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Increasing Liver Transplantation Wait-List Dropout for 
Hepatocellular Carcinoma With Widening Geographical 
Disparities: Implications for Organ Allocation

Neil Mehta1, Jennifer L. Dodge2, Ryutaro Hirose2, John P. Roberts2, and Francis Y. Yao1,2

1Divisions of Gastroenterology, Department of Medicine, University of California, San Francisco, 
San Francisco, CA

2Transplant Surgery, Department of Surgery, University of California, San Francisco, San 
Francisco, CA

Abstract

Given the increasing incidence of hepatocellular carcinoma (HCC) and regional variation in liver 

transplantation (LT) rates for HCC, we investigated temporal and geographic disparities in LT and 

wait-list dropout. LT candidates receiving Model for End-Stage Liver Disease (MELD) exception 

from 2005 to 2014 were identified from the United Network for Organ Sharing database (n = 

14,320). Temporal differences were compared across 2 eras (2005–2009 and 2010–2014). 

Regional groups were defined based on median wait time as long-wait region (LWR; regions 1, 5, 

and 9), mid-wait region (MWR; regions 2, 4, 6, 7, and 8), and short-wait region (SWR; regions 3, 

10, and 11). Fine and Gray competing risk regression estimated risk of wait-list dropout as hazard 

ratios (HRs). The cumulative probability of LT within 3 years was 70% in the LWR versus 81% in 

the MWR and 91% in the SWR (P < 0.001). From 2005–2009 to 2010–2014, median time to LT 

increased by 6.0 months (5.6 to 11.6 months) in the LWR compared with 3.8 months (2.6 to 6.4 

months) in the MWR and 1.3 months (1.0 to 2.3 months) in the SWR. The cumulative probability 

of dropout within 3 years was 24% in the LWR versus 16% in the MWR and 8% in the SWR (P < 

0.001). From 2005–2009 to 2010–2014, the LWR also had the greatest increase in probability of 

dropout. Risk of dropout was increased in the LWR (HR, 3.5; P < 0.001) and the MWR (HR, 2.2; 

P < 0.001) compared with the SWR, and year of MELD exception 2010–2014 (HR, 1.9; P < 

0.001) compared with 2005–2009. From 2005–2009 to 2010–2014, intention-to-treat 3-year 

survival decreased from 69% to 63% in the LWR (P < 0.001), 72% to 69% in the MWR (P = 

0.008), and remained at 74% in the SWR (P = 0.48). In conclusion, we observed a significant 

increase in wait-list dropout in HCC patients in recent years that disproportionately impacted 

LWR patients. Widening geographical disparities call for changes in allocation policy as well as 

enhanced efforts at increasing organ donation and utilization.
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The landscape of liver transplantation (LT) for hepatocellular carcinoma (HCC) has changed 

dramatically since the introduction of the Model for End-Stage Liver Disease (MELD) 

priority exception system for HCC in 2002. This policy was initially implemented to 

establish equitable dropout rates for HCC and non-HCC patients,(1) but even with 

adjustments in 2003 and 2005, HCC patients continued to receive excess priority.(2–5) A 

confounding factor has been the regional variation in this discrepancy.(5,6) Patients in regions 

with short wait-list time have greater access to LT and improved wait-list outcomes 

compared with patients in regions with longer wait-list time.(7) For example, in 2010, 90% 

of HCC patients in regions with short wait-list time underwent LT within 3 months of listing 

compared with 20%−30% in regions with long wait-list time.(8) After a 10-year span (2005–

2015) during which the same allocation system applies for all HCC patients, the United 

Network for Organ Sharing (UNOS)/Organ Procurement and Transplantation Network made 

2 policy changes in October 2015: a 6-month delay in awarding exception points and a 

MELD exception cap at 34 points.(9) These changes were brought about in large part by 

simulation data(10) showing that a 6-month delay would allow for improved equity between 

HCC and non-HCC patients. The HCC MELD cap at 34 was introduced to limit regional 

sharing under the “Share 35” policy to medically urgent patients with a likely effect of this 

change being to benefit non-HCC patients because there would be less competition for these 

organs.

Although these policy changes were introduced with important objectives to address the 

inequity between HCC and non-HCC patients in access to LT, the incidence of HCC has 

continued to increase due to several factors, including the aging cohort with chronic hepatitis 

C virus (HCV) as well as increasing rates of the metabolic syndrome and nonalcoholic fatty 

liver disease.(11,12) The burden of HCC from HCV is not expected to peak until 

approximately 2030,(13) and nonalcoholic fatty liver disease is currently the fastest growing 

indication for LT in patients with HCC.(14) Additionally, HCC screening in at-risk 

populations is recommended by all liver societies and increases the proportion diagnosed at 

an early stage to be within conventional LT criteria.(15,16) HCC now accounts for nearly 25% 

of all LTs performed in the United States compared with only 15% from 2002 to 2005.
(4,17,18) The impact of the growing demands of LT for patients with HCC in recent years on 

wait-list outcome overall and by region has not been clearly elucidated.

Given the increasing incidence of wait-list registrants with HCC and ongoing regional 

differences in LT rates for HCC, we investigated temporal and geographical trends in LT and 

wait-list dropout in the UNOS database to test the hypothesis that HCC patients in regions 

with the longest wait time are further disadvantaged over time.

Patients and Methods

STUDY DESIGN AND PATIENT POPULATION

This study included consecutive patients with HCC in the UNOS database aged 18 years and 

older who were always within Milan criteria and listed for LT with MELD exception for 

HCC from 2005 to 2014. This study period was chosen because it reflected a continuous 

period where initial MELD exception was uniformly granted at 22 points for type 2 HCC (1 

lesion 2–5 cm or 2–3 lesions none >3 cm) with upgrades every 3 months.(19) The end date 
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was chosen to allow for adequate follow-up on the waiting list and to exclude patients 

affected by UNOS policy changes enacted in 2015. Patients listed for a multiorgan transplant 

(n = 432) or those receiving a living donor (n = 148) were excluded from this analysis.

Study variables collected from the UNOS database at the time of listing with MELD 

exception included age, sex, race/ethnicity, etiology of liver disease, body mass index, 

laboratory MELD and Child-Pugh score, size and number of HCCs, alpha-fetoprotein 

(AFP), and local regional therapy (LRT) received. Year of MELD exception approval and 

UNOS region where each patient was listed were captured to assess temporal and regional 

changes. Year of MELD exception was dichotomized into early (2005–2009) and late 

(2010–2014) eras in 5-year increments. The 11 UNOS regions were subdivided based on 

median time from listing to LT into long-wait region (LWR; regions 1, 5, and 9), mid-wait 

region (MWR; regions 2, 4, 6, 7, and 8), and short-wait region (SWR; regions 3, 10, and 11) 

(Table 1). Per UNOS listing policy, patients underwent contrast-enhanced computed 

tomography or magnetic resonance imaging at a minimum of once every 3 months after LT 

listing.

OUTCOMES AND STATISTICAL ANALYSIS

The primary outcome was dropout from the LT waiting list for any of the following reasons: 

death without LT, HCC tumor progression beyond Milan criteria, or being too sick to 

undergo LT. Secondary outcomes included LT, intention-to-treat survival, and post-LT 

survival. Outcomes were assessed for the overall cohort and stratified by both wait-time 

region and MELD exception year to investigate geographic and temporal disparities, 

respectively.

Patient characteristics were summarized using medians and interquartile ranges (IQRs) for 

continuous variables and proportions for categorical variables. Characteristics were stratified 

by UNOS wait-time regions (LWR, MWR, and SWR) and compared with Kruskal-Wallis 

and Pearson’s chi-square tests, as appropriate. The cumulative incidence of wait-list dropout 

and LT were estimated while accounting for competing risks.(20) Patient follow-up time was 

measured from the date of first MELD exception to wait-list outcome (dropout or LT) or last 

date on the waiting list. For dropout, follow-up was terminated on the date of dropout with 

LT considered a competing event. For LT, patient follow-up ended at the date of LT with 

dropout considered a competing event. Patients removed from the waiting list for other 

reasons or remaining on the waiting list were censored at the last date on the waiting list. 

Intention-to-treat and post-LT survival were estimated using the Kaplan-Meier method and 

compared by year of MELD exception and UNOS wait-time region using the log-rank test. 

For intention-to-treat survival, patient follow-up time was measured from the date of first 

MELD exception to the date of wait-list or post-LT death. Patients were censored on the date 

of last follow-up (for those without LT), date of retransplant, or date of last post-LT follow-

up. Follow-up for post-LT survival was measured from the date of LT to death with patients 

remaining alive censored at the date of retransplant or last follow-up. Univariate and 

multivariate hazard ratios (HRs) and 95% confidence intervals (CIs) for risk of wait-list 

dropout were estimated using Fine and Gray competing risk regression. Characteristics with 

a univariate P value of <0.1 were included in the multivariate analysis with the final model 
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selected by backward elimination (P for removal >0.05). Statistical analyses were performed 

using SAS, version 9.4 (SAS Institute Inc., Cary, NC) and Stata/IC 14.2 (StataCorp, College 

Station, TX). This study was approved by the UCSF Committee for Human Research.

Results

PATIENT CHARACTERISTICS

Baseline demographic and clinical characteristics of the 14,320 patients comprising the 

study population are summarized in Table 2. There were 33.3% of the cohort listed in the 

LWR, 42.8% listed in the MWR, and 23.9% listed in the SWR. A significantly higher 

percentage of non-Caucasians were listed in the LWR. HCV was the most common etiology 

of liver disease. Hepatitis B virus (HBV) was more common in the LWR, whereas 

nonalcoholic fatty liver disease was more common in the SWR. At the time of LT listing, the 

overall median laboratory MELD score was 11. The LWR had the highest proportion of 

Child-Pugh A patients, and the SWR had the highest proportion of Child-Pugh C patients. 

At listing, 70.9% had a single lesion, 21.4% had 2 lesions, and 7.8% had 3 lesions. Patients 

in the LWR and the MWR more commonly received at least 1 LRT (71.5% and 69.5%, 

respectively) than those in the SWR (55.4%).

TEMPORAL LISTING TRENDS

Nearly 2000 more HCC patients received MELD exception approval from 2010 to 2014 (n = 

8126) than from 2005 to 2009 (n = 6194). Registrations from 2010 to 2014 in the LWR, 

MWR, and SWR comprised 55.3%, 58.0%, and 56.5%, respectively, of the regional cohorts 

(Table 2). Nearly twice as many HCC patients received MELD exception in 2013 (n = 1713) 

than in 2005 (n = 901).

LT AND WAIT TIMES

Wait-list outcomes for the study cohort are summarized in Table 3. Of the 14,320 patients in 

the cohort, 10,399 (72.6%) underwent LT after a median of 3.8 months from listing with 

MELD exception for HCC. Median wait-list time from MELD exception to LT was 7.7 

months in the LWR, 4.2 months in the MWR, and 1.6 months in the SWR (P < 0.001). 

Median MELD exception at LT was 28 in the LWR, 25 in the MWR, and 22 in the SWR. 

Only 60.7% of patients underwent LT in the LWR compared with 72.8% in the MWR and 

88.9% in the SWR (P < 0.001). The LWR had the highest proportion of donors >60 years 

(19.8% versus 18.6% in the MWR [P = 0.04 versus LWR] and 13.8% in the SWR [P < 0.001 

versus LWR]) and the longest cold ischemia time (6.6 versus 6.2 hours in the MWR [P = 

0.01 versus LWR] and 5.9 hours in the SWR [P < 0.001 versus LWR]). Donation after 

circulatory death was lowest in the SWR (4.6% versus 6.7% in the LWR [P < 0.001 versus 

the SWR] and 6.8% in the MWR [P < 0.001 versus the SWR; P = not significant versus 

LWR]). The median wait-list time to LT in the LWR increased by 6.0 months (5.6 to 11.6 

months) from 2005–2009 to 2010–2014, compared with 3.8 months (2.6 to 6.4 months) in 

the MWR and 1.3 months (1.0 to 2.3 months) in the SWR (all P < 0.001). From 2005–2009 

to 2010–2014, the median MELD exception points at LT increased from 25 to 31 in the 

LWR and from 22 to 28 in the MWR, but it remained the same at 22 in the SWR (Table 3).
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The cumulative probability of LT within 3 years of MELD exception was 69.8% (95% CI, 

68.3–71.2) for the LWR compared with 80.5% (95% CI, 79.3–81.5) in the MWR and 90.9% 

(95% CI, 89.9–91.9) in the SWR (P < 0.001). When stratified by year of MELD exception, 

the overall 3-year cumulative probability of LT decreased from 84.2% in 2005–2009 to 

76.0% in 2010–2014 (P < 0.001). This decrease was most pronounced in the LWR (75.7% to 

65.4%) and the MWR (86.1% to 76.6%), whereas the SWR was the least affected (92.9% to 

89.4%; all P < 0.001).

DROPOUT WHILE ON THE WAITING LIST

Overall, 2163 (15.1%) patients experienced dropout from the waiting list because of death 

without LT, tumor progression, or being too sick to undergo LT. The median time from 

MELD exception to dropout was 5.6 months (IQR, 2.7–10.7 months). Median time to 

dropout was 7.2 months in the LWR, 5.2 months in the MWR, and 3.0 months in the SWR 

(P < 0.001). Dropout occurred in 21.6% of patients in the LWR compared with 14.4% in the 

MWR and 7.4% in the SWR (P < 0.001). Nearly half of all dropouts (1028/2163, 47.5%) 

were in the LWR. Cumulative probabilities of dropout were 9.4% within 6 months, 16.3% 

within 12 months, and 22.5% within 24 months of listing in the LWR, versus 8.5%, 13.1%, 

and 15.7% in the MWR and 5.8%, 6.9%, and 7.7% in the SWR, respectively (P < 0.001; 

Table 3). Center-specific median 2-year cumulative incidence of dropout was 22.1% (IQR, 

16.0%−28.2%; range, 7.7%−34.7%) for the LWR (n = 28 centers), 15.4% (IQR, 10.0%

−22.2%; range, 6.8%−43.8%) for the MWR (n = 50), and 8.6% (IQR, 4.7%−10.7%; range, 

1.4%−19.1%) for the SWR (n = 31).

From 2005–2009 to 2010–2014, the median time to dropout increased from 5.0 to 6.0 

months. When stratified by MELD exception era, the overall cumulative probability of 

dropout within 3 years of MELD exception by competing risks increased from 12.4% in 

2005–2009 to 20.5% in 2010–2014 (P < 0.001). The probability of dropout increased from 

18.0% to 29.4% in the LWR, from 11.4% to 20.0% in the MWR, and from 6.4% to 9.4% in 

the SWR (all P < 0.001; Fig. 1; Supporting Table 1).

Given these trends in wait-list dropout by MELD exception era and wait-time region, we 

performed a post hoc analysis comparing wait-list dropout between HCC and non-HCC 

patients (n = 60,075) by both wait-time region and listing period (Supporting Table 2). The 

cumulative incidence of dropout at 2 years in the LWR was not significantly different 

between HCC and non-HCC patients during the period 2010–2014 (27.7% versus 27.3%, 

respectively; P = 0.08). In contrast, the wait-list dropout rates at 2 years in the period 2010–

2014 were significantly higher for non-HCC patients compared with HCC patients in both 

the MWR and SWR.

FACTORS ASSOCIATED WITH WAIT-LIST DROPOUT

The univariate analysis of factors associated with wait-list dropout due to death or delisting 

are summarized in Table 4. Compared with the reference region 5 with the greatest number 

of listed HCC patients during the study period, regions 1 and 9 had no statistically 

significant difference in wait-list dropout, whereas risk of dropout was decreased in the other 

8 regions. When the regions were combined, the LWR (regions 1, 5, and 9) had a HR of 3.06 
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and the MWR (regions 2, 4, 6, 7, and 8) had a HR of 2.04 in the risk of wait-list dropout 

compared with the SWR (regions 3, 10, and 11). In terms of temporal trends, each listing 

year starting with 2010 was associated with an increased rate of dropout compared with the 

reference listing year of 2005. When individual listing years were combined, first approved 

MELD exception in 2010–2014 was associated with increased risk of wait-list dropout with 

a HR of 1.59 compared with years 2005–2009.

Additional factors associated with dropout in univariate analysis included increasing age, 

AFP, laboratory MELD, and Child-Pugh scores as well as Hispanic race/ethnicity versus 

Caucasians. The risk of dropout was increased among candidates with alcoholic liver disease 

and decreased among candidates with HBV (both compared with HCV). A single 3.1–5.0 

cm lesion or multiple lesions (compared with a single 2–3 cm lesion) at listing was 

associated with an increased risk of waitlist dropout, whereas receiving at least 1 LRT prior 

to LT was associated with a decreased risk of dropout.

On multivariate analysis (Table 5), the risk of wait-list dropout remained significantly higher 

in the LWR (HR, 3.45; P < 0.001) and the MWR (HR, 2.20; P < 0.001) when compared with 

the SWR, and for the approved MELD exception listing period 2010–2014 (HR, 1.86; P < 

0.001) when compared with the period 2005–2009. In addition, dropout was associated with 

increasing age, AFP > 20 ng/mL, laboratory MELD ≥ 15, and a single 3.1–5.0 cm tumor or 

multiple tumors (versus a single 2–3 cm tumor). The risk of dropout was lower among 

patients receiving LRT prior to LT and those with HBV.

TRANSPLANT AT A DIFFERENT CENTER THAN FIRST LISTED CENTER

At the end of follow-up, 12.3% of patients remained active on the LT waiting list or had 

been censored at the time of wait-list removal for reasons including being transferred to 

another LT center, patient decision not to undergo LT, or being lost to follow-up. Of 10,399 

LT recipients, 517 (5.0%) received LT at a different center than where they were originally 

listed. Of these, 212 (41.0%) and 284 (54.9%) patients were initially listed in the LWR and 

MWR, respectively, whereas only 21 (4.1%) patients were initially listed in the SWR (P < 

0.001).

INTENTION-TO-TREAT AND POSTTRANSPLANT SURVIVAL

The intention-to-treat survival from the date of receiving HCC MELD exception was 82.9% 

at 1 year and 69.8% at 3 years for the entire cohort. The 3-year intention-to-treat survival for 

MELD exception era 2005–2009 to 2010–2014 decreased from 71.5% to 68.4%, 

respectively (P < 0.001). Intention-to-treat survival at 3 years was 65.8% in the LWR, 70.3% 

in the MWR, and 74.1% in the SWR (P < 0.001). The 3-year intention-to-treat survival 

decreased from 69.2% to 62.8% in the LWR from the period 2005–2009 to 2010–2014. In 

comparison, the 3-year intention-to-treat survival decreased from 71.9% to 69.3% in the 

MWR, but it was unchanged at 74% in the SWR over these 2 time periods (Fig. 2; 

Supporting Table 3).

Median post-LT follow-up time was 3.0 years (IQR, 1.1–5.8 years). The overall post-LT 

survival was 91.0% (95% CI, 90.4%−91.5%) at 1 year and 80.0% (95% CI, 79.2%−80.8%) 

at 3 years. The 3-year post-LT survival was 81.1% in the LWR, 80.1% in the MWR, and 
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78.9% in the SWR (P = 0.02). No significant difference was detected when post-LT survival 

was stratified by the period receiving MELD exception approval (Table 3).

Discussion

In this analysis of the UNOS database of over 14,000 HCC patients listed with MELD 

exception from 2005 to 2014, wait-list registration for HCC increased from 43% during the 

period 2005–2009 to 57% in 2010–2014, and time from listing with MELD exception to LT 

increased by an average of 3 months between these 2 time periods. What was remarkable, 

however, was that the LWR bore much of the burden of the increase in wait-list time as well 

as wait-list dropout. The time from listing to LT increased by 6 months in the LWR 

compared with 3.8 months and 1.3 months in the MWR and SWR, respectively. The 

disproportionate increase in wait-list times also translated into further widening of the 

disparities in wait-list outcomes across regions. The probability of wait-list dropout 

increased significantly from 18% to 29% in the LWR compared with a very minor increase 

in wait-list dropout from 6% to 9% in the SWR. Importantly, the intention-to-treat survival 

at 3 years from LT listing fell from 69% to 63% in the LWR but remained the same at 74% 

in the SWR. In other words, the likelihood of a given HCC patient being alive at 3 years 

after LT listing decreased by 11% solely on the basis of where the patient is listed for LT. 

Furthermore, although we identified other significant predictors of wait-list dropout 

including increasing age, laboratory MELD score, AFP, and tumor burden, being listed in 

the LWR carried the highest risk of dropout (HR, 3.45).

These findings raise serious concerns, and yet, they are already familiar to patients and 

providers in the LWR. This study showed that wait-listed HCC patients in the LWR received 

grafts from older donors with a higher donor risk index (DRI) and longer cold ischemia 

time, and they were much more likely to travel to another region to receive a LT than 

patients from the SWR. Of the 517 such occurrences of receiving LT at a center different 

from the first center of listing during the study period, only 21 (4%) were in patients initially 

listed in the SWR. Yet, patients from the LWR had a statistically better 2-year post-LT 

survival than those from the SWR. There are perceived risks of transplanting patients with 

HCC too quickly without a minimal period of observation for tumor progression, as 

illustrated in the “ablate and wait” concept,(21) leading to inclusion of aggressive tumors for 

LT with a high risk for post-LT recurrence. This in part led to a recent UNOS policy change 

mandating a 6-month wait before awarding MELD exception.(9) Widening regional dis-

parities in the access to LT as well as wait-list outcomes among patients with HCC support 

the need for additional changes in the organ allocation scheme.

The recently implemented mandatory waiting period of 6 months before MELD exception 

and a cap of 34 in the MELD exception points for HCC(9) were intended to address 

inequities in the wait-list outcomes for HCC versus non-HCC patients and probably would 

not change the widening disparities in wait-list outcomes for HCC patients across regions, as 

shown in the present study. The 6-month delay should not affect the LWR and MWR where 

median wait times have generally surpassed 6 months. The effects of the 6-month delay in 

the SWR are less clear. In a recent multicenter study involving centers in the LWR, MWR, 

and SWR, dropout rates were low and nearly identical in centers within the MWR and SWR 
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with a median wait-list time of 7.3 and 4.4 months, respectively.(7) Typically, the rate of 

dropout for HCC patients tends to be low during the first 6 months on the waiting list, but 

then increases significantly over time.(22) Consequently, assuming that the median time to 

LT within the SWR does not increase by much beyond 6 months following this recent policy 

change, wait-list dropout rate in the SWR is unlikely to increase significantly. On the other 

hand, the MELD exception cap of 34 may further prolong wait-list time and result in an even 

higher rate of wait-list dropout for HCC patients in the LWR. High rates of wait-list dropout 

along with the increased risk of post-LT recurrence with long wait-list time >18 months(7) 

portend poor outcomes for HCC patients in the LWR.

Given the existing geographical disparities in access to LT for HCC patients by region and 

the likelihood that these disparities may continue to worsen, what should be the next step in 

bringing about changes in the organ allocation policy to narrow this gap? Reducing priority 

to LT for HCC patients with a single small, well-treated tumor and well-compensated liver 

disease who have a very low risk of wait-list dropout(23) would improve access to organs for 

other HCC patients in more urgent need for LT. This approach, however, would not likely 

reduce regional disparities. A second option is to assign a fixed HCC MELD exception 

slightly below the median laboratory MELD score at LT within the donor service area 

(DSA) rather than using the current “escalator” approach whereby patients receive additional 

MELD exception every 3 months as they remain on the LT waiting list. After careful 

consideration, the UNOS board has very recently approved a national liver review board that 

will assign HCC MELD exception after a 6-month delay based on the median laboratory 

MELD at LT by DSA minus 3 points.(9) Finally, a concerted effort to improve rates of both 

organ donation and utilization is imperative. Organ procurement organization (OPO) liver 

donation rates per 100 eligible deaths range from as low as 44.9 to as high as 87.3, with 

many of the OPOs in the LWR falling toward the lower end of this spectrum. Similarly, the 

proportion of livers authorized to be transplanted nationally is 75.7%, but as low as 57.1% in 

some OPOs located in the LWR.(24) Any improvement in these OPO metrics in the LWR 

would go a long way to reduce the high wait-list dropout rate.

To our knowledge, this is the first study using the UNOS database to evaluate temporal and 

geographic trends affecting wait-list outcomes for HCC patients listed for LT. We based our 

findings on data from a very large cohort using clear distinctions in the stratification of 

regions as well as listing time periods. Halazun et al.(17) previously designated regions 5 and 

9 as LWR and regions 3 and 10 as SWR. In the present study, we included an additional 

region in each classification using LT wait-time data. Importantly, the rates of wait-list 

dropout were similar in regions 1, 5, and 9, but they were significantly higher than all other 

8 regions, supporting our initial regional wait-time classifications. Furthermore, each listing 

year from 2010 to 2014 was associated with an increase in the rate of dropout compared 

with listing years of 2005–2009, allowing for an accurate comparison of recent versus more 

distant wait-list HCC outcomes to understand temporal trends.

Our study has limitations, most notably the retrospective study design and inherent 

limitations of the UNOS database. The response to LRT is an important surrogate of tumor 

biology and a factor predicting wait-list dropout,(23,25,26) but this information is not 

available in the UNOS database. The pattern of LT listing is also not captured, as only listed 
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patients are included in the UNOS database. Date of initial HCC diagnosis is not accurately 

recorded in the UNOS database, and this date can vary in relation to date of listing with 

MELD exception.(7) Finally, the effects of the changes in UNOS policy in October 2015 

could not be analyzed because patients listed for LT after 2015 were not included. Given the 

long wait times to LT in regions 1, 5, and 9, it may take at least another year before the true 

effects of these policy changes become evident in wait-list outcomes.

In conclusion, in this large national study evaluating temporal and regional trends in wait-list 

outcomes among patients with HCC, we observed a significant increase in wait-list dropout 

in recent years that disproportionately impacted patients in the LWR. The widening 

geographical disparities in wait-list outcomes support both recent UNOS policy approval to 

assign variable MELD exception points based on the median MELD at transplant by DSA 

minus 3 points(9) and the need for a change in the geographic boundaries of the current 

allocation system.
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Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

AFP alpha-fetoprotein

BMI body mass index

CI confidence interval

DRI donor risk index

DSA donor service area

EtOH ethanol
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HCC hepatocellular carcinoma

HCV hepatitis C virus

HR hazard ratio

IQR interquartile range

LRT local regional therapy

LT liver transplantation

LWR long-wait region
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MELD Model for End-Stage Liver Disease

MWR mid-wait region

NAFLD nonalcoholic fatty liver disease

OPO organ procurement organization

SWR short-wait region

UNOS United Network for Organ Sharing.
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FIG. 1. 
Cumulative probability of wait-list dropout stratified by UNOS wait region (LWR, regions 1, 

5, and 9; MWR, regions 2, 4, 6, 7, and 8; and SWR, regions 3, 10, and 11) and MELD 

exception era (2005–2009 versus 2010–2014).
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FIG. 2. 
Intention-to-treat survival probability from listing with MELD exception stratified by UNOS 

wait region (LWR, regions 1, 5, and 9; MWR, regions 2, 4, 6, 7, and 8; and SWR, regions 3, 

10, and 11) and MELD exception era (2005–2009 versus 2010–2014).
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TABLE 1.

Wait Time From Initial HCC MELD Exception to LT and Wait-List Dropout by Individual UNOS Region 

During the 2005–2014 Study Period (n = 14,320)

UNOS Region
Time to LT
(months)

Time to Dropout
(months)

LWR 7.7 (4.0–13.3) 7.2 (3.3–12.9)

 1 8.2 (3.9–13.1) 7.4 (4.5–12.5)

 5 7.7 (4.2–13.6) 6.3 (3.0–12.0)

 9 7.2 (3.6–12.7) 8.3 (4.2–14.3)

MWR 4.2 (1.7–7.7) 5.2 (2.5–9.3)

 7 5.7 (3.1–9.8) 6.3 (2.9–10.5)

 2 4.3 (2.0–8.0) 4.9 (2.3–9.8)

 4 4.2 (1.7–7.6) 5.1 (2.7–9.0)

 8 3.5 (1.2–6.3) 5.1 (2.8–8.6)

 6 2.4 (0.8–5.7) 4.2 (2.4–7.7)

SWR 1.6 (0.6–3.2) 3.0 (1.3–5.5)

 11 1.7 (0.7–3.4) 3.0 (1.3–6.1)

 10 1.5 (0.5–3.1) 3.1 (1.3–5.6)

 3 1.5 (0.6–3.2) 3.0 (1.2–5.2)

P value (LWR versus MWR versus SWR) <0.001 <0.001

NOTE: Data are given as median (IQR).
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TABLE 5.

Multivariate Analysis of Predictors of Wait-List Dropout Because of Death or Delisting by Competing Risks

Predictor
Multivariate HR

(95% CI) P Value

Wait-time region

 LWR (versus SWR) 3.45 (2.99–3.98) <0.001

 MWR (versus SWR) 2.20 (1.91–2.55) <0.001

MELD exception listing year

 2010–2014 (versus 2005–2009) 1.86 (1.69–2.04) <0.001

Age (per year) 1.02 (1.01–1.02) <0.001

HBV (versus HCV) 0.64 (0.51–0.81) <0.001

Laboratory MELD ≥15 (versus <15) 2.06 (1.88–2.26) <0.001

AFP

 21–100 ng/mL (versus ≤20) 1.25 (1.12–1.40) <0.001

 101–500 ng/mL (versus ≤20) 1.55 (1.36–1.76) <0.001

 501–1000 ng/mL (versus ≤20) 2.19 (1.74–2.77) <0.001

 >1000 ng/mL (versus ≤20) 3.01 (2.50–3.62) <0.001

Initial tumor burden

 1 lesion 3.1–5.0 cm (versus 1 lesion 2–3 cm) 1.38 (1.24–1.53) <0.001

 2 lesions (versus 1 lesion 2–3 cm) 1.23 (1.10–1.37) <0.001

 3 lesions (versus 1 lesion 2–3 cm) 1.37 (1.17–1.61) <0.001

Received LRT Prior to LT 0.70 (0.64–0.77) <0.001

NOTE: LWR is regions 1, 5, and 9; MWR is regions 2, 4, 6, 7, and 8; and SWR is regions 3, 10, and 11.
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