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Abstract

Liver transplant allocation policy does not give model for end-stage liver disease (MELD)
exception points for patients with a single hepatocellular carcinoma (HCC) <2 cm in size, but does
give points to patients with multiple small nodules. Because standard-of-care imaging for HCC
struggles to differentiate HCC from other nodules, it is possible that a subset of patients receiving
liver transplant for multiple nodules <2 cm in size does not have HCC.

We evaluate risk of post-transplant HCC recurrence and wait-list dropout for patients with
multiple small nodules using competing risks regression based on the Fine and Gray model.

We identified 5002 adult HCC patients in the OPTN/UNOS dataset diagnosed and transplanted
between January 2006 and September 2010. Compared to patients with >1 tumor <2 cm, risk of
developing recurrence was significantly higher in patients with one or more tumors with only one
tumor =2 cm (SHR 1.63, p = 0.009), as well as in patients with 2-3 tumors =2 cm (SHR 1.84, p =
0.02). Dropout risk was not significantly different among size categories.

HCC recurrence risk was significantly lower in patients with multiple nodules <2 cm in size than
in those with larger tumors, supporting the possibility that some patients received unnecessary
transplants. The priority given to these patients must be re-examined.
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The development of hepatocellular carcinoma (HCC) in cirrhotic liver is understood to be
either a multistep progression from low-grade dysplastic nodule to overt carcinoma, or as
developing from a single dysplastic cell (1-3). While high-grade dysplastic nodules are most
likely to give rise to HCC, the gradual malignant progression makes it difficult for current
imaging techniques to differentiate between high-grade nodules and small HCCs (3). This is
complicated by the frequent occurrence of small nodules in cirrhotic livers, many of which
may disappear at follow-up with only a small percentage progressing to HCC (4). For this
reason, patients with a single tumor smaller than 2 cm are no longer eligible for model for
end-stage liver disease (MELD) exception points, as it was found that one-third of patients
with arterially enhancing nodules <2 cm had no tumor at explant pathology (5). While
patients with single nodules <2 cm are not given HCC exception priority, patients with more
than one nodule <2 cm are given priority, a distinction of uncertain benefit.

It is not clear that multiple small nodules are more accurately imaged than single small
lesions. Non-invasive imaging modalities have struggled to accurately diagnose these small
tumors: A comparison of imaging diagnosis to explant pathology reports in the United
Network for Organ Sharing (UNOS) database demonstrated that radiologic and pathologic
tumor stage were identical in only 44.1% of cases, with considerable and unexplained
variation in accuracy among centers (6). Radiologic diagnostic accuracy also decreases with
size (7): Lesions <2 cm in size have an 82% lower chance of an accurate diagnosis. Whether
multiple nodules affect the accuracy of diagnosis was not determined. Single-center state-of-
the-art studies show more optimistic numbers, with MR specificity as high as 100% (8), but
this is not indicative of the national average. There is hope that the recent change in policy
using better-defined radiologic criteria (LIRADS) will improve the accuracy of diagnosis

9).

While it has been shown that larger HCCs are more likely to have multiple accompanying
lesions, there is not yet evidence to demonstrate that multiple small lesions increase the
likelihood of one of them being HCC. Coupled with the slow progression of liver nodules,
the present lack of specificity in small-nodule imaging lays open the possibility that some
patients with small tumors transplanted for HCC do not actually have cancer. In this study,
we examine the recurrence rate of HCC after liver transplant for patients with multiple
tumors <2 cm in size.

Adults listed for primary liver transplant with an initial exception for HCC diagnosis
meeting Stage T2 criteria (single lesion 2-5 cm or 2-3 lesions none >3 cm) granted between
January 1, 2006 and September 30, 2010 were included in the wait-list cohort, and those
candidates transplanted in the same time period were included in the transplant cohort. All
patients were identified from the UNOS Standard Transplant Analysis and Research (STAR)
files. Patients with a post-transplant cause of death from cholangiocarcinoma (n = 11) or
with laboratory MELD =22 (n = 25) were excluded from the analysis.

Hepatoma was designated as the primary diagnosis for 34% of patients. To identify the
underlying liver disease in patients with a primary diagnosis of hepatoma, secondary
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diagnosis at listing and diagnosis at transplant (when secondary diagnosis was unavailable
or also hepatoma) were evaluated. Patients with only a diagnosis of hepatoma and evidence
of viral hepatitis (hepatitis C virus seropositive or hepatitis B virus surface antigen positive)
were categorized to their respective viral hepatitis diagnosis.

Frequency distributions and medians (interquartile ranges [IQR]) for recipient, donor, and
tumor characteristics were described for the transplant cohort and by tumor burden (>1
tumor, all <2 cm; 1 tumor =2 cm or multiple tumors with only 1 tumor =2 cm; 2-3 tumors
=2 cm). We evaluated statistical differences in recipient, donor, and tumor characteristics
using the chi-square and Wilcoxon rank sum tests, as appropriate. We calculated tumor

volume in cm3 as the volume of a sphere (4/3 * pi * tumor radius3) where the tumor radius
was half of the reported tumor size and cumulated the tumor volumes for patients with
multiple tumors. An alpha-fetoprotein (AFP) cut-off of 500 ng/pL was used in accordance
with studies showing AFP of around 500 to be predictive of poor post-transplant survival
(10) and increased waiting-list dropout (11). Donor risk index (DRI) was calculated per
Feng et al (12). Regions were categorized based on the median wait time from exception to
transplant for HCC liver transplant recipients. Short (regions 3, 6, 10, and 11), mid (regions
2, 4, and 8), and long (regions 1, 5, 6, and 9) wait regions had median regional wait times
ranging from 30 to 39, 83 to 108, and 137 to 191 d, respectively.

Transplant cohort

Risk of post-transplant HCC recurrence was evaluated in the transplant cohort using
competing risks regression with the Fine and Gray model (13). Recurrence was defined as
either a diagnosis of HCC recurrence or a post-transplant HCC-related death: determined by
physician review (JPR) of indication of recurrence in malignancy follow-up data, or primary
and contributory causes of post-transplant death, respectively. Post-transplant follow-up
terminated in HCC recurrence (event) or death due to other causes (competing risk). Time to
event was measured in years from liver transplant to (a) date of diagnosis for HCC
recurrence (if reported) or HCC-related death for patients with HCC recurrence, (b) date of
death from non-HCC causes for patients with a competing event, or (c) date of last follow-
up for patients alive or lost to follow-up (censored). For patients subsequently receiving a
second or third liver transplant, follow-up time was evaluated from the date of first
transplant to death, recurrence, or last follow-up after retransplant. Post-transplant follow-up
status and date were updated when valid Social Security death certificate master file data
were available. In the transplant cohort, observed cumulative incidence and 95% confidence
intervals (95% CI) of post-transplant HCC recurrence were calculated while accounting for
competing risks and evaluated by tumor load. Single predictor estimates for risk of post-
transplant HCC recurrence (subdistribution hazard ratios [SHR]) were first estimated by
modeling the cumulative incidence function with competing risks regression for tumor,
recipient, and donor characteristics. Characteristics with p < 0.1 were further evaluated in
the multivariable model. The final model included tumor load, factors where multivariable p
values were <0.05, and accounted for center-level clustering of outcomes. We evaluated the
assumption of proportional subdistribution hazards and modeled covariates violating the
assumption as time-varying covariates. We also evaluated potential interactions between
tumor load and AFP and ablative therapy (p > 0.05, data not shown).
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Wait-list cohort

Results

In the wait-list cohort, we evaluated risk of wait-list dropout. Dropout (event) was defined as
death on the wait-list or removal from the wait-list for worsening condition, with transplant
as the competing event. Patients who were removed from the wait-list for refusal of LT,
center transfers, improvement in condition, were removed in error, or who were lost to
follow-up were censored at wait-list removal. Time to event was measured in months from
assignment of HCC exception to (a) date of drop out, (b) date of liver transplant for patients
with the competing event, or (c) last date on the wait-list (censored). Observed cumulative
incidences within three, six, and 12 months of HCC exception and 95% confidence intervals
were estimated by tumor load. Single predictor estimates for risk of wait-list dropout were
evaluated by Fine and Gray competing risks regression for patient and tumor characteristics,
and characteristics with p < 0.1 were further evaluated in the multivariate model (13).

Data manipulation and analysis were completed with SAS version 9.3 (Cary, NC, USA).
Competing risks regression was completed with Stata/IC 11.1 (College Station, TX, USA).
This study received approval from the UCSF Committee on Human Research.

HCC liver wait-list candidates (n = 7266) and transplant recipients (n = 5002) were
primarily male, white, and non-diabetic. HCV was the most common diagnosis. At
transplant, patients were a median 57 yr of age (IQR 53-62) with a laboratory MELD of 12
(IQR 9-16) (Table 1). At the time of initial HCC exception, 12.9% and 12.6% of waitlist
candidates and transplant recipients, respectively, had >1 tumor < 2 cm in size, 81.5% and
81.5% had 1 tumor =2 cm or multiple tumors with only one =2 cm, and 5.5% and 5.9% had
2-3 tumors =2 cm. Median tumor volume for all tumors combined was 9.2 cm3. Wait-list
candidates and transplant recipients frequently had ablative therapy (43.4% and 43.3%,
respectively), and AFP was >500 at exception for 7.0% and 5.9%, respectively (Table 2).

Transplant cohort

Cumulative incidence of HCC recurrence was 3.3% (95% CI 2.8-3.8) and 5.6% (95% ClI
5.0-6.3) within one and two yr of transplant, respectively. Recurrence increased with tumor
load: HCC recurrence within one yr of transplant was 1.9% for patients with >1 tumor all <2
cm compared to 3.3% among patients with one tumor =2 cm (p = 0.07) and 5.6% among
patients with 2-3 tumors =2 cm (p = 0.005). Similarly, within two yr of transplant, patients
with multiple small tumors observed significantly lower recurrence (3.7%) than patients
with one (5.8%, p = 0.04) or multiple tumors (6.9%, p = 0.03) =2 cm (Fig. 1).

After adjusting for covariates, the risk of HCC recurrence was increased for liver transplant
recipients with one tumor =2 cm (SHR 1.62 95% CI 1.13-2.35, p = 0.009) and 2-3 tumors
=22 cm (SHR 1.84, 95% CI 1.08-3.12, p = 0.02) compared to patients with >1 tumor all <2
cm. HCC recurrence risk was also elevated among patients if they had received ablative
therapy vs. none (SHR 1.39, 95% CI 1.10-1.75, p = 0.005), AFP >500 vs. <500 ng/mL
(SHR 4.68, 95% CI 2.75-7.95, p < 0.001), and with increasing DRI (SHR 1.91, 95% CI
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1.43-2.55, p < 0.001). HCC recurrence subhazard ratios were decreased for alcoholic
cirrhosis compared to HCV (SHR 0.24, 95% CI 0.10-0.60, p = 0.002) (Table 3).

Although we failed to detect a significant interaction between tumor load and AFP, we
further evaluated the predictive value of AFP in the tumor load subgroups. For patients with
multiple tumors <2 cm, the SHR for HCC recurrence for AFP >500 ng/mL vs. <500 was
6.47 (95% CI 1.84-22.7, p = 0.004) as compared to 4.67 (95% CI 2.72-8.02, p < 0.001) for
patients with one tumor >2 cm and 0.85 (95% CI 0.11-6.55, p = 0.88) for patients with 2—-3
tumor =2 cm. Of the patients with multiple small tumors, 17.9% of those with an AFP >500
ng/mL experienced recurrence compared to 3.3% of those with AFP <500 ng/mL. However,
our analysis of recurrence by AFP >500 ng/mL among patients with multiple large tumors
was limited by few recurrences (n = 22) in this smaller subgroup (n = 295).

Wait-list cohort

Cumulative incidence of wait-list dropout was 5.0% (95% CI 4.5-5.5) within three months,
8.9% (8.3-9.6) within six months, and 13.2% (12.4-14.9) within 12 months of listing for
transplant. No significant differences in wait-list dropout were detected when comparing
patients with multiple small nodules to one tumor = 2 cm or 2-3 tumors =2 cm in size (p >
0.05, data not shown). Dropout risk was increased in longer waiting regions, with increasing
AFP, but not significantly higher with increasing tumor load (Table 4).

Discussion

In this study, we found that patients within conventional transplant criteria with multiple
HCC tumors <2 cm in diameter had significantly lower HCC recurrence rates than any other
size category transplanted. We also found that among the few who did recur, AFP level
>500 ng/mL was a significant predictor of recurrence. Because of the limitations of staging
imaging practices, we speculate that some patients with multiple small nodules do not
actually have HCC and are getting unnecessary transplants. Alternatively, these small
tumors may have a low risk of recurrence when transplanted early.

Our study is limited by the characteristics of the UNOS/OPTN database. While systematic
differences in reporting HCC recurrence were not identified by center (14), reporting HCC
recurrence is not mandated within UNOS/OPTN, and therefore some cases of recurrence
may be misclassified. As a result, our study underestimates HCC recurrence rates relative to
reported averages (15). However, this is unlikely to alter our conclusions regarding tumor
size category: unless under-reporting occurs systematically by tumor size category, this
limitation only attenuates our results. As imaging practices vary widely, we were also not in
the position to evaluate the specificity of imaging used for diagnosis. Additionally, patient
selection for ablative therapy is not detailed, thus associations between recurrence and
ablation may reflect un-captured differences in disease severity rather than ablative therapy
itself. Finally, despite using nearly five yr of data, our analysis is limited by the small
numbers of recurrences among some subgroups queried.

There is some variety in the reported quality of small HCC imaging, with specificity ranges
for multidetector CT and MRI varying between 79% and 100% (8, 16-18). A systematic
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review of the accuracy of spiral CT and MRI in diagnosing HCC reported pooled estimates
of 93% and 85% specificity for CT and MRI, respectively (19). While the smaller single-
center studies of HCC imaging show specificities up to 100%, they are biased towards high-
volume centers more likely to use state-of-the-art practices not necessarily representative of
the national average (20). Additionally, one-third of patients with arterially enhancing
nodules smaller than 2 cm, presumed to be HCC at imaging, had no tumor at explant
pathology (5). These results suggest that in patients with small tumors, there might be a
tendency for over-reporting the radiologic stage of questionable lesions in the effort to
match T2 criteria for wait-list priority (6). This is a strategy perhaps advantageous at the
individual level, but not optimal for allocation of a scarce resource.

The difficulties in imaging one small lesion apply to imaging several in that there are no
data to support that imaging specificity increases for multiple small nodules vs. one, or that
having multiple small nodules makes it more likely for one of them to be HCC. This has led
to more stringent diagnostic guidelines for multiple small tumors, in line with the LI-RADS
classification of tumor characteristics (9). In the past, 2-3 lesions <2 cm with late arterial
enhancement and washout were automatically eligible for transplant. Recent guidelines,
however, require that these lesions demonstrate peripheral rim enhancement, be confirmed
by biopsy, or grow by 50% in six months to be eligible for HCC exception points (21).
Given the recent implementation of this policy, we were unable to assess the impact of these
enhanced criteria on HCC recurrence in patients with multiple small tumors—although they
would presumably reduce the number of transplants allocated to patients with questionable
disease.

Additionally, small HCC is associated with relatively benign behavior: Smaller lesions are
less likely to show microvascular invasion (22), and nodules <3 cm were found not to be
significantly associated with hepatic seeding of HCC (23). Single-center longitudinal studies
from Japan (24) and San Francisco (25) as well as a study modeling growth rates (26)
reported that most patients with early-stage HCC do not progress rapidly for approximately
six months after being placed on the transplant wait-list. A more recent analysis of patients
with one untreated lesion <2 cm found the risk of progression beyond T2 to be 4.4%, with a
one-yr survival of 94.5% (27). The San Francisco study reported a dropout rate of 0% at six
months and 10% at 12 months for patients with lesions <3 cm. Mehta et al. showed that
patients with 2-3 cm lesions have significantly lower dropout risk than larger tumor burden
categories (28). Our analysis did not show decreasing tumor load to lower dropout risk.
While the former study was able to precisely evaluate the etiology of wait-list dropout such
as tumor progression or liver-related death, the data in the current study did not allow us to
differentiate these etiologies as closely, which may have limited our ability to detect a
difference in dropout based on tumor burden.

The use of waiting time as a selection criterion, as is implemented by the most recent
guidelines, is in keeping with several studies suggesting waiting times ranging from three
months to one yr (29-34). These studies, however, do not address disease presenting with
multiple small tumors. Our own recent investigation on the use of waiting time to reduce
post-LT HCC recurrence found the benefit of waiting >120 d to be smaller for patients with
multiple small tumors than for the other size categories (35), suggesting that these small

Clin Transplant. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Samoylova et al.

Page 7

tumors tolerate a lag time without metastasizing. Other groups, however, suggest that
waiting for transplant may not be the best treatment option for patients with small HCCs,
having found that immediate ablation or resection is more cost-effective (36) and potentially
more beneficial (37).

Finally, we found that among patients with multiple small tumors, those with AFP>500
ng/mL were at significantly higher risk of experiencing HCC recurrence and that the hazard
ratio decreased with larger tumor load categories. This suggests that AFP level may be
particularly informative for patients with multiple tumors <2 cm in size, when imaging
specificity is lacking. However, the use of AFP for treatment decisions is still controversial,
as a range of different cutoff values have been shown to predict post-transplant outcomes
(38). At our center, elevated AFP is not required for HCC diagnosis, although patients with
AFP > 1000 ng/mL are required to show a decrease in AFP level to <500 ng/mL before they
are transplanted (39). The diagnostic and prognostic accuracy of AFP in patients with
multiple small tumors bears further inquiry.

With the continuing increase in HCC cases in the US (40), care must be taken to ensure
maximum utility in liver allocation. Our study suggests that a subset of patients with
multiple small tumors may be getting unnecessary transplants. Because of the limitations of
diagnostic imaging modalities when it comes to small nodules, we believe that the low
recurrence rate observed is due in part to the transplantation of patients who do not have
HCC. While this is impossible to verify without a detailed histologic analysis of explanted
tissue, it is consistent with previous analyses of radiologic staging (1, 5, 6). Further
exploration of this theme will require analysis of explant pathology. Based on our findings,
we suggest that patients with multiple tumors <2 cm in size not be given HCC MELD
exception points for transplant priority unless they have definitively been shown to be HCC
by LI-RADS criteria, and either wait or undergo ablation/resection therapy instead.
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Subhazard Ratio (95% Cl)

Number at Risk

>1 tumor all <2cm

Cumulative incidence (%)

1 tumor >=2cm (may have other tumors <2cm)
2-3 tumors >=2cm

| | I | 1 1

0 1 2 3 4 5
Time since transplant (years)

1 year 2 years 3 years 4 years
>1 tumor all <2cm 1.9 (1.0-3.2) 3.7(2.4-5.5) 43 (2.8-6.3) 4.8 (3.0-7.0)
1 tumor >2cm 3.3(2.8-3.9) 5.8 (5.1-6.6) 7.4 (6.5-8.3) 8.5(7.5-9.6)
2-3 tumors > 2cm 5.6(3.3-8.6) 6.9 (4.3-10.3) 8.7 (5.6-12.8)

1 year 2 years 3 years 4 years
>] tumor all <2cm 514 346 216 106
1 tumor >2cm 3216 2254 1384 672
2-3 tumors > 2cm 220 158 94 45

Figure 1.
Cumulative incidence, 95% confidence intervals, and number at risk for hepatocellular

carcinoma recurrence by tumor load.
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Table 3

Page 14

Risk of post-transplant hepatocellular carcinoma recurrence estimated with the Fine and Gray multivariable
competing risks regression model, accounting for center clustering and adjusted for time on the wait-list

Characteristic

SHR (95% CI)

p-value

Tumor characteristics
>1 tumor all <2 cm
1 tumor =2 cm or multiple tumors with only 1 =2 cm
2-3tumors =2 cm

Ablative therapy at exception

Alpha-fetoprotein >500 ng/mL at exception (vs. s500)’k

Diagnosis*
HCV
Alcoholic cirrhosis
Non-cholestatic cirrhosis
HBV
NASH
Other

Donor risk index

1.00
1.62 (1.13-2.35)
1.84 (1.08-3.12)
1.39 (1.10-1.75)
4.68 (2.75-7.95)

1.00

0.24 (0.10-0.60)
0.9 (0.34-2.41)
1.12 (0.61-2.07)
0.41 (0.14-1.21)
0.84 (0.51-1.40)
1.91 (1.43-2.55)

0.009
0.02
0.005
<0.001

0.002
0.84
0.71
0.10
0.51

<0.001

SHR, subdistribution hazard ratio.

*
Significant interaction with time post-transplant.
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Table 4

Page 15

Risk of wait-list dropout estimated with the Fine and Gray multivariable competing risks regression model

Characteristic SHR (95% CI)  p-value
OPTN region

Short wait regions: 3, 6, 10, 11 1.00

Mid wait regions: 2, 4, 8 2.01 (1.62-2.48)  <0.001

Long wait regions: 1, 5,7, 9 3.54 (2.92-4.31) <0.001
Tumor characteristics

>1 tumor all <2 cm 1.00

1 tumor =2 cm (may have other tumors <2 cm) 1.06 (0.89-1.26) 0.59

2-3 tumors =2 cm 1.13 (0.84-1.51) 0.49
Ablate (any ablation while listed) 0.81(0.72-0.92)  0.001
Laboratory model for end-stage liver disease at listing ~ 1.07 (1.06-1.08)  <0.001
Alpha-fetoprotein >500 ng/mL (vs. <500) 2.59(2.18-3.08)  <0.001
Age at listing (per one yr increase) 1.01(1.00-1.02)  0.001
Diagnosis

HCV 1.00

Alcoholic cirrhosis 1.13(0.92-1.39) 0.24

Non-cholestatic cirrhosis 1.04 (0.79-1.36) 0.78

HBV 0.67 (0.49-0.91) 0.01

NASH 0.90 (0.66-1.24) 0.52

Other 157 (1.35-1.81)  <0.001

SHR, subdistribution hazard ratio.

Clin Transplant. Author manuscript; available in PMC 2016 January 01.



