.12 We defined early stage HCC
by Milan Criteria instead of the Barcelona Clinic Liver Cancer (BCLC) staging system
because many studies did not report necessary data for liver dysfunction or patient
performance status. Two authors (K.T. and A.S.) independently assessed study quality by a
modified checklist based upon the Quality Assessment Tool for Diagnostic Accuracy
(QUADAS?) guidelines with discrepancies resolved by consensus.13

Statistical analysis

RESULTS

The aim of this study was to compare the performance of surveillance strategies (ultrasound,
CT, and MRI with or without AFP) to detect HCC, particularly at an early stage. For each
individual study, per-patient sensitivity, per-patient specificity and diagnostic ORs with 95%
confidence intervals were calculated as possible. Pooled estimates of each calculation were
computed using STATA 14 (StataCorp, College Station, TX, USA). Estimates of effect were
pooled using the DerSimonian and Laird method for a random effects model. The
heterogeneity of diagnostic test parameters was initially evaluated graphically by
examination of forest plots and statistically by the inconsistency index, with values >50%
consistent with the possibility of substantial heterogeneity.14 Sensitivity analysis, in which
one study is removed at a time from the model, was performed to determine if there was
possible undue influence of a single study. Publication bias was initially evaluated
graphically by funnel plot analysis and then statistically using Begg’s test. A summary
receiver operator characteristics (SROC) curve was constructed to illustrate the distribution
of sensitivities and specificities. The area under the curve (AUC) was computed, with perfect
tests having an AUC of 1 and poor tests having an AUC close to 0.5. Subgroup analyses
were planned for HCC detection for predefined subsets of studies based on (i) prospective
vs. retrospective study design, (ii) location of study; (iii) study period; and (iv) inclusion of
patients without cirrhosis.

Literature Search

Upon review of the 10260 titles identified by the search strategies, 615 abstracts were further
examined. 155 publications underwent full-text review to determine their eligibility for the
meta-analysis and 126 were excluded. One study was excluded because they did not use
imaging, 30 articles evaluated imaging but not as a surveillance tool, 11 studies were not
conducted among patients with cirrhosis, 16 studies were excluded for lack of original data
and 68 studies had insufficient data for extraction. The remaining 29 studies were selected
after meeting all applicable inclusion criteria (Supplemental Figure). Finally, recursive
literature searches identified 3 additional articles that met inclusion criteria, producing a
total of 32 studies.15-46
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Study Characteristics

Characteristics of the 32 studies evaluating the performance of imaging with or without AFP
to detect HCC are described in Table 1.15-46 Among a total of 13367 patients, 1877
developed HCC. Fifteen studies (n=4480 patients) reported data on early HCC; of 516
patients who developed HCC, 319 (61.8%) were detected at an early stage.
15,20,22,23,27-32,36,39,40.43.46 Tyyenty-eight studies (n=10743 patients) exclusively included
patients with cirrhosis, with four studies including some patients with significant fibrosis.
Most studies (n=23) were prospective in design, although 9 collected data on surveillance
test performance retrospectively. Seven studies were conducted in the United States, 14 in
Europe, 7 in Asia, and 4 in other countries. Most studies evaluated ultrasound as the
surveillance imaging modality; however, two evaluated CT-based surveillance and two
evaluated MRI-based surveillance. There was no evidence of publication bias by Begg’s test
(p=0.85).

Quality Assessment

Quality assessment of included studies is provided in Table 2. Although most studies had
appropriate patient selection, 4 studies only enrolled patients listed for liver transplantation
potentially introducing selection bias and overestimating ultrasound performance. Several
studies excluded patients with limited life expectancy due to comorbidities or Child C
cirrhosis, but this was not felt to introduce selection bias given surveillance is not
recommended in Child C cirrhosis patients outside of candidates for liver transplantation.
Nine studies had applicability concerns about patient selection given inclusion of patients
with advanced fibrosis but not cirrhosis.16: 21-24. 30, 33,37, 44, Most studies used standard
reference tests to confirm HCC diagnosis, including CT, MRI, and biopsy; however, 10
studies used AFP > 400 ng/mL, so reference tests were not independent of the surveillance
tests. Further, elevated AFP is no longer recommended for diagnosis by AASLD guidelines
for HCC diagnosis given imperfect specificity. Lack of independence between surveillance
and reference tests was also a concern, with 2 studies evaluating CT and MRI-based
surveillance, potentially overestimating surveillance test performance.2®: 46 Finally, most
(n=26) studies failed to perform reference tests in those with negative surveillance tests,
introducing verification bias and potentially overestimating surveillance test performance.

Ultrasound alone for HCC Detection

Thirty-one studies, with 12977 patients, reported sensitivity of ultrasound for detection of
HCC at any stagel5-33.35-46 of which 15 studies (n=4400) evaluated detection of HCC at an
early stage. 15:20.22,23,27-32,36,39,40,43.46 There was a wide range in sensitivities for any stage
detection (28% to 100%), as well as early HCC detection, which ranged from 21% to 89%.
The pooled sensitivity of ultrasound was 84% (95%CI 76% — 92%) for HCC detection at
any stage but significantly lower at 47% (95%CI 33% — 61%) for early HCC detection
(Figure 1A and 1B). In subgroup analyses, there was no significant difference in ultrasound
sensitivity for early HCC detection by prospective vs. retrospective study design (p=0.12), or
inclusion of patients without cirrhosis (p=0.89). We found no difference in ultrasound
sensitivity for early detection by study location (p=0.12), although sensitivity was
numerically lower in U.S. studies23: 29: 36 (369%, 95%CI 27% — 47%) compared to studies
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conducted in Europel5: 20,27, 31,32, 39,40, 43 (4794 9506C| 28% — 67%). Similarly, there was
some improvement in ultrasound sensitivity for early HCC detection over time from 21%
(95%CI 5%-51%) in studies conducted prior to 199027 to 45% (95%CI 15% — 77%) among
studies conducted primarily in 1990s1% 20 22, 31, 32, 39 t 5004 (35% — 66%) for studies
conducted primarily after 200023 28-3036, 40, 43, 46 however, this difference did not reach
statistical significance (p=0.17).

Fifteen studies (n=8519) characterized overall accuracy (i.e. both sensitivity and specificity)
of ultrasound for detection of HCC at any stage 15-17. 22, 25, 27,29, 30, 36, 40, 41, 43-46 of
which 9 studies (n=3426) evaluated ultrasound performance for early HCC

detection®: 22, 27, 29, 30, 36, 40, 43,46 symmary ROC curves for any stage HCC and early
HCC detection are shown in Figures 2A and 2B, respectively. Although the area under the
curve for any stage HCC was 0.96 (95%CI 0.94 — 0.98), it was significantly lower at 0.88
(95%CIl 0.85 — 0.90) for early stage HCC. In this subset, pooled sensitivity and specificity of
ultrasound for early stage detection were 53% (95%CI 35% — 70%) and 91% (95%CI 86 —
94%), respectively. The positive and negative likelihood ratios of ultrasound for early stage
HCC were 5.8 (95%CI 3.7 — 9.2) and 0.51 (95%CI 0.35 — 0.75), respectively, with a
diagnostic odds ratio of 11 (95%CI 5 - 24).

Ultrasound with AFP for HCC Detection

In the 18 studies (n=8526) that compared sensitivity of ultrasound with or without AFP for
detection of HCC at any stage, sensitivity of ultrasound alone was 78% (95%CI 67% — 86%)
compared to 97% (95%CI 91% — 99%) for ultrasound plus AFP.

20-27,30, 33, 35-37, 40-42, 45, 46 The sensitivity of ultrasound alone was significantly lower
compared to ultrasound plus AFP (RR 0.88, 95%CI 0.83 — 0.93).

In the 7 studies (n=2770) that compared sensitivity of ultrasound with or without AFP for
early HCC detection, ultrasound alone had significantly lower sensitivity than ultrasound
plus AFP (RR 0.81, 95%Cl 0.71 — 0.93) (Table 3, Figure 3).20. 23. 27,30, 36, 40, 46 pqg|e(d
sensitivities of ultrasound with and without AFP for early HCC detection were 63% (95%ClI
48% — 75%) and 45% (95%CI 30% — 62%), respectively. The benefit of AFP was consistent
across subgroups including prospective studies (RR 0.78, 95%CI 0.66 — 0.92),

20,23, 27, 36, 40, 46 sty dies conducted in the United States (RR 0.59, 95%Cl 0.41 — 0.85),23: 36
studies exclusively enrolling patients with cirrhosis (RR 0.76, 95%CI 0.60 — 0.95),

20,27, 30, 36, 40, 46 3 studies conducted after year 2000 (RR 0.79, 95%Cl 0.66 — 0.95).

23,30, 36,40, 46 Although there was not statistical heterogeneity (12=0%), we performed a
sensitivity analysis in which the study by Singal and colleagues3® was removed given it
appeared to be a potential outlier on visual inspection of forest plots. Ultrasound alone
continued to have significantly lower sensitivity for early HCC detection compared to
ultrasound plus AFP (RR 0.84, 95%CI 0.73 — 0.96). We also performed a sensitivity analysis
removing studies by Qian and Lok?23: 30 given inclusion of patients without cirrhosis, and
ultrasound alone continued to have lower sensitivity for early HCC detection than ultrasound
plus AFP (RR 0.76, 95%CI 0.60 — 0.95).

Six studies (n=4782) compared accuracy of ultrasound (i.e. both sensitivity and specificity)
with and without AFP for HCC detection,25: 27. 36, 40. 45, 46 of which 4 studies (n=2245)
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reported accuracy for early HCC detection.2”- 36.40. 46 Ag ahove, sensitivity of ultrasound
alone was lower than ultrasound plus AFP for any stage and early stage HCC detection.
However, ultrasound alone had higher specificity than ultrasound plus AFP (RR 1.08,
95%CI 1.05 — 1.09). The specificity for ultrasound alone was 92% (95%CI 85% — 96%)
compared to 84% (95%CI 77% — 89%) for ultrasound plus AFP. Overall, the diagnostic OR
of ultrasound for early HCC detection (7, 95%CI 3 — 15) was similar to the diagnostic odds
ratio for ultrasound plus AFP (8, 95%CI 3 — 23).

Subgroup Analysis of Prospective Studies

In prospective cohort studies, the pooled sensitivity of ultrasound was 86% (95%CI 75% —
95%) for detection of any stage HCC but only 42% (95%CI 27% — 58%) for early HCC
detection. 15-16,18-21, 23-29, 31-32, 36-40, 46 | the 6 studies reporting both sensitivity and
specificity of ultrasound for early HCC detection, pooled sensitivity, specificity, and
AUROC were 48% (28% — 68%), 92% (90% — 94%), and 0.91 (0.89 — 0.94), respectively.
15,27, 29,36, 40, 46 Compared to ultrasound and AFP, ultrasound had significantly lower
sensitivity for detection of any stage HCC (RR 0.80, 95%CI 0.72 — 0.88) and early stage
HCC (0.78, 95%Cl 0.66 — 0.92). 20. 23, 27,36, 40, 46 | this subset of studies, the sensitivity of
ultrasound and AFP for any stage and early stage HCC were 95% (83% — 100%) and 60%
(95%CI 45% — 74%), respectively, compared to only 72% (56% — 86%) and 40% (22% —
58%), respectively, for ultrasound only.

CT and MRI for HCC Detection

Four studies (n=897) characterized performance of cross-sectional surveillance imaging for
detection of HCC - two evaluated CT-based surveillance?®: 41 and two evaluated MRI-based
surveillance.34 46 Pocha and colleagues?® performed a single-center randomized trial
comparing CT and ultrasound-based surveillance in patients with cirrhosis. The sensitivity
and specificity of CT for any stage detection were 87.5% (95%CI 50.8% — 99.9%) and
87.5% (95%CI 77.7% — 93.5%), respectively; however the sensitivity of CT for early HCC
detection was lower at 62.5% (95%CI 30.4% — 86.5%) and did not significantly differ from
ultrasound. Van Thiel and colleagues*! reported sensitivity and specificity for any stage
detection of 70.0% (95%CI 45.7% — 88.1%) and 100% (95%CI 96.3% — 100%),
respectively, but did not report performance characteristics for early HCC detection.

The two studies evaluating MRI had a pooled sensitivity and specificity for any HCC
detection of 83.1% (95%CI 72.0% — 90.5%) and 89.1% (95%CI 86.5% — 91.3%),
respectively.34 46 Kim and colleagues*® compared MRI and ultrasound in a cohort of 407
patients with cirrhosis who underwent 1100 surveillance exams and found MRI had a
sensitivity of 83.7% (95%CI 69.7% — 92.2%) for early HCC detection, which was
significantly higher than ultrasound (25.6%, 95%CI 14.8% — 40.4%).

DISCUSSION

Ultrasound currently forms the backbone of professional society recommendations for HCC
surveillance; however, our meta-analysis highlights its suboptimal sensitivity for detection of
HCC at an early stage. Ultrasound’s sensitivity and specificity for any-stage HCC detection
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exceed 90%, but it detects less than half of HCC patients at an early stage. Using ultrasound
in combination with AFP appears to significantly improve sensitivity for detecting early
HCC with a small, albeit statistically significant, trade-off in specificity. There are few
studies evaluating other alternative surveillance strategies including CT or MRI-based
surveillance, particularly at an early stage; however, available data suggest MRI retains high
sensitivity.

There has been considerable debate regarding the potential benefit of adding AFP to
ultrasound-based HCC surveillance programs.8: 47: 48 |t is clear the best way to address this
debate would be a randomized clinical trial given inherent limitations of observation studies
with indirect comparisons including biases with patient selection, flow and timing of tests,
and potential confounders including the proportion of patients with obesity or advanced liver
dysfunction, which are known to impact ultrasound sensitivity. However, a previously
attempted randomized controlled trial comparing ultrasound alone to ultrasound with AFP
was not possible given high rates of AFP contamination in the ultrasound alone study arm,
highlighting providers’ reluctance to not perform AFP and rely on ultrasound alone.*? This
also underlines the importance of our study’s findings, as this meta-analysis of cohort
studies may represent the highest level of evidence possible comparing the two surveillance
tests.

A prior meta-analysis of 13 prospective cohort studies concluded AFP was not of significant
additional value compared to ultrasound alone®8; however, only prospective studies
conducted prior to 2007 were included. Four subsequent prospective studies?3: 36. 40. 46 ang
one retrospective study3° directly compared the sensitivity of ultrasound with or without
AFP for early HCC detection, with a consistently observed benefit of adding AFP across
these studies. The most recent AASLD guidelines state surveillance should be performed
using ultrasound with or without AFP, as it is “not possible to determine which type of
surveillance test, US alone or the combination of US plus AFP, leads to greater improvement
in survival”.10 This recommendation represents a departure from prior AASLD guidelines
and current EASL guidelines, which recommend against use of AFP during surveillance
given insufficient sensitivity and specificity.? 42 Our findings support this change and, in
fact, suggest surveillance should routinely be done using ultrasound with AFP. Although
studies did not evaluate the potential impact of surveillance strategies on overall survival,
using ultrasound in combination with AFP significant improves early HCC detection — the
mediating pathway for surveillance improving survival — compared to ultrasound alone.

Although the pooled sensitivity of ultrasound for early HCC detection was low, there was
wide variation in performance between studies. We explored this heterogeneity in subgroup
analyses including study design, study location, study period, and inclusion of patients with
cirrhosis; however, no single factor was able to fully explain differences in ultrasound
performance. Although we noted numerical improvement in ultrasound sensitivity over time
from 21% in studies conducted prior to 1990 to 50% among those conducted after 2000, this
difference did not reach statistical significance. Further, the benefit of using AFP in
combination with ultrasound was still observed in the subset of studies conducted after 2000.
Several other factors that potentially affect ultrasound performance could not be evaluated
given insufficient reporting of these details in included studies. Although we could not
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directly evaluate the effect of ultrasound expertise, we found no difference in results by
study location — a potential surrogate for ultrasound protocol. Whereas physicians often
perform ultrasounds in Asia and parts of Europe, they are typically conducted by ultrasound
technicians in the United States. In addition to operator dependency, ultrasound is reported
to have lower quality imaging and sensitivity in patients with obesity, non-alcoholic
steatohepatitis, or increased liver nodularity.%0 51 These associations suggest the efficacy of
ultrasound alone for HCC surveillance may become more limited in the future given
increasing incidences of obesity and NAFLD-related cirrhosis. Centralization of HCC
surveillance to high-volume/tertiary centers, in which expert operators are more likely
available to perform ultrasounds, is likely not a feasible solution given the large number of
patients with cirrhosis and the frequent nature of requiring surveillance imaging every 6
months.52: 53 Although it may still be possible to define study settings (e.g. high volume
centers with expert operators) and patient populations (e.g. non-obese patients with viral-
related compensated cirrhosis) in whom ultrasound alone can be effective for early HCC
detection, our findings suggest using AFP in combination with ultrasound is likely beneficial
in most settings and patient populations.

Criticism of AFP has largely centered on its insufficient sensitivity and specificity for early
HCC detection when used alone; however, our findings demonstrate adding AFP to
ultrasound surveillance is associated with significantly improved sensitivity. It should be
noted the increased sensitivity for early HCC by using AFP with ultrasound was associated
with a trade-off in decreased specificity. However, most studies evaluated AFP at a single-
threshold value of 20 ng/mL, with any elevated AFP level counted as a false positive and
thereby decreasing specificity. Studies suggest AFP false positives are more likely in the
setting of hepatitis C and/or elevated ALT, so this may be less problematic as HCC
epidemiology shifts to NASH-related.>* 5 Further, increasing data suggest monitoring
longitudinal patterns of AFP over time can increase biomarker accuracy and may better
reflect how AFP is interpreted in clinical practice.%8 57 Increasing AFP levels, even if below
a cut-off of 20 ng/mL, can be a sign of HCC and stable or decreasing AFP levels, even if
above 20 ng/mL, are reassuring. A recent study evaluating HCC surveillance harms
demonstrated physical harms related to false positive AFP results are mitigated by clinical
interpretation.®® In contrast, ultrasound-related physical harms may be underestimated if
solely relying on false positive results given high rates of diagnostic testing for
indeterminate ultrasound results.%® 3 Future studies comparing surveillance strategies
should incorporate evaluation of physical, psychological, and financial harms instead of
simply reporting specificity.5°

Our meta-analysis is the first to include comparative studies including CT and MRI versus
ultrasound. We found only four studies have evaluated CT- and MRI-based surveillance
strategies despite increasing use of these modalities in clinical practice. A trial comparing
CT and ultrasound found no significant improvement in early HCC detection between the
two tests, although it only included only 163 patients.2® In addition to lack of demonstrated
benefits, CT-based surveillance is limited by potential physical harms including radiation
exposure and potential contrast-induced nephrotoxicity.61: 62 The trials evaluating MRI-
based surveillance report high specificity and sensitivity, including for early HCC detection;
however, this strategy likely cannot be expanded to all cirrhosis patients given high costs
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(including co-payments), contraindications to MRI (implanted hardware, claustrophobia),
long scan times compared to ultrasound, and limited MRI availability (particularly in more
remote areas).53 Early data suggest an abbreviated MRI protocol may be able to address
some of these issues, while retaining high accuracy, but evaluation in cohort studies is still
needed.64. 65

Results from our study must be interpreted within the limitations of the included studies.
First, most studies only reported detection of HCC at any stage, instead of early HCC
detection, which over-estimates surveillance test performance. Further, no studies compared
differences in downstream outcomes including curative treatment receipt or overall survival.
Second, most studies did not include additional follow-up or apply a “gold standard’
reference test in patients with normal surveillance tests to confirm absence of HCC so were
limited by verification bias, which may also result in over-estimation of surveillance test
performance. Third, many studies did not report factors that affect ultrasound quality (e.g.
operator experience or proportion of obese patients) so we could not identify subgroups in
whom ultrasound alone may be sufficient. Although these limitations may affect point
estimates, they should affect ultrasound and AFP equally so our analysis comparing
ultrasound with and without AFP should be unaffected.

In summary, we demonstrated ultrasound has suboptimal sensitivity for early HCC
detection, highlighting the need for alternative surveillance strategies. There are currently
insufficient data to support routine use of CT- or MRI-based surveillance in all patients with
cirrhosis. Using AFP in combination with ultrasound significantly increases early HCC
detection, suggesting this may be the preferred surveillance strategy for patients with
cirrhosis until superior surveillance strategies are available.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Sensitivity of ultrasound alone to detect hepatocellular carcinoma at a) any stage and b) an
early stage (within Milan Criteria)
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10260 citations reviewed
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surveillance utilization in the United States

615 abstracts reviewed

344 abstracts without original surveillance data
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30 abstracts without imaging
23 abstracts with non-cirrhotic cohort

155 full texts reviewed
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30 articles without surveillance
16 articles without original data

11 articles with non-cirrhotic cohort

1 articles without imaging

29 articles Included
+ 3 articles from recursive literature searches

Figure 3.
Sensitivity of ultrasound with and without AFP to detect HCC at an early stage
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