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a b s t r a c t 

Background: Liver transplantation (LT) activities during the COVID-19 pandemic have been curtailed in 

many countries. The impact of various policies restricting LT on outcomes of potential LT candidates is 

unclear. 

Methods: We studied all patients on the nationwide LT waitlists in Hong Kong and Singapore between 

January 2016 and May 2020. We used continuous time Markov chains to model the effects of different 

scenarios and varying durations of disruption on LT candidates. 

Findings: With complete cessation of LT, the projected 1-year overall survival (OS) decreased by 3 • 6%, 

10 • 51% and 19 • 21% for a 1-, 3- and 6-month disruption respectively versus no limitation to LT, while 2- 

year OS decreased by 4 • 1%, 12 • 55%, and 23 • 43% respectively. When only urgent (acute-on-chronic liver 

failure [ACLF] or acute liver failure) LT was allowed, the projected 1-year OS decreased by a similar pro- 

portion: 3 • 1%, 8 • 41% and 15 • 20% respectively. When deceased donor LT (DDLT) and urgent living donor 

LT (LDLT) were allowed, 1-year projected OS decreased by 1 • 2%, 5 • 1% and 8 • 85% for a 1-, 3- and 6-month 

disruption respectively. OS was similar when only DDLT was allowed. Complete cessation of LT activities 

for 3-months resulted in an increased projected incidence of ACLF and hepatocellular carcinoma (HCC) 

dropout at 1-year by 49 • 1% and 107 • 96% respectively. When only urgent LT was allowed, HCC dropout 

and ACLF incidence were comparable to the rates seen in the scenario of complete LT cessation. 

Interpretation: A short and wide-ranging disruption to LT results in better outcomes compared with a 

longer duration of partial restrictions. 
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© 2021 The Author(s). Published by Elsevier Ltd. 
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Research in context 

Evidence before this study 

Liver transplantation (LT) during COVID-19 has been cur- 
tailed in many centres globally due to increased strain on 

resources. This has led to increased percentage of waitlist 
deaths, reported to be up to 170% in some centres. Several 
centres limited LT to only to patients with high model for 
end-stage liver disease (MELD) score, acute liver failure (ALF) 
or acute-on-chronic liver failure (ACLF). While it is apparent 
that urgent transplant surgeries for should not be halted in 

face of the global pandemic, it is less clear as to whether 
non-urgent LT should be delayed during this pandemic. We 
searched PubMed from January 1, 2019 to May 10, 2021 for 
articles using search terms “COVID-19” or “novel coronavirus”
or “2019-nCoV” and “transplantation” and “modelling”. Our 
search yielded no studies that projected the clinical effects of 
disruptions to LT activity on clinical outcomes such as overall 
survival (OS), incidence of ACLF and hepatocellular carcinoma 
(HCC) dropouts. 

Added value of this study 

Using nationwide data from Hong Kong and Singapore be- 
tween 2016 to 2019, we utilized a continuous time Markov 
chains model approach to project the short- and long-term 

effects of various scenarios and duration of disruptions on 

outcomes of patients on the LT waitlist. We demonstrated 

that disruption to LT beyond a month substantially affects 
both short- and long-term survival, increases ACLF incidence 
and results in a high proportion of HCC patients dropping out 
from the waitlist. A short (~one month) wide-ranging disrup- 
tion to LT activities results in a lower impact on outcomes 
compared to a drawn-out (three months or more) partial re- 
striction. 

Implications of all the available evidence 

Findings from this study provide useful guidance for LT 
units worldwide in navigating the peaks and troughs of 
COVID-19 surges and highlight the impact of LT disruption 

on waitlisted patients during this prolonged pandemic. Our 
results suggest that once the peak of the COVID-19 wave has 
passed, DDLT at minimum should be resumed as soon as pos- 
sible. 

. Introduction 

The rapid spread of novel coronavirus disease 2019 (COVID-19) 

ince December 2019 led the World Health Organization to declare 

 global pandemic on March 11, 2020 [1] . An exponential increase 

n the number of people seeking medical treatment for symptoms 

elated to COVID-19 has overwhelmed healthcare services and in- 

ensive care units in many parts of the world [2-5] . In response, 

ealth ministries around the world have rolled out individualized 

uidance to medical practitioners, enabling essential services to 

e continued while postponing other aspects of medical care that 

ere deemed non-essential [6-8] . 

Early in the pandemic, multiple transplant units in the US, Ger- 

any and Singapore have curtailed living donor liver transplanta- 

ion (LDLT) activities, with some centres limiting LDLT to patients 

ith a high model for end-stage liver disease (MELD) score, acute 

iver failure (ALF) or acute-on-chronic liver failure (ACLF) [ 9 , 10 ]. In

ombardy, Italy, there was a substantial decrease in the number of 

Ts due to a shortage of intensive care unit beds and logistical dif- 

culties [11] . On the other hand, centres in Hong Kong and South 
2 
orea saw no changes to standard transplant activity in response 

o the viral pandemic [12-17] . 

Unlike kidney failure patients that have dialysis support, liver 

ransplantation (LT) is the sole means of long-term survival in pa- 

ients with liver failure. For patients with ALF or ACLF, LT is an 

rgent, life-saving operation [18-20] . While it is apparent that ur- 

ent transplant surgeries should not be halted in face of the global 

andemic, it is less clear as to whether non-urgent LT should be 

elayed [21] . 

Delaying non-urgent transplants may lead to waitlist dropouts, 

ue to disease progression. Prior to this pandemic, the waitlist 

ortality in countries that were dependent on LDLT (such as in 

ingapore and Hong Kong) was in the range of 10-20% per year 

9] . In these countries/regions, rates of deceased donation were 

ow while the proportion of LDLT performed was higher at 20-50% 

9] . In Hong Kong, there are approximately 80 patients on the LT 

aitlist, and approximately 60 LT are carried out per year [22] . In 

ingapore, there are about 50 patients on the LT waitlist at any 

ime and approximately 50 patients undergo LT annually [23] . Pa- 

ients with advanced liver disease on the waitlist for transplant are 

t risk of further liver decompensation or ACLF, which may result 

n poorer survival in the first year following LT; [ 18 , 24 ] or progres-

ion of hepatocellular carcinoma (HCC) resulting in delisting from 

he LT waitlist [ 6 , 7 ]. Patients in Hong Kong and Singapore with

LF and ACLF are eligible for prioritization status on the waitlist. 

To cope with the excess burden on the healthcare system dur- 

ng the pandemic, various limitations on transplant activities have 

een empirically put in place by policy makers and governing bod- 

es, ranging from allowing only urgent transplants to take place, 

o a complete cessation of all transplant activities [9] . However, 

t is unclear how the various policies impact the short-term sur- 

ival, long-term survival, incidence of ACLF and the rate of HCC 

ropouts. Therefore, the aims of this study were to model the 

ffects of COVID-19 related scenarios/policies of varying duration 

nd its impact on outcomes (survival, development of ACLF and 

CC dropouts) of waitlisted patients to better guide healthcare 

roviders and policy makers. 

. Methods 

.1. Patient population 

All patients ≥ 18 years of age on the national LT waitlists in 

ingapore and Hong Kong between January 1, 2016 and May 30, 

020 were included in this study. Data on patient demograph- 

cs and clinical information (reason for transplant, date of listing, 

onthly MELD score, presence of ALF or ACLF at listing and dur- 

ng follow-up, presence of HCC before listing and during listing, 

ropout, death and date of transplant) were recorded. Both Sin- 

apore and Hong Kong use the University of California San Fran- 

isco (UCSF) criteria for determining the use of LT to treat HCC. 

his study was approved by the Domain Specific Review Board 

2020/01129) of National Healthcare Group, Singapore. 

.2. Statistical analysis 

Descriptive analyses of continuous variables for the entire co- 

ort were expressed as mean (standard deviation) or median (in- 

erquartile range) and using t-test or Mann-Whitney test respec- 

ively. Categorical variables were expressed as percentages and 

nalysed using chi-square test. Statistical analysis was done using 

 [25] , version 3.5.2 with the tidyverse [26] and tableone [27] pack- 

ges. 
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Table 1 

Baseline demographics of the derivation cohort at time of listing, by coun- 

try/region 

Overall Singapore Hong Kong P ∗

(n = 571) (n = 251) (n = 320) 

Biodata and etiology of liver disease 

Age (median [IQR]) 59 [52-63] 59 [54-63] 58 [51-63] 0 • 665 

Sex [Male] (%) 391 (68 • 5) 177 (70 • 5) 214 ( 66 • 9) 0 • 401 

Etiology of cirrhosis (%) < 0 • 001 

HBV 242 (42 • 5) 72 (28 • 8) 170 ( 53 • 1) 

HCV 51 (8 • 9) 27 (10 • 8) 24 ( 7 • 5) 

Alcohol 47 (8 • 2) 24 ( 9 • 6) 23 ( 7 • 2) 

NAFLD 52 (9 • 1) 47 (18 • 8) 5 ( 1 • 6) 

Others 178 (31 • 3) 80 (32 • 0) 98 (30 • 6) 

Baseline results at time of LT listing and reason for LT 

Reason for LT (%) < 0 • 001 

DC 216 (37 • 8) 93 (37 • 1) 123 ( 38 • 4) 

DC HCC 44 (7 • 7) 44 (17 • 5) 0 ( 0 • 0) 

DC ACLF 17 (3 • 0) 17 ( 6 • 8) 0 ( 0 • 0) 

DC ACLF HCC 2 (0 • 4) 2 ( 0 • 8) 0 ( 0 • 0) 

HCC 161 (28 • 2) 75 (29 • 9) 86 ( 26 • 9) 

ACLF/ALF 81 (14 • 2) 13 ( 5 • 2) 68 ( 21 • 2) 

Others 50 (8 • 8) 7 ( 2 • 8) 43 ( 13 • 4) 

MELD (median [IQR]) 16 [11-24] 14 [10-21] 17 [12-27] < 0 • 001 

ALF (%) 19 (3 • 3) 10 ( 4 • 0) 9 (2 • 8) 0 • 589 

ACLF (%) 81 (14 • 0) 22 ( 8 • 8) 59 ( 18 • 4) 0 • 002 

Abbreviations: IQR, interquartile range; HBV, hepatitis B virus; HCV, hepatitis C 

virus; NAFLD, non-alcoholic fatty liver disease; MELD, Model for end-stage liver 

disease; ALF, acute liver failure; ACLF, acute-on-chronic liver failure; LT, liver trans- 

plant; DC, decompensated cirrhosis. 
∗comparison between Singapore and Hong Kong. 
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.3. Projection scenarios 

A continuous time Markov chains (CTMC) model approach was 

sed to project and evaluate the three following outcomes: (a) 

verall survival, (b) proportion of waitlist dropout in HCC patients, 

nd (c) proportion of patients that developed ACLF while on the 

T waitlist under the five scenarios. The five scenarios were: (1) no 

imitation to LT (both DDLT and LDLT), (2) no limitation to DDLT, 

nly urgent (ALF or ACLF) LDLT allowed, (3) only urgent (ALF or 

CLF) LT (DDLT and LDLT) allowed, (4) only DDLT, no LDLT allowed 

nd (5) complete cessation of LT. For each scenario, varying periods 

f 1-, 3-, 6- and 12-month duration of disruption were simulated. 

Each patient was assigned one out of the six following baseline 

tates: decompensated cirrhosis without HCC, HCC without de- 

ompensated cirrhosis, ALF or ACLF, decompensated cirrhosis with 

CC, decompensated cirrhosis with ACLF but without HCC and 

astly, decompensated cirrhosis with HCC and ACLF (States S0 to 

5 respectively). Patients can transit between the different base- 

ine states through developing ACLF, developing incident HCC and 

ecovering from ACLF. From that, a patient could potentially then 

rogress to 10 different states, namely: too sick for transplant in a 

ecompensated cirrhotic, HCC that progressed resulting in delist- 

ng, ALF or ACLF that was deemed too sick for transplant, decom- 

ensated cirrhosis with HCC that was too sick for transplant, de- 

ompensated cirrhosis with ACLF deemed too sick for transplant, 

ecompensated cirrhosis with ACLF and HCC deemed too sick for 

ransplant, recovery without transplant, well following LDLT, well 

ollowing DDLT, and death (States S6 to S15 respectively; Figure 1 ). 

The dynamics of the CTMC model are as follows: each patient 

f initial state (S i ) will remain in the state S i for an exponentially

istributed amount of time with parameter λ(S i ), before transition- 

ng to the next state S j where they will remain for an exponentially 

istributed amount of time with parameter λ(S j ). The sequence of 

tates that each patient goes through is determined through a tran- 

ition matrix Q with the transition probabilities p ij as its elements. 

he parameters Q and λ are derived statistically from the patient 

atabase. Mathematical details of these derivations as well as val- 

dation of the model can be found in the Supplementary Mate- 

ial . This model was parameterized based on 571 waitlisted pa- 

ients between January 2016 and December 2019. The CTMC model 

as used to project the clinical outcomes for patients on the wait- 

ist (n = 111) between June 1, 2019 to May 30, 2020 (comprising of 

 mixture of existing patients on th waitlist and newly listed pa- 

ients) for a period of two years. 

.4. Projected outcomes 

We projected overall survival, the proportion of HCC that 

ropped out of the waitlist permanently and incidence of ACLF for 

he five different scenarios on 111 patients present on the LT wait- 

ist between June 1, 2019 to May 30, 2020, further stratified by 

ifferent durations of disruption (1-, 3-, 6- and 12-months). The 

roportion of HCC dropout was calculated by dividing the number 

f patients who were delisted from the LT waitlist due to HCC. The 

roportion of ACLF incidence and HCC dropouts for various sce- 

arios were compared with no disruption to LT to calculate the 

ercentage change in ACLF incidence and HCC dropout. 

. Results 

.1. Study population used to derive the CTMC model 

A total of 571 patients were included for CTMC model deriva- 

ion. 320 patients were from Hong Kong and 251 were from Sin- 

apore. The median age was 59 (Interquartile range [IQR] 52-63) 

ears and 68 • 5% of patients are male. The most common reason 
3 
or transplant was decompensated liver cirrhosis, followed by HCC. 

lightly less than a fifth (17 • 5%) of patients had either ACLF or ALF

t the time of listing. The median MELD at listing was 16 (IQR 11- 

4) ( Table 1 ). 

One quarter (24 • 6%) of patients developed liver decompensation 

hile on the transplant waitlist and 3 • 7% developed incident HCC. 

f the patients who did not have ALF or ACLF at the time of listing,

 • 4% developed ACLF while on the transplant waitlist. More than 

our-fifths (82 • 8%) of patients were alive at the time of the last 

ollow-up. Median follow-up time from time of entrance into the 

T waitlist was 31 • 6 months, (IQR 16 • 0-44 • 5 months) ( Table 2 ). 

Of the 571 patients, more than half (57 • 6%) of the patients un- 

erwent LT. Of those who underwent LT, 152 (46 • 2%) patients un- 

erwent LDLT and 177(53 • 8%) underwent DDLT. Of the patients 

ho received LT, the median time to LT was 48 (IQR 7-179) days. 

4 of the 571 (14 • 7%) patients died while waiting for a LT and

early a third (181/571, 31 • 7%) were delisted permanently from 

he liver transplant waitlist. Among the dropouts from the waitlist, 

5 (24 • 9%) dropped out due to HCC progression. During a median 

ollow-up time of 31 • 6 months, 17 • 2% of the patients died. Of the

atients who died while awaiting a LT, median survival time was 

01 (IQR 17 • 25-314 • 75) days ( Table 2 ). 

.2. Predicted outcomes 

.2.1. Complete cessation of LT 

When complete cessation of LT activities was compared with 

o restriction to LT, the 1-year projected overall survival (OS) de- 

reased by 3 • 6%, 10 • 51%, 19 • 21% and 25 • 22% for a 1-, 3-, 6- and

2-month disruption respectively ( Figures 2 a, 3a ). The effect of 

his scenario was even greater on 2-year OS (4 • 1%, 12 • 55%, 23 • 43%,

9 • 71% for 1-, 3-, 6- and 12-months disruption respectively). The 

ncrease in incidence of ACLF at 1-year was 17 • 6%, 49 • 1%, 95 • 5%,

nd 130 • 6% for a 1-, 3-, 6- and 12-month disruption respectively 

 Figures 2 b, 3b ). HCC dropouts at 1-year increased substantially by 

1 • 8%, 107 • 96%, 176 • 06% and 291 • 00% for a 1-, 3-, 6- and 12-month

isruption respectively. ( Figures 2 c, 3c ) 
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Figure 1. Simulation of the Transition States where 0-15 represented: 0: decompensated cirrhosis without HCC, 1: HCC without decompensated cirrhosis, 2: acute liver 

failure or acute on chronic liver failure, 3: decompensated cirrhosis with HCC, 4: decompensated cirrhosis with ACLF but without HCC, 5: decompensated cirrhosis with 

HCC and ACLF, 6: too sick for transplant in a decompensated cirrhotic, 7: HCC that progressed out of criteria, 8: ALF or ACLF that was deemed too sick for transplant, 9: 

decompensated cirrhosis with HCC that was too sick for transplant, 10: decompensated cirrhosis with ACLF deemed too sick for transplant with no HCC, 11: decompensated 

cirrhosis with ACLF and HCC deemed too sick for transplant, 12: recovered without transplant, 13: well following LDLT, 14: well following DDLT and 15: Death • Abbreviations: 

ALF, acute liver failure; ACLF, acute-on-chronic liver failure; HCC, hepatocellular carcinoma, LDLT, living donor liver transplant; DDLT, deceased donor liver transplant. 

Table 2 

Events and outcomes of the derivation cohort while on LT waitlist, stratified by country/region 

Overall Singapore Hong Kong P ∗

(n = 571) (n = 251) (n = 320) 

Events while on LT waitlist 

Liver Decompensation (%) 86 (24 • 6) 14 (13 • 7) 72 ( 29 • 0) 0 • 004 

Developed HCC (%) 14 (3 • 7) 7 ( 5 • 5) 7 ( 2 • 8) 0 • 315 

Developed ACLF (%) 16 (3 • 4) 6 ( 2 • 7) 10 ( 4 • 0) 0 • 619 

Transplant (%) 0 • 005 

No 242 (42 • 4) 122 (48 • 6) 120 ( 37 • 5) 

LDLT 152 (26 • 6) 68 (27 • 1) 84 ( 26 • 2) 

DDLT 177 (31 • 0) 61 (24 • 3) 116 ( 36 • 2) 

Time to transplant (days) 48 [7 • 0, 178 • 0] 92 • 5[38 • 5, 289 • 5] 21[3, 118] < 0 • 001 

Follow-up time (months) 31 • 6(16 • 0, 44 • 5) 27 • 9 [15 • 6, 42 • 7] 34 • 0(16 • 5, 45 • 9) 0 • 036 

Death (%) 94 (17 • 2) 53 (23 • 3) 41 ( 12 • 8) 0 • 011 

No LT 84/242(34 • 7) 43/122 (35 • 2) 41/120 (34 • 1) 

LDLT 7/152(4 • 6) 7/68(10 • 3) 0/84(0) 

DDLT 3/177(1 • 69) 3/61 (4 • 9) 0/116 (0) 

Dropout (%) 181 (31 • 7) 92 (36 • 7) 89 (27 • 8) < 0 • 031 

Survival time in non transplanted non-survivors (days) (median [IQR]) 101 [17 • 25, 314 • 75] 111 [18, 361] 100 [10 • 50, 219 • 75] 0 • 188 

Abbreviations: IQR, interquartile range; LT, liver transplant; HCC, hepatocellular carcinoma; ACLF, acute-on-chronic liver failure; LDLT, living donor liver trans- 

plant; DDLT, deceased donor liver transplant • 
∗comparison between Singapore and Hong Kong. 

4 



E.X.-X. Tan, W.L. Quek, Suryadi et al. The Lancet Regional Health - Western Pacific 16 (2021) 100262 

Figure 2. Projected survival of waitlisted patients, incidence of ACLF, and proportion of permanent waitlist dropout in HCC patients. The respective scenarios were 

projected for one-month, three-months, six-months and twelve-months • Figure 2 a Projected survival of waitlisted patients, by scenario, plotted by mean ± standard de- 

viation • Figure 2 b Projected ACLF development, by scenario, plotted by mean ± standard deviation • Figure 2 c Projected rate of HCC progression beyond UCSF criteria, by 

scenario, plotted by mean ± standard deviation. Abbreviations: ACLF, acute-on-chronic liver failure; UCSF, University of California San Francisco; LT, liver transplant; DDLT, 

deceased donor liver transplant; LDLT, living donor liver transplant; 
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.2.2. Only urgent LT (both DDLT and LDLT) 

When only urgent LT was allowed to take place, the 1-year 

rojected OS decreased by 3 • 1%, 8 • 41%, 15 • 20%, and 20 • 09%, for a

-, 3-, 6- and 12-month disruption respectively ( Figures 2 a, 3a ). 

-year OS reduced by 3 • 7%, 10 • 24%, 19 • 00% and 24 • 48% respec-

ively for a 1-, 3-, 6- and 12-months disruption. With regard to 

-year incidence of ACLF on the waitlist, there was a projected 

ncrease of 18 • 0%, 50 • 2%, 98 • 5% and 133 • 4% for a 1-, 3-, 6- and

2-month disruption respectively. In comparison, the 2-year inci- 

ence of ACLF on the waitlist increased by 15 • 3%, 55 • 0%, 98.0%

nd 155 • 2% for a 1-, 3-, 6- and 12-month disruption respectively. 

 Figures 2 b, 3b ). The projected incidence of waitlist dropout for 

 1-, 3-, 6- and 12-month disruption in HCC patients increased 

y 30 • 8%, 105 • 76%, 170 • 02% and 296 • 36% (by 1 year) and 22 • 6%,

1 • 31%, 103 • 69%, 174 • 65% (by 2 years) respectively ( Figures 2 c, 3c ).

.2.3. Only DDLT 

When only DDLT was allowed to take place, the 1-year pro- 

ected OS decreased by 1 • 9%, 6 • 30%, 10 • 79% and 13 • 63% for a

-, 3-, 6- and 12-month disruption respectively ( Figures 2 a, 3a ). 

-year projected OS were similarly reduced, at 2 • 4%, 7 • 70%, 14 • 09%

nd 17 • 40 for a 1-, 3-, 6- and 12-month disruption respectively. 

here was a projected increase in ACLF incidence for a 1-, 3- 

 6- and 12-month disruption was 13%, 26 • 1%, 48 • 3% and 67 • 7%
5 
by 1-year) and 7%, 23 • 7%, 44 • 1%, 74 • 6% (by 2-years) respec-

ively ( Figures 2 b, 3b ). The estimated 1-year incidence of waitlist 

ropout among HCC patients increased by 29 • 0%, 93 • 91%, 147 • 22%

nd 256 • 68% for a 1-, 3-, 6- and 12-month disruption respectively. 

t 2-years, the corresponding increase in waitlist dropout among 

CC patients was 14 • 8%, 56 • 08%, 90 • 06% and 144 • 48% ( Figures 2 c,

c ). 

.2.4. Only DDLT and urgent LDLT 

When only DDLT and urgent LDLT was compared with no re- 

triction to LT, the 1-year projected OS decreased by 1 • 2%, 5 • 1%,

 • 85% and 11 • 48% for a 1-, 3-, 6- and 12-month disruption respec-

ively ( Figures 2 a, 3a ). The effect of this scenario was even greater

n estimated reduction in 2-year OS (1 • 8%, 6 • 6%, 12 • 06%, 15 • 03%

or 1-, 3-, 6- and 12-month disruption respectively). With regard 

o the 1-year incidence of ACLF on the waitlist, there was a pro- 

ected increase of 13%, 28 • 5%, 49 • 7% and 71 • 7% for a 1-, 3-, 6- and

2-month disruption respectively ( Figures 2 b, 3b ). At 2-years, this 

as 6%, 23 • 0%, 49 • 3% and 79 • 8%. Similarly, the projected waitlist

ropout among HCC patients for a 1-, 3-, 6- and 12-month dis- 

uption increased by 27 • 1%, 93 • 55%, 148 • 95% and 251 • 10% (by 1-

ear) and 19 • 4%, 58 • 68%, 88 • 5%, 140 • 16% (by 2-years) respectively.

 Figures 2 c, 3c ) 
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Figure 3a. Percentage change in projected survival in the respective scenarios versus no restriction to LT. Abbreviations: LT, liver transplant; LDLT, living donor liver 

transplant; DDLT, deceased donor liver transplant. b. Percentage change in ACLF incidence in the respective scenarios versus no restriction to LT . Abbreviations: LT, liver 

transplant; ACLF, acute-on-chronic liver failure; LDLT, living donor liver transplant; DDLT, deceased donor liver transplant. 
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. Discussion 

Using a continuous time Markov chains method, we projected 

S, incidence of ACLF and waitlist dropout among HCC patients 

n LT waitlisted individuals in two countries/regions. Five differ- 

nt scenarios of varying durations were projected on waitlisted pa- 
6 
ients. We found that disruption to LT, especially beyond a month, 

esulted in substantial reduction in both short and long-term sur- 

ival, as well as increases in ACLF incidence and waitlist dropout 

n HCC patients. Allowing DDLT, with or without urgent LDLT, re- 

ulted in substantially improved projected survival than allowing 

nly urgent LT (both DDLT and LDLT). For example, a 6-month 
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Figure 3c. Percentage change in proportion of waitlist dropout among HCC patients in the respective scenarios versus no restriction to LT. Abbreviations: LT: liver 

transplant, HCC: hepatocellular carcinoma, LDLT: living donor liver transplant, DDLT: deceased donor liver transplant. 
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isruption allowing only DDLT resulted in a projected reduction 

f 10 • 79% and 14 • 09% in 1- and 2-year OS, while a 6-month dis-

uption allowing only urgent LT resulted in a projected reduction 

f 15 • 20% and 19 • 00% in 1- and 2-year OS. Although non-urgent

T candidates may look clinically well, restrictions on performing 

on-urgent LT cases result in poorer outcomes for these patients 

n the short- and long-term. 

In some centres, the LT activities were limited to those who had 

rgent indications, such as those with ALF and ACLF, with the as- 

umption that this would result in substantially better outcomes 

ersus no LT. However, our results demonstrate that complete ces- 

ation of LT had similar outcomes to allowing only urgent LT. A 

-month partial disruption allowing only urgent LT resulted in a 

rojected reduction of 8 • 4% in the projected 1-year OS compared 

o 10 • 5% reduction when the LT service was completely withheld. 

he minimal differences between these two scenarios were likely 

 reflection of the relative scarcity of ALF/ACLF cases, with “non- 

rgent” LT cases forming the bulk of the waitlist. Therefore, limit- 

ng LT to only urgent cases results in minimal improvement to the 

S of the waitlisted cohort versus complete cessation of LT. 

When disruptions lasted for only a month, the projected differ- 

nces in OS among all scenarios were minimal. For example, when 

ll five scenarios were simulated for one month, the reduction in 

-year OS was less than 5% across all scenarios. However, when 

hese disruptions continued for three months, the extent of disrup- 

ion substantially impacted clinical outcomes. For example, limit- 

ng LT to only DDLT cases for three months resulted in a greater 

dverse impact on outcomes (6 • 30% reduction in OS; 26 • 1% in-

rease in ACLF incidence, 93 • 91% increase in HCC dropouts at one 

ear) versus a 1-month complete cessation in LT activities (3 • 6% 

ecrease in OS; 17 • 6% increase in ACLF incidence; 31 • 8% increase

n HCC dropouts at 1-year). 
7 
We recognize that resuming non-urgent LTs may not be fully 

ithin the control of the individual transplant unit due to the pres- 

nce of other competing factors such as risks of infection, health- 

are staffing and the availability of intensive care unit beds. Nev- 

rtheless, policies that result in disruption of LT activities need to 

e revisited frequently in accordance with the local situation and 

ifted immediately once feasible. Heightened surveillance measures 

or may also aid in ensuring lowest COVID-19 infection in LT recipi- 

nts [28] . Our findings suggest that short and wide-ranging restric- 

ions to LT activities result in better survival, lower ACLF incidence 

nd a lower proportion of HCC dropouts compared to longer par- 

ial restrictions to LT. Our findings provide useful guidance for LT 

nits navigating the peaks and troughs of COVID-19 surges. Once 

he peak of the COVID-19 wave has passed, at the very least, DDLT 

hould be resumed as soon as possible. 

Furthermore, disrupting LT activities resulted in a substantially 

ncreased projected proportion of patients with HCC who were 

elisted from the LT waitlist. Even with a 1-month disruption to 

T, regardless of the scenario, the proportion of HCC patients being 

elisted at 1-year increased by 27-32%. These estimates further in- 

reased to 94-108% with a 3-month disruption. When HCC patients 

re delisted, curative options are limited and prognosis is guarded. 

Recently, de Jonge and colleagues described the impact of 

he COVID-19 pandemic on colorectal screening programmes and 

emonstrated that immediate catch-up colorectal screenings could 

id in minimising colorectal cancer deaths due to disruption [29] . 

owever, unlike other forms of procedures or elective surgeries, it 

s extremely difficult to play “catch-up” for waitlisted patients, due 

o the unpredictable donor supply and logistic constraints includ- 

ng operating theatres and intensive care unit space, especially dur- 

ng a pandemic with no clear end in sight [30] . Furthermore, our 

entres and others [31-33] have demonstrated that both DDLT and 
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DLT services can be safely resumed, provided that adequate donor 

nd recipient infection control measures are implemented. 

Our study is not without its limitations. Firstly, this study was 

onducted in two Asian countries/regions, therefore its validity in 

ther LT centres such as in the United States or Europe is un- 

lear. Secondly, nearly half of the patients who underwent LT in 

he study cohort underwent a LDLT; therefore, our findings may 

ot be applicable to centres that do not perform LDLT. Neverthe- 

ess, we feel that the findings of our study serve as a useful guide 

or healthcare providers and policy makers globally to manage lim- 

ted resources during the peak periods of this pandemic. 

. Conclusion 

Disruption to LT beyond a month substantially affects both 

hort- and long-term survival, increases ACLF incidence and results 

n a high proportion of HCC patients dropping out from the wait- 

ist. A short and wide-ranging disruption to LT activities results in 

 lower impact on survival, ACLF and HCC dropouts compared to a 

rawn-out (three months or more) partial restriction. After a dis- 

uption, we suggest that DDLT should be resumed as soon as pos- 

ible to prevent deaths and HCC dropouts. Of note, resuming ur- 

ent LDLT has a lower impact on outcomes. Our study provides 

seful guidance for policy makers and healthcare providers to bal- 

nce limited resources and impact on LT waitlisted patients during 

his prolonged pandemic. 

Editor note: The Lancet Group takes a neutral position with re- 

pect to territorial claims in published maps and institutional affil- 

ations. 
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