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Abstract

BACKGROUND

Early in the Coronavirus disease 2019 (COVID-19) pandemic, there was a significant
impact on routine medical care in the United States, including in fields of

transplantation and oncology.

AIM
To analyze the impact and outcomes of early COVID-19 pandemic on liver

transplantation (LT) for hepatocellular carcinoma (HCC) in the United States.

METHODS

WHO declared COVID-19 as a pandemic on March 11, 2020. We retrospectively
analyzed data from the United Network for Organ Sharing (UNOS) database regarding
adult LT with confirmed HCC on explant in 2019 and 2020. We defined pre-COVID
period from March 11 to September 11, 2019, and early-COVID period as from March 11
to September 11, 2020.




RESULTS

Overall, 23.5% fewer LT for HCC were performed during the COVID period (518 vs 675,
P <0.05). This decrease was most pronounced in the months of March-April 2020 with a
rebound in numbers seen from May-July 2020. Among LT recipients for HCC,
concurrent diagnosis of non-alcoholic steatohepatitis (NASH) significantly increased (23
vs 16%) and alcoholic liver disease (ALD) significantly decreased (18 vs 22%) during the
COVID period. Recipient age, gender, BMI, MELD score and waiting list time were
statistically similar between two groups. Among pathological characteristics of HCC,
vascular invasion was more prominent during COVID period (P < 0.01), while other
features were the same. While the donor age and other characteristics remained same,
the distance between donor and recipient hospitals was significantly increased (P <
0.01) and donor risk index was significantly higher (1.68 vs 1.59, P < 0.01) during
COVID period. Among outcomes, 90-day overall and graft survival were the same, but
180-day overall and graft were significantly inferior during COVID period (94.7 vs
97.0%, P = 0.048). On multivariable Cox-hazard regression analysis, COVID period
emerged as a significant risk factor of post-transplant mortality (Hazard ratio 1.85;

95%CI 1.28-2.68, P = 0.001).

CONCLUSION
During COVID period, there was a significant decrease in LTs performed for HCC.
While early postoperative outcomes of LT for HCC were same, the overall and graft

survival of LTs for HCC after 180 days were significantly inferior.
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Core Tip: Overall, 23.5% fewer liver transplants for hepatocellular carcinoma were
performed during the COVID-19 early pandemic. Among liver transplant recipients for
hepatocellular carcinoma, concurrent diagnosis of non-alcoholic steatohepatitis (NASH)
significantly increased. Liver transplant outcomes for hepatocellular carcinoma was

worse during the early COVID-19 pandemic.

INTRODUCTION

Since December 2019, after an initial cluster of cases of pneumonia was reported in
Wuhan, China, the global spread of Coronavirus disease 2019 (COVID-19) was swift,
and the World Health Organization (WHO) declared it as a pandemic on March 11,
2020. This pandemic significantly impacted healthcare in the United States including
transplantation'?l and cancer carel®], especially early in the pandemic when there were
challenges in access to routine healthcarel*l. While the number of alcoholic liver disease
(ALD) including alcoholic hepatitis increased during the pandemic, liver
transplantation (LT) for hepatocellular carcinomg (HCC) were postponed due to the
lower severity of the underlying liver diseasel>l. The aim of this study was to analyze

the impact of COVID-19 pandemic on LT for HCC in the United States.

MATERIALS AND METHODS

Patients and selection criteria

We evaluated all patient 18 years of age and older undergoing LT who were confirmed
as HCC on pathology in the United States. Since WHO declared COVID-19 as a
pandemic on March 11, 2020, we defined pre-COVID period as March 11 to September
11, 2019, and COVID period as March 11 to September 11, 2020. Patients who received




re-transplant during the study were excluded. All study methods were approved by

New York Medical College Institutional Review Board.

Patient characteristics and outcome variables

All data were collected from the United Network for Organ Sharing (UNOS) registry.
Demographic data included diagnosis, age, gender and race. Evaluable recipient factors
included body mass index (BMI), underlying etiology for liver disease, pre-transplant
diabetes mellitus (DM) status, alpha-fetoprotein (AFP) level, presence of portal vein
thrombosis (PVT), and model for end-stage liver disease (MELD) score at transplant.
Milan criteria and UCSF criteria were created based on the pathological findingsl67].
HCC related factors included tumor size, number, presence of vascular invasion, and
histological grade. High risk features of HCC were defined if one or more of the
followings: more than 3 tumors, largest tumor > 5.0 cm, presence of vascular invasion,
presence of metastases, and poorly differentiated!®l. Donor related factors included
donor causes of death, BMI, hepatitis C virus (HCV) sero-status, cold ischemia time,

distance between donor and recipient hospitals, and donor risk index!l.

Statistical analyses

Statistical analyses were performed using IBM SPSS Statistics 26.0 (IBM Corp., Armonk,
NY, United States) and R studio version 4.1.1 (R Studio, Inc., Boston, MA, United
States). Non-parametric analysis was used to compare continuous variables between
groups (Mann-Whitney U test 2 groups and for categorical data with the y* test or
Fisher’s exact test for categorical data). The overall and graft survival were calculated
from the date of transplant to the date of event using the Kaplan-Meier Method. The
log-rank test was used to compare survival curves. Cox regression analysis was applied
to assess the association of multiple covariate factors with survival between two groups.
Results were presented as hazard ratios (HR) and reported with 95% confidence
intervals (CI) and two-sided P values. For all statistical analyses, P < 0.05 was taken as

statistically significant.




RESULTS

Recipient characteristics

During the study period, a total of 8384 individuals received LT, of which 1193 were
confirmed as HCC on explant pathology. Of these patients, 675 underwent
transplantation during the pre-COVID period and 517 underwent transplantation
during the COVID period (Table 1). While there was a 4% reductign in all-cause LT
during the COVID period, the reduction of LT for HCC was 23.5%. This decrease was
most pronounced in months of March-April 2020 with a rebound in numbers seen from
May-July 2020. Compared to pre-COVID period, the concurrent underlying primary
etiology of liver disease among LT recipients for HCC showed a significant increase in
NASH (23% vs 16%) and significant decrease in ALD (18% wvs 22%) during the COVID
period. The median waiting list time among patients who underwent LT, decreased
during the COVID period (279 days vs 300 days, P = 0.041). There were no significant
differences in the rates of pre-transplant diabetes, AFP levels, and MELD score at

transplant between the two periods (Table 1).

Donor characteristics

The donor age (COVID 45 years-old vs pre-COVID 44 years-old, P = 0.027) and BMI
(27.8 kg/m?vs 27.0 kg/m?, P < 0.001) were significantly higher than that during the
COVID period (Table 1). Although the distance between donor gnd recipient hospitals
significantly increased during COVID period (88 miles vs 50 miles, P < 0.001), cold
ischemia time was not significantly affected (5.87 hours vs 5.78 h, P = 0.84). The donor
risk index was significantly higher during the COVID period (1.68 vs 1.59, P < 0.01)
(Table1).

Tumor characteristics
During the COVID period, the overall number of tumors with equal or greater than one

high-risk features was the same (Table 2). However, there was a significantly higher




rate of vascular invasion during the COVID period compared to pre-COVID period
(16% wvs 11%, P = 0.016). There were no significant differences in histological grade,

outside of Milan criteria, and outside of UCSF criteria during the both periods.

Outcomes

Median follow-up period was 705 days in COVID period and 1059 days in pre-COVID
period. Two-year overall survival (COVID period 86.5% wvs pre-COVID 91.7%, P =
0.0063) and graft survival (COVID period 84.5% vs pre-COVID 89.6%, P = 0.014) were
significantly inferior during the COVID period (Table 3). The 180-day overall survival
(COVID period 94.7% wvs pre-COVID 97.0%, P = 0.048) and graft survival (COVID
period 92.8% vs pre-COVID 95.7%, P = 0.035) were inferior during the COVID period.
The 90-day overall survival (COVID period 97.7% vs pre-COVID 97.9%, P = 0.95) and
graft survival (COVID period 96.1% vs pre-COVID 96.7%, P = 0.71) were comparable
between the two periods. The risk of acute rejection after transplant before discharge
was the same between pre-COVID and COVID period (17 vs 11, P = 0.061) and
incidence of treatment of rejection within 6 mo and 1 year were same.

Cox regression analysis was performed for overall survival and graft surviyal
(Supplementary Table 1 and 2). On multivariable analysis (Table 4), COVID period (HR,
1.85; 95%CI: 1.28-2.68, P = 0.001), recipient diabetes (HR 1.47; 95%CI: 1.04-2.06, P =
0.027), MELD score at transplant (HR, 1.04; 95%CI: 1.01-1.07, P = 0.016) significantly
impacted recipient overall survival. On pathology, intrahepatic metastasis (HR 2.03;
95%ClI: 1.20-3.42, P = 0.008) and poorly differentiated cancer (HR 2.76; 95%CI: 1.48-5.15,

P =0.001) significantly impacted recipient overall survival.

BISCUSSION

This study was undertaken to examine the effect of COVID-19 on LT for HCC in the
United States using the UNOS database. During COVID period, there was a significant
reduction in the number of LTs performed for HCC compared to pre-COVID period.

Even with overall reduction in the number LTs performed during the same period, the




decrease was much pronounced in patients with underlying HCC (4% decrease in all-
cause LT vs 23.5% decrease in LT for HCC). In addition, both graft and patient survival
after 180 days during COVID period were significantly inferior compared to pre-
COVID period.

During early pandemic, the unprecedented burden of COVID-19 on healthcare
system disrupted both transplantation and oncological care. Due to resource
reallocation, cancer patients experienced delays in diagnosis and treatment, as well as
treatment interruptions including surgery and chemotherapyl®4. HCC is an aggressive
form of liver cancer which requires a prompt, multimodal approach for diagnosis and
management. Similar to outpatient management of other cancers, challenges in care of
HCC were prompted by overall disruption of healthcare during COVID-19[1%11l, Despite
efforts to optimize care, there was an overall reduction in HCC surveillance and
subsequent treatment during the early COVID pandemicl'>14], Because of the unknown
risk-benefit of proceeding with liver transplantation and introducing iatrogenic
immune-suppression, liver transplantation was limited to patients who had higher risk
of imminent death while on the waitlistl!2l. Since LT candidates for HCC often had
lower MELD scores, this likely contributed to the disproportional decrease in LT for
HCC during early COVID period.

The current leading indication for liver transplant in the United States is ALDI5],
During the COVID pandemic, there was a significant increase in alcohol misuse, which
resulted higher rates of hospitalization from ALD, progression to fulminant liver
disease and LT for acute and chronic ALDI¢']. However, when looking at the
underlying primary etiology of HCC for patients who received LT for HCC, the number
and ratio of ALD significantly decreased during the COVID, while the number and
ratio of NASH significantly increased. Though further studies are needed to investigate
the cause of this seemingly contradictory finding, one possible explanation is increased
alcohol recidivism in HCC patients with ALD as the primary underlying etiology,

which could disqualify them as LT candidates in most transplant centers.




Similar to the decrease in graft and patient survival seen in all-cause LT during the
early COVID periodl®], the cause for significant decrease in graft and patient survival
after 180 days in LT for HCC is likely multifactorial. During early COVID, many centers
decreased the use of immunosuppression to mitigate the risk of infection(!8l. Such
conservative approaches may have contributed to increased rates of acute rejection
prior to dischargell. In our cohort, although it is not statistically significant, we
observed a similar trend in increased rates of rejection prior to discharge in those who
were transplanted during COVID period. During the follow up, the incidences of acute
rejection were comparable between pre-COVID and COVID period.

Another potential contributing factor towards inferior graft and patient survival in
LT for HCC during the COVID period is the progression of HCC at the time of LT.
Although there were no significant differences in histological grade and the number of
patients outside Milan/USCF criteria, there was a significantly higher rates of vascular
invasion during the COVID period compared to pre-COVID period. Vascular invasion
is one of the known risk factors for recurrent HCC and detection of metastasis post-LT,
which is associated with high morbidity and mortality["l. The as delays in oncological
care and radiological testing were prevalent during this period, any such delay may
ha\r(ﬁesulted in progression of HCC which was not grossly evident prior to LT.

In February 2020, the new liver allocation policy was also implemented which
allowed for broader sharing of the organs across different organ procurement
organizations!?l. This likely contributed to incregse in donor risk index and farther
distances between donor and recipient hospitals. Long term impact of these factors on

the graft and overall outcomes still needs to be determined.

Limitations

This study was performed retrospectively using UNOS database. ther indirect effects
of COVID-19 Like psychosocial impact, medication non-compliance, rates of recidivism
of alcohol use, rates of community/household spread of COVID-19 are not available in

the database and may impact the outcomes.




CONCLUSION
During the early-COVID period (from March 11, 2020 to September 11, 2020), the

overall number of LT for HCC decreased and post-transplant graft and patient survival

were inferior compared to pre-COVID period.

ARTICLE HIGHLIGHTS

Research background
Coronavirus disease 2019 (COVID-19) pandemic significantly impacted healthcare in
the United States including transplantation and cancer care, especially early in the

pandemic when there were challenges in access to routine healthcare.

Research motivation @
1
To analyze the impact of COVID-19 pandemic on Liver transplantation (LT) for

Hepatocellular carcinoma (HCC) in the United States.

Research objectives
All patient 18 years of age and older undergoing LT who were confirmed as HCC on

pathology in the United States.

Research methods

Since WHO declared COVID-19 as a pandemic on March 11, 2020, we defined pre-
COVID period as March 11 to September 11, 2019, and COVID period as March 11 to
September 11, 2020.

esearch results
Overall, 23.5% fewer LT for HCC were performed during COVID period (518 vs 675,
P < 0.05). Among pathological characteristics of HCC, vascular invasion was more

prominent during COVID period (P < 0.01), while other features were the same. Among




outcomes, 90-day overall and graft survival were the same, but 180-day overall and

graft were significantly inferior during COVID period (94.7 vs 97.0%, P = 0.048). On
multivariable Cox-hazard regression analysis, COVID period emerged as a significant

risk factor of post-transplant mortality (Hazard ratio 1.85; 95%CI: 1.28-2.68, P = 0.001).

Research conclusions
During COVID period, there was a significant decrease in LTs performed for HCC.
While early postoperative outcomes of LT for HCC were same, the overall and graft

survival of LTs for HCC after 180 days were significantly inferior.

Research perspectives

To analyze the effects of COVID-19 pandemic in the long-term effects for LT for HCC.
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