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Abstract

Aim of the study: To determine whether liver-directed therapies (LDT) and no therapy affect waiting list times 
for liver transplant candidates from a single center.

Material and methods: This retrospective study included patients > 12 years of age diagnosed with hepatocel-
lular carcinoma between January 2014 and June 2019 and followed until the date of transplant, date of delist-
ing, loss to follow-up, or date of death. Waiting list time and associated factors were analyzed using Kaplan-Meier 
and Cox proportional-hazards methods.

Results: A total of 181 patients met the selection criteria. The mean age was 60 years with standard deviation 
(SD) of 7.8 years. Sixty-six percent underwent transplant, and 64% were classified within the Milan criteria. Men 
had a lower median waiting list time than women (191 days vs. 236 days, p = 0.0093). The overall median 
survival time or time to transplant for 50% of the population was 218 days (95% CI: 195-235). Men displayed 
a 3.1-fold (95% CI: 1.5-6.2) higher probability of transplantation than women (p = 0.002). Patients who re-
ceived no therapy had a 5-fold higher probability of undergoing transplantation than patients under arterial LDT  
(HR [95% CI]: 5 [1.2, 20], p = 0.02). Patients under combined LDT displayed a 70% reduced probability of 
transplantation compared to patients who received arterial LDTs (p = 0.0009).

Conclusions: LDT was associated with a prolonged stay on the transplant list, likely due to the presence of an 
aggressive liver tumor. However, LDTs allow the patient to remain active on the liver transplant list, increasing 
their chances of undergoing transplantation.
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Introduction

Liver transplantation is associated with superior 
survival compared to liver resection in patients with 
solitary hepatocellular carcinoma (HCC) that meet the 
United Network for Organ Sharing (UNOS) criteria 
(single lesion, diameter ≤ 50 mm, no vascular inva-
sion, no extrahepatic metastasis) [1], but transplan-
tation is restricted due to limited availability of graft 

donors. Approximately 50% of people on the liver 
transplant waiting list will receive an organ within  
5 years [2]. Once a patient is considered a candidate for 
a  liver transplant, their waiting list position depends 
on several variables, including disease severity, donor 
availability, transplant region, and matching factors for 
the specific organ [2].

In 2002, UNOS adopted the Model for End-stage 
Liver Disease (MELD) score, which predicts the 
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3-month survival rate in patients with end-stage liv-
er disease, as a criterion for liver allocation to prior-
itize patients awaiting liver transplant (LT) [3]. After 
adoption of the MELD score, the average waiting time 
for transplant candidates decreased from 1314 days 
or 3.6 years in 1999-2000 to 457 days or 1.25 years in 
2003-2004 [4]. According to the Organ Procurement 
and Transplantation Network (OPTN) and UNOS, the 
median national waiting time in 2006 was 321 days 
[5]. Between July 1, 2009 and December 31, 2014, the 
median national time to transplant patients registered 
on the waitlist was 16 months (480 days), as report-
ed by the Scientific Registry of Transplant Recipients 
(SRPR). However, the waiting time varied by OPTN 
region; for candidates living in region 7, the medi-
an time to transplant was approximately 14 months  
(420 days) [6].

Given the imperfect correlation between MELD 
score and waiting list outcomes, the OPTN established 
a  system of exception points that better reflect the 
patient’s prognosis and general condition in order to 
improve the patient selection approach [7]. In 2015, 
OPTN implemented a policy in which “candidates will 
receive the additional priority as long as they continue 
to meet initial eligibility criteria”. This new phrasing is 
intended to capture patients who exceed initial eligibil-
ity criteria, progressing beyond T2 criteria (definition 
of T2 HCC lesions: 1) one lesion greater than or equal 
to 2 cm and less than or equal to 5 cm in size; 2) two 
or three lesions greater than or equal to 1 cm and less 
than or equal to 3 cm in size) [8].

Liver-directed therapies (LDTs) are minimally in-
vasive interventions that not only provide treatment 
but also function as bridging or down-staging thera-
pies for patients pursuing a liver transplant. The pur-
pose of providing an LDT prior to liver transplant is 
to control tumor growth, reduce dropout in patients 
within the Milan criteria while awaiting liver trans-
plantation, and decrease the tumor burden in patients 
outside the Milan criteria so they can become LT can-
didates. The overall risk of dropout in HCC patients 
waiting for LT and neoadjuvant therapies has been  
reported to be approximately 11% and 57% at 6 and  
12 months, respectively [9]. However, a  lower inci-
dence of dropout (0-25% in one year) was recently re-
ported in another study [10]. 

As recommended by an international consensus 
and multiple societies, including the American Associ-
ation for the Study of Liver Diseases (AASLD), if their 
transplant waiting time is estimated to be longer than  
6 months, a patient in stage II or T2 of the TNM Clas-
sification of Malignant Tumors (TNM) will require 
bridging LDT, including ablations and trans-arterial 

embolization, to avoid progression [11]. Additionally, 
LDT or neoadjuvant treatments in patients beyond the 
Milan criteria (down-staging) are considered import-
ant alternatives of treatment for T3 (TNM) tumors. 
LDTs are used to transition these tumors to stage T2 
(TNM) to allow the patient to qualify as a transplant 
candidate. Combined LDTs have been described as 
potentially more effective alternatives to single LDTs 
[12]. Selection of the LDT depends on several guide-
lines, including the Barcelona Clinic Liver Cancer 
Classification (BCLC) recommendations [13]. 

Despite our knowledge of the efficacy of LDT for 
HCC, the impact of LDTs on the transplant waiting list 
remain unclear. This study aimed to determine wheth-
er use of LDTs and no therapy affect the waiting list 
time for liver transplantation candidates from a single 
center located in region 3 of the OPTN.

Material and methods

This study obtained Institutional Review Board 
(IRB) approval. This retrospective analysis reviewed 
patients from a single transplant center who were di-
agnosed with HCC between January 2014 and June 
2019 and who were enrolled in the UNOS transplant 
waiting list. All participants provided informed con-
sent before each diagnostic procedure of HCC, LDTs, 
and LT. Selection criteria included patients > 12 years 
of age with diagnoses of HCC, and candidates for LT 
according to criteria (tumor size and number of nod-
ules) defined by the selection committee. All data were 
sourced from patient clinical records. Patients’ age was 
within the range of 37 to 81 years, and the mean age at 
HCC diagnosis was 60 (standard deviation [SD] = 7.8)  
years. Men were affected at a 3-fold higher rate than 
women (77% vs. 23%). The study population was 53% 
Hispanic, 41% non-Hispanic Whites, and 6% other 
races, including African Americans and Asians. See 
Table 1 for more information about the study popu-
lation. 

Terms and measures

The event “transplant” was used as the dependent 
variable to indicate whether the patient did or did not 
undergo transplantation. The time to event or “wait-
ing list time” was considered the time in days between 
the date when the patient was listed for transplant and 
the date when the patient underwent transplantation 
or the date when the patient was delisted because of 
death, disease progression, or loss to follow-up.

As independent variables, we selected age at diag-
nosis of HCC, sex, ethnicity, and comorbidities such 
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as coronary artery disease, hypertension, diabetes, 
chronic obstructive pulmonary disease, chronic kid-
ney failure, and symptoms of portal hypertension. 
Patients were classified as within the Milan criteria 
(single nodule > 2 cm and < 5 cm, or 3 nodules each 
≤ 3 cm) and outside of the Milan criteria, a designa-
tion which included patients with T0N0M0, T1N0M0, 
and T3N0M0. TNM classifications were registered at 
diagnosis. For comparative analysis of transplanted 
vs. non-transplanted patients (Table 2), the T0N0M0 
group was combined with the T1N0M0 group. LDTs 
were assigned according to decisions made by multi-
disciplinary teams. In addition, patients who received 
no therapy were included in the study as a compara-
tive group. For the purpose of analysis, LDTs were cat-
egorized as trans-arterial therapies, including arterial 
chemoembolization (TACE) and Yttrium-90 (Y-90). 

Thermal ablations included microwave ablation, ra-
diofrequency, and electroporation (NanoKnife). Com-
bined therapies were defined as the combination of 
any trans-arterial therapy and any ablation. The “no 
therapy” group was considered a  control group. Our 
LDT data included the number cycles of each treat-
ment (single cycle, multiple cycles, combined therapy, 
and non-therapy). MELD score was included as the 
calculation of the laboratory data. This study did not 
include documentation of the allocation MELD score, 
including the exception points assigned and updated 
by UNOS. The explanted pathology was reported ac-
cording to the College of American Pathologists HCC 
cancer protocol (well, moderately, and poorly differen-
tiated). Complete pathologic response (cPR) was de-
fined as no viable tumor in the explanted liver pathol-
ogy (necrotic tissue), and the presence of any tumor 

Table 1. Characteristics of liver transplant candidates, and median days on the waiting list, N = 181 

Variables n % or SD 95% CI Median 
days WL

P-value

Age (mean) 60 7.8

Sex

Male 121 77 70-84 191 0.0093

Female 36 23 16-30 236

Ethnicity

Hispanics 83 53 45-61 204 0.7421

Non-Hispanic 
Whites

64 41 33-49 206

Others 10 6 3-10 192

Etiology

Viral 65 36 29-43 211 0.6148

NASH 28 15 10-21 208

Alcohol 25 14 9-19 205

Unspecified 56 31 24-38 192

Others 7 4 1-7 263

Comorbidities

One 71 71 62-80 213 0.243

Two 22 22 14-30 218

Three 7 7 2-12 94

TNM classification

T0N0M0 2 1 0-3

T1N0M0 20 13 8-18 132 0.1827

T2N0M0 100 64 56-72 218

T3N0M0 34 22 15-28 194

Milan criteria

Within Milan 
criteria

100 64 56-72 218 0.1024

Variables n % or SD 95% CI Median 
days WL

P-value

Outside of 
Milan criteria

56 36 28-43 189

Therapy

Intra-arterial 74 51 42-59 210 0.058

Ablations 16 11 6-16 213

Combined 
therapy

39 27 20-34 237

No therapy 16 11 6-16 116

Number of cycles

Single cycle 52 36 28-44 206 0.058

Multiple 
cycles

38 26 20-33 213

Combined 
therapy

39 27 20-34 237

No therapy 16 11 6-16 116

Transplanted

Yes 119 66 59-73 195 0.02

No 62 34 27-41 248

Explanted pathology

Necrotic 
tissue

19 20 12-28 207 0.59

Residual 
tumor

75 80 71-88 205

MELD-Na 
score

10 9-15 – – –

Days in WL 206* 50-291a – – –

NASH – nonalcoholic steatohepatitis, WL – waiting list, *median, ainterquartile range. 
Missing values are not included 
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Variables Transplanted n = 119 Not transplanted n = 62 

n % or SD 95%CI or p-value n % or SD 95%CI or p-value

Total patients 121 67 60 33

Age (mean) 60.7 7.9 58.5 7.2 0.08

Sex

Male 89 74 66-82 32 89 78-100

Female 32 26 18-34 4 11 0-21

Ethnicity

Hispanics 59 52 42-61 24 56 40-71

Non-Hispanic Whites 46 40 31-49 18 42 26-57

Others 9 8 3-13 1 2 0-7

Etiology

Viral 32 26 18-34 33 55 42-68

NASH 16 13 7-20 12 20 10-30

Alcohol 12 10 5-15 13 21 11-32

Unspecified 56 46 37-55 2 3 0-8

Others 5 4 1-8

Comorbidities

One 57 67 57-77 14 93 79-100

Two 21 25 15-34 1 7 0-20

Three 7 8 2-14 – – –

TNM classification

T1N0M0 17 16 9-23 5 9.8 1.3-18

T2N0M0 71 68 59-77 29 8 43-71

T3N0M0 17 16 9-23 17 33 20-47

Milan criteria

Within Milan criteria 71 68 59-77 29 57 43-71

Outside of Milan criteria 34 22 23-41 22 43 29-57

Therapy

Intra-arterial 49 54 43-64 25 46 33-60

Ablations 13 14 7-22 3 6 0-12

Combined therapy 22 24 15-33 17 31 19-44

No therapy 7 8 2-13.2 9 16 6.3-27

Number of cycles

Single cycle 41 45 35-55 11 20 9-31

Multiple cycles 21 23 14-32 17 31 17-44

Combined therapy 22 25 15-33 17 31 17-44

No therapy 7 8 2-13.2 9 17 6-27

Explanted pathology

Necrotic tissue 19 20 12-28 – – –

Residual tumor 75 80 72-88 – – –

Median days WL 195* 94-263a 248* 127-490a 0.02**

NASH – nonalcoholic steatohepatitis, WL – waiting list, *median, ainterquartile range, **p value of the medians. Missing values are not included

Table 2. Characteristics of transplanted vs. non-transplanted patients
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grade differentiation (well, moderately, and poorly dif-
ferentiated) was classified as no response to LDT de-
spite the presence of some necrotic tissue.

Statistical analyses

Demographic characteristics of the study popula-
tion are shown as frequencies and percentages with 
95% confidence intervals (CIs). In some comparative 
analyses, CIs were used instead of p values to evaluate 
statistical significance to facilitate interpretation of the 
results. Continuous variables are described as means 
and medians with SD or interquartile range (IQR) if 
the variable does not follow a normal distribution (e.g., 
days on waiting list, MELD score). The median time 
on the waiting list was compared using the Wilcoxon 
rank-sum test or Mann-Whitney U test. Survival anal-
ysis was used to examine the time to transplant and 
factors that influenced that time. Kaplan-Meier esti-
mates were used to determine the mean survival time 
to receive a liver transplant. Cox proportional-hazards 
ratios (HRs) were used to test and quantify the associ-
ation between predictors (age at HCC diagnosis, sex, 
ethnicity, Milan criteria, TNM classification, LDTs, 
and MELD score) and waiting list time. Variable se-
lection for the Cox proportional hazards model re-
tained factors with p < 0.25. Statistical analyses were 
performed using SAS 9.4, and the significance level 
was set at p < 0.05. To build the Cox proportional HR 
model, missing information was handled with list-wise 
deletion by the SAS software.

Results

Study population and median time on waiting list

The characteristics of the study population are 
summarized in Table 1. The mean age at HCC diagno-
sis was 60 years. HCC affected more men than women 
(77% vs. 23%), and 53% of our study population was 
of Hispanic ethnicity. In the study population, 71% 
of patients had one comorbidity, and 29% had two or 
more comorbidities. The main etiologic agent for HCC 
was viral infection, represented in most cases by hepa-
titis C virus (HCV). One hundred nineteen (119/181, 
66%) of the patients underwent transplantation, and 
100/154 (64%) patients were classified within the Milan 
criteria and as stage T2N0M0. The median waiting list 
time (IQR) was 206 (50-291) days. The median time 
on the waiting list was lower for men than for women 
(191 vs. 236 days, p = 0.0093), for transplanted patients 
vs. not transplanted (195 vs. 248 days, p = 0.02), and 
although not statistically significant, for patients un-

der no therapy prior to LT compared with those under 
other therapies, such as combined therapy (116 vs. 237 
days, p = 0.058). 

Liver-directed therapies in the study population

As shown in Table 1, eighty nine percent of patients 
(129/145) underwent LDT, as documented in their 
medical records. Seventy-four (51%) patients received 
intra-arterial therapy, 70 patients received trans-ar-
terial chemoembolization (TACE), and four patients 
received Y-90. Sixteen patients (11%) were submitted 
to ablative therapies, and 39 patients (27%) received 
combined therapies (any intra-arterial therapy associ-
ated with ablation). Additionally, 16 patients (11%) did 
not receive therapy prior to liver transplant.

 Transplanted vs. non-transplanted patients

Sixty-six percent of the patients underwent trans-
plantation. The characteristics of transplanted and 
non-transplanted patients are shown in Table 2. Age, 
sex, ethnicity, Milan criteria, LDT types, and waiting 
list times were similar between the two groups. Patho-
logic study of the explanted liver reported complete 
pathologic response (necrotic tissue and non-viable 
tumor) in 20% (95% CI: 12-28%) of transplanted pa-
tients, and 80% (95% CI: 71-88%) of patients had some 
type of viable tumor with different degrees of differen-
tiation. LDTs prior to LT (intra-arterial, ablative, com-
bined, and no therapy) were allotted in similar propor-
tions in transplanted and non-transplanted patients  
(p = 0.121). However, single-cycle therapies comprised 
a  bigger proportion of the therapies in transplanted 
patients when compared with non-transplanted pa-
tients (45% vs. 20% [95% CI: 34-55% vs. 9-31%]).

In non-transplanted patients, reasons for dropout 
from the waiting list included tumor progression (50% 
of patients), deterioration of health status (43%), death 
during the waiting time (5%), and other reasons (2%).

Effects of variables on transplant and waiting 
list time

Kaplan-Meier analysis revealed the probability of 
undergoing transplantation at any specific point in 
time for the study population (Fig. 1). The median time 
for undergoing transplantation (number of days in 
the waiting list when 50% of the population received  
a liver transplant) was 218 days (95% CI: 195-235 days). 
Twenty-five percent of the population had undergone 
transplantation by day 106 (95% CI: 90-167), and 
75% of the population had undergone transplanta-
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tion by day 442 (95% CI: 287-644) (Fig. 1). The me-
dian survival times for women and men (when 50% 
of women/men had undergone transplantation) 
were 236 days (95% CI: 186 -333 days) and 205 days 
(95% CI: 189-222 days), respectively (log-rank test  
p value = 0.057) (Fig. 2).

Table 3 shows the effect of each independent vari-
able on liver transplant probability and waiting list 
time. Calculation of unadjusted HRs indicated that 
age was the only variable significantly associated with 
the probability of receiving a  transplant (HR: 1.03,  
p = 0.02). A multivariable model revealed several fac-
tors associated with probability of undergoing trans-
plantation. The HR, or probability of undergoing 
transplantation at any point in time, was 3.1 times 
greater for men than for women (p = 0.002). However, 
patients who received no therapy had a  5-fold high-
er probability of undergoing transplantation than pa-
tients under arterial LDT (HR [95% CI]: 5 [1.2, 20],  
p = 0.02). Patients under combined LDT displayed 
a  70% reduced probability of transplantation com-
pared to patients who received arterial LDTs (HR [95% 
CI]: 0.3 [0.1-0.6], p = 0.0009). All of these effects were 
determined after adjusting for confounders, such as 
age, sex, etiology, comorbidities, TNM, and therapies 
(Table 4 and Fig. 3).

Discussion

Since its implementation in 2002, the MELD score 
has been the primary tool used to prioritize patients 
awaiting liver transplantation [14]. In this study, the 
MELD score was not used in the final Cox proportion-
al-hazards model due to the lack of significance (small 
sample size) found in the univariate analysis (Table 3). 
Research has identified other factors that play a role in 
organ allocation and waiting list time. These factors in-
clude the MELD exception points, health status of the 
recipient, ABO blood type, transjugular intrahepatic 
portosystemic shunt placement, transplant region, eth-
nicity, and primary source of payment [14]. Our study 
showed that women and non-transplanted patients ex-
perienced longer waiting list times. Although not sta-
tistically significant (p = 0.058), patients under com-
bined LDT also experienced longer waiting list times. 
In this analysis, the median time on the waiting list 
for the period 2014-2019 was 206 days (IQR: 50 -291).  
According to OPTN, the median waiting times for de-
ceased donor transplant in region 3 in patients with 
a MELD score < 15 during the periods 2003-2006 and 
2011-2014 were 227 days (IQR: 185-286) and 222 days 
(IQR: 198-244), respectively [15]. In Trieu’s analy-
sis of the ONUS database, patients living in region 3 

Fig. 1. Survival overall probability of undergoing transplantation, and 
confidence interval, for patients with hepatocellular carcinoma (HCC) in a single 
center
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Fig. 2. Survival probability of undergoing transplantation by gender
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displayed the shortest waiting list times. This finding 
was due to the fact that in 2016, the number of livers 
available for transplant exceeded the number of regis-
trations in that region [14]. 

Our results show that women exhibited a  lower 
probability of undergoing transplantation as well as 
a longer waiting list time compared to men. Sex-based 
disparities in liver transplantation can be explained by 
several factors, including sex differences in the etiology 
of cirrhosis. Primary biliary cirrhosis and autoimmune 
hepatitis are more prevalent in women than men, but 
men are more likely than women to suffer from HCV 
and disease progression to cirrhosis [16]. Additionally, 
men display higher rates of alcohol abuse, but women 
exhibit increased susceptibility to the toxic effects of 
alcohol [16]. Hormonal factors can increase suscepti-
bility to liver fibrogenesis after menopause in women 
affected by chronic liver disease [17]. Female biology, 

Variables HR 95% CI P-value

Age 1.03 1.0-1.05 0.02

Sex

Male 1.5 0.98-2.3 0.06

Female Ref

Ethnicity

Hispanics Ref

Non-Hispanic Whites 0.98 0.7-1.5 0.93

Others 0.75 0.4-1.5 0.43

Etiology

Viral Ref

NASH 1.2 0.7-25 0.38

Alcohol 0.9 0.5-1.8 0.74

Unspecified 1.7 1.1-2.7 0.02

Others 0.9 0.4-2.4 0.88

Comorbidities

One Ref

Two 1.2 0.7-2.0 0.56

Three 1.8 0.8-3.9 1.16

TNM classification

T1N0M0 Ref

T2N0M0 0.7 0.4-1.2 0.23

T3N0M0 0.5 0.3-1.1 0.08

Milan criteria

Within Milan criteria Ref

Outside of Milan 
criteria

1 0.7-1.5 0.98

Therapy

Intra-arterial Ref

Ablations 1.1 0.6-2.0 0.79

Combined therapy 0.7 0.4-1.1 0.13

No therapy 1.2 0.5-2.7 0.65

Number of cycles

Single cycle Ref

Multiple cycles 0.8 0.5-1.5 0.52

Combined therapy 0.6 0.4-1.1 0.08

No therapy 1.1 0.5-2.5 0.8

Explanted pathology

Necrotic tissue cPR Ref

Residual tumor 0.74 0.4-1.2 0.26

MELD score 0.98 0.93-1.03 0.37

HR – hazard ratio, CI – confidence interval, Ref – reference, NASH – nonalcoholic 
steatohepatitis, cPR – complete pathologic response

Table 3. Crude hazard ratio (HR) for undergoing transplantation

Variables HR 95% CI P-value

Age 0.99 0.95-1.04 0.8

Sex

Male 3.1 1.5-6.2 0.002

Female 1 Ref Ref

Etiology

Viral 1 Ref Ref

NASH 2.8 1.2-6.6 0.018

Alcohol 0.6 0.3-1.6 0.63

Unspecified 1.1 0.4-2.5 0.9

Other 1.8 0.3-8.8 0.5

Comorbidities

One 1 Ref Ref

Two 0.6 0.3-1.3 0.2

Three 0.4 0.08-2.5 0.4

TNM classification

T1N0M0 1 Ref Ref

T2N0M0 0.8 0.3-2.0 0.7

T3N0M0 1.1 0.4-3.2 0.84

Therapy

Intra-arterial 1 Ref Ref

Ablatives 0.6 0.23-1.5 0.26

Combined therapy 0.3 0.1-0.6 0.0009

No therapy 5 1.2-20 0.02

HR – hazard ratio, CI – confidence interval, Ref – reference, NASH – nonalcoholic 
steatohepatitis

Table 4. Multifactorial model or adjusted hazard ratios for undergoing 
transplantation while on the waiting list
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such as small muscle mass compared to that of men, 
contributes to lower creatinine levels and associated 
lower MELD scores compared to men [18]. The typ-
ically smaller size of females has been associated with 
a donor-recipient size mismatch, which increases wait-
ing list time for females [19]. McElroy et al. found that 
women were less likely to be listed for liver transplan-
tation due to higher active substance use when com-
pared with men [20]. In summary, disease severity in 
women does not appear to be accurately reflected in 
their MELD score.

Age has been linked to an increased probability of 
undergoing transplantation. However, in our multi-
variate analysis, we did not observe an association be-
tween age and probability of liver transplant or waiting 
list time. 

After covariate adjustment, patients who did not 
receive pre-transplant LDT exhibited a  higher prob-
ability of undergoing transplantation compared with 
patients who received pre-transplant LDT. The same 
analysis revealed that during the first 250 days on the 
waiting list, patients who did not receive any LDT pri-
or to liver transplant exhibited a higher probability of 
undergoing transplantation than patients who received 
LDT. After 250 days, none of the patients who did not 
receive LDT had undergone transplantation. This find-
ing can be explained by the patients’ health statuses: 
patients with worse health statuses likely had higher 
MELD scores, making liver transplant their only treat-
ment option. This conclusion is supported by the ob-
servation that among transplanted patients with three 
comorbidities (seven subjects), five did not receive any 
therapy before the transplant. Factors associated with 
liver disease, such as severe ascites, are known to reduce 
liver transplant waiting list time [14], because these pa-
tients are given the highest priority [21]. Patients who 
required combined LDT were less likely to undergo 
transplantation at any point in time and remained on 
the waiting list longer when compared with patients 
receiving arterial LDT or no therapy. Gyori et al.  
observed non-significantly longer waiting time in pa-
tients receiving multimodal LDT (10.2 vs. 8 months, 
p = 0.07) than in those receiving transarterial or abla-
tive therapies. However, lesion size and tumor num-
ber were not significantly different between groups 
[22]. A  combination of LDTs is expected to indicate 
aggressive disease, but LDT allows these patients to 
remain active on the liver transplant list, increasing 
their chances of receiving a transplant. These findings 
suggest that the severity of the tumor, not the type of 
therapy, increases the waiting list time, so use of mul-
tiple treatment modalities is necessary to achieve local 
control of the disease prior to LT.

 This study reported an overall cPR of 20% (95% CI: 
12-28%) in explanted livers. This result was similar to 
DiNorcia’s findings, where the overall cPR was 20.5% 
[23]. The degree of tumor necrosis found on the ex-
planted liver has been associated with recurrence and 
overall survival [23].

One strength of this study is that our findings high-
light sex-based disparities in access to liver transplants. 
Women were three times less likely to undergo trans-
plantation than men. However, we did not identify 
an explanation for this disparity, and thus a thorough 
analysis including economic factors, insurance cov-
erage, and access to preventive care is necessary. One 
limitation of this single-center study is the number of 
individuals excluded due to missing data including 
MELD score exception points, which are assigned and 
updated by ONUS every 3 months. Additionally, the 
non-transplanted group displayed a  high number of 
losses; thus, determining the precise dates of delist-
ing and waiting times for this group was difficult. To 
handle these losses in our data, we used list-wise dele-
tion in SAS software. In multivariate analyses, this ap-
proach results in deletion of an entire observation, de-
creasing the sample size and statistical significance of 
the results. In retrospective studies, researchers cannot 
control exposure and outcome assessment, and they 
must rely on others for accurate recording keeping. 
For example, for the etiology variable, most patients 
were classified as having “unspecified etiology”, reduc-
ing the accuracy of our association between etiologic 
factors and outcome.

Conclusions 

In this study, time spent on the liver transplant 
waiting list was associated with gender and type of 
LDT. Liver-directed therapy was associated with a pro-
longed stay on the transplant waiting list, likely due 
to the presence of an aggressive liver tumor. However, 
LDTs allow the patient to remain active on the liver 
transplant list, increasing their chances of undergoing 
transplantation.
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