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Abstract

Patients with T1 hepatocellular carcinoma (HCC) are not eligible for Model for End Stage Liver
Disease (MELD) exception for liver transplant (LT) in part due to a high rate of misdiagnosis (no
HCC on explant). The likelihood of misdiagnosis for T2 HCC and factors associated with
misdiagnosis are unknown. We analyzed the Organ Procurement and Transplantation Network
database including 5664 adults who underwent LT from 2012 to 2015 with MELD exception for
T2 HCC, and searched for no evidence of HCC in the explant pathology file. We focused on those
(n = 324) receiving no local-regional therapy (LRT) to evaluate the probability of no HCC found
in explant. Median waiting time was short at 1.7 months, and 35 (11%) had no HCC on explant.
On multivariable logistic regression, factors associated with no HCC on explant were age <50
(OR: 17.3, P<.001), non-HCV (OR: 5.4, P=.001), and alpha-fetoprotein <10 (OR: 2.9, P=.04).
Tumor size and number were not different between groups. The proportion of misdiagnosis did not
change significantly after implementation of Liver Imaging Reporting and Data System (LI-
RADS) for HCC diagnosis. Conclusion: The rate of misdiagnosis was 11% among T2 HCC
patients who underwent LT without receiving LRT prior to LT and did not change significantly
after implementation of LI-RADS. More efforts are needed to eliminate unnecessary LT for
patients without HCC.
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1| INTRODUCTION

The incidence of hepatocellular carcinoma (HCC) in the United States has tripled in the last
2 decades,! and the demand for liver transplantation (LT) as a curative treatment option for
HCC has continued to grow. HCC now accounts for more than 20% of all LT performed in
the United States.? In the Organ Procurement and Transplantation Network (OPTN) staging
classification for HCC, the Milan criteria3 are further divided into stage T1 (1 lesion <1.9
cm) and T2 (1 lesion 2-5 cm, 2-3 lesions <3 cm). Since 2004, only patients meeting T2
criteria and not T1 have been granted priority listing status for LT, in large part due to a 30%
rate of HCC misdiagnosis with no tumors found in the explant among those with presumed
T1 HCC prior to LT.# Furthermore, patients with T1 HCC are generally at low risk of
waitlist dropout as a result of tumor progression to beyond T2 criteria.>

As more patients with HCC are competing with non-HCC patients for a scarce resource,
standardized radiographic criteria are needed to ensure accurate diagnosis of HCC prior to
LT. A typical HCC exhibits arterial phase enhancement and delayed phase wash-out on
multiphase abdominal cross-sectional imaging, and they represent the key non-invasive
diagnostic criteria endorsed by major liver societies.”8 The Liver Imaging Reporting and
Data System (LI-RADS) was launched in March 2011 to improve standardization and
consensus regarding performance, interpretation, and reporting computed tomography or
magnetic resonance imaging of the liver in patients with cirrhosis or other risk factors.® The
implementation of LI-RADS in October 2013 to determine priority listing for LT was
intended to minimize the rate of HCC misdiagnosis.19 The impact of the LI-RADS system
for HCC diagnosis among patients undergoing LT has not been fully elucidated.

In 2012, the OPTN online explant pathology form became available to capture tumor
characteristics in the explant among patients undergoing LT for HCC. This provides the
opportunity for assessment of the accuracy of pre-transplant HCC diagnosis. In this study,
we aimed to determine the likelihood of misdiagnosis in patients presumed to have T2 HCC
receiving priority listing for LT. We focused on those who did not receive local-regional
therapy (LRT) before LT, as patients receiving LRT might have no tumor in the explant due
to either complete response to treatment or misdiagnosis. We also sought to evaluate the
impact of LI-RADS system on the rate of misdiagnosis, as well as factors associated with
HCC misdiagnosis.

2 | PATIENTS AND METHODS

2.1 | Study design and patient population

This study included consecutive patients in the OPTN database aged 18 years and older who
received MELD exception and underwent LT for T2 HCC between April 2012 and
December 2015. This study start date was chosen as it is when the OPTN online explant
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pathology form became available. “No evidence of HCC” was a variable provided in the
OPTN explant pathology file.! Patients were excluded from this analysis if they received
LRT prior to LT as it could not be determined if lack of HCC on explant was due to
misdiagnosis or complete pathologic response to LRT. Patients were also excluded if their
tumor burden ever exceeded Milan criteria on any exception petition.

In addition to presence or absence on HCC on explant, variables collected included
demographic data (age, gender, race/ethnicity), liver-related factors (etiology of liver
disease, Child-Pugh and Model for End Stage Liver Disease [MELD score]), and listing
tumor characteristics including tumor burden and alpha-fetoprotein (AFP). Wait time from
initial listing with MELD exception to LT as well as both region and center at which LT was
performed was also collected. Patients were also subclassified according to whether they
received LT before or after the implementation of LI-RADS in October 2013 for
determining listing priority for MELD exception.

2.2 | Outcomes and statistical analysis

The primary outcome of interest was rate of misdiagnosis of HCC (indicated by no HCC on
explant). Secondary outcomes included probability of post-LT survival, and recurrence
based on whether HCC was found on explant. Patient characteristics were summarized using
medians and interquartile ranges (IQR) for continuous variables and proportions for
categorical variables. Logistic regression models with odds ratios (OR) were used to assess
predictors of “no HCC on explant” and reported with 95% confidence intervals (Cl). Loess
curves were used to visualize the functional form of continuous variables. For those
variables not demonstrating a linear relationship with the outcome, multiple cutoffs
informed by the loess plots were tested to categorize the variables. Potential cutoffs were
evaluated using Akaike information criterion (AIC) with lower AIC values indicating better
model fit.1112 Predictors of “no HCC on explant” with a univariate 2 value <.1 and the
lowest AIC (when multiple cutoffs were tested) were included in the multivariable analysis
with the final model selected by backward elimination (2 for removal >.05). The Kaplan-
Meier method was used to estimate post-transplant survival and HCC recurrence. Patient
follow-up time was measured from the date of LT to death (for survival analysis), HCC
recurrence (for recurrence analysis), or last follow-up. The log-rank test compared survival
and HCC recurrence estimates by the presence or absence of HCC on explant. Statistical
analyzes were performed using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA) and
Stata/IC 11.1 (StataCorp, College Station, TX, USA).

3 | RESULTS

3.1 | Baseline clinical and tumor characteristics

Among the 6280 patients in the OPTN database who were listed with MELD exception for
HCC and received LT with a submitted explant pathology form, 616 patients (9.8%) had
tumor burden exceeding Milan criteria on at least one exception petition and were excluded
from the analysis. Of the remaining 5664 patients, 5340 (94.3%) received pre-transplant
LRT. As lack of HCC on explant in these patients could have been due to complete response
to LRT, these patients were also excluded. Of the 324 patients without LRT prior to LT, 35
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(10.8%) lacked evidence of HCC on explant whereas HCC was present in the remaining 289
patients (89.2%; Figure 1).

Baseline clinical characteristics of both the “no HCC on explant” group and “HCC on
explant” group are shown in Table 1. Patients without HCC on explant were younger at
listing with MELD exception (median age 48 vs 60 years, £ < .001) and more often female
(45.7 vs 26.0%, P=.02). In the “HCC on explant” group, hepatitis C was the most common
etiology of liver disease (57.4%), followed by non-alcoholic fatty liver disease (13.8%), and
alcoholic liver disease (8.0%). However, in the “no HCC on explant” group, hepatitis C was
found in only 17.1% as was non-alcoholic fatty liver disease and autoimmune liver disease,
while alcohol (25.7%) was the most common etiology of liver disease. At the time of initial
listing with MELD exception, the median MELD and Child-Pugh score were similar
amongst groups.

In terms of tumor characteristics at listing, patients without HCC on explant had a lower
median AFP at listing (4 vs 9 ng/mL, £<.001). Median AFP was <10 ng/mL in 82.9% of
those without HCC on explant vs 51.2% of those with HCC on explant (P=.003). There
was no difference between groups in terms of listing tumor burden with median largest
tumor diameter of 2.3 cm (IQR: 2.0-2.6) for “no HCC on explant” and 2.2 cm (2.0-2.6) for
“HCC on explant” (P =.88). There were also no significant differences in the proportion of
patients with a single lesion 2-3 cm or 2-3 lesions. Additionally, the proportion of patients
with 2-3 lesions all <2 cm was similar between the two groups (22.9% vs 16.3%, P=.34).
The median time from listing to LT was 1.7 months (IQR: 0.7-4.1) and did not differ
between groups (2.4 months in no HCC on explant and 1.5 months with HCC on explant, P
=.18; Table 1). Overall, the waiting time was <3 months in 65.1% and >6 months in 13.0%,
with no significant differences between groups (P =.83).

Of the entire cohort, 58.3% underwent LT before the implementation of LI-RADS for
determining eligibility for HCC MELD exception in October 2013. There was no difference
found in the proportion of “no HCC on explant” found before and after the implementation
of LI-RADS. No HCC on explant was found in 11.1% (21 of 189) of patients who
underwent LT before October 2013 and 10.4% (14 of 135) of those who underwent LT after
this date (P = .83).

3.2 | Geographic characteristics (region and LT center)

A breakdown of the overall cohort (n = 324) with respect to the 11 regions is shown in Table
2. The most common regions with patients without LRT prior to LT were Region 3 (29.0%),
Region 11 (18.8%), and Region 10 (15.1%) and together these three regions accounted for
62.9% of the overall cohort. The least common regions with patients without LRT prior to
LT were Region 1 (1.2%) and Region 9 (1.5%). When analyzing only those without HCC on
explant (n = 35), Region 3 contributed the most number of patients (40.0%), which was
more than the next three most common regions combined. No other region besides Region 3
(n = 14) had more than five patients without HCC on explant. There was not a single patient
without HCC on explant in Regions 1, 6, and 9 (Table 2).
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With respect to LT center, the 35 patients without HCC on explant received LT at 25
different centers. The maximum number of LT recipients without HCC on explant at a single
center was three which occurred at two centers in Region 3 and a single center in Region 7
(Table 2). The majority of centers (69.1%, n = 56/81) who performed at least one LT without
pre-transplant LRT during the study time period did not have a single patient without HCC
on explant.

3.3 | Predictors of “no HCC on explant”

The results of univariate and multivariable analysis of predictors of “no HCC on explant” are
summarized in Table 3. Predictors of “no HCC on explant” in univariate logistic regression
included female gender (OR: 2.40, 95% ClI: 1.18-4.91, P=.02), African American race
(OR: 2.64, 95% CI: 1.03-6.78, P=.04), and non-hepatitis C etiology of liver disease (OR:
6.52, 95% CI: 2.63-16.20, < .001). Additionally, listing age at all tested cutoffs including
<50, <55, and <60 years and AFP at cutoffs including <5, <10, and <20 ng/mL were
significant predictors of no HCC on explant. Only 50.0% (19/38) of patients <50 years old
who received LT for presumed HCC were actually found to have HCC on explant. There
were no individual United Network for Organ Sharing (UNOS) regions which reached
statistical significance for predicting “no HCC on explant,” although Region 3 (OR: 1.74, P
=.13) and Region 11 (OR: 0.24, P=.052) nearly did. Child-Pugh, and MELD score, listing
tumor burden, and wait time from listing to LT were not found to be predictive of “no HCC
on explant” on univariate analysis.

There were three predictors of “no HCC on explant” found on multivariable logistic
regression: age <50 years (OR: 17.30, 95% CI: 6.99-42.83, £< .001), non-hepatitis C
etiology (OR: 5.43, 95% ClI: 1.94-15.20, P=.001), and AFP <10 ng/mL at LT listing (OR:
2.87,95% CI: 1.02-8.06, A= .04). When patients were stratified by the number of risk
factors found on multivariable analysis, 63.9% had 0-1 risk factors, 30.2% had 2 risk
factors, and 5.9% had all three risk factors. No HCC on explant was observed in 2.9%
(6/207) of those with 0-1 risk factors, 14.3% (14/98) with 2 risk factors, and 78.9% (15/19)
of patients with all 3 risk factors (P < .001; Figure 2).

3.4 | Post-LT outcomes

Median post-LT follow-up time was 1.8 years (IQR 0.7-2.2). Overall Kaplan-Meier post-LT
survival at 1 and 3 years was 92.1% (95% Cl: 88.3-94.7) and 81.7% (73.8-87.4),
respectively.

The observed 3-year post-LT survival was higher at 90.8% among those without HCC on
explant when compared to the 3-year post-LT survival of 80.3% in those with HCC on
explant, although the difference did not achieve statistical significance (£=.39). No post-LT
HCC recurrence was identified among the 35 patients without HCC on explant, whereas the
Kaplan-Meier probability of HCC recurrence 3 years after LT was 4.4% (95% CI: 1.9-9.8)
in those with HCC found on explant (P=.28).
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4 | DISCUSSION

Harper et al3 recently analyzed over 4500 LT recipients in the OPTN explant pathology file
in place since April 2012 and found that 22.7% of patients exceeded T2 criteria on explant.
The rate of under staging did not change significantly after LI-RADS implementation. In the
present study, we focused on the rate of misdiagnosis in patients undergoing LT for
presumed T2 HCC who did not receive LRT prior to LT, as the absence of viable HCC in the
explant could be due to either misdiagnosis or a complete response to LRT. Our analysis on
patients who did not receive any LRT prior to LT demonstrated an 11% rate of misdiagnosis
with no HCC in the explant. The median waitlist time in these patients was very short at
only 1.7 months. The rate of misdiagnosis did not change significantly after the
implementation of LI-RADS in October 2013. This observation suggests that accurate
interpretation of imaging using the LI-RADS system may still be a work in progress. It has
been shown that a significant interob-server variability exists among radiologists to diagnose
and stage HCC based on cross-sectional imaging.* This also brings up the question of
whether there are specific subgroups with T2 HCC that are more prone to diagnostic errors.

We have originally hypothesized a higher misdiagnosis rate in a subset of T2 HCC with
multiple small lesions all under 2 cm. MRI is only 52-62% sensitive for the diagnosis of
small tumors <2 cm, 1518 and smaller tumors appear to show less pronounced delayed
washout compared to larger HCC.17 Samoylova et al*® previously found that post-LT HCC
recurrence risk was significantly lower in patients with 2—3 nodules all <2 cm compared to
others within stage T2, raising the suspicion that some of these patients might not even have
HCC and received unnecessary LT. However, our analysis did not demonstrate a significant
difference in the misdiagnosis rate when comparing this specific category with other
subgroups within T2 HCC (Table 3). Surprisingly, neither the largest tumor diameter,
number of tumor nodules, nor total tumor diameter correlated with the risk for HCC
misdiagnosis.

A significant finding of the present study relates to the very short waiting time (median wait
time of 1.7 months) in the study population who did not receive LRT prior to LT. For hepatic
nodules with equivocal radiographic characteristics, observing for interval growth over time
may help differentiate HCC from benign hepatic nodules. In this regard, short waitlist time
may be associated with a greater probability for misdiagnosis. On the other hand, there
appeared to be regional and center variations in the rate of misdiagnosis independent of wait
time. For example, Region 3 accounted for 40% of all cases of HCC misdiagnosis, whereas
Region 10 (similarly short wait time) had significantly fewer patients with misdiagnosis.
Additionally, of centers performing at least one LT without LRT, 9% (7/81) had multiple
patients with misdiagnosis, whereas nearly 70% of centers did not have a single patient with
HCC misdiagnosis. While significant regional variation in wait time exists across the United
States, it is possible that HCC misdiagnosis is associated with center-specific practices and
not just be a reflection of short wait time. The recent implementation of a mandatory wait of
6 months, intended to reduce the disparities in the LT rate between HCC vs non-HCC
patients,1® may also reduce the rate of unnecessary LT by allowing more observation time
for ascertaining the diagnosis of HCC. The recommended use of LRT when the waiting time
is expected to be at least 6 months20 to bridge HCC patients to LT may also be beneficial
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from a diagnostic standpoint. Transarterial chemoembolization, for example, may provide
angiographic evidence supporting the diagnosis of HCC.

Variables predicting HCC misdiagnosis in this study include younger age at LT listing, AFP
<10 ng/mL and non-hepatitis C etiology. Half of patients with age <50 years at LT listing
(19/38) who received LT for HCC were found to have no HCC on explant. The profound
impact of increasing age on HCC development regardless of etiology of liver disease has
been well-established in epidemiologic studies,?:22 and HCC develops rarely before the age
of 50. Young patient age <50 years should therefore be taken into account when considering
whether or not a patient truly has HCC. It is not surprising to observe a higher prevalence of
a normal AFP in patients without HCC on explant. Nevertheless, it is well known that AFP
is not a sensitive marker for HCC diagnosis in that normal AFP is seen in up to one-third of
patients with HCC, thus limiting the utility of AFP in the screening of HCC.”

One limitation of the present study is the relatively small sample size with T2 HCC who
received no LRT before LT, and this hampers both the evaluation of factors associated with
HCC misdiagnosis as well as the ability to make clinical predictions based on these risk
factors. Our analysis would be biased had we included those with no tumor in the explant as
a result of complete response after LRT rather than true misdiagnosis. The strength of this
study is the use of a large set of pathologic data on LT patients across all regions. While the
study cohort is not necessarily representative of the HCC population as a whole given the
lack of LRT and relatively short observed wait time to LT, it is somewhat reassuring that the
overall rate of HCC misdiagnosis of 11% in the present study is lower than the previously
reported 20-25% misdiagnosis rate before standardized radiographic criteria for HCC were
in place.423

In summary, among patients undergoing LT with MELD exception for T2 HCC who did not
receive LRT, 11% were found to have no HCC on explant. The incidence of misdiagnosis
did not differ before and after LI-RADS implementation and was disproportionally high in
one UNOS region. More efforts are still needed to eliminate unnecessary LT for patients
without HCC.
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6280 patients underwent
liver transplant (LT) w/ HCC | [
MELD exception from 2012 to 2015

4

5664 HCC patients

always within Milan | >

criteria underwent LT

1

324 patients
without LRT
prior to LT

Page 10

Excluded 616 patients ever
beyond Milan criteria on an
exception petition

Excluded 5340 patients (94.3%)
who received pre-transplant
local-regional therapy (LRT)

35 patients (10.8%) w/
no HCC on explant

289 patients (89.2%) w/
HCC on explant

FIGURE 1.

Flow diagram with exclusion criteria describing the formation of the study cohort with
explant pathology demonstrating absence or presence of hepatocellular carcinoma
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Risk of “No HCC on Explant”
Based on Number of Risk Factors
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FIGURE 2.
Risk of “no hepatocellular carcinoma on explant” based on number of risk factors identified

from results of multivariable analysis: age <50, non-HCV etiology of liver disease, and
alpha-fetoprotein (AFP) <10
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Baseline clinical characteristics of the “no hepatocellular carcinoma (HCC) on explant” group and “HCC on

explant” group

TABLE 1

Overall (n=324) No HCC on Explant (n=35) HCC onexplant (n=289) P-value

Median age (IQR) 60 (54-64) 48 (35-61) 60 (55-64) <.001
Male (%) 233 (71.9) 19 (54.3) 214 (74.0) .02
Race/ethnicity (%)

Caucasian 242 (74.7) 25 (71.4) 217 (75.1) 15

Hispanic 38 (11.7) 2(5.7) 36 (12.5)

African American 30(9.3) 7(20) 23(8.0)

Asian 12 3.7) 1(2.9) 11 (3.8)

Other 2(0.6) 0 2(0.7)
Etiology of liver disease (%)

Hepatitis C 172 (53.1) 6(17.1) 166 (57.4) <.001

NAFLD 46 (14.2) 6(17.1) 40 (13.8)

Alcohol 32(9.9) 9(25.7) 23 (8.0)

Hepatitis B 13 (4.0) 3(8.6) 10 (3.5)

Autoimmune? 12 (3.7) 6(17.1) 6(2.1)

Other 49 (15.1) 5(14.3) 44 (15.2)
Median Child’s score (IQR) 9 (7-10) 8 (7-9) 9 (7-10) .24
Median MELD (IQR) 13 (10-16) 14 (10-16) 13 (10-16) .54
Median AFP at listing (IQR) 8 (4-24) 4(3-8) 9 (4-28) <.001

AFP <10 (%) 177 (54.6) 29 (82.9) 148 (51.2) .003

AFP 10-100 (%) 112 (34.6) 5 (14.3) 107 (37.0)

AFP >100 (%) 35(10.8) 1(2.9) 34 (11.8)
Tumor burden at listing (%)

1 lesion 2-2.9 cm 184 (56.8) 20 (57.1) 164 (56.7) .90

1 lesion 3 cm-5 47 (14.5) 4(11.4) 43 (14.9)

2 lesions 74 (22.8) 8(22.9) 66 (22.8)

3 lesions 19 (5.9) 3(8.6) 16 (5.5)

Median wait time to LT (mo) 1.7 (0.7-4.1) 2.4 (0.8-4.6) 1.5(0.6-3.9) .18

a . L . . . - L
Includes autoimmune hepatitis, primary sclerosing cholangitis, and primary biliary cholangitis.
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TABLE 2
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Breakdown of the “no hepatocellular carcinoma (HCC) on explant” and “HCC on explant” groups by United

Network for Organ Sharing (UNOS) region and transplant center

UNOS region  Total n =324 (%) No HCC on explant n = 35 (%) HCC on explant n = 289 (%)
1 4(1.2) 0 4(1.4)
2 32(9.9) 4 (11.4) (nateach center =2, 1, 1) 28(9.7)
3 94 (29.0) 14 (40.0)(n=3,3,2,1,1,1,1,1,1) 80 (27.7)
4 15 (4.6) 1(2.9) 14 (4.8)
5 17 (5.2) 5(143)(n=2,1,1,1) 12 (4.2)
6 11 (3.4) 0 11 (3.8)
7 17 (5.2) 4(11.4) (n=3, 1) 13 (4.5)
8 19 (5.9) 2(6.7)(n=1,1) 17 (5.9)
9 5(1.5) 0 5(1.7)

10 49 (15.1) 3(8.6)(N=21) 46 (15.9)
11 61 (18.8) 26.7)(h=1,1) 59 (20.4)
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Univariate and multivariable analyzes of predictors of “no hepatocellular carcinoma on explant

TABLE 3

Predictor variables Odds ratio (95% CI)  P-value
Univariate analysis
Age

<50 vs 250 16.88 (7.49-38.00) <.001

<55 vs >55 5.83 (2.78-12.21) <.001

<60 vs 260 2.66 (1.2-5.74) .01
Female gender 2.40 (1.18-4.91) .02
African American (vs Caucasian) 2.64 (1.03-6.78) .04
Non-hepatitis C etiology (vs hepatitis C) 6.52 (2.63-16.20) <.001
Child-Pugh score (per point) 0.90 (0.76-1.07) .22
MELD score (per point) 1.02 (0.94-1.10) .69
AFP at listing

<5vs>5 3.21 (1.57-6.56) .001

<10vs 210 4.61 (1.86-11.43) <.001

<20 vs 220 7.10 (1.67-30.26) .008
Tumor burden at listing

1 lesion 3-5 cm (vs 1 lesion 2-2.9 cm) 0.77 (0.25-2.35) .64

2 lesions (vs 1 lesion 2-2.9 cm) 0.99 (0.42-2.37) .99

3 lesions (vs 1 lesion 2-2.9 cm) 1.54 (0.41-5.74) .52

Median total tumor diameter <3 vs 23cm  1.21 (0.56-2.61) .64
Wait time from listing to LT

>3 vs <3 mo 1.28 (0.62-2.62) .50

>6 vs <6 mo 1.14 (0.41-3.11) 81

>12 vs <12 mo 1.69 (0.36-8.05) 51
UNOS regiond

Region 2 vs all other regions 1.20 (0.40-3.66) .75

Region 3 vs all other regions 1.74 (0.85-3.59) 13

Region 10 vs all other regions 0.50 (0.15-1.69) .26

Region 11 vs all other regions 0.24 (0.06-1.01) .052
Multivariate analysis

Age <50 vs =50 17.30 (6.99-42.83) <.001

Non-hepatitis C etiology (vs hepatitis C) ~ 5.43 (1.94-15.20) .001

AFP <10 vs 210 2.87 (1.02-8.06) .04

aOnIy analyzed individual regions who had at least 20 patients of the entire cohort.
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