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Abstract

In the United States, there are significant geographic disparities in the time to transplantation for 

patients with hepatocellular carcinoma (HCC); it is possible that rapid transplantation contributes 

to higher rates of posttransplant HCC recurrence because there is insufficient time for the tumor 

biology to manifest. In this study, we compared HCC recurrence in rapid transplant patients and 

their slower transplant counterparts. We identified adult liver transplantation (LT) candidates in 

the Organ Procurement and Transplantation Network/United Network for Organ Sharing (UNOS) 

data set who were granted an initial exception for an HCC diagnosis between January 1, 2006 and 

September 30, 2010 and underwent transplantation in the same time window. Patients were 

followed until HCC recurrence, non–HCC-related death, or last follow-up. The cumulative 

incidence of HCC recurrence was compared for patients waiting ≤120 days and patients waiting 

>120 days from an HCC exception to LT. The association between the risk of posttransplant 

recurrence and the wait time was further evaluated via competing risks regression with the Fine 

and Gray model. For 5002 LT recipients with HCC, the median wait time from an exception to LT 

was 77 days, and it varied from 30 to 169 days by UNOS region. The cumulative incidence of 

posttransplant HCC recurrence was 3.3% [95% confidence interval (CI) = 2.8%–3.8%] and 5.6% 

(95% CI = 5.0%–6.3%) within 1 and 2 years, respectively. The rate of observed recurrence within 

1 year of transplantation was significantly lower for patients waiting >120 days versus patients 

waiting ≤120 days (2.2% versus 3.9%, P = 0.002); however, the difference did not persist at 2 

years (5.0% versus 5.9%, P = 0.09). After we accounted for clinical factors, the HCC recurrence 

risk was reduced by 40% for patients waiting >120 days (subhazard ratio = 0.6, P = 0.005). In 

conclusion, the risk of HCC recurrence within the first year after transplantation may be lessened 

by the institution of a mandatory waiting time after an exception is granted.

The Model for End-Stage Liver Disease (MELD) scoring system has been used for 

prioritizing patients for liver transplantation (LT) since its implementation in February 
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2002.1 This model is validated for predicting 3-month mortality for patients with chronic 

liver disease,2 but it is not a good predictor of survival for patients with hepatocellular 

carcinoma (HCC)3 because they are at risk of death from progression of their cancer while 

their liver function is potentially maintained. To compensate for the expected waiting-list 

dropout due to cancer progression, in 2002, HCC patients meeting the Milan criteria for 

transplantation4 were given a MELD score of 29 in an attempt to match the dropout risk for 

non-HCC patients.1 Subsequent studies, though, demonstrated that this provided an unfair 

advantage to patients with HCC,5 and this led to a progressive reduction of exception scores. 

The current MELD priority score for T2 HCC (1 lesion of 2–5 cm or 2–3 lesions, each 1–3 

cm) is 22 points, and there are quarterly increases corresponding to 10% increases in 

pretransplant mortality.

On the whole, the MELD exception system has proven advantageous for patients with HCC: 

in comparison with the pre-MELD era, the wait-list time has decreased from 1.3 to 0.6 

years, and the dropout rate has decreased from 25.9% to 6.7%. Twenty-six percent of LT 

procedures are now performed for HCC.5–7 This trend has been sustainable because of 

several studies demonstrating 5-year posttransplant survival rates higher than 70%.4,8–10 

However, concern is growing that HCC patients are still unfairly privileged in comparison 

with patients with other indications for transplantation because the survival rates may be 

lower than previously thought.11–13 More recent analyses have also demonstrated that non-

HCC patients have higher wait-list mortality.14,15

Some have speculated that shorter waiting times before transplantation have led to an 

increased recurrence HCC rate because shorter waiting times may allow for transplantation 

in patients with existing but undetected extrahepatic disease that may be revealed if the 

patients wait longer,16 although the evidence is not conclusive. The living donor liver 

transplantation (LDLT) literature, for instance, suggests that shorter waiting times may be 

playing a role in the higher recurrence rates seen in this population.16–18 To date, only 1 

study has specifically evaluated the waiting time as a risk factor for HCC recurrence after 

deceased donor liver transplantation (DDLT): that 2007 single-center study did not find a 

shorter waiting time to be a risk factor for recurrence after either DDLT or LDLT.19 Another 

study combining LDLT and DDLT found that a waiting time >3 months reduced the odds of 

recurrence in a univariate analysis.20

Regional disparities in organ availability allow a natural experiment: half of US transplant 

centers perform transplantation within 3 months, and the other half perform transplantation 

beyond 3 months. In this study, we compared HCC recurrence in rapid transplant patients 

and their slower transplant counterparts to determine whether the time to transplantation 

could be used as a predictor of HCC recurrence. We have recently published results 

suggesting that the recurrence estimates from this data set appear to be reliable.21

PATIENTS AND METHODS

Data on adults (18 years old or older) who were assigned an exception for an HCC diagnosis 

meeting policy 3.6.4.4 criteria (stage T2: 1 lesion 2–5 cm in size or 2 lesions 1–3 cm in size 

with late arterial enhancement on computed tomography or magnetic resonance imaging) 
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and underwent LT for the first time between January 1, 2006 and September 30, 2010 were 

obtained from United Network for Organ Sharing (UNOS) Standard Transplant Analysis 

Research files (created March 02, 2012) so that we could investigate predictors of 

posttransplant HCC recurrence. Patients with cholangiocarcinoma as the cause of death 

(HCC likely misdiagnosed during the initial evaluation; n = 11) or with a laboratory MELD 

score ≥22 at transplant (likely other underlying liver complications in addition to HCC; n = 

25) were excluded from the analysis. Recurrence was defined as either a diagnosis of HCC 

recurrence [determined by a physician’s review (J.P.R.) of indications of recurrence in 

malignancy follow-up data] or a posttransplant HCC-related death (when HCC was a 

primary or contributory cause of posttransplant death).

HCC was designated as the primary diagnosis for 34% of the patients. To identify the 

underlying causes of liver disease in these patients, the secondary diagnosis at listing and the 

diagnosis at transplant (when the secondary diagnosis was unavailable or was also HCC) 

were evaluated. Patients with only a diagnosis of HCC and evidence of viral hepatitis 

(hepatitis C virus–seropositive or hepatitis B virus surface antigen– positive) were 

categorized according to the appropriate viral hepatitis diagnosis.

Frequencies and proportions and medians and interquartile ranges (IQRs) for recipient, 

donor, and tumor characteristics were described for the total population and by the wait time 

(≤120 or >120 days from the assignment of an HCC exception to transplant), with 

significant differences assessed with the chisquare or Wilcoxon rank-sum tests. We derived 

the 120-day wait-time cutoff by plotting HCC recurrence in 30-day wait-time intervals. The 

cumulative incidence curves separated around 120 days, and this suggested a reasonable 

cutoff. We calculated the tumor volume in cubic centimeters as the volume of a sphere:

where tumor radius was half of the reported tumor size; tumor volumes were added together 

for patients with multiple tumors. We calculated the donor risk index in accordance with 

Feng et al.22 An alpha-fetoprotein (AFP) cutoff of 500 ng/mL was used in accordance with 

studies showing that an AFP level of approximately 500 ng/mL is predictive of poor 

posttransplant survival23 and increased waiting-list dropout.24

The risk of posttransplant HCC recurrence was evaluated via competing risks regression 

with the Fine and Gray model.25 Posttransplant follow-up terminated in HCC recurrence (an 

event) or death due to other causes (a competing risk). The time to an event was measured as 

years from LT to (1) the date of the diagnosis of HCC recurrence (if reported) or HCC-

related death, (2) the date of death due to non-HCC causes for patients with a competing 

event, or (3) the date of the last follow-up for patients alive or lost to follow-up (censored). 

For patients subsequently undergoing LT for the second or third time, the follow-up was 

evaluated from the date of the first transplant to the date of death, recurrence, or the last 

follow-up after retransplantation. The posttransplant follow-up status and the date of death 

were updated when valid Social Security death certificate master file data were available.
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Observed cumulative incidences of posttransplant HCC recurrence and 95% confidence 

intervals (CIs) were calculated while we accounted for competing risks, and they were 

evaluated by the wait time. Single-predictor estimates for the risk of posttransplant HCC 

recurrence [subhazard ratios (SHRs)] were first estimated via the modeling of the 

cumulative incidence function with competing risks regression for tumor, recipient, and 

donor characteristics. Characteristics with P < 0.1 were further evaluated in the multivariate 

model. The final model included the wait time and factors for which multivariate 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 the 

wait time and AFP levels and ablative therapy (P > 0.05; data not shown).

Data manipulation and analyses were completed with SAS 9.3 (SAS Institute, Inc., Cary, 

NC). Competing risks regression was completed with Stata/IC 11.1 (StataCorp, College 

Station, TX). This study received approval from the University of California San Francisco 

committee on human research.

RESULTS

There were 5002 LT recipients with HCC eligible for study inclusion; the recipients were 

primarily male and white with a median age of 57 years (IQR = 53–62 years) at transplant. 

Hepatitis C virus was the most common underlying cause of liver disease (62.1%). The 

majority of the patients underwent transplantation with a MELD score of 22 (Table 1). At 

the assignment of the HCC exception, the median tumor volume was 9.2 cm3 (IQR = 5.6–

17.2 cm3), with 43.3% of the patients having received ablative therapy and with 5.9% 

having an AFP level >500 ng/mL (Table 2). Similar proportions of patients waiting ≤120 

days and patients waiting >120 days received ablative therapy at the time of their exception 

(P = 0.50). Ablative therapy continued while patients waited for transplantation, with more 

frequent use among the patients waiting >120 days (72.4% for >120 days versus 46.7% for 

≤120 days, P < 0.001) and with a greater tumor load [46.2% for >1 tumor, all <2 cm, versus 

56.8% for 1 tumor ≥2 cm (P < 0.001) and 58.6% for 2–3 tumors ≥2 cm (P < 0.001)].

Patients waited for a median of 77 days (IQR = 27–158 days) from the HCC exception to 

LT; 66% of the patients underwent transplantation ≤120 days after the exception. The 

median wait time varied by UNOS region, with the shortest median wait times in regions 3, 

6, 10, and 11 (30, 35, 35, and 33 days, respectively) and with the longest median wait times 

in regions 1, 5 and 9 (169, 168, and 149 days, respectively; Fig. 1).

The cumulative incidence of HCC recurrence was 3.3% (95% CI = 2.8%–3.8%) within 1 

year of transplantation and 5.6% (95% CI = 5.0%–6.3%) within 2 years of transplantation. 

The rate of HCC recurrence was lower for patients waiting >120 days versus patients 

waiting ≤120 days for LT: the cumulative incidences within 1 year were 2.2% (95% CI = 

1.6%–3.0%) and 3.9% (95% CI = 3.2%–4.6%), respectively (P = 0.002). This difference 

was no longer significant 2 years after transplantation (P = 0.09; Fig. 2).
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After adjustments for the tumor size and number, the use of ablative therapy, an AFP level 

>500 ng/mL, the diagnosis, and the donor risk index, the risk of HCC recurrence was 

significantly decreased for patients with waiting times >120 days (SHR = 0.6, 95% CI = 

0.42–0.85, P = 0.005). However, the association between HCC recurrence and the wait time 

varied with the time after transplantation. Within 1 year of transplantation, the HCC 

recurrence risk was reduced by 22% for patients waiting >120 days (P = 0.049). At 2 years 

after transplantation, the risks were similar for the 2 groups (SHR = 1.03, P = 0.85; Table 3). 

Non– HCC-related deaths were not significantly reduced by a prolonged waiting time (P > 

0.05; data not shown).

We detected a significant interaction between the wait time and the tumor number and size. 

The benefit of waiting >120 days for transplantation was increased for patients with multiple 

large tumors (2–3 tumors ≥2 cm) versus patients with multiple small tumors (>1 tumor, all 

<2 cm, P = 0.048) and was statistically similar to the benefit for patients with 1 large tumor 

(1 tumor ≥2 cm, P = 0.30). The observed cumulative incidences of HCC recurrence within 1 

year of transplantation for patients waiting >120 days and patients waiting ≤120 days were 

1.3% and 7.1%, respectively, for multiple large tumors, 2.4% and 3.8%, respectively, for 1 

large tumor, and 1.3% and 2.3%, respectively, for multiple small tumors. Within 2 years of 

transplantation, the cumulative incidences of HCC recurrence for patients waiting >120 days 

and patients waiting ≤120 days increased to 3.2% and 8.2%, respectively, for multiple large 

tumors, 5.1% and 6.2%, respectively, for 1 large tumor, and 5.2% and 2.9%, respectively, 

for multiple small tumors. Although the observed cumulative incidence of HCC recurrence 

was numerically higher for patients with multiple small tumors waiting >120 days, a further 

evaluation of this subgroup showed no benefit from waiting (SHR = 1.64, 95% CI = 0.78–

3.44, P = 0.19). Estimates, however, were based on a small number of recurrences (n = 25).

We further investigated wait times and ablative therapy, although no significant interaction 

was detected between the 2 variables (P = 0.41). HCC recurrence was greater for those 

waiting ≤120 days with ablative therapy versus those waiting >120 days with ablative 

therapy (SHR = 2.22, 95% CI = 1.51–3.26, P < 0.001), and it was similar for those waiting 

≤120 days without ablative therapy (SHR = 1.20, 95% CI = 0.79–1.83, P = 0.40). Among 

patients waiting ≤120 days for transplantation, the risk of recurrence was elevated for those 

with ablative therapy (SHR = 1.85, 95% CI = 1.18–2.88, P = 0.007) versus those without 

ablative therapy. The benefit of reduced HCC recurrence among patients waiting >120 days 

was limited to the first year after transplantation. Patients receiving ablative therapy at 

exception and waiting ≤120 days had a 37% higher risk of HCC recurrence within 1 year 

after transplantation than their longer waiting counterparts with ablative therapy (P = 0.02), 

although the risk was statistically similar within 2 years (SHR = 0.85, 95% CI = 0.58–1.24, 

P = 0.40).

Finally, Fig. 3 shows the cumulative incidence of HCC recurrence by AFP level, although 

no significant interaction was identified (P = 0.66). Interestingly, the association between 

HCC recurrence and an AFP level > 500 ng/mL dissipated as the time after transplantation 

increased. HCC recurrence was no longer significantly different by AFP level within 2.5 

years of transplantation (P = 0.24). The SHR for an AFP level > 500 ng/mL versus an AFP 
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level ≤500 ng/mL was 3.71 (95% CI = 2.51–5.51, P < 0.001) within 6 months of 

transplantation and 1.46 (95% CI = 0.78–2.75, P = 0.24) within 2.5 years of transplantation.

DISCUSSION

The expected increase in the number of HCC cases in the United States over the next 

decade,26 coupled with the MELD advantage, means that patients with HCC may be getting 

more livers than is fair, particularly if there is a subgroup with unfavorable outcomes. 

Roberts et al.27 previously suggested that delaying LT may allow the exclusion of patients 

with existing metastases after their primary disease is controlled. Up to this point, however, 

the question of the waiting time as a risk factor for HCC recurrence has mainly been 

addressed by comparisons of recurrence in the LDLT population, for which there is no wait 

list, to recipients of cadaveric organ transplants. Early studies finding HCC recurrence to be 

increased in the LDLT population suggested that this effect was due in part to the fast-

tracking of living donor cases.16–18 These studies were hampered by small sample sizes and 

by difficulty in controlling for tumor characteristics. More recent analyses have not reached 

a consensus: several studies demonstrated no significant increase in HCC recurrence in the 

LDLT population after they had controlled for other risk factors,28–30 although a 2013 meta-

analysis31 did find LDLT recipients to have lower disease-free survival. Gondolesi et al32 

also failed to find that waiting time was a significant predictor of recurrence in LDLT 

recipients. Comparing LDLT and DDLT, however, is difficult because of unavoidable 

differences in surgical techniques and graft characteristics that may influence the course of 

disease.

Our analysis demonstrated that after we had controlled for other predictors, the risk of HCC 

recurrence after DDLT was significantly lower for patients waiting >120 days from the 

exception to transplantation, although this advantage dissipated over time. Patients who had 

received ablative therapy by the time of their HCC exception were at higher risk of 

recurrence, possibly because of the more aggressive nature of the cancers selected for 

ablation. Among the patients receiving ablation, those waiting ≤120 days had a significantly 

higher risk of recurrence than their longer waiting counterparts in the first year after 

transplantation. The reduction in early recurrence in particular suggests that a significant 

proportion of early recurrences are due to extrahepatic disease present at the time of 

transplantation that cannot be eliminated with ablative therapy. Because this difference did 

not persist after 2 years, it is possible that the tumors in the later transplant patients were 

also metastasizing but, being more indolent in nature, took longer to grow large enough to 

be clinically apparent. However, the number of HCC recurrences reported 3, 4, and 5 years 

after transplantation was relatively low within the wait-time subgroups (≤120 days, 33, 12, 

and 3, respectively; >120 days, 9, 6, and 2, respectively), and this limited our power to 

detect differences at these time points.

Our study was limited by the characteristics of the data on which it was built. Although the 

UNOS/Organ Procurement and Transplantation Network HCC recurrence data have been 

validated to exclude systematic underreporting and overreporting by centers,33 no mandate 

requires centers to report HCC recurrence: some cases of recurrence may have been 

misclassified, and this could have led to an underestimation of the cumulative incidence of 
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HCC recurrence and attenuated risk ratio estimates. This misclassification limited our power 

to detect differences within subgroups, including wait-time subgroups. This would, 

however, alter our wait-time findings only if there were systematic underreporting by wait 

time, and this seems implausible. Other factors, including the blood type and sex, may affect 

the wait time, although these were not associated with HCC recurrence (P > 0.05; data not 

shown) and were, therefore, not included in the model. Additionally, UNOS data 

inadequately describe candidate selection for ablative therapy, and this makes it difficult to 

critically evaluate ablation on the basis of our findings. An elevated HCC recurrence risk 

may be associated with ablation, or ablation may be a surrogate marker for an unmeasured 

component of tumor biology or disease severity.

We found that a waiting time >120 days reduced recurrence in patients receiving ablative 

therapy; we also found a longer time to be more beneficial for patients with larger (and 

potentially more aggressive) tumors. In addition, in a recent multicenter study, Lai et al.33 

observed that disease progression after local regional therapy based on the modified 

Response Evaluation Criteria in Solid Tumors predicted poor posttransplant outcomes 

across all groups within and beyond the Milan criteria. In another study from our institution 

with prolonged wait-list times, those with progressive disease after ablative therapy based on 

the modified Response Evaluation Criteria in Solid Tumors had an 85% cumulative risk of 

dropout from the waiting list at 1 year,34 and this suggests that ablative therapy along with 

longer wait-list times help to select out patients with tumors with worse biology.35 We could 

not definitively evaluate the benefit of waiting for transplantation in the nonablated 

subgroup because infrequent HCC recurrences among patients waiting >120 days without 

ablative therapy limited our power. However, the lack of a significant interaction between 

the wait-time and the ablation variables in our model suggests that both groups may benefit 

from waiting.

Our results support the ablate-and-wait approach and suggest the implementation of an 

effective waiting time of 120 days. This is not a novel concept: a waiting time of 3 months 

has been suggested after the down-staging of tumors outside the Milan criteria to allow time 

for the manifestation of the tumor biology,36 although this has not yet been put into policy. 

However, as was evident with the development of the point-adjusted MELD system, 

prolonging the time to transplantation for HCC patients comes with a risk of dropout due to 

tumor progression. Within our suggested time frame and for carefully selected low-grade 

tumors, this risk does not appear excessive: a 2003 study by Yao et al.37 showed the rate of 

wait-list dropout for HCC patients to be negligible in the first 3 months, and more recent 

studies have shown this rate to be approximately 4%.15,38 Additionally, it is likely that early 

dropout related to metastasis is due to extrahepatic disease already present at the time of 

listing; this is supported by the finding that the early wait-list dropout rate is not reduced by 

ablation therapy.39,40

In conclusion, our study demonstrates that longer waiting times significantly decrease the 

risk of HCC recurrence within the first year after DDLT. We suggest the implementation of 

a 120-day waiting period after listing before LT for HCC is performed. More work must be 

done to further optimize the selection of patients for LT on the basis of factors beyond the 

tumor size and number.
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Figure 1. 
Wait time from an HCC exception to LT by UNOS transplant region. The median wait time 

for each region is plotted, with bars indicating IQRs.
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Figure 2. 
Observed cumulative incidence of HCC recurrence by the wait time from an HCC exception 

to LT for patients waiting ≤120 days and patients waiting >120 days. The table in the figure 

provides estimates and 95% CIs for HCC recurrence within 1, 2, 3, and 4 years of LT.
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Figure 3. 
Observed cumulative incidence of HCC recurrence by the time after transplantation for 

patients waiting ≤120 days and patients waiting >120 days with AFP levels > or ≤500 

ng/mL.
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TABLE 1

Recipient and Donor Characteristics for LT Recipients With HCC by the Time to Transplantation

Characteristics
Total Population

(n = 5002)

Waiting Time
≤ 120 Days
(n = 3278)

Waiting Time
> 120 Days
(n = 1724) P Value

Recipient sex: male [n (%)]* 3872 (77.4) 2569 (78.4) 1303 (75.6) 0.02

Recipient ethnicity [n (%)]*

  White 3373 (67.4) 2337 (71.3) 1036 (60.1) <0.001

  Black 447 (8.9) 308 (9.4) 139 (8.1) 0.12

  Hispanic/Latino 684 (13.7) 378 (11.5) 306 (17.7) <0.001

  Asian 435 (8.7) 222 (6.8) 213 (12.4) <0.001

  Other/multiracial 63 (1.3) 33 (1.0) 30 (1.7) <0.001

MELD score at transplant [n (%)]*

  22 2666 (53.3) 2614 (79.7) 52 (3.0) <0.001

  23–24 44 (0.9) 38 (1.2) 6 (0.3) 0.04

  25 1199 (24.0) 491 (15.0) 708 (41.1) <0.001

  26–27 110 (2.2) 23 (0.7) 87 (5.0) <0.001

  28 471 (9.4) 13 (0.4) 458 (26.6) <0.001

  29–30 245 (4.9) 22 (0.7) 223 (12.9) <0.001

  31 117 (2.3) 17 (0.5) 100 (5.8) <0.001

  32–40 150 (3.0) 60 (1.8) 90 (5.2) <0.001

Intensive care unit at transplant [n (%)] 72 (1.4) 39 (1.2) 33 (1.9) 0.04

Diagnosis [n (%)]

  Hepatitis C virus 3108 (62.1) 2065 (63.0) 1043 (60.5) 0.08

  Alcoholic cirrhosis 422 (8.4) 275 (8.4) 147 (8.5) 0.87

  Noncholestatic cirrhosis 287 (5.7) 190 (5.8) 97 (5.6) 0.81

  Hepatitis B virus† 290 (5.8) 166 (5.1) 124 (7.2) 0.002

  Nonalcoholic steatohepatitis 215 (4.3) 150 (4.6) 65 (3.8) 0.18

  Other 680 (13.6) 432 (13.2) 248 (14.4) 0.24

Recipient age at transplant (years)*‡ 57 (53–62) 57 (53–62) 57 (53–62) 0.02

Donor risk index‡ 1.37 (1.13–1.68) 1.37 (1.12–1.68) 1.38 (1.14–1.69) 0.49

*
The MELD score at transplant, age at transplant, sex, and ethnicity were not associated with HCC recurrence (P>0.05) and were not included in 

the multivariate model.

†
The hepatitis B virus status was included in the multivariate model.

‡
The data are presented as medians and IQRs.
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TABLE 2

HCC Tumor Characteristics for LT Recipients With HCC by the Time to Transplantation

Characteristics
Total Population

(n = 5002)

Waiting Time
≤ 120 Days
(n = 3278)

Waiting Time
> 120 Days
(n = 1724) P Value

Tumor number and size [n (%)]*

  >1 tumor, all < 2 cm 630 (12.6) 392 (12.0) 238 (13.8) 0.06

  1 tumor ≥2 cm or multiple tumors 4077 (81.5) 2668 (81.4) 1409 (81.7) 0.77

  with only 1 ≥2 cm

  2–3 tumors ≥2 cm 295 (5.9) 218 (6.7) 77 (4.5) 0.002

Milan criteria at exception [n (%)]† 4946 (98.9) 3233 (98.6) 1713 (99.4) 0.02

Ablative therapy at exception [n (%)] 2167 (43.3) 1409 (43.0) 758 (44.0) 0.50

AFP level > 500 ng/mL at exception [n (%)]* 293 (5.9) 219 (6.7) 74 (4.3) <0.001

HCC recurrence [n (%)] 324 (6.5) 230 (7.0) 94 (5.4) 0.03

Non-HCC death [n (%)] 866 (17.3) 600 (18.3) 266 (15.4) 0.01

Total tumor volume at exception (cm3)‡§ 9.2 (5.6–17.2) 9.5 (5.6–17.2) 8.6 (4.8–17.2) 0.001

Tumor size of main nodule (cm)‡ 2.4 (2.0–3.1) 2.4 (2.0–3.1) 2.4 (2.0–3.1) 0.08

Time from exception to transplant (days)‡ 77 (27–158) 39 (16–74) 198 (154–274) <0.001

Posttransplant follow-up (days)‡ 753 (383–1323) 837 (390–1407) 730 (373–1110) <0.001

*
The tumor number and size and an AFP level > 500 ng/mL at exception were included in the multivariate model.

†
The Milan criteria were not associated with HCC recurrence (P = 0.11) and were not included in the multivariate model.

‡
The data are presented as medians and IQRs.

§
The total tumor volume was related to the tumor number and size and thus was not included in the model.
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TABLE 3

Risk of Posttransplant HCC Recurrence Estimated With the Fine and Gray Competing Risks Regression 

Model

Waiting Time From Exception to LT* SHR (95% CI) P Value

≤120 days 1.00

>120 days 0.60 (0.42–0.85) 0.005

Waiting Time From Exception to LT SHR (95% CI) at a Given Time After LT

0.5 Years 1 Year 2 Years 3 Years

≤120 days 1.00 1.00 1.00 1.00

>120 days 0.68 (0.51–0.91) 0.78 (0.61–0.998) 1.03 (0.77–1.37) 1.35 (0.86–2.12)

P value 0.009 0.049 0.85 0.19

SHR (95% CI) With a Given Tumor Size and Number

Waiting Time From Exception to LT

>1 Tumor,
All < 2 cm

(n = 630)
1 Tumor > 2 cm

(n = 4077)

2–3 Tumors
> 2 cm

(n = 295)

≤120 days 1.00 1.00 1.00

>120 days 0.66 (0.19–2.28) 0.64 (0.44–0.95) 0.19 (0.02–2.11)

P value 0.50 0.03 0.18

Characteristic SHR (95% CI) P Value

Tumor number and size

  >1 tumor, all < 2 cm 1.00

  1 tumor ≥2 cm or multiple tumors with only 1 ≥2 cm 1.62 (1.13–2.35) 0.009

  2–3 tumors ≥2 cm 1.84 (1.08–3.12) 0.02

Ablative therapy at exception 1.39 (1.10–1.75) 0.005

AFP level > 500 ng/mL at exception (versus ≤500 ng/mL)* 4.68 (2.75–7.95) <0.001

Diagnosis*

  Hepatitis C virus 1.00

  Alcoholic cirrhosis 0.24 (0.10–0.60) 0.002

  Noncholestatic cirrhosis 0.90 (0.34–2.41) 0.84

  Hepatitis B virus 1.12 (0.61–2.07) 0.71

  Nonalcoholic steatohepatitis 0.41 (0.14–1.21) 0.10

  Other 0.84 (0.51–1.40) 0.51

Donor risk index 1.91 (1.43–2.55) <0.001

NOTE: The model accounted for center clustering.

*
There was a significant interaction with the time after transplantation.
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