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ABSTRACT

Background: The use of transarterial chemoembolisation (TACE) in hepatocellular carcinoma (HCC) patients
awaiting liver transplantation is widespread, despite a lack of evidence that it improves oncological outcomes,
and amid concerns that it may increase the risk of post-transplant complications. In this study, the impact of TACE

on post-transplant outcomes in the UK were evaluated between 2006 and 2016.

Methods: HCC recipients of a liver transplant were identified and stratified according to whether they had
received TACE. Cox regression methods were used to estimate hazard ratios (HR) for post-transplant mortality

and graft failure adjusted for donor and recipient characteristics.

Results: 968 patients were included with 385 (39.8%) having received TACE. 5-year post-transplant patient
survival was 75.2% (95%Cl: 68.8% to 80.5%) with TACE and 75.0% (70.5% to 78.8%) without TACE. With
adjustment for donor and recipient characteristics, no statistically significant differences in mortality (HR: 0.96,
0.67 to 1.38; p=0.82) or graft failure (HR: 1.01, 0.73 to 1.40; p=0.96) were identified. The impact of TACE did not
differ according to the number of TACE treatments (=2 TACE treatments HR: 0.97, 0.61 to 1.55; p=0.90) or the
time-period after transplantation (patient mortality before and after 90 days; p=0.29). The incidence of hepatic
artery thrombosis was low both in those who had and had not received TACE (1.3% and 2.5%, respectively;

p=0.23).

Conclusion: The use of TACE in about 40% of HCC patients before they received a liver transplant in England

did not significantly affect the risk of post-transplant complications, patient mortality or graft failure.



INTRODUCTION

In many countries, the number of patients with hepatocellular carcinoma (HCC) who are candidates for a liver
transplant has significantly increased.! This has put pressure on liver transplant waiting lists with many listed
patients in danger of having to wait longer to receive a transplant, especially in countries where there is a chronic
shortage of donor livers.2In response, more HCC patients on the liver transplant waiting list are now receiving
transarterial chemoembolisation (TACE) to minimise the growth of their tumour and prevent their disease

progressing beyond transplantable criteria.!

TACE, a form of locoregional therapy (LRT), is an angiographic procedure that involves the local administration of
chemotherapeutic agents into the hepatic artery followed by the embolisation and subsequent blockade of the
arterial branch(s) that are supplying the targeted HCC nodules.? The procedure can induce decompensation of
the cirrhotic liver and can also cause damage to the inner lining or the intima of the hepatic artery, potentially
increasing the risk of hepatic artery thrombosis (HAT).3-> A recent systematic review representing 1 122 patients
from 14 retrospective studies, found that TACE increased the overall risk of hepatic artery complications after

liver transplantation.®

So far, there is no evidence that the use of TACE in HCC patients on the waiting list for transplantation has an
impact on post-transplant survival. Analyses of the US Multicenter HCC Transplant Consortium (UMHTC)
database, including 3601 transplantations carried out between 2002 and 2013, and the European Liver Transplant
Registry (ELTR), including 4978 transplantations between 1990 to 2016 found no statistically significant effect of
TACE.®7 However, both the US and European studies represent a selected group of patients with the UMHTC
database containing only 20 out of the 144 registered liver transplant centres in the US and the ELTR containing
information on LRT for only one fifth of all HCC recipients in Europe.®7 Also, the use of TACE was relatively high

with 79% of the US patients and 72% of the European patients receiving TACE before transplantation.

Since 2017, formal allocation policies in the UK recommend the use of TACE and other LRTs in all HCC patients
who are predicted to wait 6 months or more to receive a liver transplant.8 The impact of TACE on post-
transplant survival is likely to depend on the specific patient selection and organ allocation policies that are being
followed in a particular country.! Until 2018, the selection of HCC patients for transplantation in the UK mainly
followed the Milan criteria defining the maximum number and size of the tumours in the liver and donor organs
were being allocated to patients on the waiting list according to a modified Model for End-stage liver disease
(MELD) score.® In 2018, a national selection and allocation policy was introduced in the UK that also takes

account of the primary liver disease and AFP levels and number and size of tumours in HCC patients. °

A cohort based study of the impact of TACE on post-transplant outcomes of HCC recipients was carried out using
complete national data from the Standard National Liver Transplant Registry, including all patients who had a
liver transplantation in England in the period from 2006 to 2016, linked at patient level with administrative data

of all hospital admissions in the English National Health Services (NHS). This fully representative cohort with

3



highly complete follow-up was used to compare post-transplant complications (HAT, biliary tract leak and biliary
tract stricture), mortality and graft failure between HCC patients who received TACE before liver transplant and
those who did not. This included a comparison of causes of death between the two groups, including death from
recurrence of malignant disease. In a further step, the extent to which the impact of TACE on patient mortality
and graft failure differed according to time after transplantation (before and after 90 days) was also explored in

order to examine the effect of TACE on surgical complications and cancer recurrence separately.



PATIENTS AND METHODS

Standard National Liver Transplant Registry

The Standard National Liver Transplant Registry contains information about all liver transplants carried out in
all six liver transplant centers in England. It is managed by National Health Service Blood and Transplant.!! This
registry was used to identify HCC recipients of a liver transplant and to capture information on donor and
recipient characteristics, including tumour characteristics at the time of registration on the waiting list, post-
transplantation outcomes (HAT, biliary tract leak and biliary tract stricture) within 3 months following

transplantation, and date and cause of death.!!

Hospital Episodes Statistics (HES) database

The HES database is an administrative dataset capturing records of all admissions to English NHS hospitals.® Each
HES record can contain up to 20 diagnoses using codes based on the 10t revision of the International
Classification of Disease (ICD-10) and up to 24 operations and procedures using codes from the Office of
Population, Census and Surveys Classification of Surgical Operations and Procedures (OPCS-4).12 The linked HES
records provided information on patients who have received TACE (OPCS-4 codes J101, J103, J108 and J109) and
on the patients’ socioeconomic status based on the area-based Index of Multiple Deprivation (IMD), grouped

according to national quintiles.

Linkage of the national datasets

HES records were linked to patient records from the Standard National Liver Transplant Registry at patient level
using the following identifiers: NHS number (the unique patient identifier used in the NHS), gender, date of birth,
and postcode. The data linkage was performed by NHS Digital who used a hierarchical deterministic linkage
approach following a stepwise approach with increasingly less strict matching criteria.'>3 A previous validation
study of records from the Standard Liver Transplant Registry linked to HES following this approach has shown that

99.3% of linked HES records have at least one diagnosis code relevant to an indication for liver transplantation.!3

Study population

All patients (aged 16 years or older) who had received a liver transplant for HCC between 15t January 2006
and 315t December 2016 were eligible for inclusion. The diagnosis of HCC for each patient was identified
from the three diagnostic fields available in the Standard National Liver Transplant Registry. To limit
heterogeneity of the study cohort, patients who underwent transplantation for types of liver cancer other
than HCC and those who underwent multi-visceral, super-urgent, domino or living-related liver
transplantations were excluded, as well as those who received a liver transplant for other disease
indications including those with acute liver failure. Patients whose survival data was missing were also
excluded (Figure S1) as were listed patients who had received LRTs other than TACE and those who had
received TACE in addition to other LRTs.

Recipients’ lifestyle activity was assessed using a 5-point scale ranging from ‘able to carry out normal
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activity without restriction’ to ‘completely reliant on nursing/medical care’).}* The United Kingdom Model
for End-Stage Liver Disease (UKELD) was used to score the severity of the liver disease.'> Waiting list time was
calculated from the point of registration on the waiting list to the point of transplantation. Values for ethnicity
were grouped into white and non-white groups. Complications following transplantation were recorded at 3
months and included HAT, biliary tract leak and biliary tract stricture. The TACE treatments that were
administered were done so according to previously described protocols.® HCC patients selected to receive TACE
as a bridging therapy were done so based on the decisions of centre-specific multi-disciplinary team meetings.

There was no information in the Standard National Liver Transplant Registry on explant pathology.

A total 1 204 HCC recipients of a liver transplant were identified of which 1 122 (93.2%) were found to have

at least one matched patient record in HES. Each linked HES record was explored to identify patients on the

transplant waiting list who had received a TACE treatment prior to their liver transplant. Listed patients who
had received LRTs other than TACE were excluded as were those who had received TACE in addition to

other LRTs (Figure S1).

Statistical analysis

Donor and recipient characteristics, post-operative complications and cause of death and graft failure were
compared between HCC recipients who had received TACE and those who had not. Chi-squared tests were
used for categorical variables and t-tests for continuous variables. Tumour characteristics at the time of
registration on the waiting list were also compared between TACE and non-TACE cohorts, according to
factors that are predictive of post-transplant survival including size of largest nodule, total number of
tumours, total tumour diameter, radiological evidence of vascular invasion and maximum alpha fetoprotein
level prior to transplantation.'® Published service evaluations by NHS Blood and Transplant (NHSBT) indicate
only a maximum of 8 patients were transplanted following downstaging of their tumour(s) and none before

2015.Y

The Kaplan-Meier method was used to compare post-transplant patient and graft survival, and Z-tests for a
difference in proportions were used to compare post-transplant complications, in liver transplant recipients who
did or did not receive TACE. Follow-up data — including data on mortality, graft failure and post-operative
complications - was available until 14t April 2017. Patients with a functioning graft or alive at their last
follow-up visit were considered to be censored observations. Graft loss was defined as either re-
transplantation or patient death. Differences in patient and graft survival were assessed with the log-rank

test.

Multivariable Cox regression was used to examine the prognostic impact of TACE on patient and graft survival
in the first five years after transplantation. Hazard ratios (HRs) comparing post-transplant outcomes in liver

transplant recipients who did or did not receive TACE were estimated with and without adjustment for



donor and recipient characteristics.

Interaction terms in the Cox regression model were included to assess whether the prognostic impact of
TACE varied according to time after transplantation (before and after 90 days) or according to donor type
(DCD vs DBD). A period of 90 days after transplantation was chosen as mortality in this period is likely to reflect
the occurrence of surgical complication whereas mortality between 90 days and 5 years is more likely to reflect
tumour recurrence, which is an indicator of the ‘curative success’ of cancer treatment.® The significance of

the interaction terms was tested using the Wald test.

All recipient and donor factors included in the regression models were chosen because they were thought
to be clinically plausible risk factors of post-transplant outcomes.'® Missing patient and donor characteristics
were imputed using chained equations creating ten complete datasets.?° The Cox regression results for each

of these datasets were pooled using Rubin’s rules.2°

Stata V15 (StataCorp, College Station, Texas, USA) was used for all statistical analyses. A p-value < 0.05 was

considered significant for each statistical analysis.



RESULTS

A total of 968 HCC recipients between 2006 and 2016 were included in the study, of which 385 patients
(39.8%) received TACE before transplant and 583 (60.2%) did not. 166 HCC patients (17.2%) had more than
one treatment of TACE. The use of TACE as a bridging therapy increased from 29.8% (139/467) between
2006 and 2010 to 49.1% (246/501) between 2011 and 2016. At the time of registration on the waiting list,
patients who did receive TACE were more likely to have tumour characteristics predictive of poorer
outcomes but these differences were not statistically significant (Table 1). Patients receiving TACE were
also more physically active, had better liver function, and were less likely to show signs of end-stage liver
disease. In addition, patients who received TACE were on average 156 days on the waiting list for liver
transplantation whereas the corresponding figure was 100 days in patients who did not receive TACE. The
median time from TACE to transplantation was 154 days (IQR 72 — 278 days) and 62.3% (240/385) of these
patients had TACE prior to being registered on the waiting list. There were only small differences in the
characteristics of HCC recipients whose transplant records could and those whose records could not

be linked to records from HES (Table S1).

There were no statistically significant differences between TACE and non-TACE recipients in the occurrence
of HAT at 3 months (1.3% (5/385) and 2.4% (14/583), respectively, p=0.23, Table 3), biliary tract stricture
(4.7% (18/385) and 3.6% (21/583), p=0.41) or biliary tract leak (5.7% (22/385) and 4.3% (25/583), p=0.31).

No statistically significant differences in the 5-year patient survival of patients who received TACE (75.2%,
95%Cl: 68.8% to 80.5%) compared to those who did not were found (75.0%, 95%Cl: 70.5% to 78.8%; HR:
0.93, 95%Cl: 0.69 to 1.27; p=0.66; Figure 1 and Table 2). Neither were there statistically significant
differences in 5-year graft survival (71.3%, 95%Cl 64-9% to 76:8% and 71-1%, 95%Cl 66-6% to 75:1%,
respectively; HR: 0.95, 95%Cl: 0.72-1.25; p=0-60; Figure 1 and Table 2). Adjustment for both patient and
recipient characteristics had little impact on these comparisons. The impact of TACE on patient mortality
and did not increase with the number of received treatments (2 TACE treatments HR: 0.97, 0.61 to 1.55;

p=0.90) and neither was there an impact on graft failure (HR: 1.02, 0.66 to 1.56; p=0.67, Table S2).

The impact of TACE on post-transplant mortality was also found not to differ before (HR: 0.69, 95%Cl: 0.34-
1.41) or after 90 days (HR: 1.04, 95%Cl: 0.71-1.54; p=0.29; Table S3) nor did it differ for graft survival before
90 days (HR: 0.92, 95%Cl: 0.55-1.55) and after (HR: 1.05, 95%Cl: 0.75-1.52, p =0.67). There was also no
evidence suggest that the impact of TACE on post-transplant outcomes was affected by whether DBD or

DBD livers were used (Table S4).

The biggest difference in the causes of death between TACE and non-TACE patients was the recurrence of
malignant disease in patients who died between 90 days and 5 years after transplantation (Table 4). Of the
52 patients who had TACE and who died in that period, 16 patients (30.8%) had recurrence of malignant

disease as their cause of death compared to 15 of the 90 patients (16.7%) who did not have TACE and who
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died in the same period TACE (p=0.05). In those who lost their graft due to occlusive events (including
vascular occlusion, acute vascular occlusion and non-thrombotic infarction, Table 5), the proportions of
patients who did and did not receive TACE were similar (8.0% (11/137) and 6.7% (5/75), respectively,
p=0.74).



DISCUSSION

Summary of results

About forty percent of HCC patients who received a liver transplant between 2006 to 2016 in England had
received at least one treatment of TACE. Recipients who were treated with TACE were more likely to have
tumour characteristics that are predictive of poorer post-transplantation outcomes but less likely to have signs of
end-stage liver disease. TACE recipients were also more likely to have waited longer for their liver transplant.
There was no evidence that TACE increases the risk of surgical complications including HAT. Treatment with TACE
before transplantation did not affect the risk of post-transplant mortality or graft failure and these results did not

depend on the number of TACE treatments each patient received or on the type of donor organ (DCD or DBD).

Methodological limitations

A key limitation is that information on tumour characteristics at the time of transplantation were not available.
Therefore, the extent to which the tumour characteristics responded to the TACE treatment acts as prognostic
marker for survival following transplantation could not be assessed. Another limitation is that we only included in
our analysis patients who went on to receive a liver transplant. The included cohort may therefore represent a
selective sample of HCC patients who had more favourable tumour biology than those who died before
transplantation and those who were removed from the waiting list due to their tumour progressing beyond

transplantable criteria.

The frequency of HAT and biliary complications following transplantation that we observed in our study may
represent an underestimation of their true frequency.* These post-transplantation complications, although
known to be rare, can be quiescent in their clinical presentation, especially HAT where the rapid development of
collateral circulation can quickly compensate for occlusion of the hepatic artery.?! Therefore, the small number of
these complications that were identified in the Standard National Liver Transplant Registry may have precluded
us from being able to detect significant differences between those receiving TACE and those who did not.

However, we must also state that the frequency of complications that we found is consistent with other studies.

4,5

A final limitation is that we could include only 385 patients who received TACE and it could be argued that our
study was underpowered. However, the 5-year post-transplant survival of patients with and without TACE was
very similar and the results for the different outcomes, including patient mortality, graft failure and post-
transplant complications, were very consistent, which provides further strength to our interpretation that

TACE does not affect post-transplant outcomes.

Comparison with other studies

The results of our national cohort study of HCC patients receiving a liver transplant in England are in line with
those of the two recent multi-centre studies carried out in the US and Europe (albeit we cannot identify from the

European study if any UK liver transplant centres contributed their data for their analysis).®” An important
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difference to note is that with about 40% of HCC recipients having received TACE before transplantation the use
of TACE in England was considerably lower than in the US (79%) and in the European studies (72%) which is likely
to be explained by patients having relatively short waiting list times for liver transplantation in England.®” On
the other hand, there was no evidence in our study of an increase in the occurrence of HAT, biliary tract strictures
or leaks which is in contrast to the recent meta-analysis of the impact of TACE on post-transplant complication

that found evidence of an 1.6-fold increase in the frequency of hepatic artery complications.>

Explanation of results

The characteristics of the HCC recipients who received TACE reflect the current aims of this therapy. TACE was
given to those who had more severe tumour biology, those who were considered at least risk of hepatic and
renal decompensation and to those who had to wait longer to receive a transplant.! It must therefore be
acknowledged that patients selected to receive TACE prior to transplantation are different from those who are
not. Possible residual confounding may explain why a post-transplant survival advantage linked to TACE was not
observed, even with adjustment for recipient and donor characteristics.! Similarly, differences in tumour
characteristics may also explain why in our analysis patients who received TACE more often died from tumour
recurrence. Lastly, TACE itself might also have caused an increase in circulating tumour cells, but it is unlikely

that this has contributed to a higher mortality due to HCC.??

No differences in the incidence of HAT and other potentially TACE-related complications such as biliary strictures
and leaks were identified.?%23 Therefore, TACE either does not confer an increased risk of the early post-
transplantation complications which that are sometimes attributed to surgical technical failure 24 or
improvements in administration of TACE and in surgical technique mean that TACE related intimal injuries,
including odema, aneurysm, fibrosis and thrombosis do not translate into increases in post-operative
complications or early graft failure.?® In this context, it is also important to note that a difference in impact of

TACE on post-transplant outcomes according to whether DBD or DCD had been used was not observed.?

Implications

Our observations in a complete national cohort of HCC patients in England found that from the time of
transplantation, TACE is neither a risk factor for early complications nor a protective factor for longer-term
patient outcomes. These are important findings as it is unlikely that in the future the use of TACE before
transplantation will decline in the UK. It has been shown that under the new national recipient selection and
organ allocation scheme introduced in 2018 patients with HCC who have preserved liver function may have to
wait significantly longer before they receive a liver transplant.?6 Furthermore, our study provides evidence that
the use of TACE in patients on the waiting list for transplantation should not be considered as a contra-indication

for the use of DCD livers.

Between 2006 and 2016, almost 40% of HCC patients who underwent a liver transplantation in England

received at least one treatment of TACE. From the time of transplantation, TACE did not increase the risk of
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HAT and early biliary complications, nor did it affect patient mortality or graft failure. The potential benefit
of the use of TACE is restricted to its impact on tumour growth and prevention of their disease progressing

beyond transplantable criteria in HCC patients while waiting for a liver transplant.

Acknowledgements

The authors would like to thank all liver transplant centres for providing data to the Standard National Liver
Transplant Registry. We would also like to thank all those involved in collecting and handling liver transplant
data at NHSBT. The UK Liver Transplant Audit is supported by the NHS National Specialised Commissioning Group
and NHS England. DW is funded by a Doctoral Research Fellowship from the National Institute of Health
Research. JvdM is partly supported by the NHS National Institute for Health Research Collaboration for
Leadership in Applied Health Research and Care North Thames at Bart’s Health NHS Trust.

NIHR Statement

This report is independent research arising from a Doctoral Research Fellowship (DRF-2016-09-132) awarded to
David Wallace and supported by the National Institute for Health Research. The views expressed in this
publication are those of the authors and not necessarily those of the NHS, the National Institute for Health

Research, Health Education England or the Department of Health.

Data Statement
The Standard National Liver Transplant Registry is available on request from National Health Service Blood and

Transplant.

Declaration of interests

This report is independent research arising from a Doctoral Research Fellowship (DRF-2016-09-132) awarded to
David Wallace and supported by the National Institute for Health Research. The views expressed in this
publication are those of the authors and not necessarily those of the NHS, the National Institute for Health

Research, Health Education England or the Department of Health.

JvdM reports grants from Healthcare Quality Improvement Partnership during the conduct of the study. All other

authors declare no competing interests.

12



REFERENCE LIST

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

Kulik L, Heimbach JK, Zaiem F, Almasri J, Prokop LJ, Wang Z, et al. Therapies for patients with
hepatocellular carcinoma awaiting liver transplantation: A systematic review and meta-analysis.
Hepatology 2018; 67(1). 381-400.

Bruix J, Gores GJ, Mazzaferro V. Clinical frontiers in hepatocellular carcinoma; Clinical frontiers and
perspectives. Gut 2014; 63(5): 844-855.

Kohla MAS, Zeid MA, Al-Warraky M, Taha H, Gish RG. Predictors of hepatic decompensation after
TACE for hepatocellular carcinoma. BMJ Open Gastroentreol 2015;2(1): doi: 10.1136/bmjgast-2015-

000032

Boteon APCDS, Boteon YL, Vinuela EF, Derosas C, Mergental H, Isaac J, et al. The impact of
transarterial chemoembolzation induced complications on outcomes after liver transplantation: A
propensity-matched study. Clin Transplant 2018;32(5). E13255. Doi: 10.1111/ctr.13255.

Sneiders D, Houwen T, Pengel LHM, Polak WG, Dor FIMF, Hartog. Systematic Review and Meta-
Analysis of Posttransplant Hepatic Artery and Biliary Complications in Patients Treated With
Transarterial Chemoembolization Before Liver Transplantation. Transplantation 2018;102(1):88-96.
Agopian VG, Harlander-Locke MP, Ruiz RM, Klintmalm GB, Senguttuvan S, Florman SS, et al. Impact of
pre-transplant bridging locoregional therapy for patients with hepatocellular carcinoma within Milan
criteria undergoing liver transplantation: Analysis of 3061 patients from the US Multicenter HCC

Transplant Consortium. Ann Surg 2017;266(3):525-535.

Pommergaard HC, Rostved AA, Adam R, Thygesen LC, Salizzoni M, Gomez Bravo MA, et al. Locoregional
treatments before liver transplantation for hepatocellular carcinoma: a study from the European Liver

Transplant Registry. Transpl Int 2018;31(5):531-539.

https://nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/10397/pol195-liver-selection-
policy.pdf. Accessed 7t" January 2019.

Menon KV, Hakeem AR, Heaton ND. Review article: liver transplantation for hepatocellular carcinoma
- a critical appraisal of the current worldwide listing criteria. Aliment Pharmacol Ther 2014;40: 893-902.
https://nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/9439/pol196_5-liver-allocation-
policy.pdf
http://odt.nhs.uk/pdf/advisory_group_papers/LAG/Provision_of_Standard_Data_Set_for_Liver_Trans
plant_v4.pdf. Accessed 15th September 2018.

Tovakkai C, Charman SC, Praseedom RK, Gimson AE, Watson CJ, Copley LP, et al. Linkage of a national
clinical liver transplant database with administrative hospital data: methods and validation.
Transplantation 2014; 98(3):341-7.

https://digital.nhs.uk/services/data-access-request-service-dars. Accessed 30th August 2018.

13


https://dx.doi.org/10.1136%2Fbmjgast-2015-000032
https://dx.doi.org/10.1136%2Fbmjgast-2015-000032
https://nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/10397/pol195-liver-selection-policy.pdf
https://nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/10397/pol195-liver-selection-policy.pdf
http://odt.nhs.uk/pdf/advisory_group_papers/LAG/Provision_of_Standard_Data_Set_for_Liver_Transplant_v4.pdf
http://odt.nhs.uk/pdf/advisory_group_papers/LAG/Provision_of_Standard_Data_Set_for_Liver_Transplant_v4.pdf
https://digital.nhs.uk/services/data-access-request-service-dars

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

Jacob M, Copley LP, Lewsey JD, Gimson A, Rela M, van der Meulen JH; UK and Ireland Liver Transplant
Audit. Functional status of patients before liver transplantation as a predictor of posttransplant
mortality. Transplantation 2005;80(1)52-7.

Barber K, Madden S, Allen J, Collett D, Neuberger J, Gimson A; United Kingdom Liver Transplant
Selection and Allocation Working Party. Elective liver transplant list mortality: development of a United
Kingdom end-stage liver disease score. Transplantation 2011;92(4): 469-76.

Germani G, Gurusamy K, Garcovich M, Toso C, Fede G, Hemming A, et al. Which matters most: Which
matters most: Number of tumors, size of the largest tumor, or total tumor volume? Liver Transpl

2001;17: S58-566.

https://nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/10681/update-on-hcc-downstaging-

v2.pdf. Accessed 30th September 2018.

Measuring the quality of cancer care in UK hospitals. Lancet Oncology 2016; 17(9);1171.
UK and Ireland Liver Transplant Audit in patients who received liver transplant between 1 March 1994
and 1 March 2014: Annual report to the National Specialist Advisory Commissioning Advisory Group,

Department of Health. Clinical Effectiveness Unit, The Royal College of Surgeons of England, 2012.

White I, Royston P, Wood A. Multiple imputation by chained equations: issues and guidance for
practice. Stat Med 2011;30(4): 377-399.

Panaro F, Ramos J, Gallix B, Mercier G, Herrero A, Niampa H, et al. Hepatic artery complications
following liver transplantation. Does preoperative chemoembolization impact the post-operative

course? Clin Transplant 2014;28(5):598-605.

Fang ZT, Zhang W, Wang GZ, Zhou B, Yang GW, Qu et al. Circulating tumour cells in the central and
peripheral venous compartment — assessing hematogenous dissemination after transarterial

chemoembolization of hepatocellular carcinoma. Onco Targets Ther 2014;7:1311-1318.

Lin TS, Chiang YC, Chen CL, Concejero AM, Cheng YF, Wang CC, et al. Intimal dissection of the hepatic
artery following transarterial embolization for hepatocellular carcinoma: an intraoperative problem in

adult living donor liver transplantation. Liver Transpl 2009;15: 1553.

Bekker J, Ploem S, de jong KP. Early hepatic artery thrombosis after transplantation: a systematic review

of the incidence, outcome and risk factors. Am J Transplant 2009;9: 746-757.

O,Neill S, Roebuck A, Khoo E, Wigmore SJ, Harrison EM. A meta-analysis and meta-regression of
outcomes including biliary complications in donation after cardiac death liver transplantation. Transpl

Int 2014;27(11):1159-74.

http://odt.nhs.uk/pdf/advisory_group_papers/LAG/Allocation_System.pdf. Accessed 30th September
2018.

14


https://www.ncbi.nlm.nih.gov/pubmed/?term=Jacob%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16003233
https://www.ncbi.nlm.nih.gov/pubmed/?term=Copley%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=16003233
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lewsey%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=16003233
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gimson%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16003233
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rela%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16003233
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20der%20Meulen%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=16003233
https://www.ncbi.nlm.nih.gov/pubmed/?term=UK%20and%20Ireland%20Liver%20Transplant%20Audit%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=UK%20and%20Ireland%20Liver%20Transplant%20Audit%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barber%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21775931
https://www.ncbi.nlm.nih.gov/pubmed/?term=Madden%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21775931
https://www.ncbi.nlm.nih.gov/pubmed/?term=Allen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21775931
https://www.ncbi.nlm.nih.gov/pubmed/?term=Collett%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21775931
https://www.ncbi.nlm.nih.gov/pubmed/?term=Neuberger%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21775931
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gimson%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21775931
https://www.ncbi.nlm.nih.gov/pubmed/?term=United%20Kingdom%20Liver%20Transplant%20Selection%20and%20Allocation%20Working%20Party%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=United%20Kingdom%20Liver%20Transplant%20Selection%20and%20Allocation%20Working%20Party%5BCorporate%20Author%5D
https://nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/10681/update-on-hcc-downstaging-v2.pdf
https://nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/10681/update-on-hcc-downstaging-v2.pdf
http://odt.nhs.uk/pdf/advisory_group_papers/LAG/Allocation_System.pdf

FIGURE LEGENDS

Figure 1: Five-year patient and graft survival stratified by TACE status 2006-2016 (n=968).
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TABLES

Table 1: Donor and recipient characteristics in patients undergoing liver transplantation for HCC stratified by
pre-transplantation use of TACE (n=968).

Indication group TACE No TACE
N=385 N=583

DONOR % /N % /N Missing values p-value
Sex Female 41.3% (159) 41.0% (239) 0 0.93
Cause of death Trauma 9.9% (38) 10.5% (61) 0 0.96
Donor Type DCD 28.6% (110) 31.9% (186) 0 0.27
ABO Match Identical 98.2% (378) 98.5% (574) 0 0.47
Graft Type Segmental 6.2% (24) 5.8% (34) 0 0.80
Organ appearance Abnormal 28.0% (85) 35.0% (171) 176 0.04
Steatosis Presence 47.9% (182) 46.0% (265) 12 0.57
Capsular damage Presence 15.3% (58) 15.1% (87) 13 0.93
Age (years) Mean (SD) 49.2 (16.3) 48.2 (15.7) 0 0.32
Donor BMI, kg/m? Mean (SD) 26.4 (4.6) 26.6 (5.2) 3 0.67
Cold Ischaemic Time (mins) Mean (SD) 504.3 (164.7) 503.3 (162.9) 80 0.93
RECPIENT
Sex Female 16.6% (64) 19.9% (116) 0 0.20
Age (years) Mean (SD) 58.1(7.3) 56.8 (8.5) 0 0.01
Ethnicity Non-White 20.3% (78) 16.1% (94) 0 0.10
IMD quintiles Most deprived 12.0% (45) 19.7% (102) 81 0.003
Tumor Characteristics Max tumour >3cm 11.1% (37) 9.5% (39) 227 0.47

Total tumour 2.7% (9) 1.7% (7) 227 0.35

diameter >5cm

>1 nodule 33.4% (115) 31.7% (131) 211 0.62

Radiological 3.0% (10) 2.8% (11)

evidence of vascular 232 0.9

invasion

AFP level (ng/mL) 85.9 (295) 88.1(337.5) 279 0.93
Blood group A 40.3% (155) 47.7% (278) 0 0.15

AB 5.2% (20) 4.8% (28)

B 11.4% (44) 10.6% (62)

0 43.1% (166) 36.9% (215)
Era of Transplantation 2006-2010 36.1% (139) 56.3% (328)

2011-2016 63.9% (246) 43.7% (255) 0 <0.001
HCV status Positive 49.6% (180) 37.3% (201) 66 <0.001
Diabetes Positive 31.84 (111) 31.1% (156) 112 0.93
Cirrhosis Positive 94.0% (362) 91.4% (533) 0 0.13
Pre-transplant in patient status Inpatient 2.6% (10) 7.2% (42) 0 0.002
Pre-transplant renal support Presence 2.6% (10) 4.7% (27) 3 0.11
Previous abdominal surgery Presence 4.9% (19) 6.5% (38) 2 0.30
Ascites Presence 18.4% (71) 41.0% (238) 2 <0.001
Encephalopathy Presence 7.9% (30) 20.6% (120) 4 <0.001
Varices Presence 11.7% (45) 23.7% (138) 9 <0.001
Functional status Restricted 47.2% (179) 39.5% (227) 14 <0.001
BMI, Kg/m2 Mean (SD) 28.2 (4.6) 27.9 (4.9) 3 0.46
Creatinine Mean (SD) 80.9 (28.5) 86.5(29.9) 0 0.46
UKELD Mean (SD) 49.7 (4.0) 52.4(5.4) 13 <0.001
Days on waiting list Mean (SD) 156.6 (155) 100.0 (117) 0 <0.001
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Table 2: Impact of TACE on 5-year patient and graft survival (n=968).
TACE compared to no TACE

Hazard ratio (95% CI)

Post-transplant survival Patient Survival Graft Survival

Unadjusted analysis 0-93 (0-69-1-27) 0:95 (0-72-1-25)

Adjusted for recipient characteristics only** 0-93 (0-66-1-31) 0-96 (0-70-1-48)
0.96 (0.67-1.38) 1.01 (0.73-1.40)

Adjusted recipient and donor characteristics**

*Adjusted for a) Recipient characteristics; sex, age, ethnicity, socioeconomic status, size of maximum tumour, total tumour diameter,
number of tumours, AFP level, vascular invasion, diabetes, HCV status, pre-transplant inpatient status, presence of cirrhosis, ascites,
encephalopathy, pre-transplant renal support, previous abdominal surgery, presence of varices, functional status, bmi, UKELD, waiting list

time and era of transplantation.
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Table 3: Post-operative complications recorded at 3-months (n=968).

Complication TACE vs No TACE Number of treatments of TACE Time from TACE to Transplantation
(n=968) (n=385) (n=385)
TACE No TACE P-value 1 >2 P-value <3 >3 P-value
treatment  treatments months months
Hepatic artery thrombosis 1.3% (5) 2.4% (14) | 0.23 1.8% (4) 0.6% (1) 0.30 1.6% (2) 1.2% (3) 0.69
Biliary tract stricture 4.7% (18) 3.6%(21) | 0.41 4.6% (10) 4.8% (8) 0.91 4.9% (6) 4.6% (12) 0.88
Biliary tract leak 5.7%(22) 4.3%(25) | 0.31 5.9% (13)  5.4% (9) 0.83 6.6% (8) 5.3%(14) | 0.63
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Table 4: Cause of death following liver transplantation for HCC patients in two separate epochs of follow-up
time and stratified by pre-transplantation use of TACE (n=180).

Cause of Death Overall 0-90 days 90 days — 60 months
TACE No TACE p-value TACE No TACE p-value TACE No TACE p-value
(n=65) (n=115) (n=13) (n=25) (n=52) (n=90)

Recurrence of 24.7% (16) 13.0% (15) 0.10 0.0% (0) 0.0% (0) N/A 30.8% 16.7% (15) 0.12

disease — (16)

malignant

Malignancy — 13.9% (9) 20.0% (23) | 0.38 0.0% (0) | 4.0% (1) 0.47 17.3% (9) | 24.4% (22) | 0.42

other*!

Graft failure 1.5% (1) 1.7% (2) 0.92 0.0% (0) 4.0% (1) 0.47 1.9% (1) 1.1% (1) 0.70

Sepsis 27.7% (18) 29.5% (34) 0.84 61.5% (8) | 52.0% (13) 0.77 19.2% 23.4% (21) 0.65

(10)

Single organ 9.2% (6) 13.9% (16) | 0.41 7.7% (1) | 12.0% (3) 0.71 9.6% (5) | 14.4%(13) | 0.46

failure*?

Haemorrhage 0.0% (0) 4.4% (5) 0.10 0.0% (0) 16.0% (4) 0.16 0.0% (0) 1.1% (1) 0.45

CVA 1.5% (1) 0.9% (1) 0.68 0.0% (0) 4.0% (1) 0.47 1.9% (1) 0.0% (0) 0.19

Other*3 16.9% (11) 9.6% (11) 0.20 30.8% (4) | 8.0%(2) 0.13 13.5% (7) | 10.0% (9) <0.001

Unknown 4.6% (3) 7.0% (8) 0.55 0.0% (0) 0.0% (0) N/A 5.8% (3) 8.9% (8) 0.53

*1Includes both lymphoid and non-lymphoid malignant disease
*2Single organ failure ’includes death from pulmonary, renal, cardiac, hepatic and gastrointestinal failure.

*3 Other includes causes of death from hemorrhage, cerebrovascular accident and benign recurrence of disease.
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Table 5: Cause of graft failure following liver transplantation for HCC patients in two separate epochs of
follow-up time and stratified by pre-transplantation use of TACE (n=212).

Cause of Graft Overall 0-90 days 90 days — 60 months
Failure
TACE No TACE p-value TACE No TACE p-value TACE No TACE p-value
(n=75) (n=137) (n=24) (n=43) (n=51) (n=94)
Acute rejection 1.3% (1) 0.0% (0) 0.18 4.2% (1) 0.0% (0) 0.19 0.0% (0) 0.0% (0) N/A
Chronic rejection 2.7% (2) 4.4% (6) 0.55 0.0% (0) 2.3% (1) 0.46 3.9% (2) 5.3% (5) 0.72
PNF 12.0% (9) 8.8% (12) 0.50 37.5%(9) | 27.9% (12) 0.56 0.0% (0) 0.0% (0) N/A
Acute vascular 5.3% (4) 4.3% (6) 0.77 8.3% (2) 14.0% (6) 0.54 3.9% (2) 0.0% (0) 0.06
Occlusion
Vascular 0.0% (0) 1.5% (2) 0.30 0.0% (0) 0.0% (0) N/A 0.0% (0) 2.1% (2) 0.30
Occlusion
Non-thrombotic 1.3% (1) 2.2% (3) 0.67 4.2% (1) 4.7% (2) 0.93 0.0% (0) 1.1% (1) 0.46
infarction
Recurrent 20.0% (15) 18.3% (25) 0.80 4.2% (1) 0.0% (0) 0.19 27.5% (14) 26.6% (25) 0.93
disease*!
Biliary 5.3% (4) 3.7% (5) 0.58 0.0% (0) 0.0% (0) N/A 7.8% (4) 5.3% (5) 0.57
Complications
Graft still 34.7% (26) 24.0% (33) 0.22 29.1% (7) | 23.2% (10) 0.68 37.3% (19) 24.5% (23) 0.24
functioning at
death
Other 10.7% (8) 24.8% (34) 0.04 12.5% (3) | 23.2% (10) 0.37 9.8% (5) 25.5% (24) 0.06
Unknown 6.7% (5) 8.0% (11) 0.74 0.0% (0) 4.7% (2) 0.29 9.8% (5) 9.6% (9) 0.97

*1 Includes the recurrence of HCV and the cholestatic liver diseases (PSC & PBC).
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