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Abstract

BACKGROUND
Nonalcoholic fatty liver disease (NAFLD) and nonalcoholic steatohepatitis
(NASH) seem common after liver transplantation.

AIM

To investigate incidence and predictors of NAFLD and NASH by employing
noninvasive testing in liver transplant recipients, namely controlled attenuation
parameter (CAP) and the serum biomarker cytokeratin 18 (CK-18). We also
evaluated the diagnostic accuracy of CK-18 and CAP compared to liver histology.

METHODS

We prospectively recruited consecutive adult patients who received liver
transplant at the McGill University Health Centre between 2015-2018. Serial
measurements of CK-18 and CAP were recorded. NAFLD and NASH were
diagnosed by CAP =270 dB/m, and a combination of CAP > 270 dB/m with CK-
18 > 130.5 U/L, respectively. Incidences and predictors of NAFLD and NASH
were investigated using survival analysis and Cox proportional hazards.
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RESULTS

Overall, 40 liver transplant recipients (mean age 57 years; 70% males) were
included. During a median follow-up of 16.8 mo (interquartile range 15.6-18.0),
63.0% and 48.5% of patients developed NAFLD and NASH, respectively. On
multivariable analysis, after adjusting for sex and alanine aminotransferase, body
mass index was an independent predictor of development of NAFLD [adjusted
hazard ratio (aHR): 1.21, 95% confidence interval (CI): 1.04-1.41; P = 0.01] and
NASH (aHR: 1.26, 95%CI: 1.06-1.49; P < 0.01). Compared to liver histology, CAP
had a 76% accuracy to diagnose NAFLD, while the accuracy of CAP plus CK-18 to
diagnose NASH was 82%.

CONCLUSION

NAFLD and NASH diagnosed non-invasively are frequent in liver transplant
recipients within the first 18 mo. Close follow-up and nutritional counselling
should be planned in overweight patients.

Key Words: Nonalcoholic steatohepatitis; Nonalcoholic fatty liver disease; Controlled
attenuation parameter; Cytokeratin 18; Overweight; Accuracy

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is the first prospective study using cytokeratin 18 in association with
transient elastography with controlled association parameter to investigate
nonalcoholic fatty liver disease (NAFLD) and nonalcoholic steatohepatitis (NASH) in
liver transplant recipients. NAFLD and NASH diagnosed by non-invasive tests occur
frequently in the first 18 mo from liver transplant. Overweight is the main risk factor.
Non-invasive liver fibrosis markers have suboptimal accuracy.

Citation: Alhinai A, Qayyum-Khan A, Zhang X, Samaha P, Metrakos P, Deschenes M, Wong P,
Ghali P, Chen TY, Sebastiani G. Non-alcoholic steatohepatitis in liver transplant recipients
diagnosed by serum cytokeratin 18 and transient elastography: A prospective study. World J
Hepatol 2021; 13(12): 2179-2191

URL: https://www.wjgnet.com/1948-5182/full/v13/i12/2179.htm

DOI: https://dx.doi.org/10.4254/wjh.v13.i12.2179

INTRODUCTION

In recent years, there has been a shift in the etiologies of liver diseases leading to liver
transplantation (LT): Chronic hepatitis C is declining, while nonalcoholic fatty liver
disease (NAFLD) is on the rise. NAFLD affects 25.24% of the general population
globally, driven by the epidemic of metabolic conditions such as obesity and type 2
diabetes mellitus[1-3]. NAFLD is an umbrella term encompassing a spectrum of
clinical and pathologic features characterized by a fatty overload involving over 5% of
the liver weight in the absence of other causes of liver disease. It ranges from simple
steatosis or nonalcoholic fatty liver (NAFL) to nonalcoholic steatohepatitis (NASH).
Without treatment, NAFL can evolve to NASH, liver fibrosis and cirrhosis, eventually
resulting in liver failure and hepatocellular carcinoma (HCC)[2,4]. NASH is now the
second leading indication for liver transplant in North America and is projected to
become the main indication in the next 10 years[5,6].

In contrast to alcoholic liver disease, the mitigation of NASH risk factors is not a
requirement for transplant eligibility. Hence, risk factors for NASH may persist or
worsen after LT, placing these recipients at risk for recurrence. De novo NASH in
patients transplanted for other etiologies of liver disease can also occur due to excess
of metabolic risk factors following LT, including type 2 diabetes mellitus, rapid weight
gain, hypertension, hyperlipidemia. Immunosuppressive medications may also play a
role, as both corticosteroids and calcineurin inhibitors promote diabetes, hypertension
and hypercholesterolemia[7,8]. About 20% and 10% of LT recipients develop de novo
NAFLD and NASH, respectively[8]. Recurrent NAFLD and NASH can be as frequent
as 62% and 33%, respectively. NAFLD is a common occurrence within 6 mo, whereas
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the onset of NASH occurs in a period of 6 mo to 1 year in several studies[9]. Due to
these reasons, LT recipients may require monitoring to detect changes to the liver graft
and prevent hepatic failure and mortality. The majority of studies evaluating recurrent
NAFLD and NASH in LT recipients have been of retrospective nature, with no serial
monitoring. Hence, longitudinal, prospective data on the frequency of NAFLD and
NASH are lacking in the first months following LT. Protocol biopsies have long been
used to identify liver disease recurrence and guide management. However, liver
biopsy is invasive, costly and prone to sampling error[10]. Recent non-invasive tools
for the diagnosis of hepatic steatosis and fibrosis include the measurement of liver
stiffness by transient elastography (TE) and the associated controlled attenuation
parameter (CAP)[2,11-13]. The accuracy of TE for the diagnosis of liver graft fibrosis
seems similar to the non-transplant population[14]. Few studies have investigated the
accuracy of CAP in the post-transplant setting[15,16]. Serum cytokeratin 18 (CK-18)
has been proposed for the non-invasive diagnosis of NASH. CK-18 is the major
intermediate filament protein in the liver and one of the most prominent substrates of
caspases during hepatocyte apoptosis. Apoptotic cell death of hepatocytes is
associated with the release of caspase-cleaved CK-18 fragments into the bloodstream
[17]. Apoptotic activity occurs in NASH but not in NAFL, as such the presence of CK-
18 fragments in the blood may differentiate the two conditions[17-19]. In a meta-
analysis of over 1600 patients, CK-18 predicted the presence of NASH with a pooled
area under the curve (AUC) of 0.82[20]. One report suggests that CK-18 could also
have a prognostic value in predicting one-year survival post-LT[21]. No study has
employed CK-18 to diagnose NASH in LT recipients.

We prospectively investigated incidence and predictors of NAFLD and NASH
diagnosed by TE with CAP and CK-18 in LT recipients within the first 18 mo post-
transplantation. We also studied the diagnostic accuracy of non-invasive tests
compared to paired liver biopsies performed as a part of clinical care.

MATERIALS AND METHODS
Study design and population

This was a prospective, longitudinal study conducted at a single site, the McGill
University Health Center (MUHC) Solid Organ Transplant Unit, and it included all
eligible and consecutive patients who underwent LT between March 2015 and June
2018. Since 1990, a computerized database on all LT recipients has been maintained
into which demographic data, clinical diagnosis, laboratory results, and prescription
information had been prospectively entered. In order to be included, patients had to
fulfill the following criteria: Age > 18 years; patient and graft survival > 6 mo; a
minimum follow-up of 1 year. Exclusion criteria were any of the following: LT due to
chronic hepatitis C, genotype 3; patients who received liver grafts involving more than
10% steatosis; failure of TE with CAP examination or unreliable measurement at study
entry. The immunosuppressive regimen used as a standard by the LT program is
induction with anti-thymocyte globulin, tacrolimus and mycophenolate mofetil as
maintenance immunosuppression and rapid prednisone taper. Overweight and
obesity were defined as body mass index (BMI) > 25 and > 30 kg/m?, respectively.

Ethics

The study was approved by the Research Ethics Board of the Research Institute of
MUHC (code 15-002-MUHC) and was registered at ClinicalTrials.gov (NCT03128918).
The study was conducted according to the Declaration of Helsinki and Good Clinical
Practice guidelines. All patients provided their informed written consent prior to
participation.

Study assessment

Study visits were scheduled at baseline, month 3, 6, 9, 12 and 18, for a total of 5 visits
(Figure 1). The following parameters were collected at each study visit: BMI,
laboratory tests for hematology, blood chemistry. The questionnaire Alcohol Use
Disorders Identification Test (AUDIT-C) was administered[22]. TE with CAP
measurement and plasma to measure CK-18 were also acquired at each study visit. TE
examination was performed in patients fasting for at least 3 h using FibroScan 502
Touch (Echosens, Paris, France). The same two experienced operators performed all
elastographic measurements. The standard M probe was used in all patients. The XL
probe was used in cases of failure of TE with the M probe or if BMI > 30 kg/m?. The
following criteria were applied to define the result of TE as reliable: At least 10
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Baseline:
Screening
and
recruitment
liver
transplant
recipients
TE with CAP,
CK-18 levels

‘ 3 mo H 6 mo H 9 mo H 12 mo H 18mo‘

|

Study visits: TE with CAP, CK-18 levels,
bloods, BMI, physical exam, AUDIT-C

Figure 1 Study design showing baseline and study visit. AUDIT-C: Alcohol Use Disorders Identification Test; BMI: Body mass index; CAP: Controlled
attenuation parameter; TE: Transient elastography; CK-18: Cytokeratin 18.
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validated measurements and an interquartile range (IQR) < 30% of the median liver
stiffness measurement (LSM)[23]. Available liver biopsies were used for the diagnostic
accuracy study. Liver biopsy was performed at the discretion of the treating transplant
hepatologist, as part of standard of care. All biopsies were obtained with a 16G Tru-
Cut type needle and interpreted by two experienced liver pathologists. The stage of
fibrosis was reported according to the Kleiner classification[24]. The NAFLD activity
score (NAS) was calculated as the unweighted sum of the scores for steatosis (0-3),
lobular inflammation (0-3) and hepatocellular ballooning (0-2). A diagnosis of NASH
was made if NAS 2 5[24]. The CAP cut-off used for diagnosis of NAFLD was 270
dB/m, as recently reported in LT recipients[16]. Plasma stored at -80 °C was used for
quantitative measurement of CK-18 levels by the Human cytokeratin ELISA kit (M]S
Biolynx inc, Brockville Ontario, Canada). A cut-off of CK-18 > 130.5 U/L was used to
indicate significant hepatocyte apoptosis, diagnostic for NASH when combined with
CAP > 270 dB/m[25,26]. Liver fibrosis (stage = 1 out of 4) was diagnosed as LSM > 7.4
kPa[16]. The following simple serum fibrosis biomarkers were also computed: Hepatic
steatosis index (HSI), defined as 8 x aspartate aminotransferase (AST)/alanine
aminotransferase (ALT) + BMI (+ 2, if female; +2, if diabetes mellitus present)[27],
fibrosis-4 (FIB-4), calculated as [age (years) x AST]/[platelet count (10°/L) x ALT][28],
and AST to platelet ratio (APRI), calculated as {[AST level/AST (upper limit of
normal)]/platelet count (10°/L) x 100}[29]. Liver fibrosis was defined as FIB-4 > 3.64
and APRI > 1, as previously described in the liver transplant setting[30].

Statistical analysis

The performance of the non-invasive tests to diagnose NAFLD, NASH and liver
fibrosis was measured with the following: Sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), accuracy, positive and negative
likelihood ratios (LR* and LR, respectively). Correlation coefficients of TE with CAP
with serum biomarkers were calculated using the Pearson correlation analysis. For the
longitudinal analysis, baseline (study entry) corresponded to the day of LT. Patients
were followed until March 2020 or were censored either when they developed the
outcome or at their last study visit (18 mo post-LT). At each visit, complete medical
history and physical examination were performed along with routine laboratory work-
up. Standard diagnostic and therapeutic management following LT was offered
during the follow-up. Continuous variables were expressed as mean (standard
deviation), and categorical variables were presented as numbers (%). We estimated
incidence rates of NAFLD and NASH by dividing the number of participants
developing the outcome by the number of person-years (PY) of follow-up. Poisson
count models were used to calculate CI for incidence rates. Multivariable time-
dependent Cox regression models were constructed to assess predictors of the
development of NAFLD and NASH and included covariates that were determined a
priori to be clinically important and with a P-value < 0.1 on univariable analysis. The
final model was adjusted for sex, BMI and ALT. Robust variance estimation was used
in all Cox regression analyses to account for the correlation of data contributed by the
same participant at multiple visits. We considered an association with the outcome
significant when the 95%CI excluded one. We generated Kaplan-Meier curves to
illustrate and compare the cumulative incidence of NAFLD and NASH in overweight
vs normal weight patients. The log-rank test was used to evaluate differences among
incidences. All tests were two-tailed and with a significance level of a = 0.05. Statistical
analysis was performed using STATA 15 (StataCorp LP, TX, United States).
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RESULTS

After applying exclusion criteria, 40 LT recipients were included in this prospective
study (Figure 2). The main demographic, clinical and biochemical characteristics of the
study population at baseline are summarized in Table 1. Univariable analysis by
outcome category of NAFLD and NASH is also reported. Overall, mean age was 57.3
years and 70% of patients were male. The most frequent indications for LT were
NASH and HCC. Metabolic comorbidities were frequent, with overweight, type 2
diabetes mellitus and hypertension affecting 40%, 35% and 37.5% of the patients,
respectively. Patients who developed NAFLD and NASH during the follow-up period
were more frequently transplanted for NASH and on tacrolimus as immunosup-
pressant.

Diagnostic accuracy of non-invasive tests compared to liver histology and

correlation between TE with CAP and serum biomarkers

During the study period, 35 liver biopsies (mean length + SD: 1.7 + 0.4 cm) from 24
patients were available. The median time between liver biopsies and non-invasive
diagnostic testing was 38.6 + 30 d. Table 2 shows the performance of non-invasive tests
compared to liver histology. The diagnostic accuracy of CAP and HSI for NAFLD was
76% and 45.7%, respectively. The diagnostic accuracy of a combination of CAP > 270
dB/m and CK-18 > 130.5 to diagnose NASH was 82%. The diagnostic accuracy of
LSM, FIB-4 and APRI for liver fibrosis was low at 57.8%, 48.7% and 54.1%,
respectively. There was a medium positive correlation between CAP and HSI of 0.4.
There was a medium positive correlation between LSM and FIB-4 of 0.4, and a weak
positive correlation between LSM and APRI of 0.1.

Incidence and predictors of NAFLD and NASH by CAP and CK-18

During a median follow-up of 16.8 mo (IQR: 15.6-18.0), 22 patients (63.0%) developed
NAFLD (incidence rate: 71.0 per 100 PY, 95%CI: 45.0-78.0), and 17 patients (48.5%)
developed NASH (incidence rate: 48.6 per 100 PY, 95%CI: 31.4-66.0). On multivariate
Cox regression analysis, BMI was an independent predictor of both NAFLD (adjusted
HR: 1.1, 95%: 1.0-1.2) and NASH (adjusted HR: 1.1, 95%ClI: 1.0-1.3) (Table 3). To further
elaborate on the effect of high BMI on the incidence of NAFLD and NASH, a hazard
plot was performed and showed that overweight was a significant risk factor for both
NAFLD and NASH (log-rank, P < 0.01, respectively) (Figure 3).

Changes in LSM, FIB-4 and APRI during follow-up

Given the low accuracy for the non-invasive fibrosis tests, we studied changes in LSM,
FIB-4 and APRI during the follow-up. While the majority of patients had an LSM
ranging from 2.5 to 15 kPa, there were patients who developed marked increases, and
these were observed in the first six months of follow-up (Figure 4A). Similarly, while
most of the patients had FIB-4 and APRI ranging from 1 to 2.5 and from 0.5 to 1.5,
respectively, there were patients who developed marked increases during the first six
months of follow-up (Figures 4B and 4C).

DISCUSSION

In this prospective study, we have shown that NAFLD and NASH diagnosed non-
invasively are frequent occurrences in the first 18 mo from LT. Similar to results
reported in previous retrospective studies, the majority of incident NAFLD and NASH
in our population occurred within the first year of LT[31-33]. The main predictor of
these events was high BMI, thus underlying the importance of controlling the weight
beginning from the first 3 mo post-LT. We also showed that the diagnostic accuracy of
non-invasive tests for NAFLD is good and similar to previously reported, while non-
invasive fibrosis tests have low accuracy in the first months following LT. Finally, we
first report the accuracy of the apoptotic biomarker CK-18 combined with CAP for the
diagnosis of NASH.

We compared the performance of non-invasive tests to liver biopsy. We used a CAP
cut-off > 270 dB/m, as referenced by Siddiqui ef al[16], and compared it to the presence
of steatosis grade 0 vs 1-3 on liver biopsy. Our results showed a lower sensitivity (58%
vs 74%), however the specificity (86% vs 87%), PPV (70% vs 78%) and NPV (79% vs
84%) were similar. The variations can be explained by the different population sizes,
number of available liver biopsies and the timing of the study conducted within the
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Table 1 Characteristics of patients at study entry

Whole cohort Patients who developed NAFLD Patients who developed NASH

n=40 n=22 n=17
Age (yr) 573+85 55.5+9.2 56.3+7.9
Male (%) 28 (70) 18 (82) 14 (82)
Ethnicity (%)
Caucasian 32 (80) 19 (86) 15 (88)
Other (Asian, Black, Arab) 8 (20) 3 (14) 2 (11)
Etiology of liver disease (%)
NASH 21 (52.5) 13 (52) 12 (70)
HCC 9(22.5) 29 2(12)
HCV (excluding genotype 3) 8 (20) 6 (27) 3 (18)
Alcoholic liver disease 1(2.5) 1(4.5) 0
Other 1(25) 0 0
BMI (kg/m?) 248+4.6 262+5.1 26.6+4.5
BMI >25 (%) 18 (40) 14 (64) 12 (70)
Comorbidities (%)
Diabetes 14 (35) 9 (41) 8 (47)
Hypertension 15 (37.5) 7 (32) 8 (47)
Dyslipidemia 6 (15) 6 (27) 5(29)
MELD-Na Score <9 <9 <9
Laboratory
AST (U/L) 27.6 £33 31.8+412 345+451
ALT (U/L) 32.8+428 37.6 £52.6 40.6 £57.7
GGT (U/L) 177.5 + 256.6 177.7 2714 188.1 +297.6
Bilirubin (umol/L) 17 +15.9 182+17.3 18+18.2
INR 1.25+1.39 1.05+0.12 1.04+13
Albumin (g/L) 39.6 £3.69 387+43 39.4+39
Platelets (10°/L) 172.3 £86.9 185+£92.5 170.5 £ 93.6

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass index; GGT: Gamma-glutamy] transpeptidase; HCV: Hepatitis C virus;

HCC: Hepatocellular carcinoma; INR: International normalized ratio; MELD-Na: Model for end stage liver disease-sodium; NAFLD: Nonalcoholic fatty

liver disease; NASH: Nonalcoholic steatohepatitis.
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first 18 mo from LT. When HSI was compared to histology, it showed less accuracy
than CAP as demonstrated before in other studies on non-LT populations[34,35].
Secondly, we used a combination of CK-18 > 130.5 with CAP = 270 dB/m and
compared it to the presence of NASH (NAS 2 5 or proven NASH) on liver histology.
To our knowledge, this is the first study to use CK-18 to detect NASH in LT patients.
Compared to one meta-analysis of over 1600 patients that assessed the accuracy of CK-
18 (cut-off range: 121.6-380.2 U/L) in non-transplanted patients with NASH, our
results are similar for both sensitivity (75% vs 78%) and specificity (83% vs 87%)[20].
Compared to another more recent meta-analysis of over 1400 patients that evaluated
the diagnostic value of CK-18 for the diagnosis of NASH, our results also reported
similar sensitivity (75% vs 75%), specificity (83% vs 77%), LR* (4.5 vs 3.3), and LR (0.3
vs 0.3)[36].

There are two interesting points. Firstly, our cut-off values of all the non-invasive
biomarkers reported a higher NPV than PPV which could indicate that these tests are
more efficient at ruling-out NAFLD, NASH and liver fibrosis rather than ruling-in
these diseases, as previously described[16,37]. However, their ability to minimize the
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Table 2 Diagnostic accuracy of non-invasive tests compared to liver histology (N = 35 from 24 patients)

NAFLD NASH Liver fibrosis

CAP HSI CAP + CK-18 LSM FIB-4 APRI
Sensitivity (%) 58 64.3 75 61.9 7.1 14.3
Specificity (%) 86 33 83 54.2 73.9 783
PPV (%) 70 39 37 54.2 143 28.6
NPV (%) 79 58 9% 61.9 56.7 60
LR* 428 0.96 45 135 0.27 0.66
LR 0.48 1.07 03 07 1.26 1.1
Accuracy (%) 76 45.7 82 57.8 487 54.1

APRI: Aspartate aminotransferase-to-Platelets Ratio Index; CAP: Controlled attenuation parameter; CK-18: Cytokeratin 18; FIB-4: Fibrosis 4 index; HSI:
Hepatic steatosis index; LSM: Liver stiffness measurement; LR: Likelihood ratio; MELD-Na: Model for end stage liver disease-sodium; NAFLD:
Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis; NPV: Negative predictive value; PPV: Positive predictive value.

Table 3 Risk factors for post-Liver Transplant development of nonalcoholic fatty liver disease and nonalcoholic steatohepatitis using

univariate and multivariate Cox regression analysis

NAFLD NASH
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
HR (95%Cl)  Pvalue aHR (95%Cl)  Pvalue HR (95%Cl) P value aHR (95%Cl)  Pvalue
Female sex (yes vsno) 0.6 (0.4-1.2) 0.1 09 (0.3-1.7) 05 0.6 (0.3-1.1) 0.1 09 (0.4-2.1) 038
Age (per year) 1.0 (0.9-1.0) 0.6 1.0 (0.9-1.0) 0.9
BMI (per kg/m?) 11(1.0-12) <0.01 1.1 (1.0-1.2) <0.01 1.1 (1.0-1.2) 0.01 1.1 (1.0-1.3) <0.01
Diabetes (yes vs no) 1.7 (1.0-2.7) 0.02 13 (0.7-2.1) 03
Dy)slipidemia (yes vs 46(17-128) <001 4.4 (15-13) 0.007
no
ALT (per U/L) 1.0 (0.9-1.0) 0.09 1(0.9-1.0) 03 1.0 (1.0-1.0) 0.03 1(0.9-1.0) 0.1

aHR: Adjusted hazard ratio; ALT: Alanine aminotransferase; BMI: Body mass index; CI: Confidence interval; HR: Hazard ratio; NAFLD: Nonalcoholic fatty
liver disease; NASH: Nonalcoholic steatohepatitis.

JBaishideng®

need for liver biopsy in this clinical setting still requires further validation. Secondly,
while we combined CK-18 with CAP to diagnose NASH, our results are very closely
related to those the two meta-analyses which used CK-18 alone to diagnose NASH.
This makes us question the role of combining CAP with CK-18 to diagnose NASH.
Two studies investigated the combined use of CK-18 with TE to detect fibrosis and
found either no significant improvement or only some improvement in AUC by
combining CK-18 and TE compared to using a single test[38,39]. Yet, other studies
have shown that combining CK-18 with other biomarkers improves the accuracy to
diagnose NASHJ[40,41]. Our analysis must be replicated in a larger sample using
different combinations of biomarkers to better understand this.

Our results are comparable to a recent cross-sectional study by Mikolasevic et al[15]
which reported a prevalence of liver steatosis of 68.6% and severe liver steatosis of
46.8% in LT recipients using CAP and LSM. Our incidence rates are also comparable to
previously published meta-analyses and retrospective studies, while minor variations
are most likely due to the difference in populations, the cut-off values to define
steatosis/NAFLD and NASH, and the absence of the use of CK-18 as a diagnostic tool
in those studies[15,31-33]. On multivariate Cox regression analysis, high BMI was the
main risk factor for the development of NAFLD and NASH in patients post LT,
conceding with results from previous studies[15,31]. Obesity is an independent risk
factor for the development of NAFLD and NASH and can occur or continue to be
present even during the first months post-LT. Indeed, other studies have shown that
the maximum weight gain occurs in the first year post LT mainly because of the use of
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Consecutive patients who underwent liver
transplant from 2015 to 2018 (7 = 43)

Patients screened for

inclusion over 3-6 mo

Received graft with

Invalid fibroscan measurements

steatosis involving
> 10% (7 = 5)

at study entry (7 = 3)

Included liver transplant recipients (n =
40), study visits from 2015 to 2020

Figure 2 Flow chart displaying the selection of study participants. Of 48 consecutive patients undergoing liver transplant, 3 were excluded because of
invalid TE examination and 5 because they received a liver graft with steatosis involving > 10% of hepatocytes. TE: Transient elastography.
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Figure 3 Hazard ratio by body mass index category in nonalcoholic fatty liver disease (log-rank: P < 0.0001) and in nonalcoholic
steatohepatitis (log-rank: P = 0.009). BMI: Body mass index; NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis.

immunosuppressive medications[42,43]. Type 2 diabetes mellitus and dyslipidemia
were significant risk factors on univariate analysis, also in line with previous results
[15]. The presence of these risk factors poses a risk for the development of fatty
deposits in the graft and progression to NAFLD and NASH. Therefore, strategies must
be implemented both before and after LT to control and prevent the progression of
liver disease. These strategies include weight reduction with a low carbohydrate diet
and performing regular exercise, avoiding alcohol and smoking, controlling of
comorbid metabolic diseases, and controlling immunosuppression medications post-
LT.

We also reported a low performance of non-invasive fibrosis tests during the first 18
mo following LT. Similar findings have been reported previously in post-LT patients
with HCV recurrence. El-Meteini et al[44] concluded that TE and APRI were not
correlated with the degree of fibrosis in liver biopsy done at 3 mo post-LT in 31
patients. Other studies reported a poor diagnostic accuracy of APRI and FIB-4
compared to liver biopsy for the presence of advanced fibrosis post-LT[45,46]. Indeed,
some of our patients experienced an important variation in LSM, FIB-4 and APRI
particularly during the first 6 mo post-LT. This could be due to several reasons.
Inflammation due to congestion or cholestasis is common post-LT and could be one
reason for the inaccuracy of fibrosis tests. Fluctuations in liver enzymes and platelets
during the first 6 mo may also account for these findings as LT recipients have started
receiving and adjusting their immunosuppressive medications. Since a majority of our
liver recipients were overweight, this could have interfered with the LSM results[47].
Since our study and the previous studies were performed on small cohorts, a
conclusion regarding the accuracy of non-invasive fibrosis tests cannot be made.

There are limitations to our study. The sample size was small which could have
interfered with the interpretation of the results. Nevertheless, our incidence rates and
predictors are similar to previous retrospective studies[15,31-33]. Additionally, not all
patients had available liver biopsy to compare with non-invasive tests. Only 24 out of
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Figure 4 Spaghetti plot of changes. A: Spaghetti plot of changes in liver stiffness measurement during study period; B: Spaghetti plot of changes in fibrosis-4
during study period; C: Spaghetti plot of changes in aspartate aminotransferase-to-Platelets Ratio Index. APRI: Aspartate aminotransferase-to-Platelets Ratio Index;
FIB-4: Fibrosis-4; LSM: Liver stiffness measurement.
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40 patients required liver biopsy during follow up therefore the comparison was only
possible in these patients, for a total of 35 liver biopsies. Regardless of this, the results
obtained from our study provide a rationale for the use of non-invasive tests to
frequently monitor this patient population, which could not be feasible with liver
biopsy, and can be viewed as an opportunity for larger studies to be done on this
topic. Another limitation of our study is that CK-18 is not currently a routine test, as
such its application to clinical practice should be further explored. The median study
length was 16.8 mo, so in the future we plan to continue following these patients for a
longer duration by monitoring CAP scores and re-occurrence of steatosis.

CONCLUSION

In conclusion, our study showed that LT recipients have a high risk of developing
NAFLD and NASH during the first 18 mo following LT, mainly driven by high BMI.
While CAP and CK-18 are promising non-invasive tools for diagnosing NAFLD and
NASH, LSM and other fibrosis biomarkers are not reliable tests in detecting liver
fibrosis in the first month post-transplant. Larger scale, long-term data on the use of
non-invasive tests is needed to determine their accuracy to diagnose and monitor
disease progression, as well as their prognostic value. These data may result in the
implementation of non-invasive tests and optimization of surveillance.

ARTICLE HIGHLIGHTS

Research background
Nonalcoholic fatty liver disease (NAFLD) is a major indication for liver transplant (LT)
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globally. NAFLD and nonalcoholic steatohepatitis (NASH) may occur after LT.

Research motivation
Studies on the incidence of NASH and NAFLD in the first months following LT are
limited.

Research objectives

This work aimed to determine the incidence of NASH and NAFLD in the first 18 mo
following LT by means of non-invasive diagnostic tests. It also aimed to investigate the
diagnostic accuracy of these non-invasive tests compared to liver histology.

Research methods

Consecutive adult patients who received LT at a single center were recruited between
2015-2018. Serial measurements of the biomarker cytokeratin 18 (CK-18) and
controlled attenuation parameter (CAP) were recorded. NAFLD and NASH were
diagnosed by CAP > 270 dB/m, and a combination of CAP > 270 dB/m with CK-18 >
130.5 U/L, respectively. Incidence and predictors of NAFLD and NASH were invest-
igated using survival analysis.

Research results

During a median follow-up of 16.8 mo, 63% and 48.5% of 40 LT recipients developed
NAFLD and NASH, respectively. The diagnostic accuracy for NAFLD and NASH was
76% and 82%, respectively.

Research conclusions
NAFLD and NASH diagnosed by CAP and CK-18 are frequent in LT recipients within
the first 18 mo.

Research perspectives
To improve post-transplant outcomes, close follow-up with non-invasive tests and
metabolic counselling could be considered.
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