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1 | BACKGROUND

Metabolic syndrome (MS) is a cluster of derangements commonly
affecting liver transplant (LT) recipients,l’2 with a prevalence of
39.5% in the first year post-LT but increasing with the follow-up.®*
The emergence of metabolic dysfunction-associated steatotic liver
disease (MASLD) as the main chronic liver disease,” with a preva-
lence of 32.4% worldwide,’ and as the fastest growing indication for
LT in its progressive form,” further complicates this scenario. In fact,
the prevalence of post-LT MS could be as high as 90% among those
transplanted for metabolic dysfunction-associated steatohepatitis
(MASH), given their poor pre-LT metabolic background.®

Unfortunately, MASLD can develop in the transplanted allograft
as de novo MASLD or recurrent MASLD.” Actually, recurrent (up to
50% of cases) and de novo MASLD (up to 20% of cases) occur in
up to 70% of all LT recipients 12months after the procedure.'%!
Genetic, metabolic and pharmacological factors are associated
with both recurrent and de novo MASLD after LT.** Furthermore,
Vallin et al. showed that recurrent MASLD tends to develop earlier
and with greater severity than de novo MASLD.'? Additionally, al-
lograft MASH is more common in recipients with a pre-LT MASH
diagnosis.®®

While most patients with MASLD can be effectively diagnosed
using non-invasive tests available in the clinical practice,* liver bi-
opsy remains the gold standard method for evaluating ballooning de-

1516 and is frequently

generation, lobular inflammation and fibrosis,
required for patients who have a positive diagnosis of MASLD and
are at high or indeterminate risk for MASH and advanced fibrosis.**

The diagnostic accuracy of control attenuation parameter (CAP)
and liver stiffness measurement (LSM) in identifying steatosis and
fibrosis, respectively, assessed histologically in the non-transplant
setting, is widely acknowledged.'’"?° In the transplant context,
FibroScan has only been validated for detecting graft fibrosis in pa-
tients transplanted for hepatitis C virus (HCV).?*"2® However, the
accuracy of FibroScan findings needs further assessment among
patients transplanted for other indications.?*
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diagnosed in about half of the patients (n=21, 47.7%), yet advanced fibrosis in only
two cases (4.6%). On biopsy, a quarter of biopsied patients (n=11, 25%) had a MASH
diagnosis, two (4.6%) with significant fibrosis and one (2.3%) with cirrhosis. All pa-
tients with liver stiffness measurement (LSM) values <8kPa (n=35, 79.5%) had a
fibrosis stage <F1 (negative predictive value=100%). The combination of post-LT hy-
pertension (odds ratio [OR]: 12.0, 95% confidence interval [Cl]: 1.8-80.4, p=.010) and
post-LT dyslipidaemia (OR: 7.9, 95% Cl: 1.3-47.1, p=.024) with LSM (OR: 1.7, 95% ClI:
1.1-2.8, p=.030) was independently associated with MASLD.

Conclusions: Although biopsy remains the gold standard for detecting fibrosis, our
results suggest that LSM values <8kPa after LT for MASH are strongly correlated

with absence of significant/advanced fibrosis.

FibroScan, liver biopsy, liver transplantation, metabolic dysfunction-associated steatotic liver
disease, metabolic factors, recurrent fibrosis, recurrent steatosis

Key points

While liver biopsy remains the gold standard method for
detecting graft fibrosis, non-invasive alternative methods
are frequently used for the follow-up of liver transplant
recipients. To date, FibroScan has only been validated for
detecting graft fibrosis in patients transplanted for hepa-
titis C virus. Here, we report that FibroScan could be an
accurate tool to diagnose the absence of significant/ad-
vanced fibrosis in liver grafts among patients transplanted
for metabolic dysfunction-associated steatohepatitis cir-
rhosis, and specifically to screen for those at no need of

biopsy.

Therefore, this work aimed to evaluate the diagnostic accuracy
in the posttransplant setting of patients transplanted for MASH of
recurrent hepatic steatosis and fibrosis identified with FibroScan,
compared to liver biopsy findings, as well as identify metabolic and
pharmacological factors that, combined with CAP and LSM, could
improve the accuracy of FibroScan.

2 | MATERIALS AND METHODS

2.1 | Study design and population

This prospective cohort study included adult patients transplanted
for MASH cirrhosis between 2010 and 2022 in three LT centres in
Spain who underwent both liver biopsy and FibroScan at least 1-
year after LT. After an exhaustive review of the clinical charts, each
of these included individuals had documented MASH diagnosis be-
fore undergoing transplantation, as evidenced by the pre-LT pres-
ence of overweight/obesity and/or type 2 diabetes mellitus as well
as dyslipidaemia, hypertension or steatosis in >5% of hepatocytes
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in a previous liver biopsy or in the explant, in the absence of risky
alcohol intake (220 g for women or 230g for men per day) and other
well-known causes of liver fat accumulation, such as drugs with a
steatogenic potential, Wilson's disease and HCV genotype 3.25728
Subjects transplanted for MASH-associated hepatocellular carci-
noma and cryptogenic cirrhosis with MS were also included in the
study. We excluded patients under the age of 18years, those posi-
tive for human immunodeficiency virus infection, those with pre-
vious or combined LT, except simultaneous liver-kidney transplant,
and those with post-LT potential factors that could aggravate fibrosis
lesions, such as cellular rejection or biliary obstruction. Protocol bi-
opsies were obtained at 1-, 3- and 5-year post-LT, if possible, across
the three centres. While the last biopsy and/or FibroScan were used
for the primary analysis, a secondary analysis was done, including a
subgroup of patients who underwent more than one biopsy and/or
FibroScan after LT.

2.2 | Liver biopsy

Experienced physicians performed percutaneous liver biopsies using
a 16 Fr semi-automated trucut-type BioPince needle. Liver specimen
was formalin-fixed and paraffin-embedded. Four-pm-thick serial
sections were stained. The minimal staining included haematoxylin
and eosin, Picro Sirius red and Masson's trichrome. All biopsies were
assessed by a pathologist experienced in liver diseases who was
blinded to the FibroScan results and clinical data.

Liver biopsy was evaluated according to the SAF (steatosis, activ-
ity and fibrosis) score.?? Steatosis was assessed from O to 3 (SO: <5%;
S1: 5%-33%, mild steatosis; S2: 34%-66%, moderate steatosis; S3:
>67%, marked steatosis). Activity was graded from 0 to 4 (AO: A=0,
no activity; Al: A=1, mild activity; A2: A=2, moderate activity; A3:
A>3, severe activity). Fibrosis was evaluated according to the MASH
Clinical Research Network Scoring System on a five-stage scale: FO
(no fibrosis), F1 (perisinusoidal or periportal fibrosis: 1A—mild, zone
3, perisinusoidal; 1B—moderate, zone 3, perisinusoidal; 1C—por-
tal/periportal), F2 (perisinusoidal and portal/periportal fibrosis), F3
(bridging fibrosis) and F4 (cirrhosis).%°

The histopathological algorithm followed was: MASLD was
defined by the presence of steatosis in >5% of hepatocytes;
MASH was defined by the presence, in addition, of a SAF activ-
ity score 22. Significant and advanced fibrosis were defined as a
fibrosis stage =F2 and =F3, respectively.!® Patients with known
liver diseases different from MASLD/MASH were excluded from

the analysis.

2.3 | FibroScan

Using the FibroScan 502 device (Echosens, Paris, France), experi-
enced hepatologists performed FibroScan according to the manu-
facturer's guidelines, blinded to the liver biopsy results and clinical
data. FibroScan was considered successful only when at least 10

valid readings were obtained and the interquartile range (IQR)-to-
median ratio of the 10 readings was <.3.

Hepatic steatosis and fibrosis were assessed by CAP and LSM,
respectively. According to the CAP value, patients were divided
into three groups: low steatosis (<250dB/m), intermediate steato-
sis (250-300dB/m) and high steatosis (>300dB/m).3! CAP value
>275dB/m was used to diagnose significant steatosis.>? According
to the LSM value, the following fibrosis stages were defined: FO (O-
5.9kPa), F1 (6.0-6.9kPa), F2 (7.0-9.0kPa), F3 (9.1-10.3kPa) and F4
(210.4kPa).>® LSM values <8kPa and >12-15kPa were used to rule
out and rule in advanced fibrosis, respectively.®?

2.4 | Data collection

Data were prospectively gathered, which contained clinical and
demographic information, and were compiled in a unified database
for analysis. Variables recorded at LT time were age and gender.
Variables recorded at biopsy and/or FibroScan time were diabetes
mellitus, hypertension, dyslipidaemia, overweight/obesity, tacroli-

mus and prednisone use and chronic kidney dysfunction.

2.5 | Statistical analysis

Data were analysed using R version 4.3.1 (2023 The R Foundation
for Statistical Computing Platform) and GraphPad Prism version
10.2.3. Data were described using mean (standard deviation) or me-
dian (IQR) for continuous variables, and n (%) for categorical vari-
ables. Continuous variables were compared using either the T-test
or non-parametric tests (Wilcoxon or Kruskal-Wallis test), and cat-
egorical variables were compared using either the chi-squared or
Fisher's exact tests when appropriate. Multiple logistic regression
analyses were used to assess the factors independently associated
with MASLD. Variables associated with the dependent variable at
univariate analysis (probability threshold, p-value <.1) were included
in the multivariate regression models. A p-value<.05 was consid-

ered as a statistical significance.

2.6 | Ethics

This study was conducted following both the Declaration of Helsinki
and the Declaration of Istanbul. The study protocol was approved by
La Fe University and Polytechnic Hospital's local ethics committee
(Comité de Etica de la Investigacion con Medicamentos [CEIm] del
Hospital Universitario y Politécnico La Fe, 26 February 2020, regis-
tration number: 2019/0124) and by the Spanish Agency of Medicine
and Sanitary Products (Agencia Espafiola de Medicamentos y
Productos Sanitarios [AEMPS], 20 January 2020, reference:
54823DD7BB). A protocol agreement was signed by principal in-
vestigators of the other centres (La Fe University and Polytechnic
Hospital is the coordinator centre in charge of data storage and
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analysis). Written informed consent was obtained from each partici-

pant. The paper was reviewed and approved by all authors before

submission.
3 | RESULTS
3.1 | Study cohort

As shown in the eligibility flow chart (Figure S1), among 52 sub-
jects transplanted for MASH from 2010 to 2022 who underwent
both liver biopsy and FibroScan at a minimum of one-year post-LT,
three of them were excluded for (i) acute cellular rejection (n=1,
1.9%), and (ii) biliary obstruction (n=2, 3.8%). From this 49-patient
cohort, five of them were excluded for (i) non-MASLD known liver
diseases—autoimmune hepatitis (n=1, 2.0%) and chronic hepatitis
of unknown origin (n=2, 4.1%), and for (ii) failure to obtain 10 valid
readings on FibroScan (n=2, 4.1%). The final cohort of 44 patients

was used for subsequent analysis. The main characteristics of our

TABLE 1 Histopathological features of MASLD.

All cohort n=44

Time from LT (months), median (IQR) 24.5 (16-46)
Steatosis degree, n (%)
0 (<5%) 16 (36.4%)
S1(5%-33%) 19 (43.2%)
2 (34%-66%) 3(6.8%)
3 (>67%) 6 (13.6%)
Activity grade, n (%)
=0 (none) 19 (43.2%)
=1 (mild) 14 (31.8%)
=2 (moderate) 6(13.6%)
=3 (severe) 3(6.8%)
=4 (very severe) 2 (4.6%)
Fibrosis stage, n (%)
FO (none) 35 (79.6%)
Fla (mild, zone 3, perisinusoidal) 2 (4.6%)
F1b (moderate, zone 3, perisinusoidal) N/A
Filc (portal/periportal) 5(11.4%)
F2 (perisinusoidal and portal/periportal 1(2.3%)
fibrosis)
F3 (bridging fibrosis) N/A
F4 (cirrhosis) 1(2.3%)
MASLD (251) 28 (63.6%)
MASH (2S1 and A 22) 11 (25%)
Significant fibrosis (2F2) 2 (4.6%)
Advanced fibrosis (>F3) 1(2.3%)

Note: Level of significance, p-value <.05.
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cohort are described in Table S1. A third of patients were women
(n=14, 31.8%). Mean age at LT time was 60.3+6.1years. Rates of
diabetes, arterial hypertension, dyslipidaemia and overweight/obe-
sity at biopsy/FibroScan time were 68.2% (n=30), 68.2% (h=30),
63.6% (n=28) and 79.6% (n=235), respectively. Tacrolimus and pred-
nisone were used at biopsy/FibroScan time in 42 (99.5%) and three
(6.8%) patients, respectively. About half of patients (n=25, 56.8%)
had chronic kidney dysfunction at biopsy/FibroScan time.

3.2 | Histopathological features

Of 51 liver biopsies performed in the analysed subjects, 44 (86.3%)
were conducted as a protocol biopsy. The histopathological fea-
tures of MASLD are described in Table 1. The median time from LT
to the last follow-up biopsy was 24.5 (IQR: 16-46) months. About
two-thirds of the biopsied patients (n=28, 63.6%) had a MASLD
diagnosis, whereas a quarter (n=11, 25%) had a MASH diagnosis,
two (4.6%) with significant fibrosis and one (2.3%) with cirrhosis.

Protocol biopsy cohort Non-protocol biopsy

n=39 cohortn=>5 p
23 (16-42) 46 (37-62) .064
15 (38.5%) 1(20.0%) .691
16 (41.0%) 3(60.0%)

3(7.7%) N/A

5(12.8%) 1(20.0%)

18 (46.2%) 1(20.0%) 459
12 (30.8%) 2 (40.0%)

5(12.8%) 1(20.0%)

2(5.1%) 1(20.0%)

2 (45.1%) N/A

32 (82.1%) 3(60.0%) 147
2 (5.1%) N/A

N/A N/A

4 (10.3%) 1(20.0%)

1(2.6%) N/A

N/A N/A

N/A 1(20.0%)

24 (61.5%) 4(80.0%) .638
9 (23.1%) 2 (40.0%) .586
1(2.6%) 1(20.0%) 217
N/A 1(20.0%) 114

Abbreviations: IQR, interquartile range; LT, liver transplantation; MASH, metabolic dysfunction-associated steatohepatitis; MASLD, metabolic

dysfunction-associated steatotic liver disease; N/A, not applicable.
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The fibrosis scores over time from LT are described in Figure 1.
The main characteristics of the cohort by MASLD/MASH diagnosis
and fibrosis stage on biopsy are described in Tables S2 and S3, re-
spectively. No significant differences were observed between the
subgroup of patients who underwent protocol biopsies and those
who underwent non-protocol biopsies (Table 1). A seven-patient
subcohort underwent two serial biopsies after LT, with a median
time of 13 (IQR: 11.5-18.5) months apart between them. All but
one patient (n=6, 85.7%) had a positive MASLD diagnosis in the
first biopsy, with one (14.3%) having a MASH diagnosis in the sec-
ond biopsy (Figure S2A). None of them had significant/advanced

30+
EA <3years
24
Il 3-5 years
3 20- >5 years
s
=
o
o« 104f °
2 . 2
1 1 1
FO F1 F2 F4

Fibrosis stage

FIGURE 1 Fibrosis scores on liver biopsy over time from LT. LT,
liver transplant.

TABLE 2 FibroScan features of MASLD.

All cohortn=44

Protocol biopsy cohort n=39

fibrosis, but two (28.6%) had a one-stage rise of fibrosis stage (from
FO to F1), whereas one (14.3%) had a reversion of fibrosis stage
(from F1 to FO) (Figure S2B).

3.3 | FibroScan features

The analysed subjects underwent a total of 62 FibroScan measure-
ments. The FibroScan features of MASLD are described in Table 2.
The median time from LT to the last follow-up FibroScan was 26.0
(IQR: 16.8-41.5) months. The median CAP and LSM values were
273 (IQR: 250.8-326.0) dB/m and 5.8 (IQR: 4.6-7.3) kPa (Figure S3),
respectively, with significant steatosis diagnosed in about half of
the patients (n=21, 47.7%), yet advanced fibrosis in only two cases
(4.6%). The main characteristics of the cohort by LSM and CAP on
FibroScan measurement are described in Tables S4 and S5, respec-
tively. No significant differences were noted between the subgroup
of patients who underwent protocol and non-protocol biopsies,
nor between those FibroScan examinations with M and XL probes.
(Table S6). An 18-patient subcohort underwent two serial FibroScan
measurements after LT, with a median time of 25.0 (IQR: 14.3-31.8)
months apart between them. Significant steatosis was diagnosed in
about one-third of patients (n=4, 36.4%, and n=7, 38.9% in the first
and second FibroScan examination, respectively) (Figure S4A) and
advanced fibrosis in one case (5.6%) in both measurements, one case
(5.6%) in the first examination, and one case (5.6%) in the second one
(Figure S4B).

Non-protocol biopsy cohortn=5 p

Time from LT (months), median (IQR) 26 (16.8-41.5) 26 (16.5-40.0) 27 (26-119) .306
LSM (kPa), median (IQR) 5.8 (4.6-7.3) 5.8 (4.7-7.3) 6.6 (4.4-8.8) 725
CAP (dB/m), median (IQR) 273(250.8-326.0) 273(250.5-326.0) 268 (258.0-277.0) 796
Steatosis degree, n (%)
Low (<250dB/m) 10 (22.7%) 9 (23.1%) 1(20.0%) .830
Intermediate (250-300dB/m) 17 (38.6%) 14 (35.9%) 3(60.0%)
High (>300dB/m) 17 (38.6%) 16 (41.0%) 1(20.0%)
Significant steatosis (>275dB/m), 21 (47.7%) 19 (48.7%) 2 (40.0%) 713
n (%)
Fibrosis stage, n (%)
FO (0-5.9kPa) 23 (52.3%) 21 (53.8%) 2 (40.0%) .909
F1 (6.0-6.9kPa) 6 (13.6%) 5(12.8%) 1(20.0%)
F2 (7.0-9.0kPa) 8(18.2%) 7 (17.9%) 1(20.0%)
F3(9.1-10.3kPa) N/A N/A N/A
F4 (210.4 kPa) 7 (15.9%) 6 (15.4%) 1(20.0%)
Advanced fibrosis, n (%)
Rule-out (<8kPa) 35 (79.6%) 32(82.1%) 3(60.0%) 141
Rule-in (>12-15kPa) 2 (4.6%) 1(2.6%) 1(20.0%)

Note: Level of significance, p-value <.05.

Abbreviations: CAP, control attenuation parameter; IQR, interquartile range; LSM, liver stiffness measurement; LT, liver transplantation; MASLD,

metabolic dysfunction-associated steatotic liver disease; N/A, not applicable.
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TABLE 3 Correlation between LSM on FibroScan and fibrosis
stage on liver biopsy.

LSM <8kPa LSM 28kPa

n=35 n=9 P
FO versus >F1, n (%) 30(85.7) 5(55.6) .068
FO-F1 versus 2F2, 35 (100) 7(77.8) .038
n (%)
FO-F3 versus F4, 35 (100) 8(88.9) .204
n (%)

Note: Level of significance, p-value <.05.
Abbreviation: LSM, liver stiffness measurement.

3.4 | Liver biopsy versus FibroScan

The median time between liver biopsy and FibroScan measure-
ment was 2 (IQR: 0-5) months, with 35 (79.6%) patients having a
lag time lower than 6 months between both techniques. A correla-
tion was found between fibrosis stage on graft biopsy and elasto-
graphic values on FibroScan. All patients with LSM values <8kPa
(n=35, 79.5%) had a fibrosis stage <F1 (negative predictive value
[NPV]=100%), whereas of those with LSM values =8kPa (n=9,
20.5%), only 2 (22.2%) had a fibrosis stage >F2 (positive predictive
value [PPV]=20%), with one (11.1%) case with cirrhosis (p=.038)
(Table 3; Figure 2A). No significant differences were noted between
the absence/presence of significant steatosis by FibroScan and
steatosis degree on biopsy (NPV=30% and PPV =60%) (Table 4,
Figure 2B). On multivariate analysis, LSM (odds ratio [OR]: 1.7, 95%
confidence interval [Cl]: 1.1-2.8, p=.030), post-LT hypertension (OR:
12.0, 95% Cl: 1.8-80.4, p=.010) and post-LT dyslipidaemia (OR:
7.9, 95% Cl: 1.3-47.1, p=.024) were significantly associated with
MASLD (Table 5).

4 | DISCUSSION

In this prospective study on a population of LT recipients for MASH,
our results suggest that LSM values <8kPa after LT for MASH are
strongly correlated with the absence of significant/advanced fibro-
sis. Therefore, FibroScan could be an effective non-invasive tool
to stage liver fibrosis recurrence among patients transplanted for
MASH cirrhosis, and specifically to screen for those at no need of
biopsy. Additionally, the combination of post-LT hypertension and
post-LT dyslipidaemia with LSM is independently associated with
MASLD, which could improve the accuracy of FibroScan.

The biopsy data show recurrence rates of steatosis, MASH and
advanced fibrosis of 63.6%, 25.0% and 2.3%, respectively. In a meta-
analysis including 17 studies involving 2378 patients, the incidence
of recurrent MASLD and MASH was 82% and 38%, respectively, at
more than 5years after LT.3* Villeret et al. showed recurrence rates
of steatosis, MASH and advanced fibrosis of 80.0%, 60.3% and
20.0%, respectively, at 5years after LT, in a cohort including mainly

protocol biopsies.10 Our study cohort shows a high proportion of
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FIGURE 2 Boxplot of: (A) LSM on FibroScan and fibrosis stage
on liver biopsy; (B) CAP on FibroScan and steatosis degree on liver
biopsy. CAP, control attenuation parameter; LSM, liver stiffness
measurement.

TABLE 4 Correlation between CAP on FibroScan and steatosis
degree on liver biopsy.

CAP CAP

<275dB/m >275dB/m

n=23 n=21 p
SO versus 251, n (%) 8(34.8) 8(38.1) .820
S0-S1 versus 2S2, 21(91.3) 14 (66.7) .064
n (%)
S0-S2 versus S3,n (%)  22(95.7) 16 (76.2) .088

Note: Level of significance, p-value <.05.
Abbreviation: CAP, control attenuation parameter.
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Univariate analysis

Multivariate analysis

TABLE 5 Univariate and multivariate
analysis of factors associated with MASLD

OR (95% CI) p OR (95% CI) p (defined as a steatosis degree >S1).
LSM (kPa) 1.5(1.0-2.1) .035 1.7 (1.1-2.8) .030
Hypertension at bx/FS time 6.0 (1.5-23.6) .012 12.0(1.8-80.4) .010
Dyslipidaemia at bx/FS time 3.9 (1.0-14.2) .043 7.9 (1.3-47.1) .024

Note: Level of significance, p-value <.05.

Abbreviations: Bx, biopsy; Cl, confidence interval; FS, FibroScan; MASLD, metabolic dysfunction-
associated steatotic liver disease; LSM, liver stiffness measurement; OR, odds ratio.

protocol liver biopsies as well, yet the biopsies were performed ear-
lier than in the literature (most in the first 2 years post-LT), so our re-
sults may not be comparable to other studies with longer follow-up.
In fact, patients with biopsy >3 years after LT were those with signif-
icant/advanced fibrosis.

When comparing our data on liver biopsy versus FibroScan, the
diagnostic accuracy of FibroScan in evaluating graft fibrosis correlates
significantly with the absence of significant/advanced fibrosis when
the recommended LSM cut-off of 8 kPa for ruling out advanced fibro-
sis was applied.®? Actually, our study demonstrates a 100% NPV for
FibroScan in identifying absence of fibrosis among our post-LT patient
cohort, such that significant/advanced fibrosis can be reliably rule out
without the need for more invasive procedures, such as biopsies. By
effectively identifying patients who do not require further diagnos-
tic interventions, we can reduce their exposure to unnecessary risks
and associated healthcare costs. Undoubtedly, the LT recipient is ex-
tremely complex, and some diagnoses, such as drug-induced liver in-
jury, may only be captured by liver biopsy.®>¢

Our study is consistent with the findings of Lutz et al. regard-
ing FibroScan for a non-invasive evaluation of graft fibrosis in 48
LT recipients transplanted for any indication compared with the
protocol biopsy 1-year after LT.>” Additionally, Lutz et al. suggested
that FibroScan in combination with Doppler ultrasound should be
implemented as non-invasive hepatic tools in the evaluation and sur-
veillance during the follow-up after LT. In our study, the significant
associations between LSM, post-LT hypertension, post-LT dyslipi-
daemia, and MASLD underscore the need for comprehensive car-
diovascular risk management in post-LT patients. Regular monitoring
and control of blood pressure and lipid levels should be integrated
into post-transplant care protocols to reduce the risk of MASLD.

When comparing our data on liver biopsy and FibroScan for
evaluating graft steatosis, no correlation was found between both
techniques when the non-consensual CAP cut-off of 275dB/m for
diagnosing significant steatosis was applied®?; consistent with the
recommendation of using conventional ultrasound as the first-line
non-invasive tool for the diagnosis of steatosis in clinical practice.37
Yet, the potential for steatosis to change substantially in 2-6 months
between FibroScan and biopsy may impact the comparability of both
techniques. Additionally, the patchy nature of steatosis is known to
be a reason for both tests to be less accurate as well.

The main limitation of this study is that it includes a small num-
ber of patients with recurrent significant/advanced fibrosis, since in
most patients (75%), liver biopsy and FibroScan were performed no

longer than approximately 3.5years from LT (most within 2years),
probably a too early follow-up time in the development of graft fi-
brosis in the setting of MASH recurrence. Our findings are, in fact,
more useful to rule out advanced fibrosis after LT; but unfortunately,
we were unable to correlate histology data with the suggested LSM
cut-off of 12kPa for ruling in advanced fibrosis.?

While a 100% NPV is highly valuable, it is important to acknowl-
edge the context and limitations of this finding. The high NPV ob-
served in our study may be influenced by the specific characteristics
of our study population, including demographics, prevalence of
MASLD and underlying conditions. Sex differences impact in the
development of steatosis and fibrosis post-LT.38 Our data are pre-
dominantly applicable to the older male cohort, yet the two cases
with significant fibrosis were women. Female LT recipients, partic-
ularly those who are postmenopausal, are at a higher risk of devel-
oping steatosis and fibrosis compared to their male counterparts.®’
Furthermore, our data are specific to the region and reflect a cur-
rently low prevalence of MASH. Given the lower risk and possibly
different lifestyle of the region, the results may not be applicable to
other geographic areas. Therefore, caution must be exercised when
generalizing these results to broader or different patient popula-
tions. Additionally, the performance of the test in clinical practice
may vary based on factors such as the prevalence of MASLD in dif-
ferent settings and the implementation of the test protocol.

Finally, the strongest predictors of recurrent/de novo MASLD
are either donor-related (genetic), and recipient-related (metabolic
and pharmacological).!! Although some genetic polymorphisms,
namely PNPLA3, TM6SF2 and MBOAT?7, represent critical determi-
nants in the pathogenesis of liver steatosis and in the progression of
liver damage and could be used in this diagnostic setting, very few
studies have explored the role of their combination in MASLD diag-
nosis and in the prediction of evolving disease.*® While our current
study did not specifically investigate the combination of genetic fac-
tors with CAP and LSM, we recognize the potential value of such an
analysis. In addition, we could not also investigate the association of
these factors with graft fibrosis because there were so few patients
with advanced fibrosis.

In summary, while liver biopsy remains the gold standard method
for detecting graft fibrosis in the post-LT setting of patients trans-
planted for MASH, our current data suggest that the FibroScan
might be an accurate tool to diagnose the absence of significant/ad-
vanced fibrosis in liver grafts due to MASH recurrence. We believe
that our findings are relevant considering that, to date, FibroScan
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has only been validated for the follow-up of HCV recurrence in the

post-transplant setting.
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