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1 | INTRODUCTION

Liver disease is among the leading causes of non-AlDS-related mor-
bidity and mortality in people living with the human immunodefi-
ciency virus (HIV).! Complications related to liver disease and portal
hypertension (PH) such as ascites formation, variceal bleeding, and
hepatic encephalopathy can occur through two distinct pathways
in people living with HIV (PLWH).%® The most common pathway
emerges in the setting of advanced liver fibrosis and cirrhosis driven
by traditional risk factors such as co-infections with the hepatitis
C virus (HCV) and hepatitis B (HBV), alcohol abuse, and metabolic
dysfunction-associated fatty liver disease (MAFLD).%>* MAFLD is a
new definition of fatty liver not requiring the exclusion of second-
ary causes of liver diseases and it may coexist with HCV and HBV.”
The second pathway develops in the setting of porto-sinusoidal vas-
cular disorder and mitochondrial toxicity, with risk factors including
exposure to didanosine, stavudine and zalcitabine, the direct effect
of HIV itself, obliterative portal venopathy, and nodular regenera-
tive hyperplasia.&‘{"7 This distinction is important as liver morphol-
ogy on imaging can be normal, while subtle features of PH such as
splenomegaly and/or thrombocytopenia are present.® Due to the
high prevalence of liver disease in PLWH and the accelerated pro-
gression of liver fibrosis, it is imperative to improve the early iden-
tification of those at the highest risk of mortality and liver-related
complications and initiate appropriate surveillance and preventative

interventions.” ™!

stiffness-spleen size-to-platelet ratio score (LSPS), LSM-to-Platelet ratio (LPR) and PH
risk score. Incidence and predictors of all-cause mortality, any liver-related event and
classical hepatic decompensation were determined by survival analysis, controlling
for competing risks for the latter two. Non-invasive scores were assessed and com-
pared using area under the receiver operating curve (AUROC).

Results: We included 1695 PLWH (66.8% coinfected with hepatitis C virus). During a
median follow-up of 4.7 (interquartile range 2.8-7.7) years, the incidence rates of any
liver-related event, all-cause mortality and hepatic decompensation were 13.7 per
1000 persons-year (PY) (95% confidence interval [Cl], 11.4-16.3), 13.8 per 1000 PY
(95% Cl, 11.6-16.4) and 9.9 per 1000 PY (95% Cl, 8.1-12.2), respectively. The AUROC
of LSM was similar to that of the composite biomarkers, ranging between 0.83 and
0.86 for any liver-related event, 0.79-0.85 for all-cause mortality and 0.87-0.88 for
classical hepatic decompensation. All individual non-invasive scores remained inde-
pendent predictors of clinical outcomes in multivariable analysis.

Conclusions: Non-invasive scores based on LSM, spleen diameter and platelets pre-
dict clinical outcomes in PLWH. Composite biomarkers do not achieve higher prog-

nostic performance compared to LSM alone.

fibrosis biomarkers, liver-related events, mortality, people living with HIV, portal hypertension

Key points

HIV-infected patients are at high risk for advanced chronic
liver disease and portal hypertension. Non-invasive scores
based on liver stiffness, spleen diameter and platelets
predict clinical outcomes in people living with HIV.
Composite biomarkers do not achieve higher prognostic
performance compared to liver stiffness alone.

Liver stiffness measurement (LSM) by vibration-controlled
transient elastography (TE) is a non-invasive tool that can diagnose
advanced liver fibrosis and predict the occurrence of hepatic decom-
pensation and all-cause mortality.?>*® According to the Baveno VI
consensus, LSM 210kPa is highly suggestive of compensated ad-
vanced chronic liver disease (cACLD), while LSM < 15 kPa and normal
platelet count rules-out clinically significant PH and presents with a
negligible risk of decompensation.“'15 Although LSM alone may be
useful in PLWH who develop liver-related complications through the
classical pathway of fibrosis, it may have suboptimal accuracy in indi-
viduals with porto-sinusoidal vascular disorder.”*¢"1 Moreover, LSM
cut-off values may be aetiology-specific in PLWH.*"?! Non-invasive
scores such as the Liver Stiffness-Spleen size-to-Platelet ratio Score
(LSPS), the LSM-to-Platelet ratio (LPR) and the PH risk score include
platelet count and spleen size in combination with LSM. LSM, LSPS
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and PH risk score predict mortality, hepatic decompensation and
the presence of clinically significant PH in patients with cACLD, with
areas under the receiving operating curve (AUROC) of 0.90, 0.91,
0.93, respectively.22 The prognostic value of non-invasive scores
based on spleen diameter and platelets has not been validated and
compared to LSM in PLWH.

This study aimed to evaluate the prognostic value of non-invasive
scores based on LSM and on markers of PH, namely platelets and
spleen diameter, to identify PLWH at increased risk of liver-related
events and all-cause mortality using data from an international co-
hort collaboration.

2 | PATIENTS AND METHODS
2.1 | Study design and patient population

We conducted a combined retrospective analysis of 8 prospective
international cohorts of PLWH undergoing regular liver disease as-
sessment by LSM. The combined cohort of 1695 PLWH included
427 participants from the LIVEr disease in HIV cohort in Montreal,
Canada; 584 from the University of Bordeaux, France; 370 patients
from the HEPAVIR-Cirrhosis Cohort from 7 hospitals in Andalusia,
southern Spain; 212 participants from the Royal Free Hospital in
London, UK; 54 participants from the University of Bonn, Germany;
20 patients from Imperial College Healthcare NHS Trust of London,
UK; 15 patients from the University of California in San Francisco,
US; and 13 patients from the University of Modena and Reggio
Emilia, Italy (Table S1). We included PLWH fulfilling the following
criteria: (1) >18years old; (2) confirmed diagnosis of HIV on antiret-
roviral therapy; (3) at least one reliable VCTE examination; and (4) at
least one-year follow-up. We excluded patients with decompensat-
ing events, liver transplantation, hepatocellular carcinoma (HCC), or
who underwent transjugular intrahepatic portosystemic shunt be-
fore baseline (date of LSM).

2.2 | Clinical and biological parameters

Retrospective data on demographic, anthropometric, medical and
HIV history, and liver disease information were extracted from
existing clinical databases. Undetectable viral load was defined as
HIV viral load <50 copies/mL. The upper limit of normal for alanine
aminotransferase (ALT) was defined as <45 international units per

litre.

2.3 | VCTE examination and non-invasive scores

VCTE examination (Echosens, Paris, France) was performed on a
3-hour fasting patient by an experienced operator at each centre
following standard operating procedure.23 A LSM 210kPa and a
LSM = 15kPa were considered suggestive and highly suggestive of
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cACLD, respectively, while hepatic steatosis was defined as con-
trolled attenuation parameter (CAP) 2248 dB/m.**?%?* Non-invasive
scores were calculated as previously described: LPR score, LSM/
platelet count x 100; LSPS score, LSM x spleen diameter [cm]/plate-
let count; PH risk score, =5.953+0.188 x LSM +1.583 xsex [1:male,
0:female] +26.705x spleen  diameter [cm]/platelet  count).?%?°

Higher scores suggested the presence of clinically significant PH.

2.4 | Outcome measures

The primary outcome of interest was the development of any new
liver-related event during follow-up, defined as the occurrence
of any among a classical hepatic decompensation event, HCC,
liver transplantation, or liver-related death. Secondary outcomes
of interest included: (i) all-cause mortality; (ii) development of
classical hepatic decompensation, defined by the presence of de
novo clinically significant ascites, variceal bleeding or overt hepatic
encephalopathy (West Haven GradezI1).2%?” Incident HCC, liver
transplantation or death could occur in individuals that did not
have hepatic decompensation. Individuals that underwent liver
transplantation were censored as alive at the date of their liver
transplantation. The time to hepatic decompensation, HCC, liver
transplantation, death, and last medical visit were recorded.

2.5 | Statistical methods

The baseline (time zero) was defined as the date of their first LSM
after 1 January 2012. Each centre's database was examined from its
inception until administrative censoring at the end of 2021. We em-
ployed AUROCSs to calculate the optimal cut-off by Youden's index
for predicting our primary and secondary outcomes of interest by
LSM, LPR, LSPS and PH risk score. Prognostic performance was
assessed by sensitivity, specificity, positive predictive value (PPV)
and negative predictive value (NPV), percentage of missed clinical
events, along with confidence intervals (Cl). To validate the cut-offs
in PLWH, a validation set of data was randomly generated for 50%
of the sample using a simulation method with 1000 replications, not
restricted (or) stratified on any of the outcome/exposure variables
(in the random selection). We also conducted a sensitivity analysis
to estimate the prognostic performance of the non-invasive scores
in patients monoinfected with HIV without viral hepatitis coinfec-
tion and in obese PLWH. Discrimination, calibration and changes
in reclassification were compared between Model 1 (selected clini-
cal predictors + LSM), Model 2 (selected clinical predictors + LPR),
Model 3 (selected clinical predictors + LSPS) and Model 4 (selected
clinical predictors + PH risk score) for predicting 10years risk of the
different outcomes. Discrimination was measured with a weighted?®
Harrell's C or concordance index using Stata command-somersd-
with a robust jackknife estimator for standard errors.?? A C-index
value of 1 indicates perfect discrimination, while 0.5 means no bet-
ter than random guessing. Calibration was assessed statistically
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(Hosmer-Lemeshow statistic and the Gronnesby and Borgan test).>°
Incidence rates of any liver-related event, all-cause mortality and
classical hepatic decompensation were estimated by dividing the
number of participants developing the outcome by the number of
person-years (PY) of follow-up and reported as units per 1000 PY
with a 95% Cl. Incidence count models were used to calculate Cls for
incidence rates. Kaplan-Meier plots and log-rank tests were used to
illustrate time to outcomes by category of the non-invasive scores
according to the cut-off identified by the AUROC analysis. The as-
sociation between predictors and liver-related events was assessed
using univariable and multivariable Cox proportional hazards regres-
sion models and reported as hazard ratio (HR) with 95% CI. A priori
we selected individual predictors of liver-related events based on
clinical relevance. To address the issue of type-1 error, we added
false discovery rates to the models. None of the associations were
changed. The Fine and Grey method was used to control for compet-
ing risks for the outcomes of any liver-related and classical hepatic
decompensation. A two-sided level of significance of 0.05 was used.
Statistical analyses were performed using STATA 17 (STATA Corp.
LP, College Station, Texas, USA).

3 | RESULTS

The baseline characteristics of the whole cohort comprising 1695
PLWH are summarized in Table 1. The XL probe was used in 52 (3%)
patients. Overall, 50 patients were excluded for failure or unreliable
VCTE, corresponding to a failure rate of 2.9%, which is in line with
other studies where XL probe was available. The reasons that caused
the failure of VCTE were morbid obesity in 30 patients and marked
elevation of ALT (>6x the upper limit of normal) in 20 patients. Overall,
the median age was 48years, and most participants were male and of
white ethnicity. The mean number of alcoholic drinks per week was 10.
Most PLWH had undetectable HIV viral load. Two hundred sixty-six
(16%) patients were overweight (BMI 25-29 kg/m?), and 128 (8%) were
obese (BMI>30kg/m?). ALT was within the upper limit of normal in
755 (45%). The prevalence of cACLD by LSM > 10kPa and 215 kPa was
39% and 28%, respectively, while hepatic steatosis was present in 43%
of the subgroup of 647 PLWH with available CAP.

3.1 | Incidence and risk factors of any liver-related
event, all-cause mortality and classical hepatic
decompensation

During a median follow-up period of 4.7 (interquartile range 2.8-
7.7) years, with a 1-17 years range, there was a total of 185 events
(Table 2). Classical hepatic decompensation events were the most
frequent liver-related events, with ascites being the most common
hepatic decompensation event, followed by HCC. The cumulative
incidence of any liver-related event, all-cause mortality and clas-
sical hepatic decompensation in HIV monoinfected patients vs.
HIV/HCV coinfected patients was 2.6% vs. 9%, 1.4% vs. 10%, 2.1

vs. 6.5%, respectively. Compared to patients who did not develop
a liver-related event, those who developed it had lower BMI and
lower CD4 cell count, longer duration of HIV infection and were
less likely to have an undetectable HIV viral load (Table 1). Those
who developed any liver-related event also had higher creatinine
and lower total cholesterol. They had an abnormal liver profile, in-
cluding lower albumin and platelets, higher bilirubin, INR and liver
transaminases. Historical exposure to didanosine and stavudine was
longer in PLWH who developed liver-related events. Finally, spleen
diameter was larger and CAP was lower in PLWH who developed
any liver-related event. All the baseline non-invasive scores were sig-
nificantly higher in PLWH who developed clinical outcomes, includ-
ing any liver-related event, all-cause mortality and classical hepatic

decompensation (Table 3).

3.2 | Performance of non-invasive scores to
predict any liver-related event, classical hepatic
decompensation and all-cause mortality

All non-invasive scores had good AUROCs to predict the occur-
rence of any liver-related event, ranging between 0.83 and 0.86
(Figure 1). Along the same lines, the non-invasive scores had good
performance in predicting all-cause mortality and hepatic decom-
pensation (Table 4). Table 4 reports the optimal cut-offs to predict
the outcomes for each non-invasive score, with associated sensitiv-
ity, specificity, PPV and NPV. These figures were confirmed in both
the whole and the validation cohorts for all non-invasive scores.
Moreover, the discrimination and calibration tests showed that there
were no significant deviations by observed risk from subgroups of
predicted risk estimates, regardless of the number or location of
cut-offs (Table 5). Since LSM can overestimate fibrosis and PH in
obese patients, we conducted a sensitivity analysis in the subgroup
of PLWH with BMI>30 Kg/m2.31 We found that the performance
of the LSM-based scores was similar in obese vs. non-obese PLWH
(data not shown). In the sensitivity analysis conducted in HIV mo-
noinfected patients, we found that the prognostic performance of
all non-invasive scores was excellent and similar to the whole study
cohort (Table S2). Interestingly, in HIV monoinfected patients LSM
(AUROC 0.84, 95% Cl 0.75-0.94) had a lower performance for
any liver-related event than LPR (AUROC 0.93, 95% Cl 0.87-0.98;
p=0.006). Figures 2, S1 and S2 report the Kaplan Meier curves de-
picting the incidence of any liver-related event, all-cause mortality
and classical hepatic decompensation, respectively, stratified by the
optimal cut-off values of each non-invasive score identified by the
AUROC analysis in the whole cohort. Non-invasive models at opti-
mal cut-offs were associated with the occurrence of any liver-related
event after adjusting for age, biological sex, diabetes, detectable HIV
viral load, coinfection with viral hepatitis, platelets and ALT (Table 6).
All the individual non-invasive scores were also independently asso-
ciated with all-cause mortality in Cox regression analysis (Table S3).
Finally, all the non-invasive scores at optimal cut-offs were inde-
pendently associated with classical hepatic decompensation in Cox
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TABLE 1 Baseline characteristics of the cohort by outcome status (development of any liver-related event) at the end of follow-up
(h=1695).
Whole cohort

Developed liver Not developed liver

(n=1695) event (n=121) event (h=1574) p-value

Age (years) 47.7 (42.8-53) 47.8 (42.9-52.1) 47.6 (42.8-53) 0.908
Male sex (%) 1311 (77.4) 97 (80.2) 1214 (77.1) 0.437
Ethnicity (%)

White 526/724(72.7) 16/22(72.7) 510/702 (72.6) <0.001

Black 143/724 (19.8) 3/22(13.6) 140/702 (19.9)
Infection type (%)

HIV monoinfection 422 (24.9) 11 (9.1) 411 (26.1) <0.001

HCV coinfection 1133 (66.9) 102 (84.3) 1031 (65.5)

HBV coinfection 75 (4.4) 4(3.3) 71 (4.5)

HBV/HCV coinfection 5(3.8) 4 (3.3) 61 (3.9)
Routes of transmission (%)

IDU 746 (48.4) 29 (25.2) 717 (50.2) 0.278

MSM 308 (18.2) 7(5.8) 301 (19.3)
Alcoholic drinks (number per week) 0(0-7) 0 (0-10) 0(0-7) 0.431
Hypertension (%) 246 (14.5) 21 (17.4) 225 (14.3) 0.794
Diabetes (%) 161 (9.5) 19 (15.7) 142 (9.0) 0.199
Duration of HIV infection (years) 8(10.7-25) 21.1(15.6-26.7) 17.7 (10.1-24.9) 0.001
Undetectable HIV viral load (<50 copies) (%) 1218 (71.9) 70 (57.9) 1148 (72.9) <0.001
HCV patients with sustained virological 480 (42.4) 19 (15.7) 461 (44.2) <0.001

response (% out of 1133)

BMI (Kg/m?) 23.5(20.9-26.8) 22.1(19.7-24.2) 23.7 (21-26.9) 0.001
CD4 (cell/pL) 511 (332-734) 341 (206-550) 524 (347-743) <0.001
Creatinine (mmol/L) 76 (65.0-88.8) 71(59.2-83.1) 76 (65.4-89.0) 0.002
Platelets (10%/L) 186 (137-234) 109 (84-165) 190 (144-237) <0.001
INR 1.02 (1.00-1.10) 1.12(1.03-1.21) 1.01 (1.00-1.09) <0.001
Albumin (g/L) 42.5(39.5-45.0) 38(34.0-41.5) 43.0(40.0-45.3) <0.001
Bilirubin (umol/L) 1(8-17.1) 18.64 (12-29.1) 1(8-16) <0.001
ALT (IU/L) 0(30-86) 62 (35-94) 8(29-85) 0.013
AST (IU/L) 44 (29-70) 76 (49-110) 42 (29-67) <0.001
Total cholesterol (mmol/L) 4.5(3.9-5.3) 4.0 (3.3-4.8) 6(3.9-5.3) <0.001
HDL cholesterol (mmol/L) 1.2(0.9-1.4) 1.1(0.8-1.6) 2(1.0-1.4) 0.496
Triglycerides (mmol/L) 1.5(1.0-2.2) 1.1(0.9-1.8) 5(1.0-2.2) 0.014
Spleen diameter (cm) 11.6 (10-13.6) 13.25 (12-16.5) 11.5(10-13.4) <0.001
Current antiretroviral regimen (%)

NNRTI 229 (31.6) 5(22.7) 224 (31.9) 0.476

NRTI 631 (85.0) 19 (86.4) 612 (85.0) 0.846

Protease inhibitors 305 (42.1) 4 (63.6) 291 (41.5) 0.029

Integrase inhibitors 249 (33.6) 9(39.7) 240 (33.3) 0.459
Total didanosine exposure (mean months, SD) 5.41 (18.3) 27.56 (39.2) 4.63(16.6) <0.001
Total stavudine exposure (mean months, SD) 11.14 (26.4) 25.48 (32.5) 10.64 (26.1) 0.002
CAP (dB/m) 238 (202-281) 217 (172-270) 238 (202-283) 0.105

Note: Continuous variables are expressed as median (interquartile range) and categorical variables are expressed as frequencies (%), unless otherwise

indicated. The p-values refer to rank-sum tests or 5 test between “developed liver event” and “not developed liver event”. Data on ethnicity was
available for 724 patients. Data on IDU and MSM was available for 1543 and 1550 patients, respectively. Data on time since HIV diagnosis was
available for 1114 patients. BMI was available in 1095 patients. Spleen diameter was available for 544 patients. Data on antiretroviral therapy was
available for 742 patients. CAP was available for 647 patients.

Abbreviations: ALT, alanine aminotransferase; ART, antiretroviral therapy; AST, aspartate aminotransferase; BMI, body mass index; CAP, controlled
attenuation parameter; HIV, human immunodeficiency virus; IDU, injection drug use; INR, international normalized ratio; IU, international units;
MSM, men having sex with men; NNRTI, non-nucleoside reverse transcriptase inhibitors; NRTI, nucleoside reverse transcriptase inhibitors; PH,

portal hypertension; SD, standard deviation.
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TABLE 2 Incidence of any liver-related event, all-cause mortality regression analysis after adjustments (Table S4). Additionally, in
and classical hepatic decompensation in the whole cohort a competing risk analysis, LSM (adjusted HR 13.02, 95% Cl 2.35-
(n=1695). 71.98) and platelet count (adjusted HR 0.13, 95% Cl 0.02-0.82) re-
Incidence rate (per 1000 mained independent predictors of hepatic decompensation in the
Cases  PY,95% Cl) LSM-based model. For all investigated outcomes, there was a pro-
Any event 185 20.88 (18.07-24.09) gressive increase in HR according to the LSM quartiles (Table S5).
Any liver event 121 13.66 (11.42-16.32)
All-cause mortality 127 13.83(11.63-16.43)
Hepatic decompensation 88 9.94 (8.07-12.23) 4 I DISCUSSION
Ascites 77 8.64 (6.91-10.79)
The burden of chronic liver diseases and complications related to PH
Hepatic encephalopathy 28 3.08(2.13-4.4¢) X . . . . L
is steadily increasing in ageing PLWH. In recognition of the significant
Variceal bleeding & Rl L) impact of liver diseases in natural history and prognosis of HIV infec-
Hepatocellular carcinoma 28 3.08(2.13-4.4¢) tion, guidelines from the European AIDS Clinical Society recommend
Abbreviations: Cl, confidence interval; PY, person-year. screening and risk stratification for liver fibrosis in PLWH with or

TABLE 3 Baseline non-invasive scores values by secondary outcomes status (classical hepatic decompensation and all-cause mortality)
(n=1695).

Classical hepatic

Any liver-related event All-cause mortality decompensation
Not Not
Developed Not developed Developed developed Developed developed
LSM (kPa) 7.4 (5.1-16) 25.7 (15.9-42.0) 6.9 (5.0-14.5) 20.0(13.6-32.7) 6.9 (5.0-14.6) 28.7 (18.0-47.6) 7.1(5.1-14.7)
LPR 3.8(2.3-11.1) 22.5(11.0-48.0) 3.5(2.3-9.0) 17.0 (8.8-34.2) 3.5(2.3-9.2) 28.1(13.6-52.9) 3.6(2.3-9.7)
LSPS 0.5(0.3-1.6) 3.7 (1.2-6.6) 0.41 (0.2-1.4) 0(1.5-5.4) 0.4 (0.2-1.3) 3.79 (1.6-6.9) 0.4(0.2-1.4)
PHrisk score  -1.3 5.1(0.6-7.0) -1.5(-2.2-0.8) .9 (1.5-6.4) -1.5 5.3(2.1-7.5) -1.4
(-2.2-1.4) (-2.2-0.8) (-2.2-0.9)

Note: Continuous variables are expressed as median (interquartile range). LPR and LSPS were available for 544 patients.
Abbreviations: LPR, LSM to platelet ratio; LSM, liver stiffness measurement; LSPS, LSM-spleen diameter to platelet ratio; PH, portal hypertension.
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FIGURE 1 Areaunder the receiver
e LSM (AUROC: 0.836) operating characteristics (AUROC) of liver
stiffness measurement (LSM), LSM to
platelet ratio (LPR), LSM-spleen diameter
"""""" LSPS (AUROC: 0.839) to platelet ratio (LSPS) and portal
————— PHrisk (AUROC: 0.829) hypertension (PH) risk score to predict
any liver-related event.

LPR (AUROC: 0.856)
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TABLE 4 Empirical cut-off by Lui of
non-invasive tests identified through
AUROC analysis for prediction of
outcomes in the whole cohort (n=1695)
and in the validation cohort (n=847).

Any liver-related event

Whole cohort
LSM (kPa)
LPR
LSPS
PH risk score
Validation cohort
LSM (kPa)
LPR
LSPS

PH risk score

All-cause mortality

Whole cohort
LSM (kPa)
LPR
LSPS
PH risk score
Validation cohort
LSM (kPa)
LPR
LSPS

PH risk score

Classical hepatic decompensation

Whole cohort
LSM (kPa)
LPR
LSPS
PH risk score
Validation cohort
LSM (kPa)
LPR
LSPS

PH risk score

[ |7
IN'I!E}Q{\JEC')‘NAL Wl LEY

Identified
AUROC (95% Cl)  cut-off Sensitivity  Specificity PPV NPV
0.84(0.81-0.88) 11.75 0.87 0.63 0.18 0.98
0.86(0.83-0.89) 8.62 0.83 0.74 0.20 0.98
0.84(0.78-0.89) 0.61 0.73 0.61 0.18 0.99
0.83(0.76-0.90) 0.55 0.81 0.73 0.21 0.98
0.85 (0.81-0.90) 11.75 0.89 0.69 0.15 0.99
0.86 (0.81-0.90) 8.62 0.83 0.74 0.16 0.98
0.84 (0.74-0.94) 0.61 0.94 0.60 0.14 0.99
0.86 (0.75-0.95) 0.55 0.81 0.70 0.13 0.99
0.79 (0.75-0.83)  10.85 0.82 0.67 0.17 0.97
0.80(0.76-0.84) 8.62 0.76 0.74 0.19 0.97
0.85(0.81-0.89) 0.88 0.91 0.67 0.18 0.99
0.85(0.81-0.90) 0.55 0.87 0.73 0.23 0.98
0.81(0.75-0.86)  10.85 0.79 0.74 0.18 0.98
0.80(0.75-0.86) 8.62 0.77 0.74 0.20 0.97
0.86(0.80-0.92) 0.88 0.91 0.68 0.21 0.99
0.86 (0.79-0.93) 0.55 0.79 0.78 0.19 0.99
0.87(0.84-0.91) 15.80 0.84 0.78 0.13 0.99
0.88(0.85-0.91) 8.62 0.90 0.73 0.16 0.99
0.87 (0.82-0.92) 1.14 0.86 0.72 0.15 0.99
0.87(0.81-0.93) 0.55 0.89 0.73 0.20 0.99
0.93(0.88-0.98) 15.80 0.88 0.79 0.14 0.99
0.92 (0.85-0.98) 8.62 0.55 0.93 0.12 0.99
0.91(0.81-0.99) 1.14 0.85 0.68 0.13 0.99
0.91 (0.82-0.99) 0.55 0.78 0.76 0.11 0.99

Note: LPR and LSPS were available for 544 patients.
Abbreviations: AUROC, area under the receiver operating characteristic curve; Cl, confidence

interval; LPR, LSM to platelet ratio; LSM, liver stiffness measurement; LSPS, LSM-spleen diameter
to platelet ratio; NPV, negative predictive value; PH, portal hypertension; PPV, positive predictive

value.

without viral hepatitis coinfection.” The identification of PLWH with
cACLD and associated prognostication is of paramount importance to
establish therapeutic interventions, like antiviral therapy and lifestyle
modifications for MAFLD, and appropriate surveillance, including
screening for HCC and endoscopic signs of PH.323% However, longi-
tudinal studies investigating natural history and prognostic scores for
liver diseases in the specific setting of HIV infection are limited, par-
ticularly in cohorts including HIV monoinfected patients. Besides, cut-
off values of prognostic scores have not been specifically validated

in PLWH. The present study confirms that, in individuals with well-
controlled HIV infection, non-invasive scores based on LSM, spleen
diameter and platelets predict clinical outcomes in PLWH. Thus, even
in this population, thrombocytopenia and splenomegaly should trig-
ger an evaluation of liver disease severity and PH. Additionally, we
found that composite biomarkers including platelets and spleen did
not achieve higher prognostic performance compared to LSM alone.

The close interplay between HIV and other causes of liver in-
jury contributes to the development of cACLD and ultimately
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FIGURE 2 Survival curves of incidence of any liver-related event by cut-off of: (A) liver stiffness measurement (LSM); (B) LSM to platelet
ratio (LPR); (C) LSM-spleen diameter to platelet ratio (LSPS); (D) portal hypertension (PH) risk score. The p-values refer to log-rank test.

complications related to PH such as ascites formation, variceal
bleeding and hepatic encephalopathy.® Until recently, screening for
liver disease severity and PH could not be applied at a population
level due to the invasive nature of the available tests, including liver
biopsy and measurement of hepatic venous pressure gradient. With
the advent of LSM, non-invasive scores have been proposed to iden-
tify patients with chronic liver disease at higher risk of clinical out-
comes.*?3* The recent Baveno VII consensus proposed the clinically
relevant cut-off value of 10kPa to rule out cACLD. Moreover, LSM
values >15kPa are highly suggestive of cACLD.** Before our study, a
knowledge gap existed in the prognostication and risk stratification
necessary for the care of PLWH: scores incorporating features of
PH, such as platelet count and spleen size combined with LSM, had
not been validated and compared to LSM alone in this population.
In our study of 1695 patients and a median follow-up of 4.7 years,
PLWH had a significant risk of developing any liver-related event and
classical hepatic decompensation, with ascites being the most com-
mon event. Previous literature suggested this finding, however, it
was either focused on PLWH coinfected with HBV and HCV or had
a shorter follow-up period.*®%3%3¢ Our study shows that also HIV
monoinfected patients have a significant risk of clinical outcomes,

particularly liver-related events. Despite being at risk of hepatic
decompensation and HCC, PLWH are often diagnosed at more ad-
vanced stages.’” The limited validation of non-invasive prognostic
scores in PLWH might contribute to the lower uptake of surveillance.
A challenge specific to PLWH is that clinical markers of PH may be
more frequent in the setting of HIV infection and can be due to non-
liver-related diseases, including infectious and malignant conditions.
Splenomegaly and thrombocytopenia are common clinical findings in
PLWH, documented in up to 66% and 35% of cases, respectively.®8?
The differential diagnosis ranges from other co-incidental viral and
parasitic infections to haematological and infiltrative diseases, to
PH.*% In our study, we determined that non-invasive scores based on
spleen diameter and/or platelets, namely LPR, LSPS, and PH risk score,
have excellent discriminatory capacity to predict the occurrence of
any liver-related event, all-cause mortality and classical hepatic de-
compensation. However, the addition of spleen and/or platelets to
LSM did not increase the prognostic performance compared to LSM
alone. Porto-sinusoidal vascular disorder may be a relevant contribu-
tor to hepatic decompensation in HIV monoinfected patients, which
may not be detected by LSM. Since presinusoidal PH may only be
detected by platelets, splenomegaly and derived scores, this could
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TABLE 6 Predictors of any liver-related event in univariable and multivariable Cox regression analysis (n=1695).

Unadjusted model

Adjusted model

False discovery

LSM model HR (95% CI) p-value aHR (95% Cl) p-value rate
LSM>11.75kPa (yes vs no) 11.14 (6.57-18.89) <0.0001 6.28 (3.26-12.10) <0.0001 <0.001
Age (per year) 1.00 (0.98-1.04) 0.60 0.933
Male sex (yes vs. no) 0.97 (0.60-1.60) 0.94 0.99
Diabetes (yes vs. no) 0.79 (0.35-1.77) 0.57 0.933
Detectable HIV viral load (yes vs. no) 1.03(0.94-1.14) 0.51 0.933
Co-infection (yes vs. no) 0.84 (0.65-1.08) 0.17 0.575
Platelets (per log unit) 0.08 (0.03-0.18) <0.0001 <0.0001
ALT (per IU/L) 0.99 (0.99-1.00) 0.52 0.933
False discovery
LPR model HR (95% CI) p-value aHR (95% Cl) p-value rate
LPR>8.62 (yes vs. no) 10.66 (6.57-18.89) <0.0001 9.50 (5.44-16.58) <0.0001 <0.0001
Age (per year) 1.01 (0.98-1.04) 0.98 0.99
Male sex (yes vs. no) 1.06 (0.65-1.74) 0.65 0.933
Diabetes (yes vs. no) 0.77 (0.36-1.67) 0.36 0.91
Detectable HIV viral load (yes vs. no) 1.04 (0.93-1.14) 0.94 0.99
Co-infection (yes vs. no) 0.97 (0.70-1.19) 0.70 0.933
ALT (per IU/L) 0.99 (0.99-1.00) 0.99 0.99
False discovery
LSPS model HR (95% Cl) p-value aHR (95% Cl) p-value rate
LSPS >0.61 (yes vs. no) 16.16 (4.98-52.41)  <0.0001 5.26(2.21-12.50) <0.0001 <0.0001
Age (per year) 0.99 (0.94-1.04) 0.74 0.942
Male sex (yes vs. no) 0.71 (0.32-1.56) 0.39 0.91
Diabetes (yes vs. no) 0.74 (0.27-2.03) 0.56 0.933
Detectable HIV viral load (yes vs. no) 1.24 (0.85-1.82) 0.26 0.742
Co-infection (yes vs. no) 0.77(0.55-1.09) 0.14 0.56
ALT (per IU/L) 0.99 (0.99-1.00) 0.83 0.968
False discovery
PH risk score model HR (95% ClI) p-value aHR (95% Cl) p-value rate
PH risk score>0.55 (yes vs. no) 8.69 (4.00-18.85) <0.0001 7.06 (2.87-17.34) <0.0001 <0.0001
Age (per year) 0.99 (0.94-1.04) 0.58 0.933
Diabetes (yes vs. no) 0.81(0.29-2.22) 0.69 0.933
Detectable HIV viral load (yes vs. no) 1.25(0.84-1.87) 0.27 0.742
Co-infection (yes vs. no) 0.77 (0.55-1.06) 0.11 0.504
ALT (per IU/L) 0.99 (0.99-1.00) 0.79 0.9593

Note: LPR and LSPS were available for 544 patients.

Abbreviations: aHR, adjusted hazard ratio; ALT, alanine aminotransferase; Cl, confidence interval; HR, hazard ratio; LPR, LSM to platelet ratio; LSM,
liver stiffness measurement; LSPS, LSM-spleen diameter to platelet ratio; PH, portal hypertension.

explain the higher AUROC of LPR we found in the HIV monoinfected
subgroup, in whom sinusoidal PH is comparatively rare. ! It might be
worthwhile to build prospective cohorts with spleen stiffness mea-
surement, which is a direct and dynamic marker of portal pressure
and it has been shown to have excellent accuracy in predicting PH
and prognosis in patients with cACLD.*>* For LSM, we identified in
11kPa the optimal cut-off to predict any liver-related event, which is
very close to the 10kPa cut-off reported by Baveno VII consensus

to suggest cACLD. Similarly, a cut-off of 10kPa was identified to
predict all-cause mortality. Along the same lines, we showed that
15.8kPa is the ideal cut-off value of LSM to predict hepatic decom-
pensation, with high sensitivity and specificity. This cut-off overlaps
with the cut-off of 15kPa reported by Baveno VII as highly sugges-
tive of cACLD.* The application of LSM quartiles showed a progres-
sive increase in specificity to detect clinical outcomes in our cohort.
Thus, our study confirms the utility of LSM in this population at high
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risk for cACLD and clinical outcomes. We also identify and validate
aetiology-specific cut-offs of LPR, LSPS and PH risk scores in PLWH,
which are somewhat lower compared to the HIV-negative popula-
tions with chronic liver disease.*222

In multivariable analysis, the non-invasive scores predicted all
clinical outcomes, independently of traditional parameters such as
age, diabetes and viral hepatitis coinfection status. These findings
underline the emerging, relevant role of MAFLD even in patients
with HIV monoinfection.*®44 Interestingly, we did not observe a re-
duced performance of non-invasive scores in overweight or obese
patients, as it has been instead reported in etiologies of cACLD
related unrelated to HIV.3! Lower prevalence of obesity has been
reported in PLWH, particularly in HIV/HCV coinfected patients.*

Our study has several strengths. First, this is a collaborative effort
between 8 academic centres worldwide that care for PLWH, resulting
in a large international cohort of 1695 patients with a long follow-up
period, ensuring the external validity of our findings. Second, it com-
pared four non-invasive scores head-to-head in their ability to predict
clinical outcomes, validating aetiology-specific cut-off values. Our
study also has limitations that we wish to acknowledge. First, although
our cohort is built from locally-maintained prospective databases, cer-
tain clinical variables, including spleen size, have been retrospectively
collected which explains why the evaluation of LSPS and PH risk score
was only available in a subset of patients. Second, as clinical events
were collected retrospectively, there is always a chance that liver-
related events would have been missed. However, as patients were
followed at tertiary academic centres, this is probably less likely ex-
cept for patient migration. In addition, we used a time-to-event anal-
ysis to mitigate this risk where individuals are censored at their last
follow-up. Third, the population was heterogeneous with respect to
the causes of liver damage, but this is a reflection of HIV real world:
HCV coinfection may still be a driver of clinical outcomes, as there will
be some patients who are treated and others who are not for the HCV.
The included cohorts are from academic centres, where patients are
more likely to be treated (especially since 80% of our study population
are men who have sex with men, which is a predictor for direct-acting
antiviral treatment). Also, even if all patients would have received an-
tiviral treatment, it is unsure whether we would be able to see already
a significant change in long-term outcomes after treatment. Fourth,
our cohort might not be representative of all PLWH as these were fol-
lowed in academic centres and, therefore, could include a high propor-
tion of patients with cACLD and HCV coinfection.

In conclusion, LSM, LPR, LSPS and PH risk scores can help prog-
nosticate PLWH based on dichotomous thresholds. LSM can be re-
liably used in clinical practice in this population. Splenomegaly and
thrombocytopenia could still be seen as subtle indicators of liver
disease in individuals with well-controlled HIV infection.*® The cut-
offs identified for LSM are similar to those reported by the Baveno
VIl consensus. We recommend assessment by other non-invasive
scores of PH through aetiology-specific cut-offs. These non-invasive
scores may help clinicians caring for individuals with HIV to identify
patients at high risk of liver-related events and all-cause mortality
and initiate an individualized surveillance strategy. Our data may
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guide clinical care, advocate for expanded access to VCTE in this
population, and lead to personalized medicine approach in patients

at higher risk of advanced liver disease.
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