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List of Abbreviations: ACLD: compensated advanced chronic liver disease; AIC: Akaike information criterion; ALBI: 

Albumin-Bilirubin Grade; APRI: AST to Platelet Ratio Index; BIC: Bayesian information criterion; BL: baseline; cACLD: 

compensated advanced chronic liver disease; CSPH: clinically significant portal hypertension; CTP: Child-Turcotte-Pugh; DAA: 

direct-acting antivirals; EFSUMB: European Federation of Societies for Ultrasound in Medicine and Biology; EGD: 

esophagogastroduodenoscopy; EOT: end of treatment; EV: esophageal varices; FIB-4: Fibrosis-4; HCC: hepatocellular carcinoma; 

HCV: hepatitis C virus; HD: hepatic decompensation; HE: hepatic encephalopathy; HR: hazard ratio; HRV: high-risk varices; HVPG: 

hepatic venous pressure gradient; IC: interval of confidence; INR: international normalized ratio; IPTW: inverse probability of 

treatment weights; IQR: interquartile range; IRB: Institutional Review Board; kPa: kilopascals; LR: Likelihood Ratio; LSM: liver 

stiffness measurement; MELD: Model for End-Stage Liver Disease; NITs: non-invasive tests; OLT: orthotopic liver transplantation; 

PCR: polymerase chain reaction; PH: portal hypertension; PLT: platelet count; PS: propensity score; PVT: portal vein thrombosis; PY: 

person-year; SSM: spleen stiffness measurement; SVR: sustained virologic response; TE, transient elastography; TIPS: transjugular 

intrahepatic portosystemic shunt; US: ultrasound. 

  



 3 

Introduction 

Direct-acting antivirals (DAAs) have markedly increased the rate of sustained virologic response 

(SVR) among patients with compensated advanced chronic liver disease (cACLD).(1) The SVR has 

been associated with improvement in liver function,(2) and portal hypertension (PH)(3) at six months 

from viral elimination with DAAs(4) whereas the data regarding hepatocellular carcinoma (HCC) 

after DAA therapy are still controversial.(5–8) 

Furthermore, the long-term impact of SVR in terms of PH-driven complications is still under 

investigation.(9) The rates of hepatic decompensation (HD) have been reported only marginally in a 

few studies.(6,10) To date, predictors of such PH-driven complications are still lacking.(9)  

Non-invasive tests (NITs), such as liver (LSM) and spleen (SSM) stiffness measurements, have been 

widely validated as accurate surrogates of PH,(11,12) capable of predicting the presence of clinically 

significant PH (CSPH)(13) and its complications.(14–17) It has been shown that an SSM cut-off of 

54 kPa accurately stratified the risk of HD development in an active HCV cohort. In patients treated 

with DAAs, several studies have shown that LSM and SSM significantly decrease after DAA 

therapy,(18,19) but no evidence is yet available regarding the prognostic role of baseline values and 

their changes after therapy.  

The aim of the present study was to assess the risk of HD development and the prognostic role of 

non-invasive tests of PH in the prediction of HD after DAAs treatment.  
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Materials and Methods 

Study design and population 

For the present study, two cohorts of HCV patients who had been included in two previous 

studies(16,20) were evaluated. The “DAA cohort” was represented by HCV-related cACLD patients 

treated in our department between January 2015 and September 2017.(20) In particular, patients with 

valid measurements of LSM and SSM using transient elastography (TE) at baseline (BL) and at 6 

months (SVR24) after the end of DAA treatment (EOT) were selected; the patients were then 

prospectively followed up. The “active HCV cohort” was a historical cohort of untreated HCV-related 

compensated cirrhotics; the patients were consecutively enrolled at our centre from September 2010 

and subsequently followed up for two years.(16) The “active HCV cohort” was used as a control 

group to assess the effect of DAA treatment on HD development, through propensity score (PS) 

modelling.(21)  

In the DAA cohort, cACLD was defined by values of LSM >10 kPa at BL;(12) SVR was defined as 

undetectable HCV-RNA, using a real-time polymerase chain reaction (PCR) with a detection limit of 

15 IU/mL at a 12-week post-treatment follow-up visit. Laboratory values, Model for End-Stage Liver 

Disease (MELD) and Child-Turcotte Pugh (CTP) scores, were reported for each patient at BL and at 

SVR24. A recent esophagogastroduodenoscopy (EGD), defined as within six months pre-DAAs, was 

reported when available. The presence of previous HD and history of HCC were also reported. 

All patients underwent a standard follow-up in agreement with international recommendations.(22) 

In the DAA cohort, complications of PH, such as ascites, variceal bleeding, hepatic encephalopathy 

(HE), spontaneous bacterial peritonitis and hepato-renal syndrome, were recorded. Other ACLD-

related events, such as high-risk-varices (HRV) treatment, portal vein thrombosis (PVT), HCC, 

orthotopic liver transplantation (OLT) and death, were also reported. The 1st of February 2020 was 

considered to be the end of the follow-up; patients who did not develop the event during the follow-

up were censored at the time of death, OLT or the last visit to the study centre. Data were reported 
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according to STROBE guidelines. 

Non-invasive tests for evaluation of liver disease severity 

LSM and SSM were assessed by TE, using FibroScan® (Echosens, Paris, France) after an overnight 

fasting and a complete abdominal ultrasound (US) examination. LSM values were obtained according 

to the recommendations of the European Federation of Societies for Ultrasound in Medicine and 

Biology (EFSUMB) (23). For each patient, LSM values were considered adequate if the success rate 

(SR) was >60%, and the interquartile range (IQR) was <30% of the median value. The LSM cut-off 

≥21 kPa was used to rule-in CSPH.(24) 

SSM values were obtained using the same probe used to perform LS, with the patient in a supine 

position with maximal abduction of the left arm; the probe was positioned in an intercostal space 

where the spleen was correctly visualized by US. Moreover, patients with a splenic parenchymal 

thickness of <4 cm under the probe were excluded. (15) The same reliability criteria as for the 

measurement of LS were applied (i.e., SR >60%, IQR <30%). SSM cut-off of 54 kPa was applied to 

predict HD development.  

Among the serum biomarkers for non-invasive evaluation of ACLD, MELD, CTP, AST to Platelet 

Ratio Index (APRI), Fibrosis-4 (FIB-4) Score and ALBI Albumin-Bilirubin (ALBI) score were 

calculated for each patient.  

Statistical analysis 

Categorical data were expressed as numbers (percentages), and continuous variables as medians (and 

values of the 25% and the 75% percentiles, IQR or range). For group comparisons of categorical and 

continuous variables, the chi-square test or Mann-Whitney test, and the Mc-Nemar test were used, as 

appropriate.  

The primary outcome was the development of decompensation. Suppl. Material 1 provides complete 

details of the weighted-PS score (inverse probability of treatment weights, IPTW) applied. The 
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clinical, biochemical and elastometric variables were evaluated using univariate and multivariate 

competing risk regression models to assess the factors associated with the primary outcome; death or 

OLT were considered as competing events. The index of the time-to-event analysis for the DAA 

cohort was considered to be the EOT. Since a recenteEGD was available in only a subgroup of 

patients (n=67), the presence of esophageal varices (EV) was not included in the predictive models. 

After evaluation of the multicollinearity, multivariable competing risk regression analyses were 

carried out on variables which reached p<0.1 at univariate analysis. The final multivariate regression 

model was built from the set of candidate variables by removing the predictors based on p values, in 

a stepwise manner. The estimated subhazard ratio (SHR) with the 95%-CI, and the Wald-chi2 tests 

were reported. Cumulative incidence function (CIF) curves were used to estimate the HD 

development during the follow-up.  

Moreover, in patients who achieved SVR, time-dependent competing risk regression models were 

built; NITsconsidered as time-dependent covariates, assuming different values at baseline and 

SVR24. The Akaike information criterion (AIC) and the Bayesian information criterion (BIC) were 

reported for each predictive model . All p values referred to two-tailed tests of significance. P<0.05 

was considered significant. The statistical analysis was carried out using Stata/SE (Version 14.0; Stata 

Corp,Texas,U.S.A.). 

Ethics: 

This study was conducted in compliance with the Declaration of Helsinki. The DAA treatment 

protocol was approved by the National Institutional Review Board (IRB) of the Medicines Agency 

committee. Local IRB approval for subsequent anonymous analysis was authorised. 
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Results 

Patient characteristics 

In the DAA cohort, 183 ACLD patients were initially enrolled. Of them, 37 patients were excluded 

because the SSM at six months from the end of the therapy was not available (n=22) or not feasible 

(n=15). In the final analysis, 146 cACLD patients with paired TE assessment were included in the 

study and were prospectively followed up. Of the patients included, 140 (95.9%) achieved SVR 

status. The median age was 63 (55-73) years; the majority of patients were CTP-A (85.6%); 31 

(21.2%) and 16 (11%) had a history of HD and HCC with complete remission, respectively.  

Table 1 reports the main characteristics of the patients in both the study and the control group.  

Incidence of HD by cohort 

The median follow-up in the DAA cohort was 41.5 (32-49) months. During this period, a total of 20 

(13.7%) patients developed at least one episode of HD; the incidence rate was 7.07 (4.56-10.96) per-

100-PYs. The first decompensating event was ascites in the majority (17/20, 85%) of patients; the 

others being variceal bleeding and hepatic encephalopathy in 2 (10%) and 1 (5%) patients, 

respectively. Three (50%) out of the six patients who did not achieve SVR developed HD.  

In the active HCV cohort, 30 (32.6%) out of the 92 patients developed HD during the 2-year follow-

up period; the first HD event was ascites and variceal bleeding in 26 (86.7%) and 4 (13.3%) patients, 

respectively. The HD incidence in this group was 19.75 (13.81-28.25) per 100 PYs, higher (p=0.0003) 

than in the DAA cohort. 

Impact of SVR by DAA treatment on HD development 

Fifty out of the 238 patients included in both cohorts developed an episode of HD during follow-up.  

Supplemental Material 2 shows the results of the unweighted univariate and multivariate 

competing-risk analysis. Two-year-CIFs of HD development in the treated and untreated cohort are 

drawn in Fig. 1a.  
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We then applied an IPTW approach to account for the different characteristics between the two 

cohorts. Suppl. Material 3 shows an adequate balance between the two groups for the variables 

included in the PS. The PS-weighted competing-risk analysis confirmed the findings of the 

unweighted model and demonstrated that SVR by DAA treatment was associated with a reduced risk 

of HD development (weighted SHR: 0.071, 95% CI: 0.015-0.332) (Suppl. Material 2). Fig. 1b shows 

the CIF curves of HD after the PS-score stabilised IPTW method; the active HCV group showed a 

significantly incidence of HD (p< 0.0001).  

Predictive role of NITs for HD development in SVR patients after DAA treatment 

Of the 140 patients who achieved SVR status in the DAA cohort, 17 (12.1%) still developed an 

episode of HD; the incidence rate in this group of patients was 4.12 (2.56-6.63)per 100 PYs. Only 5 

(4.5%) patients developed HD for the first time after DAA therapy with an incidence of 1.47 (0.61-

3.53) per 100 PYs. Suppl. Material 4 summarises the cumulative inicidence of clinical events during 

follow-up.  

Predictive role of pre-treatment characteristics 

When considering only pre-treatment variables and NITs values, the history of HD and HCC were 

found as independent predictors of HD development despite SVR achievement (Suppl. Material 5). 

Baseline SSM ≥54 kPa alone was not associated with a significantly higher risk of HD during the 

follow-up, but a slight tendency was noted (Suppl. Material 6). 

Predictive role of baseline and SVR24 NITs in a time-dependent analysis 

Suppl. Material 7 shows the improvement of the evaluated NITs at SVR24. In order to take into 

account the changes of NITs, we conducted a time-dependent competing risk regression analysis 

(Tab. 2). At the multivariate analysis, previous HD (SHR: 7.756, 95% CI: 2.611-23.037) and SSM, 

both as continuous values (SHR: 1.037, 95% CI: 1.011-1.064) and dichotomized according to the 54 

kPa cut-off (SHR: 4.169, 95% CI: 1.050-16.559), were independently associated with a higher risk of 
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HD development after DAA treatment. Noteworthy, FIB4-Index was the only of the evaluated serum 

biomarkers significantly associated with HD development at univariate analysis, but this was not 

confirmed in the multivariate analysis. In Fig. 2 are shown the different CIF curves of the HD 

according to the two newly identified predictors.  

Fig. 3 represents a pragmatic flowchart depicting the incidence of HD according to the SSM cut-off 

of 54 kPa, both in the first six months from EOT and after the visit at SVR24; patients with and 

without previous HD were analysed separately.  

Predictive role of NITs and their changes at SVR24 

In order to investigate the role of the values of NITs at SVR24 in the prediction of HD development, 

we performed a subgroup analysis only in the patients still at risk for the primary event at SVR24 

(n=125) (Tab. 3). Changes in SSM (<10%), but not in LSM, were associated with an increased risk 

of decompensation, alongside with a higher MELD score at SVR24.  

Baseline predictors of de novo HCC in our cohort 

Baseline predictors of de novo HCC development in a subgroup of patients (n=125) were investigated 

and summarized in Suppl. Material 8.  In the final multivariate model, presence of CSPH at baseline 

and higher MELD values significantly increased the risk of HCC development after SVR. 
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Discussion 

Paired evaluations of SSM before and after DAA treatment can accurately and non-invasively assess 

the amelioration of portal hypertension after therapy and identify the patients still at risk of 

decompensation (HD) despite viral elimination. 

The introduction of DAA-based treatment has revolutionised the natural history of patients with HCV 

infection. Several initial studies have shown that PH(3) improves immediately after the achievement 

of SVR. However, the real effect of DAA regimens on robust long-term clinical outcomes, especially 

HD, has yet to be determined.(9)  

In the present study, it was demonstrated that treatment with DAA-based regimens reduced the risk 

of decompensation in ACLD patients. The SVR status achieved by DAA treatment was found to be 

an independent protective factor for HD development, also when a propensity-based (IPTW) method 

was applied to the competing risk analysis (Fig. 1).(21) This result is relevant since HD represents an 

essential point of reference beyond which there is increased liver-related morbidity, health costs and 

overall mortality in ACLD patients.(10) Noteworthy, a recent review(9) concluded that the evidence 

regarding the risk of PH-related complication, such as HD, after SVR by DAAs is lacking(25) and . 

the most extensive study to date on this matter failed to demonstrate the benefit of SVR on this clinical 

outcome.(26)  

Considering that some ACLD patients still develop HD despite viral elimination, the identification of 

HD predictors in this context would be very important for the clinician in order to select patients at 

risk and, ideally, to offer an individualised follow-up strategy for each patient. 

To the best of the Authors’ knowledge, this is the first study which investigated the presence of non-

invasive prognostic parameters associated with decompensation after successful DAA therapy. 

Applying a time-dependent regression analysis to account for changes in NITs values after therapy, 

it was found that a history of decompensation before DAA treatment and SSM, both as continuous 
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and dichotomized values (54 kPa),(16) were independently associated with HD development in SVR 

patients who underwent DAA treatment (Tab. and Fig. 2), these patients should therefore be closely 

monitored. 

In the present study, SSM values ≥54 kPa at baseline and SVR24 were independently associated with 

a higher risk of HD after DAA treatment, confirming SSM as a helpful tool to predict PH-related 

complications also in the post-SVR context. Indeed, several studies have shown that both LSM and 

SSM decrease after SVR;(19,27); however, until now, the prognostic significance of these changes 

had not been investigated. Our preliminary hypothesis(20) was confirmed in the present paper, as the  

models including SSM were more accurate than those considering LSM or other NITs.in predicting 

HD development after SVR (Tab. 3). This better predictive role of SSM was, however, not surprising 

since SSM has been more accurate than LSM  also in other contexts.(13–15)  

Regarding the timing of the TE measurement, the sole baseline values of NITs were unable to 

independently predict HD (Suppl.Material 5&6). However, when including both baseline and 

SVR24 measurement in a time-dependent model, this way taking into account the effect of DAA 

treatment on the PH degree in each patient, SSM emerged as the only NIT able to correctly predict 

HD development. 

A graphical representation of HD incidence according to the dynamic changes of SSM and a history 

of decompensation is presented in Fig. 3. For instance, among patients with compensated cirrhosis, 

only patients with SSM ≥54 kPa developed an episode of decompensation during the first 6 months. 

For the patients still at risk at SVR24, SSM was re-evaluated, and once again, the events of first 

decompensation were observed only in patients in whom SSM remained, or increased, above the 

threshold of 54 kPa. 

Another take home message from our paper is that SSM reduction <10% is also a valid method to 

identify patients at risk of decompensation despite SVR achievement (Tab. 3). These results are 

completely in line with the recent paper of Mandorfer et al.,(28) which evaluated the prognostic role 
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of changes in HVPG values after DAA therapy, and showed that areduction >10% reduced the risk 

of decompensation. However, it should be mentioned that this model predicts the risk of 

decompensation after SVR24, and therefore it does not provide a thorough risk stratification for all 

patients undergoing DAA treatment (i.e. the risk of developing the event in between the two TE 

evaluations is not considered), unlike the time-dependent model discussed above. 

In summary, with our study, paired evaluations of SSM were confirmed as an accurate and non-

invasive surrogate to identify patients at risk of complications even after therapies that improve portal 

hypertension, similary to what Kim et al. recently reported for non-invasive prediction of response to 

non-selective beta-blockers.(29) 

The present study has some limitations. First, it was a single-centre observational study, and the non-

randomized assignation of DAA therapy could have introduced selection bias between the two 

cohorts;(21) for this purpose a weighted IPTW analysis was carried out to overcome the differences. 

Second, the selection of patients included in the DAA cohort was retrospectively carried out (patients 

with two available SSM measurements); however, this was the largest cohort to date with paired non-

invasive evaluations in which the patients were prospectively followed for a long time. Moreover, the 

number of HD events in the DAA cohort was relatively small, limiting the possibility of identifying 

more predictors of HD without overfitting the model. Finally, the use of SSM involves some 

previously discussed limits,(15,20) such as the ceiling effect and the technical unfeasibility in 5-15% 

of the cases;(15) however, these limits are expected to be overcome by a new SSM-dedicated 

device.(30) 

In conclusion, the risk of hepatic decompensation in HCV patients with ACLD was significantly 

reduced but was not completely eliminated, after treatment with interferon-free regimens. Among the 

studied non-invasive tests, only the evaluation of SSM before and after DAA treatment could identify 

the patients still at risk of decompensation despite viral elimination. Ultimately, paired SSMs may 
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represent a novel and promising non-invasive tool to assess the response to etiological or specific 

treatments that improve portal hypertension.  
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