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Purpose: To determine the proportion of untreated Liver Imaging 
Reporting and Data System (LI-RADS) version 2014 
category 2, 3, and 4 observations that progress, remain 
stable, or decrease in category and to compare the cumu-
lative incidence of progression in category.

Materials and 
Methods:

In this retrospective, longitudinal, single-center, HIPAA-
compliant, institutional review board–approved study, 
157 patients (86 men and 71 women; mean age 6 stan-
dard deviation, 59.0 years 6 9.7) underwent two or more 
multiphasic computed tomographic (CT) or magnetic 
resonance (MR) imaging examinations for hepatocellular 
carcinoma surveillance, with the first examination in 2011 
or 2012. One radiologist reviewed baseline and follow-up 
CT and MR images (mean follow-up, 614 days). LI-RADS 
categories issued in the clinical reports by using version 
1.0 or version 2013 were converted to version 2014 ret-
rospectively; category modifications were verified with 
another radiologist. For index category LR-2, LR-3, and 
LR-4 observations, the proportions that progressed, re-
mained stable, or decreased in category were calculated. 
Cumulative incidence curves for progression were com-
pared according to baseline LI-RADS category (by using 
log-rank tests).

Results: All 63 index LR-2 observations remained stable or de-
creased in category. Among 166 index LR-3 observations, 
seven (4%) progressed to LR-5, and eight (5%) pro-
gressed to LR-4. Among 52 index LR-4 observations, 20 
(38%) progressed to a malignant category. The cumula-
tive incidence of progression to a malignant category was 
higher for index LR-4 observations than for index LR-3 
or LR-2 observations (each P , .001) but was not differ-
ent between LR-3 and LR-2 observations (P = .155). The 
cumulative incidence of progression to at least category 
LR-4 was trend-level higher for index LR-3 observations 
than for LR-2 observations (P = .0502).

Conclusion: Observations classified according to LI-RADS version 
2014 categories are associated with different imaging 
outcomes.
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LR-3 observations and found that most 
LR-3 observations were hypervascular 
pseudolesions that remained stable or 
regressed (13). However, that study was 
limited by a small cohort size and lack of 
inclusion of LR-2 and LR-4 observations.

The purpose of this study was to 
determine, by using LI-RADS version 
2014, the proportion of untreated LR-2, 
LR-3, and LR-4 observations that pro-
gress, remain stable, or decrease in cat-
egory and to compare the cumulative 
incidence of progression to a higher 
category.

Materials and Methods

Study Design
This was a retrospective, observational, 
longitudinal, single-center study of pa-
tients who underwent clinical CT or 
MR imaging examinations for surveil-
lance or diagnosis of HCC. Retrospec-
tive data collection and analysis were 
approved by our institutional review 
board, with waiver of written informed 
consent. The study was Health Insur-
ance Portability and Accountability Act 
compliant.

Patient Selection
Our institution adopted LI-RADS when 
it was released in March 2011. Since 

(LI-RADS version 2014) incorporates 
enhancement characteristics in the 
hepatobiliary phase by using hepatobili-
ary contrast agents.

LR-1 observations are those that 
are interpreted as definitely benign; this 
group includes cysts and typical hem-
angiomas. LR-5 observations are those 
with imaging features diagnostic of HCC, 
namely arterial phase hyperenhancement 
in conjunction with one or more addi-
tional major features (washout appear-
ance, capsule appearance, or threshold 
growth), taking into account the observa-
tion diameter (2). The LR-5 criteria are 
intended to have near 100% specificity 
for the diagnosis of HCC. As defined in 
version 2014, these criteria are equiva-
lent to those endorsed by the Organ Pro-
curement and Transplantation Network 
for noninvasive diagnosis of HCC (4,5), 
and patients with LR-5 observations may 
be eligible for curative treatment, such as 
liver transplantation, in the absence of 
confirmatory biopsy. In addition, some 
LR-5 criteria, including the combination 
of arterial phase hyperenhancement and 
washout appearance, have been validated 
in prior studies (6–12). LR-M observa-
tions are those with features diagnostic 
for or highly suggestive of malignancy but 
in which the features are not specific for 
HCC (2).

Other observations are categorized 
as LR-2 (probably benign), LR-3 (inter-
mediate probability for HCC), or LR-4 
(probably HCC). The criteria for these 
categories were developed on the basis 
of expert opinion, and the outcomes of 
LR-2, LR-3, and LR-4 observations have 
not been studied extensively. In another 
retrospective single-center study, investi-
gators evaluated the imaging outcomes of 
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Advances in Knowledge

 n Observations classified according 
to Liver Imaging Reporting and 
Data System version 2014 cate-
gories are associated with dif-
ferent imaging outcomes.

 n Among 52 index LR-4 observa-
tions, 20 (38%) progressed to 
LR-5 (n = 19 observations) or 
LR-M (n = 1), 23 (44%) 
remained stable, and nine (17%) 
decreased in category.

 n Among 166 index LR-3 observa-
tions, seven (4%) progressed to 
LR-5, eight (5%) progressed to 
LR-4, 38 (23%) remained stable, 
and 113 (68%) decreased in 
category.

 n The cumulative incidence of pro-
gression to a malignant category 
(LR-5 or LR-M) was higher for 
index LR-4 observations than for 
index LR-3 or LR-2 observations 
(P , .001 for each comparison).

Implication for Patient Care

 n LR-4 observations have a sub-
stantial risk of progression to a 
malignant category; depending 
on the diameter and clinical con-
text, appropriate management 
considerations may include 
biopsy to confirm hepatocellular 
carcinoma or other malignancy, 
treatment without biopsy, or 
close imaging follow-up.

Contrast material–enhanced com-
puted tomography (CT) and mag-
netic resonance (MR) imaging are 

frequently used for the noninvasive 
diagnosis of hepatocellular carcinoma 
(HCC). Despite the important role of 
these modalities, until recently, there 
has been no standardized system for 
image interpretation and reporting (1).

With the Liver Imaging Reporting 
and Data System (LI-RADS), the Amer-
ican College of Radiology attempts to 
standardize the interpretation of CT 
and MR images and the reporting of 
findings in patients with cirrhosis or 
other risk factors for HCC (2,3). The 
system was first released in 2011 (LI-
RADS version 1.0) and was updated in 
2013 (LI-RADS version 2013) and 2014 
(LI-RADS version 2014). As explained 
on the American College of Radiology 
LI-RADS Web site (2), categories are 
assigned to individual liver observations 
(lesions or pseudolesions) on the basis 
of the relative probability of being be-
nign or malignant. Categories are as-
signed by using a combination of major 
features, ancillary features, and prior 
knowledge (2). The current version 
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December 2012, 176 patients with 323 
LR-2, LR-3, or LR-4 observations were 
identified. Forty-two observations in 
22 patients were excluded because 
they were treated without histologic 
assessment after the baseline exam-
ination and before the first follow-up 
examination (Fig 2). The final study 
cohort and set of index observations 
are described in the Results section. 
Demographic, clinical, and pathology 
data were extracted from electronic 
medical records.

Imaging Techniques
As summarized in Figure 3, dynamic 
contrast-enhanced CT examinations 
were performed with 64– and 320–de-
tector row scanners. MR imaging ex-
aminations were performed with 1.5-T 
and 3-T imaging units.

least one additional CT or MR imaging 
examination performed from March 
2011 through March 2015. The first CT 
or MR imaging examination performed 
between March 2011 through Decem-
ber 2012 was considered the baseline 
examination; all subsequent examina-
tions performed through March 2015 
were considered follow-up examina-
tions. Eligibility criteria are listed in 
Figure 1 and were applied to select the 
study cohort and observation set as il-
lustrated in Figure 2. To reflect our en-
tire experience with various LI-RADS 
categories at our institution and to re-
duce confirmation bias, we did not im-
pose a minimum follow-up threshold. 
Of the 511 patients who underwent 
CT or MR imaging for HCC surveil-
lance, diagnosis, or tumor response 
assessment from March 2011 through 

then, findings of all CT and MR imag-
ing examinations performed for HCC 
surveillance, diagnosis, or follow-up 
have been reported for clinical care 
by using a standard template in which 
up to 10 individual observations per 
patient are given unique identifiers, 
assigned LI-RADS categories, and 
measured (long-axis diameter to the 
nearest millimeter). The observation 
identifiers are maintained in follow-up 
examinations, which permits longitu-
dinal tracking, including evolution in 
LI-RADS category. The presence of tu-
mor in veins (macrovascular invasion) 
is recorded (2).

We retrospectively searched the 
institutional radiology information 
systems to identify all consecutive 
patients with at least one LR-2, LR-
3, or LR-4 observation reported on 
contrast-enhanced CT or MR images 
obtained from March 2011 through 
December 2012 and on images from at 

Figure 1

Figure 1: Chart provides the study inclusion 
and exclusion criteria. ∗ = Based on the clinically 
reported LI-RADS version 1.0 category.

Figure 2

Figure 2: Flowchart illustrates the selection and LI-RADS version 2014 categorization of 
observations included in this study. Forty-two observations were excluded for treatment without 
histologic assessment before the first follow-up examination. Thirty-six lesions observed in 19 
patients were embolized (29 were LR-4 observations targeted for embolization, and seven were 
LR-3 observations adjacent to HCC lesions targeted for embolization). Six observed lesions in 
three patients with HCC lesions elsewhere in the liver were treated surgically (two observed le-
sions in one patient were treated with transplantation, and four observed lesions in two patients 
were treated surgically), but these observations were not assessed histologically.
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LI-RADS Categorization
The LI-RADS category and presence or 
absence of tumor in veins for all index 
observations and examinations were 
reported clinically by one of nine ac-
ademic abdominal radiologists at our 
center, each with a minimum of 4 years 
of postfellowship experience in abdom-
inal imaging. LI-RADS version 1.0 was 
used in radiology reports for exami-
nations performed from March 2011 
through December 2012. A modified 
version of LI-RADS version 2013 was 
used in radiology reports for examina-
tions performed between January 2013 
and November 2014, and version 2014 
was used after November 2014.

LI-RADS categories issued in the 
clinical reports by using version 1.0 
or modified version 2013 were subse-
quently converted to version 2014 by 
two academic abdominal radiologists 
not involved in the clinical report-
ing who were blinded to clinical and 
pathologic results, as well as the im-
aging outcomes (M.T. [reader 1] and 
A.K. [reader 2], with 11 and 10 years 
of postfellowship experience in ab-
dominal imaging, respectively). First, 
reader 1 reviewed the radiology re-
ports from the baseline multiphasic CT 
or MR imaging examinations and from 
all follow-up CT and MR imaging ex-
aminations until the observation pro-
gressed to a malignant category (LR-5 
or LR-M) or, for observations that did 
not progress to a malignant category, 
until the observation was treated or 
lost to follow-up. The clinically re-
ported category for each index ob-
servation was recorded. Additionally, 
observation diameter, location (left or 
right lobe), presence of any LR-5 ob-
servations elsewhere in the liver, and 
history of prior HCC treatment were 
recorded at baseline. Since index LR-4 
observations were thought a priori to 
have the greatest risk of progression, 
they were reviewed in greater detail, 
and the diameters were recorded at 
each follow-up time point, not just at 
baseline. Second, reviewer 1 reviewed 
the images from the baseline exami-
nations, the follow-up examinations in 
which the clinically reported category 
was different than on the antecedent 

Figure 3

Figure 3: Chart shows the typical imaging parameters used during the study period. Parameters may have 
varied slightly in individual patients. ∗CT examinations were performed with 64–detector row (Discovery 
CT750 HD; GE Medical Systems, Waukesha, Wis) and 320–detector row (Toshiba Aquilion; Toshiba America 
Medical Systems, Tustin, Calif) scanners. †For contrast-enhanced dynamic CT, ioxehol-350 was injected as 
a fixed volume of 125 mL at a rate of 4–5 mL/sec. ‡MR imaging examinations were performed with 1.5-T 
imaging units (Echospeed HD with an eight-channel coil, GE Medical Systems; or Siemens Symphony with 
a four-channel coil, Siemens Medical Systems, Erlangen, Germany) and a 3-T imaging unit (Signa Excite 
HD with an eight-channel coil; GE Medical Systems). For 3-T imaging, a dielectric pad was placed between 
the body wall and the torso phased-array coil. §For contrast-enhanced dynamic MR imaging, gadoxetic acid 
(Eovist, Bayer-Schering Pharma, Berlin, Germany; 0.025 mmol of gadolinium per kilogram of body weight), 
gadobenate dimeglumine (MultiHance, Bracco Diagnostics, Princeton, NJ; 0.1 mmol of gadolinium per 
kilogram of body weight), or gadobutrol (Gadavist, Bayer Pharma; 0.05 mmol of gadolinium per kilogram of 
body weight) was injected at 1 mL/sec (gadoxetic acid, gadobutrol) or 2 mL/sec (gadobenate dimeglumine), 
followed by a 40-mL saline flush at 2 mL/sec.
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59.0 years 6 9.7 [range, 32–95 years]; 
including 86 men [mean age, 58 years 
6 9.7; range, 39–95 years] and 71 
women [mean age, 61 years 6 9.4; 
range, 32–81 years]). All patients had 
chronic liver disease, and 155 (98.7%) 
had cirrhosis. Ninety-eight of 157 pa-
tients (62.4%) had hepatitis C virus 
infection, 16 (10.2%) had hepatitis B 
virus infection, 18 (11.5%) had alco-
holic liver disease, 11 (7.0%) had non-
alcoholic steatohepatitis, two (1.3%) 
had autoimmune hepatitis, two (1.2%) 
had primary biliary cirrhosis, nine 
(5.7%) had cryptogenic cirrhosis, and 
one (0.6%) had both hepatitis B and C 
virus infections. These patients had a 
total of 281 index observations.

As illustrated in Figure 2, baseline 
categories of 14 of the 281 observations 
(5.0%) were modified (see Appendix 
E1 [online]) after retrospective image 
review and conversion to version 2014 
categories. After these modifications, 
the final distribution of version 2014 

category on the basis of histology data, 
as these were infrequently available. 
Curves were compared pairwise by us-
ing log-rank tests with the resampling 
extension to adjust for the variable 
number of observations per subject. At 
each resampling iteration, one obser-
vation per patient was selected at ran-
dom; test statistics were averaged over 
the iterations, and average log-rank test 
P values were computed. Since there 
were three pairwise comparisons (LR-
2 vs LR-3, LR-3 vs LR-4, and LR-2 vs 
LR-4) for the analysis of progression 
to a malignant category, a Bonferroni-
adjusted a level of 0.05/3 was used as 
a significance criterion for individual 
tests.

Results

Study Cohort
The final study cohort comprised 157 pa-
tients (mean age 6 standard deviation, 

examination, and the final examina-
tions. For examination findings report-
ed with version 1.0 or 2013, reader 
1 retrospectively converted each cat-
egory to version 2014 categories, and 
for examination findings reported with 
version 2014, reader 1 retrospectively 
confirmed or corrected the reported 
version 2014 categories. For baseline 
and final examinations, modifications 
in category from the clinical reports 
were verified by reader 2. To do this, 
reader 2 reviewed the modifications 
made by reader 1 without reader 1 be-
ing present. Reader 2 agreed with and 
accepted all of reader 1’s modifications 
but one; reader 1 and reader 2 then 
reviewed this case together, decided 
that the clinically reported LI-RADS 
category was correct, and, in consen-
sus, rejected the modification. Thus, 
all baseline and final version 2014 
category codes used in the analysis 
were assigned in consensus (either 
by reader 1 and the clinical report if 
there was agreement with the report 
or by reader 1 and reader 2 if there 
was disagreement).

Statistical Analysis
Statistical analyses were performed 
with R version 3.0.2 (R Foundation for 
Statistical Computing, Vienna, Austria, 
2013). Analyses were conducted at the 
observation level.

Cohort and observation character-
istics were summarized descriptively. 
Follow-up data were summarized, over-
all and according to baseline LI-RADS 
category.

Cumulative incidence curves for pro-
gression to malignant LI-RADS category 
(LR-5 or LR-M according to imaging 
findings) were generated separately 
for observations categorized at base-
line as LR-2, LR-3, or LR-4. Cumulative 
incidence curves for progression to at 
least category LR-4 (ie, to LR-4, LR-5, 
or LR-M according to imaging findings) 
were generated separately for obser-
vations categorized at baseline as LR-2 
or LR-3. In generating these curves, we 
used only imaging-based LI-RADS cate-
gories to assess progression. Although 
pathology results were recorded, we 
did not adjust or confirm the final 

Figure 4

Figure 4: Diagram illustrates the transitions in version 2014 categories during follow-up (from baseline to 
final examination) for all observations included in this study. Data are numbers of observations. Circles are filled 
by using the LI-RADS version 2014 color codes. Nineteen index LR-4 observations progressed to LR-5, and one 
progressed to LR-M. Seven index LR-3 observations progressed to LR-5, and none progressed to LR-M.
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4–15 mm) to a mean diameter of 22 
mm (range, 16–30 mm). None showed 
imaging evidence of tumor in veins. 
None were assessed histologically.

Outcome of index LR-4 observa-
tions.—The time course and final out-
come for each index LR-4 observation 
are summarized in Figure 6. Among 
52 index LR-4 observations, 20 (38%) 
progressed to LR-5 (n = 19) or LR-M 
(n = 1) during follow-up (four observa-
tions progressed within 3 months, 11 
observations progressed between 3 and 
6 months, one observation progressed 
between 6 and 12 months, and four ob-
servations progressed at more than 12 
months), 23 (44%) remained stable, and 
nine (17%) decreased in category. Thus, 
20 of 52 LR-4 observations (38.5%; 95% 
CI: 25.3%, 53%) progressed to LR-5, 
and 21 of 52 observations (40%; 95% 
CI: 27%, 54.9%) progressed to LR-5 or 
LR-M. Follow-up data are summarized 
in Table 1; additional details are pro-
vided in Appendix E1 (online).

Cumulative incidence of progres-
sion.—As shown in Figure 7, the cu-
mulative incidence of progression to a 
malignant category (LR-5 or LR-M ac-
cording to imaging findings) was higher 
for index LR-4 observations than for in-
dex LR-3 or LR-2 observations (each P 
, .001). The cumulative incidence was 
not higher, however, for index LR-3 ob-
servations than for index LR-2 observa-
tions (P = .155). As shown in Figure 8,  
the cumulative incidence of progression 
to at least category LR-4 (according 
to imaging findings) was higher with 
borderline statistical significance (P = 
.0502) for index LR-3 observations than 
for index LR-2 observations.

Discussion

In this single-center retrospective study, 
LR-2, LR-3, and LR-4 observations had 
different imaging outcomes. By using 
version 2014, 38% of index LR-4 obser-
vations progressed to a malignant cat-
egory (LR-5 or LR-M)—usually within 
6 months and sometimes within 3 
months. As described in Appendix E1 
(online), one index LR-4 observation 
progressed to LR-5V, and three index 
LR-4 observations progressed to LR-5 

interval [CI]: 0%, 5.7%) progressed to 
a higher category.

Outcome of index LR-3 observa-
tions.—Among 166 index LR-3 obser-
vations, seven (4%) progressed to LR-5 
(Fig 5) (no observations progressed 
within 6 months, two observations pro-
gressed between 6 and 12 months, and 
five observations progressed at more 
than 12 months), eight (5%) progressed 
to LR-4 (no observation progressed 
within 3 months, two observations pro-
gressed between 3 and 6 months, three 
observations progressed between 6 and 
12 months, and three observations pro-
gressed at more than 12 months), 38 
(23%) remained stable, and 113 (68%) 
decreased in category. Thus, seven of 
166 LR-3 observations (4%; 95% CI: 
1.7%, 8.5%) progressed to LR-5, and 
15 of 166 observations (9%; 95% CI: 
5.1%, 14.5%) progressed to LR-4 or 
LR-5. No index LR-3 observation pro-
gressed to LR-M. At the time of docu-
mented progression to LR-5, the seven 
index LR-3 observations had grown 
from a mean diameter of 11 mm (range, 

categories at baseline was 52 LR-4 
observations, 166 LR-3 observations, 
and 63 LR-2 observations. All patients 
had at least one follow-up CT or MR 
imaging examination (mean number 
of follow-up examinations, 3.9 [range, 
1–13 examinations]; mean duration of 
total follow-up, 614 days [median, 538 
days; range, 22–1377 days; interquar-
tile range, 261–969 days]). Baseline 
characteristics of index observations 
and follow-up statistics are provided in 
Appendix E1 (online).

Longitudinal Follow-up of Index LR-2, LR-
3, and LR-4 Observations
Transitions between baseline and final 
LI-RADS categories are illustrated in 
Figure 4. Follow-up durations are sum-
marized in Table 1.

Outcome of index LR-2 observa-
tions.—Among 63 index LR-2 obser-
vations, none progressed, 32 (51%)  
remained stable, and 31 (49%) de-
creased in category. None were as-
sessed histologically. Thus, 0 of 63 
observations (0%; 95% confidence 

Follow-up Summary for Index Observations, Stratified according to Baseline and Final 
LI-RADS Categories by Using Version 2014

Baseline Category
Final Category  
of LR-1

Final Category  
of LR-2

Final Category  
of LR-3

Final Category  
of LR-4

Final Category  
of LR-5 or LR-M

LR-2
 No. of observations 31 32 0 0 0
 Mean follow-up (d) 802 549 … … …
 Median follow-up (d) 890 493 … … …
 Follow-up range (d) 129–1344 159–1315 … … …
 Follow-up interquartile  

 range (d)
548–982 258–722 … … …

LR-3
 No. of observations 80 33 38 8 7
 Mean follow-up (d) 799 775 469 386 424
 Median follow-up (d) 845 858 289 356 422
 Follow-up range (d) 141–1377 161–1352 126–1232 129–746 200–605
 Follow-up interquartile  

 range (d)
385–1140 383–1117 182–674 192–496 340–531

LR-4
 No. of observations 2 0 7 23 20
 Mean follow-up (d) 850 … 663 333 210
 Median follow-up (d) 850 … 541 212 175
 Follow-up range (d) 537–1162 … 71–1305 91–1230 22–557
 Follow-up interquartile  

 range (d)
693–1006 … 275–1086 157–480 128–201
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malignant category. When compared 
with index LR-2 observations, index 
LR-3 observations had trendwise higher 
cumulative incidence of progression to 
at least category LR-4.

These findings have important man-
agement implications for institutions that 
use LI-RADS. LR-4 observations have 
substantial risk of progression to LR-5 or 
LR-M, with some advancing to cancers 
outside Milan criteria (14). However, 

2-year follow-up, while the other three 
had insufficient follow-up to exclude 
slow-growing malignancy. By compar-
ison, only 4% of index LR-3 observa-
tions progressed to LR-5 (none within 6 
months), and 7%–9% progressed to ei-
ther LR-4 or LR-5; most remained sta-
ble or decreased in category. No LR-2 
observations progressed. As expected, 
LR-4 observations had the highest cu-
mulative incidence of progression to a 

or LR-M, exceeding 50 mm in diame-
ter. Of the 23 that remained stable in 
category, 43% grew by at least 3 mm 
during follow-up, 48% underwent local-
regional treatment despite category 
stability, and 57% grew and/or were 
treated. Of the nine that decreased in 
category, six can reasonably be inter-
preted as nonmalignant on the basis of 
spontaneous disappearance, meaning-
ful diameter reduction, or more than 

Figure 5

Figure 5: Axial MR images obtained in a 56-year-old man with an LR-3 observation that progressed to LR-5 (according to LI-RADS version 
2014). (a) Arterial phase image acquired after administration of gadobenate dimeglumine shows a small (13-mm) nodular hyperenhancing 
observation in the left lobe (arrow). (b) Observation shows an isointensity in the portal venous phase that is occult on images obtained with 
other sequences (not shown). (c) Nineteen months later without any interim follow-up examinations, the observation has grown to 33 mm in 
diameter, continues to show arterial phase hyperenhancement, and (d) now shows partial hypointensity (arrowhead) relative to liver parenchyma 
in the portal venous phase. Due to the combination of imaging features (diameter  20 mm, arterial phase hyperenhancement, partial washout 
appearance, and threshold growth), the observation now is categorized as LR-5. Notice that at 19 months, the mass has become heterogeneous, 
with some areas enhancing more than others.
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should be no more than 3 months, since 
progression to a malignant category can 
be rapid (75% of those that progressed 
to LR-5 or LR-M did so within 6 months, 
and 20% did so within 3 months). 

options may include close imaging fol-
low-up, biopsy, other diagnostic tests, 
or treatment without biopsy confirma-
tion. If imaging follow-up is selected, our 
findings suggest that the time interval 

the rate and degree of progression are 
variable. Consequently, the optimal  
management of LR-4 observations is not 
straightforward. Depending on clinical 
and other considerations, reasonable 

Figure 6

Figure 6: Graph shows the time course and final outcome for each index LR-4 observation (according to LI-RADS version 2014). The baseline and final diameter, the 
category at each time point, and the outcome for each observation are shown. The circles at each time point are proportional to the square root of the diameter of the ob-
servation. The circles are filled by using the LI-RADS version 2014 color codes (see the embedded legend). 3 = The observation was no longer visible at the correspond-
ing time point (ie, spontaneous disappearance); observations that spontaneously disappear are categorized as LR-1 in LI-RADS version 2014. f/u = follow-up.
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likely to be undetectable sonographi-
cally. Whether patients with LR-2 and 
LR-3 observations detected with CT 
and MR imaging should undergo sur-
veillance with CT or MR imaging rather 
than US requires further study.

Our findings with regard to LR-3 
observations are in keeping with those 
of Choi et al, who reported that 94% 
of LR-3 observations identified at ga-
doxetic acid–enhanced MR imaging re-
mained stable or decreased in category 
during imaging follow-up (13). In no 
prior study have investigators examined 
the imaging outcome of LR-2 or LR-4 
observations, to our knowledge.

The different imaging outcomes of 
LR-2, LR-3, and LR-4 observations pro-
vide preliminary validation of these cat-
egories, which were developed mainly 
on the basis of expert opinion. Partial 
validation also is provided by Darnell 
and colleagues, who showed that 96% 
of LR-4 observations with a histologic 

unless priority can be assigned on the 
basis of LR-5 observations elsewhere in 
the liver.

By comparison, less frequent imag-
ing follow-up, perhaps every 6 months, 
probably suffices for LR-2 and LR-3 
observations. In our study, these had 
low progression risk, and there were 
no recorded instances of progression 
to LR-5V, to LR-5 exceeding 50 mm, or 
to LR-M. Lack of progression does not 
prove benignity of these observations, 
however, since the total follow-up du-
ration for many observations was insuf-
ficient to exclude slowly growing neo-
plasms. While our study suggests that 
a follow-up interval of 6 months may be 
reasonable, the study was not designed 
to determine the imaging modality that 
should be used for follow-up. Current 
clinical practice guidelines recommend 
US for HCC surveillance (15–18), but 
many LR-2 and LR-3 observations de-
tected with CT and MR imaging are 

Moreover, follow-up should probably 
be conducted with CT or MR imaging 
rather than ultrasonography (US) to 
ensure that the same lesion or lesions 
are monitored and that changes in en-
hancement characteristics, especially 
those relevant to LR-5 categorization 
(arterial phase enhancement, washout 
appearance, and capsule appearance), 
can be identified. Following up LR-4 
observations, however, may have risks. 
Not all patients can adhere to follow-up 
recommendations and, as illustrated by 
the LR-4 observation that progressed to 
LR-5V, initial stability does not exclude 
future rapid growth and aggressive be-
havior. Another complication is that 
LR-4 observations do not meet criteria 
for Organ Procurement and Transplan-
tation Network class 5 (4,5) and so 
do not provide priority points for liver 
transplantation. Consequently, there 
may be reluctance to treat LR-4 obser-
vations in liver transplant candidates 

Figure 7

Figure 7: Graph shows the cumulative incidence of progression to a ma-
lignant category (LR-5 or LR-M) for index LR-2, LR-3, and LR-4 observations 
(according to LI-RADS version 2014). Curves show the cumulative incidence of 
progression to a malignant category (LR-5 or LR-M) of observations categorized 
as LR-2, LR-3, or LR-4 at baseline. Curves were compared by using average 
log-rank tests. In these tests, the x2 statistics were averaged over multiple 
iterations, and average P values were obtained; for each patient with at least 
two observations, one observation was selected at random in each iteration. NS = 
not significant. ∗∗ = P , .001.

Figure 8

Figure 8: Graph shows the cumulative incidence of progression to at least 
category LR-4 for index LR-2 and LR-3 observations (according to LI-RADS 
version 2014). Curves show the cumulative incidence of progression to at least 
category LR-4 of observations categorized as LR-2 or LR-3 at baseline. Curves 
were compared by using an average log-rank test. In this test, the x2 statistic 
was averaged over multiple iterations, and an average P value was obtained; 
for each patient with at least two observations, one observation was selected at 
random in each iteration. ∗ = P = .0502.
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in patients with cirrhosis. AJR Am J Roent-
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 12. Forner A, Vilana R, Ayuso C, et al. Diagnosis 
of hepatic nodules 20 mm or smaller in cir-

by multiple radiologists. Our study did 
not address how ancillary features af-
fect LI-RADS categorization, as this was 
beyond the study scope. Because biopsy 
of nodules suspicious for malignancy is 
rarely performed at our institution, an 
unavoidable limitation was that most 
observations were unconfirmed path-
ologically. Finally, some observations 
were lost to follow-up before the out-
come could be established reliably.

In conclusion, LR-2, LR-3, and LR-4 
observations have different imaging out-
comes. About two-fifths of LR-4 obser-
vations progressed to a malignant cat-
egory; three-quarters that progressed 
did so within 6 months. Of those that 
did not progress in category, more than 
two-fifths grew during follow-up, and al-
most half were treated despite category 
stability. Most LR-3 and all LR-2 obser-
vations remained stable or decreased in 
category. These different imaging out-
comes provide preliminary validation 
for categories that were developed on 
the basis of expert opinion. However, 
as this was a single-center retrospective 
study, our results should be interpreted 
as preliminary rather than definitive. 
Prospective multicenter studies are 
needed to validate our results, further 
refine the LI-RADS categories, and col-
lect the data to inform optimal manage-
ment strategies.
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