Name of Journal: World Journal of Clinical Cases
Manuscript NO: 70654
Manuscript Type: ORIGINAL ARTICLE

Retrospective Cohort Study
Longitudinal assessment of liver stiffness by transient elastography for chronic hepatitis C patients

Mezina A et al. Longitudinal assessment of liver stiffness in chronic hepatitis C

Anya Mezina, Arunkumar Krishnan, Tinsay A Woreta, Kevin B Rubenstein, Eric Watson, Po-Hung Chen, Carla Rodriguez-Watson

Anya Mezina, Department of Medicine, Johns Hopkins School of Medicine, Baltimore, MD 21287, United States

Arunkumar Krishnan, Tinsay A Woreta, Po-Hung Chen, Division of Gastroenterology and Hepatology, Johns Hopkins School of Medicine, Baltimore, MD 21231, United States

Kevin B Rubenstein, Eric Watson, Carla Rodriguez-Watson, Mid-Atlantic Permanente Research Institute, Kaiser Permanente Mid-Atlantic States, Rockville 20852, United States

Carla Rodriguez-Watson, Department of Health Policy and Management, Bloomberg School of Public Health, Johns Hopkins University, Baltimore, MD 21287, United States

Carla Rodriguez-Watson, Innovation in Medical Evidence Development and Surveillance (IMEDS) Program, Reagan-Udall Foundation for the FDA, Washington, 20036, United States

Author contributions: Tinsay A Woreta and Po-Hung Chen conceptualized the study; Anya Mezina, Tinsay A Woreta and Po-Hung Chen investigated the study; Anya Mezina, Tinsay A Woreta, Kevin B Rubenstein Po-Hung Chen and Carla Rodriguez-Watson did the methodology; Anya Mezina did the writing - original draft; Arunkumar Krishnan, Tinsay A Woreta, Kevin B Rubenstein Po-Hung Chen and Carla Rodriguez-Watson did the writing-review and editing; Kevin B Rubenstein did the software and visualization; Tinsay A Woreta and Eric Watson did the data curation; Arunkumar Krishnan did the  validation. 

Corresponding author: Carla Rodriguez-Watson, PhD, Senior Researcher, Mid-Atlantic Permanente Research Institute, Kaiser Permanente Mid-Atlantic States, 2101 E Jefferson Street, Rockville 20852, United States. crodriguezwatson@reaganudall.org

Received: August 10, 2021
Revised: December 16, 2021
Accepted: April 21, 2022
Published online: 

Abstract
BACKGROUND
Liver fibrosis is a common pathway of liver injury and is a feature of most chronic liver diseases. Fibrosis progression varies markedly in patients with hepatitis C virus (HCV). Liver stiffness has been recommended as a parameter of fibrosis progression/regression in patients with HCV.

AIM
To investigate changes in liver stiffness measured by transient elastography (TE) in a large, racially diverse cohort of United States patients with chronic hepatitis C (CHC).

METHODS
We evaluated the differences in liver stiffness between patients treated with direct-acting antiviral (DAA) therapy and untreated patients. Patients had ≥ 2 TE measurements and no prior DAA exposure. We used linear regression to measure the change in liver stiffness between first and last TE in response to treatment, controlling for age, sex, race, diabetes, smoking status, HIV status, baseline ALT, and baseline liver stiffness. Separate regression models analyzed the change in liver stiffness as measured by kPa, stratified by cirrhosis status.

RESULTS
Of 813 patients, 419 (52%) initiated DAA treatment. Baseline liver stiffness was 12 kPa in 127 (16%). Median time between first and last TE was 11.7 and 12.7 mo among treated and untreated patients, respectively. There was no significant change in liver stiffness observed over time in either the group initiating DAA treatment (0.016 kPa/month; CI: -0.051, 0.084) or in the untreated group (0.001 kPa/mo; CI: -0.090, 0.092), controlling for covariates. A higher baseline kPa score was independently associated with decreased liver stiffness. 

CONCLUSION
DAA treatment was not associated with a differential change in liver stiffness over time in patients with CHC compared to untreated patients.
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Core Tip: We evaluated changes in liver stiffness measured by transient elastography (TE) in a large, racially diverse cohort of United States patients with chronic hepatitis C (CHC). We retrospectively evaluated differences in liver stiffness between patients treated with direct-acting antiviral (DAA) therapy and untreated patients. Our study shows a higher baseline kPa score was independently associated with decreased liver stiffness, and that differences in liver stiffness may be observed on serial TE measurements in patients with higher baseline scores, irrespective of treatment effect. DAA treatment was not associated with a differential change in liver stiffness over time in patients with CHC compared to untreated patients.

INTRODUCTION
Chronic hepatitis C (CHC) infection, affecting an estimated 71.1 million people worldwide, is a major cause of liver cirrhosis [1,2]. The degree of liver fibrosis is a chief determinant of complications related to end-stage liver disease and is associated with the risk of hepatic decompensation, hepatocellular carcinoma, and mortality[3]. The level of CHC-related hepatic fibrosis is detected through histology by the meta-analysis of histological data in viral hepatitis (METAVIR) scoring system (F0 indicating no fibrosis to F4 indicating cirrhosis)[4]. The temporal evolution of fibrosis in patients with CHC is non-linear, with variable progression observed between different stages of disease specified by METAVIR fibrosis scores[5]. The degree of progression of liver fibrosis is further influenced by variables including age, gender, alcohol consumption, insulin resistance, high body mass index, and co-infection with hepatitis B virus (HBV) or human immunodeficiency virus (HIV)[6-9]. Histological assessment of the liver is considered the optimal approach to evaluate changes in fibrosis over time and remains the gold standard for the diagnosis of cirrhosis[10]. However, reliance on liver biopsy is limited by the intra- and interobserver variability of fibrosis scoring, the sampling variability, and finally, the potential for complications from an invasive procedure, which renders serial histopathological assessments impractical in routine clinical care[11-13].
Transient elastography (TE) has become a widely used, noninvasive ultrasound-based technique to measure liver stiffness and accurately assess severe fibrosis and cirrhosis without the morbidity and mortality associated with liver biopsy. TE is validated in patients with CHC with 89% sensitivity and 91% specificity for the diagnosis of cirrhosis[14]. Achieving sustained virological response (SVR) after treatment of CHC has been shown to reduce the rate of liver fibrosis progression and even partially reverse fibrosis as assessed by histology as well as TE[15-17]. Eradication of HCV is associated with a reduction in all-cause and liver-related mortality and a lower risk of progression to cirrhosis[15,18,19]. However, despite achieving SVR, some patients will develop progressively higher liver stiffness measurements over time, and up to 60% of those with cirrhosis at the time of treatment with direct-acting antiviral agents (DAA) will continue to exhibit liver stiffness measurements in the cirrhotic range, increasing the risk for hepatic decompensation and adverse clinical outcomes[20-22]. Due to the broad implementation of guideline-directed treatment of CHC, understanding the factors leading to differential changes in liver stiffness will be integral to refining clinical decisions regarding management and surveillance for complications of end-stage liver disease[17,23]. Many studies utilizing TE to evaluate longitudinal changes in liver stiffness have been limited to the duration of DAA therapy or the 12-24 wk post-treatment when SVR is ascertained[24,25-27]. Other studies with long-term follow-up periods have been conducted outside of the United States and may not reflect the same racially diverse patient population and genotypic distribution of HCV, limiting the generalizability of findings[22,28].
The American Gastroenterological Association has recognized the need for large, long-term investigations of outcomes in patients with CHC treated with DAA therapy and indicated that current evidence is insufficient to recommend a universal policy of noninvasive testing of liver fibrosis in successfully treated patients[14,29]. To address this need, we performed a longitudinal, retrospective observational study investigating changes in liver stiffness measured by TE in a racially diverse cohort of United States patients with CHC.

MATERIALS AND METHODS
Study design: We conducted a longitudinal retrospective study of patients with confirmed CHC infection seen at Johns Hopkins Health System (JHHS) and Kaiser Permanente Mid-Atlantic States (KPMAS) between April 1, 2014 and March 31, 2018. JHHS is an academic health system primarily serving Baltimore, MD, and the surrounding area. KPMAS is an integrated healthcare system serving more than 750000 members in a region that includes the District of Columbia, Maryland, and Virginia. The Institutional Review Board approved the study at JHHS and KPMAS.

Study population: Patients at JHHS were identified by querying the electronic health record (EHR) system for the International Classification of Disease, Ninth (ICD-9), or Tenth Revision (ICD-10) diagnosis codes for hepatitis C viral (HCV) infection or a positive HCV RNA test. At KPMAS, HCV patients were identified by positive HCV RNA, HCV genotype, ≥ 2 refills of interferon-based HCV therapy within 1 year, or positive HCV antibody test plus ≥ 1 HCV-coded visit. Included patients were at least 18 years of age, treatment naïve to DAA at the time of the first liver stiffness measurement, and had at least two liver stiffness measurements. Patients were excluded if the date of the first liver stiffness measurement was more than 30 d before the date on which our HCV definition is met. We reason that liver stiffness measurements performed fewer than 30 d before HCV recognition was likely due to clinically suspected HCV, but those performed more than 30 d before were due to other chronic liver conditions. We further excluded any patients found to have an undetectable HCV viral load within 180 d prior to the first liver stiffness measurement indicating clearance of HCV infection. The baseline was defined as the date of the first liver stiffness measurement. Treatment was defined by pharmacy dispensation dates in the EHR. Only those patients initiating treatment between the date of the first and last TE were included in the treatment group. TE results and biochemical, clinical, and demographic characteristics were extracted from the EHR. We collected data on the following: age, sex, race, diabetes, chronic kidney disease (CKD), body mass index (BMI), smoking status, alcohol consumption, HIV status, HBV status, hepatocellular carcinoma, aspartate aminotransferase (AST), alanine aminotransferase (ALT), HCV RNA viral load, bilirubin, platelet count, and TE results. The most proximal laboratory and clinical data were collected from a window that spanned 180 days prior to the baseline TE scan and up to 30 d after.
Liver stiffness measurements: Liver stiffness measurements were obtained using transient elastography (Fibroscan 502, Echosens, Paris, France) by trained operators at JHHS and KPMAS. Participants were instructed to fast for a minimum of 2 h prior to testing. The liver stiffness measurement was considered reliable only if a minimum of 10 successful acquisitions were obtained, with an interquartile range ≤ 30% of the median liver stiffness measurement and success rate ≥ 60%. The success rate was calculated as the ratio of the number of successful acquisitions over the total number of acquisitions. The result was reported as a median of liver stiffness expressed in kilopascals (kPa).
Statistical analysis: All statistical analyses were conducted using R version 3.6.0, Stata version 14 (StataCorp LP., College Station, TX, United States), and SAS version 9.4 (SAS Institute Inc., Cary, NC, United States). Descriptive statistics were computed, including counts and percentages for categorical variables, and either means and standard deviations, medians with quartiles, or medians with minimum and maximum values for continuous variables. A t-test was used to compare mean baseline liver stiffness measurements (kPa) between treatment groups. We used multivariable linear regression models to assess the association between treatment and the difference in liver stiffness measurements between first and last TE, adjusting for baseline kPa, and the covariates mentioned above. We included an interaction term between time and treatment to directly compare the change in kPa between treated and untreated subjects. This model can be considered equivalent to one with only the last TE measurement as the outcome, provided that baseline kPa (also referred to as first TE measurement) is included along with all of the same covariates[30]. The analysis was further stratified by baseline cirrhosis status (kPa ≥ 12). A P value < 0.05 was considered statisticallysignificant.
Sensitivity analysis: We found that some patients had two liver stiffness measurements obtained in rapid succession within 7 d of one another. We chose to omit patients with only two measurements taken within 7 d because differences in liver stiffness during a brief time interval are likely to reflect measurement error rather than meaningful physiological changes in the liver. Therefore, as a sensitivity analysis, we repeated all analyses, including patients with liver stiffness measurements taken within 7 d of one another. We will describe results, both including and excluding pairs of liver stiffness measurements taken within 7 d, to assess whether these data impact our conclusions.

RESULTS
Of 813 patients, 84% were at least 50 years of age, 79% were Black, 79% were current or former smokers, 37% were coinfected with HIV, 3% were coinfected with HBV, 19% had diabetes, and 52% initiated treatment with a DAA (Table 1). The median (Q1, Q3) time between first and last liver stiffness measurement was 11.73 (7.41, 17.87) months among those initiating treatment and 12.68 (8.71, 16.94) months among those who were untreated (Table 2). 22% (n = 91) of treated subjects had a kPa score ≥ 12, compared with 9% (n = 36) of untreated patients. The mean (SD) baseline liver stiffness among treated patients was 10.69 (9.48) kPa, significantly higher compared to the mean (SD) of 7.32 (6.10) kPa among untreated patients (P < 0.001). The HCV genotype was genotype 1 in 60% of patients (comprising 91% of patients with known HCV genotype); however, HCV genotype data are not included elsewhere in our analyses because of missing data in 34% of patients. Additionally, due to missing data regarding sustained virologic response (SVR) rates in treated patients, alcohol consumption, and body mass index, these variables were also excluded from the analyses. We also omitted 38 patients (4.7%) who did not have an ALT result up to 180 d before the first liver stiffness measurement, as well as 3 patients (0.4%) with unknown race and 2 patients (0.2%) with unknown smoking status. After excluding these 43 total patients with incomplete information, 770 total patients were included in the regression models. In the multivariable linear regression model examining the change in kPa as the dependent variable, the baseline kPa score was independently associated with a reduction in liver stiffness between the first and last TE (-0.557 kPa; CI: -0.699, -0.415), controlling for age, race (Black, White, or other), sex, HIV status, smoking status, baseline ALT score, and treatment status (Table 3). We observed no significant change in liver stiffness over time among patients who were treated (0.016 kPa/mo; CI: -0.051, 0.084) or untreated (0.001 kPa/mo; CI: -0.090, 0.092); as such, there was no significant difference in the change in liver stiffness among treated patients compared to untreated patients (0.015 kPa/mo, CI: -0.106, 0.136). The difference in the kPa score between the first and last TE, stratified by treatment status, is shown in Figure 1. Next, the analysis was stratified to examine the association of these covariates with liver stiffness in patients with cirrhosis (kPa ≥ 12, n = 119) as well as non-cirrhotic patients (kPa < 12, n = 651). There was not a significant effect of DAA treatment on the change in liver stiffness over time in either cohort, and the difference in liver stiffness between treated and untreated patients was similar. A higher baseline kPa was an independent predictor of a reduction in liver stiffness measurement in both groups. Among patients without cirrhosis, age ≥ 50 was independently associated with increased liver stiffness (0.949 kPa; CI: 0.336, 1.563).
Sensitivity analysis results: We repeated the analyses described above with the inclusion of patients who had two liver stiffness measurements obtained within 7 d (n = 7). We did not observe a significant change over time in liver stiffness in the treated (0.017 kPa/mo; CI: -0.051, 0.086) or untreated patients (-0.027 kPa/mo; CI: -0.120, 0.066), and the rate of change was not different when comparing treated and untreated patients. Results stratified by cirrhosis status (kPa < 12 and kPa ≥ 12) were similar to the original analysis (Supplementary Table 1, Supplementary Figure 1). Estimates for all other covariates yielded qualitatively comparable results to the main analysis.

DISCUSSION
The widespread application of TE as a noninvasive tool to estimate liver stiffness in patients with CHC has raised important questions regarding the clinical benefit of repeating TE following DAA treatment and the evolution of fibrosis on post-treatment measurements. Our retrospective longitudinal cohort study employed TE to investigate changes in liver stiffness over time in a large, racially diverse patient population with CHC infection and assess treatment response.
In our multivariable regression models, we compared the rate of change of liver stiffness over time between DAA-treated and untreated subjects, controlling for race, age, gender, diabetes, smoking status, HIV co-infection, baseline ALT, and baseline kPa that may be independently associated with liver fibrosis. Interestingly, estimated liver stiffness as measured in kPa did not improve over a median of 11.7 mo among patients treated with DAA therapy. There was no significant difference in the change in liver stiffness between treated and untreated patients when stratifying patients based on underlying cirrhosis. Patients with longer times between TE measurements did not exhibit more pronounced differences in liver stiffness.
Our findings were unexpected due to abundant clinical evidence that initiation of antiviral treatment is associated with rapid improvement in liver stiffness scores as well as long-term attenuation of liver fibrosis in patients who achieve SVR[17]. It is possible that our study was underpowered to detect a change in liver stiffness during a median follow-up time period of 4.2 mo after treatment. Since liver stiffness measurements were not always available at the initiation of DAA therapy, the effect of treatment may have been underestimated due to the inclusion of a median of 1.6 mo of untreated time in the treated group. Our study may have been underpowered to detect a modest effect of treatment on cirrhosis regression, as the analysis subsumed only 119 patients with cirrhosis at baseline. The apparent lack of improvement in hepatic stiffness among treated patients may be due to continued liver injury from other, potentially modifiable causes, including non-alcoholic fatty liver disease, alcohol use and drug use, which were not fully captured in our dataset. Despite successful treatment, a subset of patients cured of CHC, particularly those with advanced fibrosis at baseline, will exhibit a progression of liver fibrosis and are at risk of developing adverse liver-related outcomes[21,31]. Although we did not capture clinical data indicative of portal hypertension or decompensated cirrhosis in our study population, it has been postulated that decompensated cirrhosis represents an irreversible threshold that precludes regression to a noncirrhotic state[31,32].
In all analyses, higher baseline liver stiffness was independently associated with a reduction in kPa measurements between first and last TE, which is consistent with results from other investigations. In one systematic review and meta-analysis by Singh et al of studies examining liver stiffness measurements after antiviral therapy, a greater absolute decrease in stiffness over time was observed among studies that included a larger proportion of patients with advanced fibrosis and cirrhosis at baseline[17]. We found that antiviral treatment status was associated with a decline in kPa when analyzing the entire study population as well as patients without baseline cirrhosis. However, this estimated effect of treatment was independent of time, therefore, this does not represent the incremental decrease in stiffness that may be expected in successfully treated patients, and may instead reflect another confounder in our population. We cannot rule out the possibility that this observed decline in kPa is an artifact of regression towards the mean[33,34]. If there is random variability in the measurement of liver stiffness, then misclassifying patients with cirrhosis based on high baseline liver stiffness may result in observed declines in subsequent stiffness measurements that do not reflect a biological change in the liver[34,35]. We further found that treated patients have significantly higher baseline liver stiffness than untreated patients on average, which may make this effect stronger in the treated group than the untreated group. We included baseline kPa in our models to mitigate the impact of regression to the mean on the change over time in liver stiffness, but we cannot be certain that we have entirely accounted for this effect[35].
Based on our eligibility criteria, we identified 7 subjects who underwent serial TE measurements within 7 d or fewer. We performed a sensitivity analysis to investigate a potential bias introduced by our decision to exclude these subjects from the main analysis, based on the hypothesis that changes in liver stiffness observed in a short time period would be more likely to reflect measurement error than changes in inflammation or fibrosis due to DAA treatment. The sensitivity analysis demonstrated that DAA treatment did not significantly change liver stiffness when comparing treated vs untreated patients.
We found that age ≥ 50 was independently associated with increased liver stiffness, consistent with the natural history of fibrosis progression in CHC infection[36]. Baseline pre-treatment ALT levels were not predictive of a change in liver stiffness. However, other reports have identified a positive relationship between elevated ALT levels and improvement in liver stiffness over time as measured by TE, which may be partially due to a decline in necroinflammation[25,37].
Limitations of our study include missing data regarding SVR rates in patients initiating treatment with DAA. Although reported SVR rates are greater than 95% with DAA combinations, this approximation may dilute the effect of treatment on liver stiffness measurements in our study[38]. We were unable to assess the relationship between DAA treatment and liver-related outcomes in our cohort as these data were not collected as part of our study, however, achieving SVR has been demonstrated to lower the risk of liver-related morbidity and mortality. [19,36,37]
The results from our study contribute to the clinical evidence regarding the real-world utility of post-treatment evaluation for fibrosis regression using TE[14,39]. We found that differences in liver stiffness may be observed on serial TE measurements in patients with higher baseline scores, irrespective of treatment effect, which suggests that false positive results on TE are not uncommon in clinical practice. The Baveno VI Consensus criteria includes a weak recommendation for obtaining two fasting TE measurements for patients undergoing screening for compensated advanced chronic liver disease[40]. Since liver stiffness measurements may be taken into account by both clinicians and patients as part of the decision to pursue a liver biopsy for definitive histopathologic assessment, and may impact clinical management with respect to variceal bleeding surveillance, we advocate that a repeat confirmatory TE measurement should be considered for patients with an elevated kPa without other clinical or radiographic signs of advanced fibrosis.

CONCLUSION
Our study underscores the imperfect characteristics of TE for the assessment of liver fibrosis and cirrhosis, compared with the gold standard metrics of hepatic venous pressure gradient measurement and liver histopathology, despite the impetus to avoid invasive testing as part of routine clinical care of patients with CHC[41]. Ultimately, the question remains whether a decline in liver stiffness measurements after successful treatment with DAA is correlated with a reduced risk of liver-related complications, particularly among patients with advanced liver disease at baseline. Further long-term prospective studies must be performed to better understand the clinical utility of obtaining TE measurements in patients with CHC who have achieved SVR and to evaluate liver fibrosis progression in diverse populations, with incorporation of histological, hemodynamic, and clinical data on liver-related outcomes.

ARTICLE HIGHLIGHTS
Research background
Liver fibrosis is a common pathway of liver injury and is a feature of most chronic liver diseases. Fibrosis progression varies markedly in patients with hepatitis C virus (HCV), and the severity of liver fibrosis is associated with the prognosis of liver disease. Liver stiffness has been recommended as a parameter of fibrosis progression/regression in patients with HCV.

Research motivation
To investigate the changes in liver stiffness measured by transient elastography (TE) in a large, racially diverse cohort of U.S. patients with chronic hepatitis C (CHC).

Research objectives
We evaluated the differences in liver stiffness between patients treated with direct-acting antiviral (DAA) therapy and untreated patients. In addition, we performed a longitudinal, retrospective observational study investigating changes in liver stiffness measured by TE in a racially diverse cohort of United States patients with CHC.

Research methods
We conducted a longitudinal retrospective study of patients with confirmed CHC infection seen at Johns Hopkins Health System (JHHS) and Kaiser Permanente Mid-Atlantic States (KPMAS). Patients had ≥ 2 TE measurements and no prior DAA exposure. We used linear regression to measure the change in liver stiffness between first and last TE in response to treatment, controlling for age, sex, race, diabetes, smoking status, HIV status, baseline ALT, and baseline liver stiffness.

Research results
Of 813 patients, 84% were at least 50 years of age, 79% were Black, 79% were current or former smokers, 37% were coinfected with HIV, 3% were coinfected with HBV, 19% had diabetes, and 52% initiated treatment with a DAA. The median time between first and last TE was 11.7 and 12.7 mo among treated and untreated patients, respectively. There was no significant change in liver stiffness observed over time in either the group initiating DAA treatment (0.016 kPa/month; CI: -0.051, 0.084) or in the untreated group (0.001 kPa/month; CI: -0.090, 0.092), controlling for covariates. A higher baseline kPa score was independently associated with decreased liver stiffness.

Research conclusions
DAA treatment was not associated with a differential change in liver stiffness over time, as measured by TE, in patients with CHC compared to untreated patients. Our study underscores the imperfect characteristics of any single noninvasive test for assessing liver fibrosis, which continues to be compared to the gold standard of liver biopsy and histopathology, despite the impetus to avoid invasive testing for CHC infection in clinical practice.

Research perspectives
Direct-acting antiviral therapy was not associated with a differential change in liver stiffness over time in patients with CHC compared to untreated patients. Further longitudinal prospective studies are needed to evaluate the clinical utility of obtaining TE measurements in patients with CHC who have achieved sustained virologic response and assess liver fibrosis progression in diverse populations.
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Figure 1 Change in liver stiffness between first and last transient elastography measurement in patients with chronic hepatitis C infection. Scatter plot illustrating the difference in liver stiffness (kPa) between the first and last transient elastography measurement for patients who were treated (n = 405) and not treated (n = 365) with direct-acting antiviral therapy for chronic hepatitis C infection during the study period. Circles correspond to values for individual patients. kPa: Kilopascals.


Table 1 Demographic and clinical variables in patients with chronic hepatitis C stratified by treatment status (n = 813)
	Variables
	HCV treated
	HCV untreated

	
	(n = 419 (51.5%)]
	[n = 394 (48.5%)]

	Age (yr) [mean (SD)]
	56.54 (8.26)
	56.14 (9.02)

	Male sex [n (%)]
	285 (68.02)
	234 (59.39)

	Race [n (%)]

	                       Black
	339 (80.91)
	303 (77.49)

	                      Other
	18 (4.30)
	20 (5.12)

	                      White
	62 (14.80)
	68 (17.39)

	Smoking history

	                       Non-smoker
	70 (16.71)
	98 (25.00)

	                       Current smoker
	216 (51.55)
	183 (46.68)

	                       Former smoker
	133 (31.74)
	111 (28.32)

	Co-infections [n  (%)]

	                        HIV
	184 (43.91)
	113 (28.68)

	                        HBV
	9 (2.15)
	15 (3.81)

	HCV RNA at baseline, IU/mL [median (Q1, Q3)]
	2220000 (803000, 6606934)
	2340000 (693015, 5924209)

	Biochemistry:

	                       AST, IU/L, mean (SD)
	57.91 (44.75)
	46.38 (31.13)

	                       ALT, IU/L, mean (SD)
	56.63 (51.54)
	51.52 (59.04)

	                       Bilirubin < 2 mg/dL [n (%)]
	393 (97.52)
	359 (98.09)

	                       Platelets, K/uL, median (Q1, Q3)
	196.00 (155.50, 238.00)
	209.00 (170.50, 255.00)

	Hepatocellular carcinoma [n (%)]
	4 (0.95)
	2 (0.51)

	Baseline diabetes [n (%)]
	82 (19.57)
	73 (18.53)

	Baseline chronic kidney disease [n (%)]
	41 (9.79)
	26 (6.60)


HCV: Hepatitis C virus; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; HBV: Hepatitis B virus; HIV: human immunodeficiency virus.



Table 2 Transient elastography characteristics in patients with chronic hepatitis C according to treatment status
	Variables
	HCV treated (n = 419)
	HCV untreated (n = 394)

	Baseline liver stiffness (kPa) [mean (SD); range]
	10.69 (9.48); 1.30-75.00
	7.32 (6.10); 0.00-75.00

	Change in kPa score [mean (SD)]
	-2.78 (7.10)
	0.51 (5.14)

	Months between first and last TE [median (Q1, Q3)]
	11.73 (7.41, 17.87)
	12.68 (8.71, 16.94)

	Months between first TE and DAA start [median (Q1, Q3)]
	1.64 (0.95, 3.84)
	–

	Months between DAA end and last TE [median (Q1, Q3)]
	4.17 (3.07, 10.96)
	–




DAA: Direct-acting antiviral therapy; kPa: kilopascals; TE: Transient elastography



Table 3 Variables associated with the change in liver stiffness measurements in patients with chronic hepatitis C stratified by baseline kilopascals score
	
	All patients (n = 770)
	Baseline kPa < 12 (n = 651)
	Baseline kPa ≥ 12 (n = 119)

	Variables
	Effect estimate
	95%CI
	P
	Effect estimate
	95%CI
	P value
	Effect estimate
	95%CI
	P value

	Antiviral treatment effect
	-1.821
	(-3.452, -0.191)
	0.029
	-1.487
	(-2.820, -0.154)
	0.029
	-2.071
	(-7.477, 3.335)
	0.453

	Baseline kPa
	-0.557
	(-0.699, -0.415)
	< 0.001
	-0.677
	(-0.875, -0.480)
	< 0.001
	-0.600
	(-0.818, -0.383)
	< 0.001

	Black race1
	-0.797
	(-1.775, 0.181)
	0.110
	-0.654
	(-1.362, 0.054)
	0.070
	-2.747
	(-7.304, 1.810)
	0.237

	Other race1
	-0.497
	(-1.901, 0.907)
	0.488
	-0.687
	(-1.893, 0.520)
	0.264
	1.071
	(-6.423, 8.566)
	0.779

	Age ≥ 502
	0.663
	(-0.165, 1.490)
	0.117
	0.949
	(0.336, 1.563)
	0.002
	-0.204
	(-4.089, 3.682)
	0.918

	Female gender
	-0.210
	(-0.843, 0.424)
	0.517
	-0.269
	(-0.772, 0.235)
	0.295
	0.383
	(-3.330, 4.096)
	0.840

	Diabetes
	0.758
	(-0.189, 1.705)
	0.117
	0.751
	(-0.097, 1.599)
	0.082
	1.721
	(-2.034, 5.475)
	0.369

	Current smoker
	0.617
	(-0.390, 1.624)
	0.230
	0.199
	(-0.467, 0.865)
	0.558
	2.266
	(-3.371, 7.903)
	0.431

	Former smoker
	-0.258
	(-1.155, 0.638)
	0.572
	-0.236
	(-0.867, 0.395)
	0.464
	-0.554
	(-6.741, 5.633)
	0.861

	HIV co-infected
	0.468
	(-0.230, 1.166)
	0.189
	0.254
	(-0.286, 0.794)
	0.356
	2.040
	(-1.292, 5.372)
	0.230

	Baseline ALT (per 10 units)
	0.023
	(-0.043, 0.089)
	0.499
	0.018
	(-0.039, 0.075)
	0.532
	0.060
	(-0.250, 0.370)
	0.705

	Time between first and last TE (untreated group) (mo)
	0.001
	(-0.090, 0.092)
	0.975
	-0.012
	(-0.103, 0.078)
	0.787
	0.129
	(-0.229, 0.488)
	0.480

	Time between first and last TE (treated group) (mo)3
	0.016
	(-0.051, 0.084)
	0.634
	0.008
	(-0.044, 0.059)
	0.772
	0.004
	(-0.215, 0.223)
	0.972

	Interaction of treatment and time
	0.015
	(-0.106, 0.136)
	0.807
	0.020
	(-0.086, 0.126)
	0.711
	-0.125
	(-0.523, 0.273)
	0.537

	Intercept
	4.146
	(2.365, 5.927)
	< 0.001
	4.781
	(2.478, 7.084)
	< 0.001
	5.852
	(-0.994, 12.698)
	0.094


kPa: kilopascals; ALT: Alanine aminotransferase; TE: Transient elastography; HIV: Human immunodeficiency virus;
1Effect of race estimated relative to white race as a reference.
2Reference ages 18-49.
3Estimated effect of time between first and last TE (treated group) is not directly included as a covariate in the model. Estimates for this row are derived from the antiviral treatment, time between first and last TE, and interaction terms.
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