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Objectives

Alanine aminotransferase (ALT) level is one of the crucial indexes to evaluate disease status for chronic hepatitis B (CHB) patients. However, whether the ALT level after nucleos(t)ide analog (NA) treatment is associated with hepatocellular carcinoma (HCC) development remains unclear.



Materials and Methods

We evaluated the association between ALT level and HCC occurrence in NA-treated patients and investigated the predictive value of ALT flare for HCC. The associations between ALT level and HCC were analyzed by logistic regression and Cox proportional hazards models.



Results

There were 21,223 CHB patients at Ruijin Hospital of China and 16,737 CHB patients in the Optum electronic health records (EHR) in the United States (US) treated with NAs between 2010 and 2018. Among them, 8,152 and 4,893 patients who achieved a normal ALT value were included in the study cohorts, respectively. A significant positive dose-dependent correlation between the peak ALT level and HCC was identified in both cohorts. Within the China cohort, ALT flare was significantly associated with increased risks of HCC compared to normal ALT (HR 2.55, 95%CI 1.45–4.50). Stronger increased risks associated with ALT flare were observed in the US cohort (HR 7.62, 95%CI 4.85–11.98).



Conclusions

ALT flare is a strong predictor for HCC occurrence in the CHB patients treated with NAs. Elevation of ALT, especially ALT flare warrants close monitoring for early HCC detection.
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Introduction

An estimated 240 million people are chronically infected with hepatitis B virus (HBV) worldwide, with the highest prevalence of infection in Asia (1). Chronic hepatitis B (CHB) progresses to cirrhosis, liver failure, or hepatocellular carcinoma (HCC) in 15–40% of infected people (2). Treatment with oral nucleos(t)ide analogs (NAs) can induce long-term inhibition of HBV replication in patients with CHB, leading to regression of cirrhosis, prevention of hepatic decompensation, and a reduction in the risk of HCC (3). However, among well controlled NA treated CHB patients, some of them still develop HCC. In China, HCC is the fourth most common cancer and the third leading cause of cancer-related death (4).

Significant increases in alanine aminotransferase (ALT) can occur during the natural history of CHB and during treatment with NAs. While ALT elevation may be associated with seroclearance of HBV DNA and HBV antigens under NA treatment as well as during the progression of the disease (5, 6), other evidence suggests that elevated ALT in CHB patients without antiviral treatment at baseline can be associated with a significantly increased risk for developing HCC. In a study from a Hong Kong cohort of 723 CHB patients with HBeAg seroclearance, patients with persistently abnormal ALT had a >6-fold increased risk of HCC compared to patients with persistently normal ALT (7). Evidence from a large HBV cohort study, the Risk Evaluation of Viral Load Elevation and Associated Liver Disease/Cancer in HBV (REVEAL-HBV) in Taiwan yielded similar results that elevated ALT was associated with a >five-fold increased risk of HCC among patients with CHB and HBV carriers (8, 9). However, another study of 588 Korean American CHB patients did not observe a significant association between ALT and HCC risk (10). As yet, it is not clear whether or how, ALT elevations are associated with HCC, especially among those with NA treatment.

The standard of normal for ALT remains contentious (11). There is marked variability in the upper limit of normal (ULN) for ALT in clinical practice guidelines published by the European Association for Study of the Liver (the traditional 40 U/L) (12, 13), and the American Association for the Study of Liver Diseases (AASLD) (35 U/L for males and 25U/L for females) (14). In an Asian study, ULNs of ALT in healthy individuals were 33 U/L for men and 25 U/L for women (15). In a South Korean study, the ALT cut-off for HCC risk in the general population was proposed as 16.5 U/L (16). Furthermore, there is no convincing evidence to prove that the ULN applied to the general population is the most suitable for the evaluation of patients with CHB (11).

We conducted a large retrospective cohort database study in China to investigate potential associations between severe ALT elevation, so called “ALT flare” and the risk of HCC among CHB patients whose ALT levels had normalized after treatment with NA. In addition, we conducted the same analyses using an electronic health record (EHR) claims database in the United States (US) to support our conclusion.



Materials and Methods


Data Sources

This study was conducted using two electronic healthcare databases. One is an electronic medical records (EMR) database from Ruijin Hospital, a tertiary general hospital in Shanghai, China. The other is the Optum PanTher EHR database in the US. Details about these data sources are described in the supplementary document. The study conducted in the Ruijin database was approved by the Human Ethics Committee, Ruijin Hospital, Shanghai Jiao Tong University School of Medicine, and the analysis on the Optum database was exempt from an institutional review board (IRB) approval by the New England IRB. Patient consent was not required for the use of de-identified, electronic data consistent with Health Insurance Portability and Accountability Act (HIPAA) (17).



Study Population

The study population included all patients with at least one diagnosis of CHB and who had been prescribed NA during January 01, 2010 to December 31, 2018. The Chinese cohort was extracted from the hospital medical records system at the Ruijin Hospital using relevant ICD-10 codes as well as text diagnoses. The US cohort was identified as those patients with a diagnostic code of CHB (ICD9 = 070.32 and ICD10 = B18.1) in the Optum EHR US database. Individual records of all HCC diagnoses in both cohorts were manually reviewed by a physician based on patients’ imaging manifestation (computed tomography or magnetic resonance) and biopsy results. Included subjects were at least 18 years of age at the first identified NA treatment; had at least twice ALT tests with at least 28 days apart after NA treatment; was once normalized after treatment initiated and followed longer than 180 days. Patients with a diagnosis of HCC or any other malignancy, or infection with hepatitis A, C, D, E viruses or human immunodeficiency virus (HIV) at, or prior to, the cohort index date was excluded (Figure 1).




Figure 1 | Cohort selection. (A) Ruijin Hospital, China. ALT flare group: ALT relapsed to ≥128 U/L; minor relapse group: ALT relapsed to 64–128 U/L; normal group: ALT achieved and maintained ≤64 U/L. (B) Optum EHR database, the US. ALT flare group: ALT relapsed to ≥175 U/L in men and ≥125 U/L in women; minor relapse group: ALT relapsed to 35–175 U/L in men, 25–125 U/L in women; normal group: ALT achieved and maintained ≤35 U/L in men, ≤25 U/L in women.





Exposure Groups: Definition of ALT Pattern

All ALT values were identified from the laboratory results during the cohort follow-up. The peak ALT values were evaluated to identify ALT flare and the average of the three highest ALT values were categorized as ≤25, 25–40, 41–64, 65–80, 81–128, and >128 U/L.

The ULN of the local hospital standard for ALT was 64 U/L in China. An ALT flare was defined as an increase in ALT to ≥128 U/L (2× local ULN) and a ‘minor relapse’ was defined as an ALT level >64 but <128 U/L. The ULN defined by the AASLD: 35 U/L for men and 25 U/L for women (14) was substantially lower than the local ULN in China. An ALT flare in the US cohort was defined as 5× AASLD ULN (≥175 U/L in men and ≥125 U/L in women), which is approximately the same level as a two-fold increase in the local ULN in China. The minor relapse was defined as an ALT level rise to >35 but <175 U/L in men, >25 but <125 U/L in women. The ‘ALT elevation’ group referred to all patients who experienced either an ALT flare or a minor relapse, while ‘normal’ referred to patients whose ALT stayed at or under the ULN of their relevant standards, after their first normalization.



Study Cohorts

The cohort entry date was the earliest date of a patient achieving normal ALT criteria (1st ALT normalization date) with NA treatment. The flare index dates were defined as the earliest date the ALT increased to meet the flare definition or the minor relapse definition, respectively. For patients who maintained normal levels of ALT, the cohort index date was defined as the date of highest ALT level after first normalization. The baseline period was defined as the 12-month period prior to, and including, the cohort index date. Person–years of follow-up were calculated from the cohort index date until the date of first diagnosis of HCC, or the end of follow-up if no HCC occurred. Patients were followed until the last healthcare visit date plus 45 days, or December 31, 2018, whichever occurred first.



Statistical Analysis

In the two study cohorts, incidence rates of HCC occurrence were estimated. The association between peak ALT value, as the average of the three highest ALT values after the cohort entry and before the follow up (HCC or end of study, whichever is earlier), was analyzed using a logistic regression model. Odds ratios, 95% CIs, and p-value for trends were estimated. Univariate analyses were conducted for all the potential confounders, which were age, gender, prior cirrhosis, prior liver failure, baseline diagnoses of hypertension/diabetes, alcoholic liver disease, nonalcoholic fatty liver disease (NAFLD), NA treatment duration prior to the flare index date and whether patients were on treatment at the flare index day. The potential confounders were retained in the final model only if their inclusion changed the OR for the ALT flare by 10% or more, relative to the unadjusted OR for the ALT flare.

For the association between ALT flare and HCC, a Cox proportional hazards model was applied to investigate potential associations between ALT flare and the development of HCC by estimating hazard ratios (HR) and their 95% CIs. Univariate Cox regression were conducted for all the potential confounders, same as mentioned in the logistic model construction. The potential confounders were retained in the final model only if their inclusion changed the HR for the ALT flare by 10% or more, relative to the unadjusted HR for the ALT flare (i.e. adjusted HR/unadjusted HR is either >1.10 or <0.90), the so-called ‘change in estimate’ criterion (18). Kaplan–Meier curves were also constructed.

As drug resistance was shown as an impact factor of ALT flare and subsequent virological breakthrough, which may influence the development of HCC (19, 20), it might confound the association between ALT flare and HCC. However, only a subset of the patient in China cohort had drug resistance tests, and no test data is available in the US cohort due to the nature of the claim data sources. Thus, we conducted a sensitivity analysis to repeat the main analyses among a subset of patients received drug resistance tests in the China cohort.

All analyses on Ruijin Hospital data were conducted using R 3.6. For the analyses in the US Optum EMR database, most were conducted using SAS enterprise guide v 7.15 in addition to using R 3.6.




Results


Demographic and Clinical Characteristics of the Study Cohort in Ruijin Hospital, China

A study cohort of 8,152 patients was identified among 21,223 adult patients with CHB who were treated with NA at Ruijin Hospital, China (Figure 1A). The mean (± SD) age was 44.7 (± 13.8) years, and 5,559 (68%) were male, 1,463 (18%) had cirrhosis, 357 (4.4%) had NAFLD, 462 (5.7%) had alcoholic liver disease (Table 1). There were 458 patients (6%) who experienced ALT flares, 974 (12%) who experienced minor ALT relapses, and 6,720 (82%) who maintained at the normal ALT over the follow-up (Figure 1A). During the mean follow-up of 1.81 years, a total of 103 patients were diagnosed HCC (incidence, 7.0/1000 person-years). The main baseline characteristics of respective groups were presented in Table 1. The mean durations of follow-up were 718, 724, and 646 days in ALT flare, minor relapse and normal groups, respectively. The mean durations of NA treatment prior to the ALT index date were 389, 311 and 329 days in ALT flare, minor relapse, normal groups, respectively (Table 1).


Table 1 | Baseline demographic and clinical characteristics of study cohort in the Ruijin Hospital, China.





Correlation Between the Peak ALT Level and HCC in the China Cohort

There were 6,313 patients in the China cohort with at least three ALT values after normalization following NA treatment, and 74 patients were diagnosed HCC during the follow-up. There was a positive, dose-dependent correlation between the peak serum ALT level and HCC occurrence, reaching statistical significance in trend test with p-values <0.001. After adjustment for age, gender, baseline cirrhosis, hypertension/diabetes, baseline NA duration and treatment situation at index date, the significant trend remained (Table 2).


Table 2 | Logistic regression model of the association between the peak ALT level* and hepatocellular carcinoma in China and in the US.





ALT Elevation, Especially ALT Flare Was a Strong Predictor for HCC in the China Cohort

Among the entire study cohort of China (8,152), there were 103 cases of HCC, 15 in the ALT flare group, 17 in the minor relapse group, and 71 in the normal group (Table 3). ALT elevation (combined ALT flare and minor relapse groups) showed an elevated risk of HCC (adjusted HR 1.82, 95%CI 1.19–2.79) compared to the normal group (Supplementary Table 1). Specifically, the difference of HCC risk between minor relapse and normal groups was not statistically significant. ALT flare was associated with a significantly increased risk of HCC compared to the normal group, which remained statistically significant after adjusting for age, gender, baseline cirrhosis and diabetes/hypertension (crude HR 2.96, 95%CI 1.70–5.17 and adjusted HR 2.55, 95%CI 1.45–4.50, respectively) (Table 3). As observed for the overall cohort, ALT flare was associated with increased risk of HCC compared to the normal group in both men and women (Supplementary Table 2). The Kaplan–Meier curve confirmed a higher probability of HCC in ALT flare group compared to minor relapse and normal groups in 5 years (Figure 2A).


Table 3 | Cox proportional hazard model of the association between ALT flare and hepatocellular carcinoma in China cohort.






Figure 2 | Kapan–Meier curves for HCC according to the ALT pattern. (A) Probability of not developing HCC in the cohort from Ruijin Hospital, China. (B) Probability of not developing HCC in the cohort from Optum EHR database, the US.





Demographic and Clinical Characteristics of the Study Cohort in the Optum EHR Database, the US

The US study cohort (4,893) was derived according to our inclusion and exclusion criteria from a total of 16,737 CHB patients (Figure 1B). The mean ( ± SD) age was 50.4 ( ± 13.3) years, and 3,018 (62%) were male, 807 (17%) had cirrhosis, 567 (11%) had NAFLD, 178 (3.6%) had alcoholic liver disease (Table 4). During the mean follow-up of 2.3 years, a total of 172 patients were diagnosed with HCC (incidence rate, 15.3/1,000 person–years). The main baseline characteristics of the respective groups are presented in Table 4. The mean duration of follow-up was 898, 1,054, and 639 days in ALT flare, minor relapse and normal groups, respectively. The mean durations of NA treatment prior to the ALT index date were 725, 442, and 621 days in ALT flare, minor relapse, normal groups, respectively (Table 4).


Table 4 | Baseline demographic and clinical characteristics of study cohort in the Optum EHR database, the US.





Correlation Between the Peak ALT Level and HCC in the US Cohort

There were 4,560 patients in the US cohort with at least three ALT values after normalization following NA treatment, and 148 patients were diagnosed HCC during the follow-up. A positive, dose-dependent correlation between the peak serum ALT level and HCC was observed (p < 0.001) (Table 2).



ALT Elevation, Especially ALT Flare Was a Strong Predictor for HCC in the US Cohort

In the entire study cohort of the US (4,893), there were 172 cases of HCC, 42 in ALT flare group, 94 in minor relapse group, and 36 in normal group.

ALT elevation was associated with a significantly elevated risk of HCC (adjusted HR 2.75, 95%CI 1.89–3.98) compared to those maintained normal ALT (Supplementary Table 1). For ALT flare, the risk of developing HCC increased by 8.49-fold (95%CI 5.43–13.26) versus the normal group. The results were similar after adjustment for age, gender, baseline cirrhosis, diabetes/hypertension and alcoholic liver disease (HR 7.62, 95% CI 4.85–11.98) (Table 5). Similar observations were made in men and women, respectively (Supplementary Table 2). The Kaplan–Meier curve confirmed a higher probability of HCC in ALT flare group compare to minor relapse and normal groups (Figure 2B).


Table 5 | Cox proportional hazard model of the association between ALT flare and hepatocellular carcinoma in the US cohort.





Sensitivity Analysis: Associations Between ALT Flare and HCC Among Patients With Drug Resistance Tested

There were 449 patients of China cohort with drug resistance tested. Among these patients, 267 (59.5%) patients were with drug resistance. The top three most frequently used antivirals at baseline in the drug-resistant patients were lamivudine (22.1%), adefovir (14.6%), and telbivudine (13.9%). And majority (92.1%) received rescue therapy. Specifically, 91.1% in the ALT flare group, 93.4% in the minor relapse group, 91.9% in the normal group. The association between ALT flare and HCC remained the same (HR = 2.09) after adjusting for all potential factors and mutation, although it was not statistically significant due to insufficient sample size (Supplementary Table 3).




Discussion

China has one of the highest HBV infection rates among adults in the world, and up to 50% of annual global deaths due to HBV-related complications occur in China (21, 22). To our knowledge, this study is the first to prove ALT flare after normalization predicting HCC occurrence in NA-treated CHB patients. We found that ALT level is significantly associated with HCC, and ALT flare is a strong predictor for HCC occurrence. The risk of HCC was directly proportional to the peak level of ALT. The finding was validated by the analyses in the US Optum Electronic Health Records database.

In our study, the 5-year cumulative incidence rates of ALT flare were 5.6–5.9% in China and the US cohorts, respectively, which is similar to a published 4-year cumulative incidence of 5.7% in CHB patients without NA treatment in the US and Canada (6), although the mechanism of developing ALT flares may be different among treated and untreated CHB patients.

Our study observed that ALT patterns were significantly associated with HCC in CHB patients who had been well controlled by NA. Our findings are in line with published findings that elevated ALT (7, 23), age (24), gender (25), the presence of cirrhosis (24, 26), alcoholic liver disease (25), and comorbidity of diabetes/hypertension (25, 27) are significantly associated with HCC in patients with CHB. The risk of HCC in patients with ALT elevation observed in our study (1.82–2.75-fold) is kind of lower than the 5.8–6.8-fold increases reported in large CHB cohort studies from Taiwan and Hong Kong (7, 8). The reason may be that the population with ALT elevation in those studies referred to or included CHB patients with persistently abnormal ALT. HCC was diagnosed within a short time period (mean around 3 months in China) in patients with ALT elevation, especially ALT flare. This suggests that ALT flare is likely a predictor, rather than a cause, of HCC development.

Parallel analyses conducted in China and US cohorts showed remarkably similar results despite differences in the demographic and clinical features of the two cohorts. Patients with CHB in China were younger, had higher rates of HBeAg positivity and HBV DNA levels ≥2,000, than patients with CHB in the US. These differences probably reflect the different HBV epidemiology in China and the US experienced by adults too old to have been included in infant HBV vaccination programs in either country. Prior to vaccination, the primary route of transmission was perinatal in China, versus horizontal transmission from behaviors relating to lifestyle in the US, as evidenced by the higher rates of HCV and HIV infection among US patients with CHB.

To our knowledge, this study is the first to use real-world data to examine the predictive value of ALT flare for the occurrence of HCC in CHB patients treated with NA in China and the US. Strengths of our study include a large sample size, long term longitudinal follow-up of CHB patients in a natural practice setting, and utilization of the US data which is representative of a different population under a different healthcare system to externally validate our results. We believe our conclusions are solid.

There are some limitations of our study. First, as a retrospective observational research based on real-world practice data, residual confounders are common concerns. Second, because of the limited data, other factors likely to affect the risk of HCC were not included in the study, such as family history, toxic drug use history, etc. However, these factors don’t have known effect on ALT among CHB patients. Thus, they are not likely play confounding roles in our study. Finally, whether abnormal ALT was prolonged or transient after elevation was not studied in the ALT elevation groups.

In conclusion, ALT elevation after normalization, especially ALT flare, is a strong predictor for the development of HCC in CHB patients treated with NA. The results of our large-scale, real-world study conducted in two continents can be used to estimate the risk of incident HCC according to ALT pattern. There was a strong association between ALT flare in NA-treated patients and the development of HCC. Close monitoring of these patients for early detection of HCC is warranted.
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