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ABSTRACT

Background. The frequency and predictors of hepatocel-

lular carcinoma (HCC) within each liver imaging reporting

and data system (LI-RADS) category remains unclear. We

sought to estimate the cumulative frequency of HCC in LI-

RADS observations of high/intermediate category and

identify clinical/radiographic features associated with

HCC.

Methods. Our diagnostic imaging database was searched

for computed tomography/magnetic resonance imaging

reports of patients with evidence of cirrhosis and liver

observations. LI-RADS categories were determined by

imaging review, while demographic and clinical outcomes

were assigned by chart review. A composite outcome of

clinical/radiographic confirmation of HCC was used. We

used multivariable analysis to identify features associated

with HCC, and competing risks regression to estimate the

cumulative frequency of HCC in each category.

Results. Our search returned 95 patients with 137 obser-

vations (LR2 = 4, LR3 = 53, LR4 = 37, and LR5 = 43).

On multivariable analysis, increasing age (hazard ratio

[HR] 1.76 per 10 years, p = 0.049), washout (HR 5.34,

p\ 0.002), and increasing size (size\ 10 mm reference,

10–20 mm, HR 3.93, p = 0.014; size[ 20 mm, HR 21.69,

p\ 0.001) were associated with HCC. Median time to

diagnosis was 6.13 months (interquartile range [IQR]

4.6–13.1), 4.7 months (IQR 2.5–14.5), and 3.6 months

(IQR 1.9–6.6) for LR3, 4, and 5 category observations,

respectively. The cumulative frequency of HCC was 59.8%

in LR3, 84.62% in LR4, and 99.84% in LR5, at last follow-

up.

Conclusion. The frequency of HCC within each LI-RADS

category reflects the intended purpose, intermediate prob-

ability for LR3, probable HCC for LR4, and definite HCC

for LR5.

While the non-invasive diagnosis of HCC has been well-

validated,1 many observations do not display the full

spectrum of features. To address this issue, the American

College of Radiologists (ACR) developed the Liver

Imaging Reporting and Data System (LI-RADS) to stan-

dardize the reporting and interpretation of liver

observations on cross-sectional imaging of patients at risk

for HCC.2

Developed in 2011, the LI-RADS was most recently

updated in 2018.3 Categories range from 1 to 5 and reflect

the probability of an underlying HCC.2,3 LR1 and 2 lesions

represent ‘definite’ and ‘probably benign’ observations,

respectively, LR 3 lesions represent ‘intermediate proba-

bility’, LR 4 lesions represent ‘probable HCC’, and LI-

RADS 5 lesions represent ‘definite HCC’. However, the

true incidence of HCC in each category remains poorly

defined. Estimates of the frequency of HCC in LR 3 and 4

categories vary widely, ranging from 38%4 to 96%.5 To

this end, the LI-RADS management group has identified an

ongoing need for studies to confirm the proportion of HCCs
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within each category.2 We sought to estimate the cumu-

lative frequency of HCC in intermediate-and high-risk LI-

RADS category observations and determine which radio-

graphic and clinical features are most suggestive of

underlying HCC.

METHODS

Study Design and Population

We performed a retrospective cohort study to determine

the cumulative risk of HCC within intermediate and high

LI-RADS categories. We also sought to identify predictors

of underlying HCC within these categories. This study was

approved by and conducted in accordance with our insti-

tutional Ethics Review Board.

Our institutional database was queried using Montage

(now mPower, Nuance, Burlington MA, USA6) for reports

of computed tomography/magnetic resonance imaging

(CT/MRI) studies with both cirrhosis and liver observa-

tions, between 2009 and 2015. The following Boolean

terms were used: (cirrhosis AND lesion) OR (cirrhosis

AND mass) OR (cirrhosis AND nodule) OR (cirrhosis

AND observation). Patients were only included if they had

two or more imaging studies to permit longitudinal follow-

up and increase the yield of screened studies. Studies also

had to be appropriately protocoled as per the LI-RADS

criteria.

Chart review and image screening was performed by

three authors (ET, GH, DY). Clinical variables abstracted

included primary etiology of cirrhosis, vital status, onco-

logic outcome, and pathologic information from resected/

biopsied lesions. Radiographic features (size, arterial

enhancement, washout, pseudocapsule, fat content, and

location) of each observation at the index imaging study

were also determined. Many studies pre-dated LI-RADS

categories, therefore all LI-RADS categories were assigned

de novo, as per LI-RADS 2011. Observations were fol-

lowed individually up to a maximum of four observations

per patient. Those with more than four observations were

excluded for feasibility. All initial radiographic features,

LI-RADS classifications, and final radiographic outcomes

were reviewed and adjudicated by a fellowship trained staff

radiologist with 8 years of academic practice experience

(AM).

Imaging Protocols

CT liver protocols were performed on a GE LightSpeed

VCT 64 (GE Healthcare, Chicago, IL, USA) and an

Aquilion One 320 CT scanner (Canon Medical Systems,

previously Toshiba, Otawara, Japan) with acquisition of an

unenhanced liver followed by post-contrast imaging at 10,

65, and 180 s. MRI liver protocols were performed on an

Avento 1.5T MRI scanner (Siemens Healthcare, Malvern,

PA, USA) with acquisition of the following sequences:

coronal T2, axial T1 in and out of phase, axial T2, axial

DWI (b0, b400, and b800), axial T2 with fat saturation,

axial T1 with fat saturation pre-and post-gadolinium with

Gadovist (Bayer, Leverkusen, Germany) at the immediate

arterial phase and 60, 180, and 300 s.

Measures and Outcomes

A composite outcome was used as a surrogate for the

presence or progression to HCC within an observation.

Outcomes were classified as unknown, definitely HCC, or

definitely not HCC. Unknown was defined as the absence of

radiographic progression on follow-up imaging, or until the

last point of clinical follow-up or death. Lesions that were

treated by ablation or transarterial chemoembolization

(TACE) without biopsy were also considered unknown.

Lesions were considered definitely HCC when there was

radiographic progression (increase in LI-RADS category,

recurrence after local therapy, or, in the case of LR5

observations, clear progression, such as increase in size, or

emergence of multifocal HCC), confirmation of the diag-

nosis on biopsy, surgical resection, or explant at the time of

transplant. Lesions that were not visualized on follow-up

imaging, or that were negative on pathology, were con-

sidered definitely not HCC.

Statistical Analysis

All analysis was performed on either SPSS version 24.0

for Windows (IBM Corporation, Armonk, NY, USA), or

STATA version 14.0 for Windows (StataCorp LLC, Col-

lege Station, TX, USA). Analysis was conducted at the

observation level. Univariable and multivariable analysis

was performed to measure the association of variables with

definitely HCC versus all other outcomes. Univariable

analysis was performed using the Chi square test for cat-

egorical data, and t test for continuous data; alpha was set

at 0.05. Medians were compared using the Wilcoxon rank-

sum test, and multivariable analysis was performed using

logistic regression. Variables significant on univariable

analysis were run forward and backward until the final

model was reached. Age divided by ten was used to esti-

mate effect size by decade. The median time to diagnosis

was calculated for each LR category based on observations

with an outcome of definite HCC.

Given our desire to produce an unbiased estimate of the

cumulative frequency of HCC within each category, we

avoided using a fixed period of radiographic stability to

define observations as non-HCC. Instead, we used
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competing risks regression, a form of survival analysis that

calculates the cumulative index function rather than the

survival function. This method is able to account for

competing risks that prevent the primary failure event from

occurring.7 In our study, definite HCC was the primary

failure event, while observations that were definitely not

HCC were the competing risk; unknown observations are

censored. This approach permits an estimate of the

cumulative frequency of HCC (definite HCC) in each LI-

RADS category at maximum follow-up. We did not treat

death as a competing risk since patients who died may still

have had an underlying HCC at the time of death.

As a sensitivity analysis, we recalculated the cumulative

index function by coding lesions treated with ablation of

TACE as definite HCC, based on the high index of suspi-

cion in these lesions. A second sensitivity analysis was

performed where observations that were stable for varying

minimum durations (6, 9, or 12 months) were treated as

definitely not HCC to determine the impact of different cut-

offs of radiographic stability on our estimates.

RESULTS

Study Population and Radiographic Characteristics

Our search returned 637 patients. Most (n = 542) were

excluded for no properly protocoled studies (n = 170), no

cirrhosis (n = 27), no observations (n = 263), or an estab-

lished diagnosis of HCC or other malignancy at the time of

initial imaging (n = 82). Therefore, 95 patients comprised

our study cohort, with a range of one to four observations,

for a total of 137 observations (electronic supplementary

Fig. 1). Demographic and radiographic features are

summarized in Table 1. Of the 137 evaluated lesions, 14

were not noted on follow-up imaging, and were classified

as definitely not HCC (electronic supplementary Fig. 1).

Clinical and radiographic outcomes are summarized in

Table 2.
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FIG. 1 Cumulative index function of definite HCC by LI-RADS

category from competing risks regression. Final estimates for the

cumulative frequency of HCC within each category: LR3: 59.78%;

LR4: 84.62%; LR5: 99.84%. HCC hepatocellular carcinoma, LI-

RADS liver imaging reporting and data system

TABLE 1 Clinical characteristics and initial radiographic

characteristics of patients with suspected HCC, and observations

identified in patients with suspected HCC

Patient characteristics [n = 95] n (%)

Demographics

Mean age [years (SD)] 61.6 (± 9.2)

Male sex 74 (77.9)

Liver disease

Hepatitis C 39 (41.1)

Alcohol 23 (24.2)

NASH 21 (22.1)

Hepatitis B 3 (3.2)

Cholestasis 2 (2.1)

Autoimmune 1 (1.1)

Other 5 (5.3)

Number of lesions

1 66 (69.5)

2 18 (18.9)

3 9 (9.5)

4 2 (2.1)

Median duration of follow-up, months (quartiles) 6.5 (2.7–17.9)

Median number of imaging studies (quartiles) 3 (2–5)

Radiographic features per observation (n = 137)a n (%)

LI-RADS category

2 4 (2.9)

3 53 (38.7)

4 37 (27.0)

5 43 (31.4)

Imaging characteristics

Mean size [mm (SD)] 19.2 (15)

Arterial hyperenhancement 110 (80.3)

Washout 64 (46.7)

Fat content 5 (3.6)

Pseudocapsule 14 (10.2)

Threshold growth 23 (16.8)

Data are expressed as n (%) unless otherwise specified

NASH non-alcoholic steatohepatitis, HCC hepatocellular carcinoma,

SD standard deviation, LI-RADS liver imaging reporting and data

system
aMultiple characteristics per lesion included; denominator for the

proportion is the total number of lesions (n = 137)

Predictors and Frequency of HCC in LI-RADS
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Risk Factors Associated with Hepatocellular

Carcinoma (HCC)

Univariable analysis was performed to evaluate the

association of clinical and radiographic features with defi-

nite HCC (Table 3). Notably, male sex and underlying

cause for cirrhosis were associated with HCC. Radio-

graphic features associated with HCC included

hyperenhancement, washout, pseudocapsule, increasing LI-

RADS category, and increasing size. On multivariable

regression, definite HCC was associated with increasing

age, alcoholic cirrhosis, washout, and increasing size cat-

egory (Table 4). Pseudocapsule could not be included in

the multivariable model given its presence in the HCC

group alone.

Cumulative Frequency of HCC and Time to Diagnosis

Within Each LI-RADS Category

Using competing risks regression, the cumulative fre-

quency of HCC within each LI-RADS category was 59.8%

for LR3, 84.6% for LR4, and 99.8% for LR5 (Fig. 1) at a

maximum follow-up (53 months). As part of a sensitivity

analysis, cumulative frequencies were calculated under two

additional conditions: (1) locally treated lesions without

pathologic diagnosis or evidence of recurrence were also

definite HCC (LR3: 60.0%; LR4: 87.0%; LR5: 99.9%); and

(2) observations with stability for 6 (LR3: 39.2%; LR4:

71.1%; LR5: 97.6%), 9 (LR3: 42.7%; LR4: 71.1%; LR5:

98.4%), or 12 (LR3: 42.1%; LR4: 70.4%; LR5: 98.3%)

months were treated as definitely not HCC.

We also calculated the median time to diagnosis in

definite HCC. This was 6.13 months for LR3 observations

(interquartile range [IQR] 4.6–13.1 months), 4.7 months

for LR4 observations (IQR 2.5–14.5 months), and

3.6 months for LR5 observations (IQR 1.9–6.6 months).

Comparison of the median time to progression between

these categories was significant for the comparison

between LR3 and LR5 observations (p = 0.04), and non-

significant for others (LR3 vs. LR4, p = 0.428; LR4 vs.

LR5, p = 0.084).

DISCUSSION

The primary objective of our study was to determine the

cumulative frequency of HCC within each LI-RADS cat-

egory. We found that, essentially, all LR5 lesions represent

HCC (99.8%), and that while the majority of LR4 (84.6%)

and 3 (59.8%) lesions are estimated to develop/harbor

HCC, this proportion decreases in each category.

In designating the LR5 category, the ACR intended to

provide high specificity, such that non-HCC lesions would

only very rarely be included in this category. Other authors

have reported estimates within this category, ranging from

91 to 98% within the LR5 category.5,8,9 Findings from a

recent series of 595 observations, of which 341 were LR5,

HCC frequency was estimated at 94–96%.8 Differences in

estimates may be related to the way non-HCC observations

were defined, since radiographic stability is frequently used

as a criterion for non-HCC and an unknown proportion of

these may be false negatives.

TABLE 2 Summary of

radiographic and clinical

outcomes by LI-RADS category

LI-RADS category Definitely not HCC Definitely HCC Unknown

Radiographic outcomes

2 (4) 1 0 3

3 (53) 9 12 32

4 (37) 4 11 22

5 (43) 0 19 24

Clinical outcomes

2 (4) 0 0 4

3 (53) 5 12 36

4 (37) 1 19 17

5 (43) 0 34 9

Composite outcome

2 (4) 1 0 3

3 (53) 10 17 26

4 (37) 5 21 11

5 (43) 0 39 4

Data are presented at the individual observation level (n = 137)

LI-RADS liver imaging reporting and data system, HCC hepatocellular carcinoma
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Similarly, the goal of the LR4 category, i.e. probable

HCC, is supported by a cumulative estimate of 84.6%.

Prior estimates have ranged as widely as 29–96% within

this category.4,5,10,11 Of these estimates, the study that was

at the highest end of this spectrum was restricted to

observations that were identified on screening ultrasound, a

feature that has been demonstrated to predict HCC.12 These

other estimates have used radiographic outcomes alone or

variable follow-up, potentially underestimating the

frequency of HCC. Others have attempted to further define

the outcomes within the LR4 category, and noted T2

hyperintensity, threshold growth, and hepatitis C made

subsequent upgrade more likely.10,11 These findings sup-

port the concept that the majority of LR4 observations

represent HCC; with a median time to diagnosis of

4.7 months, aggressive pursuit of a diagnosis in these

lesions, or even treatment, may be warranted.

TABLE 3 Univariable analysis of initial imaging features associated with definite HCC

Continuous variables Unknown/negative [n = 46] HCC [n = 79] p value

Size, mm [mean (SD)] 11.04 (5.7) 24.5 (16.9) \ 0.001*

Age, years [mean (SD)] 61.09 (9.3) 61.48 (9.4) 0.821

Categorical variables [n] Unknown/negative (%) HCC (%) p value

Sex

Male [92] 26 (28.3) 66 (71.7) 0.001*

Female [33] 30 (60.6) 13 (39.4)

Etiology

Hepatitis C [53] 16 (30.2) 37 (69.8) 0.004*

NAFLD [31] 17 (54.8) 14 (45.2)

ETOH [25] 4 (16.0) 21 (84.0)

Other [12] 6 (50.0) 6 (50.0)

Multiple lesions

No [57] 19 (33.3) 38 (66.7) 0.640

Yes [67] 27 (40.3) 40 (59.7)

Hyperenhancement

Absent [25] 14 (56.0) 11 (44.0) 0.026*

Present [100] 32 (32.0) 68 (68.0)

Washout

Absent [67] 36 (53.7) 31 (46.3) 0.001*

Present [58] 10 (17.2) 48 (82.8)

Fat content

Absent [120] 46 (38.3) 74 (61.7) 0.175

Present [3] 0 (0.0) 3 (100)

Psuedocapsule

Absent [114] 46 (40.4) 68 (59.6) 0.008*

Present [11] 0 (0.0) 11 (100)

Growth

Absent [78] 36 (46.2) 42 (53.8) 0.017*

Present [23] 4 (17.4) 19 (82.6)

LI-RADS category

2 [4] 4 (100) 0 (0) \ 0.001*

3 [48] 31 (64.6) 17 (35.4)

4 [34] 11 (32.4) 23 (67.6)

5 [39] 0 (0.0) 39 (100)

Unless otherwise noted, statistical comparisons were performed using the t test for continuous variables and the Chi square test for categorical

variables

HCC hepatocellular carcinoma, NAFLD non-alcoholic fatty liver disease, ETOH ethyl alcohol, LI-RADS liver imaging reporting and data system

*p\ 0.05

Predictors and Frequency of HCC in LI-RADS
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Even within the intermediate probability LR3 category,

we noted that most observations (59.8%) are expected to

be, or develop into, HCC. Estimates within this category

vary the most12 and prior studies have estimated anywhere

from 9 to 69% HCC.4,5 A recent large series with 249 LR3

observations estimated this frequency at 33–41%,8 using a

6-month radiographic stability cut-off for determining non-

HCC lesions. We performed two sensitivity analysis to test

the effects of our assumptions on the generated frequency

estimates. In the first, observations treated by radiofre-

quency ablation or TACE without clear radiographic

progression or pathologic diagnosis were considered defi-

nite HCC. With this assumption, frequency estimates were

only slightly increased. In the second sensitivity analysis,

we did note that an a priori cut-off of radiographic stability

markedly decreased the cumulative frequency estimates,

especially in LR category 3 and 4 observations. Different

stability thresholds of 6, 9, or 12 months had only marginal

effects on these estimates. However, we noted the median

time to diagnosis of HCC within LR3 lesions was

6.13 months, suggesting even stable lesions might ulti-

mately represent HCC.

The median time to diagnosis also varied depending on

LR category. Median time to diagnosis was higher in lower

LR category lesions, and, for LR4 and LR3 observations,

the upper quartile of time to diagnosis/progression was

13.1 and 14.5 months, respectively. These findings imply

that even radiographic stability over the period of several

months to 1 year does not guarantee benignity. Whether

this reflects the presence of a low-grade neoplasm with

slow growth, or the progression of a pre-neoplastic lesion

to frank malignancy remains unclear. While these findings

could also reflect differences in imaging interval or diag-

nostic strategy, previous work has demonstrated a

relationship between the median doubling times of HCC

and grade or intralesional blood supply.13,14

Regarding clinical and radiographic features associated

with HCC, size [ 2.0 cm was associated with the largest

hazard ratio of all the major features in our analysis. In

many other studies, this has been validated previously as a

predictor of HCC.1,14,15 Of interest, while washout was

also associated with HCC in the multivariable analysis,

arterial hyperenhancement was not (Table 3). This is in

keeping with reports of high sensitivity, but poor specificity

of arterial enhancement in diagnosing HCC, compared with

washout appearance, which is highly specific but has poor

sensitivity.14,16 While we were unable to calculate a hazard

ratio for pseudocapsule, others have noted high

specificity.14,16

TABLE 4 Initial and selective

multivariable logistic regression

model of features associated

with HCC

Variable Initial model Selective model

OR (95% CI) p value OR (95% CI) p value

Age [divided by 10] 1.74 (0.97–3.12) 0.065 1.76 (1.00–3.07) 0.049*

Sex

Female 0.77 (0.23–2.62) 0.674

Etiology

Viral hepatitis 1.00 Ref Ref 1.00 Ref 0.035*

Alcoholism 2.25 (0.52–9.68) 0.275 2.33 (0.56–9.73) 0.245

NASH 0.38 (0.10–1.38) 0.375 0.31 (0.10–1.01) 0.053

Other 0.18 (0.01–2.27) 0.184 0.13 (0.01–1.49) 0.102

Imaging features

Arterial enhancement 1.55 (0.46–5.18) 0.481

Washout 5.00 (1.67–14.97) \ 0.002* 5.34 (1.90–15.03) \ 0.002*

Growth 1.65 (0.56–4.91) 0.367

Size (mm)

\ 10 1.00 Ref Ref 1.00 Ref \ 0.001*

10–19 3.65 (1.18–11.25) 0.024* 3.93 (1.32–11.73) 0.014*

20 ? 18.13 (4.39–74.82) \ 0.001* 21.69 (5.36–87.74) \ 0.001*

*p\ 0.05

Features significant in the univariable analysis were added forwards and backwards in a stepwise fashion

until the final model was generated. For variables where reference is not specified, absence of the feature

has been used as reference

HCC hepatocellular carcinoma, OR odds ratio, CI confidence interval, NASH non-alcoholic steatohepatitis,

Ref reference

E. S.-T. Tang et al.

Author's personal copy



Strengths

In this study, we evaluated the incidence of HCC by LI-

RADS category in a real-world population of imaging

studies. By avoiding selection through screening US,5 or

confining analysis to only observations with pathology

available,17 our search strategy is less prone to selection

bias and is applicable to patients with observations iden-

tified de novo on cross-sectional imaging. This increases

the external validity and generalizability of our findings.

Additionally, while prior estimates have used radiographic

or pathologic outcomes alone,4,18 we used a composite

endpoint and competing risks regression to adjust for non-

HCC observations and censor unknown outcomes. We

believe this approach minimizes acquisition bias and

assumptions of outcome based on missing data.

Weaknesses

Certain limitations are noteworthy. Our study is retro-

spective with a modest sample size. In addition, for many

lesions we did not have a definite outcome and used cen-

soring to account for this. While these approaches are

appropriate, they provide only an estimate of the actuarial

frequency. Negative biopsies are subject to sampling error,

and radiographic regression or disappearance on a subse-

quent examination, while suggestive of artefact, do not

guarantee that observations are definitely not HCC. It is

also worth mentioning that our search strategy used the

term ‘cirrhosis’ to identify relevant studies. While we

likely missed eligible studies, we feel a broader strategy

would not have been feasible given the large number of

studies screened.

LI-RADS is also intended for use in select non-cirrhotic

patients with chronic hepatitis B infection, or in patients

with prior treated HCC now undergoing surveillance. Our

results are not applicable to this population. While prior

work has included all patients undergoing imaging inves-

tigation based on clinical concern for HCC, exact risk

factors were not explicitly stated and only biopsied patients

were included, potentially engendering selection bias.16

Further studies to evaluate the performance of the LI-

RADS categories and major radiographic features in these

patient populations are required.

CONCLUSION

We performed a retrospective analysis to determine

clinical and radiographic features associated with HCC in

patients with cirrhosis, and to estimate the frequency of

HCC within intermediate LI-RADS observations. While

our findings support the intended purpose of each category,

they also suggest most intermediate observations are likely

HCC. Additionally, the time to diagnosis may vary sub-

stantially in intermediate observations, and even prolonged

radiographic stability does not guarantee benignity.
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