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Abstract

Background & Aims: Chronic hepatitis B (CHB) can lead to hepatocellular carcinoma (HCC).
While both tenofovir disoproxil (TDF) and entecavir (ETV) have been shown to reduce the risk of
HCC, their comparative effectiveness is unclear. We estimated the comparative effectiveness of
these two agents in reducing the risk of HCC in patients with CHB, through a systematic review
and meta-analysis.

Approach & Results: We searched multiple electronic databases from Jan 1, 1998 to October
31, 2019, for randomized controlled trials (RCTs) and observational comparative effectiveness
studies in adults with CHB treated with ETV compared to TDF, reporting the incidence of HCC
(minimum follow-up 12 months). Primary outcome was incidence of HCC, calculated as incidence
rate ratio (IRR) with 95% CI (unadjusted analysis) and hazard ratio (HR) with 95% CI (adjusted
analysis, where reported). Of 1971 records identified, 14 studies (263,947 person-years) were
included for quantitative analysis. On unadjusted meta-analysis of 14 studies, the risk of HCC was
not statistically different between ETV and TDF (IRR 1.28; 95% Cl, 0.99-1.66). When utilizing
available adjusted data (multivariate or propensity-matched data), the risk of HCC among patients
treated with ETV was 27% higher when compared to TDF (7 studies; 95% CI, 1.01-1.60, p=0.04).
Additional analysis of adjusted data when separately reported among patients with cirrhosis
demonstrated an adjusted HR of 0.90 (95% ClI, 0.66 — 1.23), suggesting no difference between
ETV and TDF-treated groups. The overall confidence in estimates was very low (observational
studies, high heterogeneity).
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Conclusions: Tenofovir may be associated with lower risk of HCC when compared to entecavir.
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Chronic hepatitis B virus infection affects more than 250 million people around the world,
causing nearly 1 million deaths per year(1). Chronic hepatitis B (CHB) is the leading cause
of hepatocellular carcinoma (HCC) worldwide, which can occur even in the absence of
cirrhosis in a subset of patients(2). HCC is the third-most common cause of cancer-related
death in the world(3). Improved understanding of Hepatitis B (HBV)-related HCC may help
reduce the burden of morbidity and mortality due to HCC.

Over the past two decades, researchers have identified several modifiable and non-
modifiable risk factors for HBV-related HCC including Hepatitis B e-antigen (HBeAg)
status (4), cirrhosis (5), and serum HBV DNA levels (6). This recognition has led to
achieving a virologic response with undetectable HBV DNA as one of the key treatment
endpoints in patients with chronic HBV infection (7). The currently approved oral treatment
regimens for chronic HBV infection are the nucleos(t)ide analogues lamivudine, adefovir,
entecavir, tenofovir disoproxil or alafenamide, and telbivudine. These antiviral agents
achieve biochemical and virologic response with varying efficacy. American Association for
the Study of Liver Diseases (AASLD) guidelines recommend entecavir or tenofovir as first-
line nucleos(t)ide analogues owing to their potency and high genetic barrier to resistance,
particularly in nucleos(t)ide-naive patients (8).

A pairwise meta-analysis in 2013, focusing on head-to-head comparisons, failed to discern a
difference between oral anti-viral agents in reducing the risk of HCC in patients with CHB
(9). Recent observational studies published in the last two years have yielded conflicting
results on which of these two agents may confer a higher degree of protection from HCC.
Choi et al. (10), using a South Korean national cohort, observed a significantly lower risk of
HCC in tenofovir-treated patients compared to entecavir-treated patients. Data from a Hong
Kong-wide cohort (11) also suggested a lower risk of HCC in the tenofovir-treated group
when compared to entecavir-treated patients. On the other hand, a more recent multicenter
observational study from South Korea failed to demonstrate a difference in
hepatocarcinogenesis between entecavir and tenofovir (12). A separate multinational study
(13) did not observe a difference in risk of hepatocarcinogenesis between tenofovir and
entecavir in patients with CHB.

Therefore, to inform the comparative efficacy of entecavir (ETV) and tenofovir disoproxil
(TDF) in modifying the risk of HCC in patients with CHB, we performed a systematic
review and meta-analysis. We critically appraised the certainty of evidence using the
Grading of Recommendations Assessment, Development and Evaluation (GRADE)
methodology.
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MATERIALS & METHODS

This meta-analysis was initially conducted following an a priori established protocol
(PROSPERO registry: CRD42018118027), with planned pairwise and network meta-
analysis comparing the effectiveness of all oral anti-viral agents for chronic hepatitis B in
preventing risk of HCC. Based on feedback from editorial and peer-review, we modified this
protocol to focus on comparing ETV vs. TDF as a pairwise meta-analysis. Since our study
synthesized previously published literature, informed consent and ethics-board approval
were not required.

Study Selection

Studies eligible for this meta-analysis included randomized controlled trials (RCTs) and
observational studies that met the following inclusion criteria: (a) Patients: adults (age >18
years) with chronic HBV infection (generally defined as hepatitis B surface antigen
(HBsAQ) persisting for at least six months; (b) intervention: entecavir (c) control: tenofovir
disoproxil; (d) outcome: risk of HCC. Due to a paucity of randomized trials addressing the
comparative efficacy of the two antiviral agents for reducing risk of HCC (related to short
follow-up duration, small sample size, and low event rate), we a priori opted to include
observational studies in this meta-analysis.

We excluded studies with (a) mean or median follow-up of cohort less than 12 months, or
where total person-year, mean or median follow-up of cohort was not reported (unable to
ascertain incidence of HCC), (b) HIV or hepatitis C co-infected patients, (c) cohorts that
included pregnant women or children, (d) patients with pre-existing HCC or other
malignancies, (e) patients with organ transplantation or on immunosuppressive agents, (f)
non-comparative studies (single-arm studies), (g) studies designed as crossover studies, and
(h) studies in which patients were treated with agents other than ETV or TDF. If multiple
studies were conducted with overlapping cohorts, primary analysis included all studies if
some aspects of cohort were non-overlapping; sensitivity analyses including only one cohort
at a time were also conducted.

Data Sources & Searches

The search strategy was designed and conducted by an experienced librarian with input from
the study’s principal investigator. We updated a previously conducted systematic review
(previously from January 1, 1998 to September 16, 2014) for the AASLD clinical guidelines
for management of HBV infection, through October 30th, 2018 (14) by the same librarian
and literature review team. The databases included Ovid MEDLINE(R) and Epub Ahead of
Print, In-Process & Other Non-Indexed Citations, and Daily, Ovid EMBASE, Ovid
Cochrane Central Register of Controlled Trials (CENTRAL), Ovid Cochrane Database of
Systematic Reviews, and Scopus. Controlled vocabulary supplemented with keywords were
used to search for comparative studies of antiviral agents for chronic HBV. The actual search
strategy is available in the supplementary appendix. Conference proceedings from the
annual Liver Meeting and the International Liver Congress (2014-19) were also searched
manually. Following peer review, a focused updated literature search of Medline was
performed through October 31, 2019. Two investigators reviewed the study title and abstract
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and identified studies for inclusion. In case of discrepancy, the article was re-reviewed in
conjunction with another investigator.

Data Abstraction and Risk of Bias Assessment

Outcomes

Two investigators independently abstracted data on study-, participant-, disease-, and
treatment-related characteristics and outcomes from each study using a pre-designed
template. The following data were extracted: article reference; type of study (trial design);
number of patients; follow-up period; geographical region; average age; number of HBeAg
positive patients; number of patients with cirrhosis; incidence of virologic, biochemical and
serologic response; and incidence of HCC. Specifically, to ascertain incidence of HCC, we
used total person-year follow-up with each drug. If this was not reported, we estimated
follow-up by multiplying the number of patients on intervention by the mean or median
follow-up of cohort. HCCs that occurred within six months of study/antiviral initiation were
excluded. In addition, we also abstracted data on adjusted analyses as reported in individual
studies, including analytical approach (Cox proportional hazard analysis, propensity score
matched or adjusted analysis), along with the list of adjusted variables. Discrepancies
between reviewers were resolved by referencing to the original article, with any further
disagreement arbitrated by senior investigator.

Two investigators independently assessed the risk of bias in included studies. Any
discrepancies were resolved through consensus, in conjunction with a senior investigator.
For RCTs and quasi-randomized trials, the updated Cochrane tool (https://
www.riskofbias.info/) for assessing risk-of-bias was used to determine whether there is high,
low or unclear risk of bias in the following domains: random sequence generation, allocation
concealment, blinding or participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting bias, and other sources of bias. For
observational studies, the Quality In Prognosis Studies tool (QUIPS) (15) was used to
evaluate validity and bias in studies of prognostic factors across six domains: participation,
study attrition, prognostic factor measurement, confounding measurement and account,
outcome measurement, and analysis and reporting.

The primary outcome of interest was incidence rate of HCC per person-year (unadjusted
analysis). To ascertain comparative effectiveness of the ETV vs. TDF, we reported incidence
rate ratio. We also performed a secondary analysis focusing only on studies that reported
analysis adjusted for key covariates, utilizing maximally adjusted effect estimates reported in
individually studies (Cox proportional hazard analysis, propensity score matched- or
adjusted- analysis).

Statistical Analysis

We estimated incidence rate ratio (IRR), hazard ratio (HR) and 95% confidence intervals
(CI), using the DerSimonian-Liard random-effects model. Statistical heterogeneity was
assessed using the 12 statistic, with values over 50% suggesting substantial heterogeneity.
Small study effects were assessed using funnel plots (16). Comparisons were performed
using Comprehensive Meta-Analysis, v2.0. For univariate analysis (IRR), we evaluated the
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stability of association and identified source of heterogeneity through subgroup analysis
based on study-level meta-regression based on mean age, proportion of patients who were
HBeAg positive, proportion of patients with cirrhosis, mean HBV DNA, and mean baseline
ALT. In case of multiple overlapping cohorts, sensitivity analyses including only one cohort
at a time was also conducted. We also conducted sensitivity analysis by excluding studies
that enrolled treatment-experienced patients. Publication bias was assessed graphically using
Funnel plot, and statistically using Egger’s test.

We evaluated the certainty in effect estimates using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) framework for meta-analysis. In this
approach, direct evidence from RCTSs starts at high confidence, and can be rated down based
on risk of bias, indirectness, imprecision, inconsistency (or heterogeneity) and/or publication
bias, to levels of moderate, low and very low confidence. Direct evidence from observational
studies starts at low confidence, and can be rated down for previously mentioned factors, or
rated up if the magnitude of effect is large, dose-response effect is observed or all plausible
confounding would reduce a demonstrated effect; where evidence was derived from both
RCTs and observational studies, we conservatively attributed certainty to the lower level of
evidence.

With our electronic search strategy, we identified 1971 unique studies in addition to the
previously identified studies as part of the aforementioned AASLD 2016 systematic review
(14). An additional seven studies were added by manual searches. After applying the
inclusion and exclusion criteria, a total of 14 studies (10-13, 17-26) met inclusion criteria.
The study selection flow diagram is shown in Figure 1.

Characteristics of Studies and Patients

Out of the 14 included studies, 13 were observational studies and one was an RCT. Together,
the studies included a total of 263,947 person-years. The length of follow-up ranged from 18
months to 66 months. The mean follow-up of the 14 studies was 45.61 months. The mean of
median ages of the patients was 46.7, ranging from 30 to 53. Three studies excluded patients
with cirrhosis; one study did not have available data on percentage of patients with cirrhosis,
stratified by antiviral used. Among studies that included patients with cirrhosis, the
calculated mean for the percentage of patients with cirrhosis was 27%. Mean baseline HBV
DNA, available in all but one study, was 6.28 log IU/mL. The mean baseline ALT, available
in all but three studies, was 118 U/L. The majority of the studies only included treatment-
naive patients, with a few exceptions. Observational studies by Kim YM et al. (27), Gordon
et al. (19) and Riveiro-Barciela et al. (24) explicitly included all-comers, including
nucleos(t)ide-experienced patients. Although not by design, a small minority of patients in
the Choi et a/. (10) national cohort were nucleos(t)ide-experienced patients. Characteristics
of individual studies and participants is shown in Table 1.

The largest number of HCCs were detected in the Yip et al. (11, 28) Hong-Kong cohort, with
a total of 1386 cases in the ETV group and eight in the TDF group. The second largest

Hepatology. Author manuscript; available in PMC 2022 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dave et al. Page 6

number of HCCs were detected by Choi et a/. (10), with a total of 590 cases in the ETV
group and 394 in the TDF group.

Primary outcome

The total HCC events in the entire pool were 3,232 cases in 263,947 person-years. The ETV
group had 2609 HCC events in 201,754 person-years, whereas the TDF group had 623 HCC
events in 62,192 person-years. The overall pooled incidence rate ratio was 1.28 (95% ClI;
0.99 - 1.66, p=0.06), with considerable heterogeneity (12=68%); (Figure 2). Sensitivity
analysis excluding Choi et a/. (10) demonstrated no change in point estimate of 1.30 (95%
Cl; 0.91 - 1.84, p=0.15). Study-level meta-regression analysis demonstrated that
heterogeneity in risk ratio can be explained by age (p=0.004), proportion eAg positive
(p=0.003) and HBV DNA (p=0.025), but not by proportion with cirrhosis (p=0.17) or
baseline ALT (p=0.60) (Figure 3). There was no evidence of publication bias
(supplementary appendix, Egger’s test p=0.92). Sensitivity analysis by excluding studies
that enrolled treatment-experienced patients (19, 21, 24) did not significantly change the
point estimate (IRR, 1.40; 95% CI, 0.93-2.12).

Seven studies provided hazard ratios adjusted via multivariate analysis or propensity-score
matched analysis. There was slight variation in the adjusted covariates, but all of these
studies accounted for age, sex, and presence of cirrhosis. Further details are provided in
Table 2. Among these studies, the risk of HCC was 27% higher with ETV vs. TDF (95% ClI;
1.01 - 1.60, p=0.04), with moderate heterogeneity (12 = 58%) (Figure 4). Sensitivity analysis
by including Choi et al., but excluding all other South Korean studies (12, 21, 23, 26, 27),
did not change the point estimate (HR 1.48; 95% ClI, 1.13 — 1.93, p<0.01). Sensitivity
analysis by excluding each South Korean study at a time (12, 21, 23, 26, 27) did not
significantly change the overall summary estimate (HR 1.16; 95% CI, 0.94 — 1.44, p=0.17).
Sensitivity analysis by excluding Gordon ef al., the only study with adjusted data that
enrolled treatment-experienced patients (19), did not change the overall summary estimate
(HR 1.26; 95% CI 1.00-1.59). We further conduced subgroup-analysis using adjusted or
propensity score matched data in the subset of patients with cirrhosis, when data were
available (10, 12, 13, 21, 23). This demonstrated an adjusted HR of 0.90 (95% ClI, 0.66 —
1.23), albeit with moderate-to-high heterogeneity (12 = 64%). Notably, three studies
explicitly excluded patients with cirrhosis (17, 18, 20).

Risk of Bias Assessment and Certainty of Evidence

The risk of bias assessment for included studies is presented in the supplementary appendix.
Overall, there was moderate to high risk of bias among all observational studies, particularly
in statistical analysis and reporting of study attrition. The single included RCT had zero
HCC events. Using GRADE, the overall certainty of evidence supporting the use of TDF
over ETV for reducing the risk of HCC in patients with CHB was rated as very low
(evidence derived from observational studies, further rated down due to heterogeneity).

Hepatology. Author manuscript; available in PMC 2022 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dave et al. Page 7

DISCUSSION

Several oral antiviral agents are available for the management of CHB; current guidelines
recommend the use of TDF (or TAF) and ETV due to their high efficacy and tolerability. In
this systematic review and meta-analysis of 14 studies, we observed several important
findings. Firstly, when unadjusted data are used, there is no statistically significant
difference in the incidence of HCC among patients treated with ETV vs. TDF (p=0.06), with
moderate heterogeneity. Meta-regression analysis suggests that heterogeneity can be
explained by differences in baseline age, HbeAg status, and HBV DNA levels, confirming
prior studies (6). On meta-analysis of adjusted data, entecavir may be associated with a 27%
higher risk of HCC when compared to tenofovir (p=0.04). Moderate heterogeneity was
observed in these estimates drawn from primarily observational studies, and overall certainty
in effect estimates was very low.

Due to a dearth of long-term RCTs, we relied almost exclusively on observational studies in
this study. Observational studies lack the random allocation of the intervention necessary to
optimally test exposure-outcome hypotheses. We conservatively estimated certainty of
evidence derived from the observational studies. Additionally, the full 14-study meta-
analysis pools unadjusted effect estimates, which can contribute to high risk of bias since
baseline patient characteristics differed between studies. Some studies included patients with
cirrhosis, where others exclusively studied patients with cirrhosis. There was also variation
in baseline age, HBV DNA level, and ALT levels. We performed study-level meta-regression
analysis to help account for these differences, though this approach is frequently
underpowered to detect important differences. We also separately analyzed the pooled
adjusted hazard ratios among studies, when available, on multivariate or propensity-score
matched estimates. These studies hazard ratios that were adjusted for age, sex, cirrhosis, and
HBYV viral load, among other parameters. These data demonstrated that the risk of HCC
among patients treated with ETV was 27% higher when compared to TDF. However, a
separate analysis of studies where adjusted data were discreetly reported among patients
with cirrhosis vs. no cirrhosis, suggested no difference between ETV and TDF-treated
groups, although with high heterogeneity.

Our study has several limitations. One source of confounding is that while we excluded all
studies designed as crossover studies, not all studies specifically excluded treatment-
experienced patients. We performed sensitivity analysis excluding studies that sought to
enroll treatment-experienced patients, which reduced the power of the study and resulted in
wider confidence intervals. Another possible source of confounding is that tenofovir is
preferred over entecavir among pregnant patients or patients who may become pregnant (8).
Therefore, it is conceivable that younger women may preferentially be administered
tenofovir over entecavir. However, adjusted analysis for age and sex may mitigate some of
this confounding. Furthermore, it has also been postulated (19) that variation in
hepatocarcinogenesis may have a racial/ethnic association. This was not explored in our
study; notably, eight of 14 studies were conducted in predominantly Asian populations. We
also note that several of the included studies were conducted in South Korea, with varying
degree of overlap of cohorts. Sensitivity analyses by including non-overlapping studies did
not significantly change the overall summary estimate. Finally, HCC is a time-related event.
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Due to scarcity of readily comparable temporal data in a head-to-head fashion, we were
unable to perform pooled time-to-event analysis of HCC; however these heterogenic
granular data have been reported in Table 1. Another limitation to this study is that many of
the older studies were not specifically designed to compare the comparative incidence of
HCC between ETV and TDF, whereas the later studies were designed to identify this
difference.

In summary, based on a meta-analysis of 14 studies in patients with CHB, we observed that
tenofovir may be associated with a lower risk of HCC when compared to entecavir. This
may have implications on clinical practice, such as preferentially using tenofovir in patients
at highest risk of HCC. However, the overall quality of evidence favoring this assertion is
low, due to the heavy reliance on observational studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Page 11

1971 citations obtained by the search strategy

49 studies underwent full text review

7 additional studies added

by manual searches

Figure 1:

1922 studies were exclyded from full texg
Frec==alli=+

287: Basic science or translational

30: Case Reports

56: Pregnant or pediatric patients

81: Duplicated publications

536: Non single-disease CHB studies (e.g., co-
existing HIV, HepC, active HCC, or genotype-
discriminatory CHB studies)

79: No HCC data provided

234: Non-traditional comparative study
(crossover, dual antiviral use in a single arm,
rescue crossover, etc. )

550: Epidemiologic, non-comparative, or natural
history study

69: Transplant patients

26: studies excluded due to lack of direct
comparator arm

16: studies excluded that did not directly
compare entecavir to tenofovir

14 studies induded in meta-analysis

Study identification and selection
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Risk of HCC in CHB patients — Entecavir vs. Tenofovir, Unadjusted Analysis
Study name Events / Total Person-years Rate ratio and 95% CI
Rate Lower Upper
ratio limit limit  p-Value Entecavir Tenofovir
Choi et al. "% 117 1.03 1.33 0.02 690 /48722 394 /38076 I.
Kim et al. &0 167 0.91 3.08 0.10 40/ 2868 1471680
Yu et al?8 0.92 041 210 085 31/2365 717493
Batirel et al."" 1.42 0.03 7135 086 1/204 1/289
Kayaaslan et a2 0.19 0.00 9.79 041 1/664 1/129
Wu et al.B% 069 0.30 1.55 037 2171278 8/335
Riveiro-Barciela et a4 0.55 0.15 1.97 036 3/857 RANAYA)
Kim et al.i2 1.47 0.42 5.15 055 1371060 3/359
Cai et all'® 0.36 0.01 18.10 081 1/437 1/157
Kim et al.\% 1.29 1.00 1.66 0.05 138 /7321 102/6971 —o—
Yip et al.*y 6.12 3.05 1226 0.00 1386/103752 813665
Lee etal.® 085 065 1.13 027 125710450 83/5932 —o
Gordon et al.l'% 0.99 048 2,02 097 18/2283 1371628
Hsu et al.09 205 1147 357 0.01 285724185 1312258 i
Entecavir vs. Tenofovir  1.28 0.99 1.66 0.06 2652)206446 658 /63703 -
01 02 05 2 5 10

Figure 2:

Lower Risk

Higher Risk

Forest plot of incidence of HCC in CHB patients treated with ETV and TDF, unadjusted

analysis
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Regression of Age on Log rate ratio
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Regression of eAg positive on Log rate ratio
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Regression of Cirrhosis on Log rate ratio
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Regression of ALT on Log rate ratio
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o) p=0.060
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p=0.017
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Regression of HBV DNA on Log rate ratio
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-0.40 o

Meta-regression of relative risk of HCC among entecavir vs. tenofovir groups
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Risk of HCC in CHB patients — Entecavir vs. Tenofovir, Adjusted Analysis

Study name Hazard ratio and 95% CI
Hazard Lower  Upper
ratio limit limit  p-Value
Choi et al.('®) 1.47 1.29 1.68 0.00 ®
Kim et al.(2" 1.36 0.72 2.56 0.34 7S
Kim et al.('2) 1.03 0.79 1.34 0.82 -
Yip et al.ct) 3.03 1.48 6.21 0.00 -
Lee et al.i23 0.97 0.66 1.42 0.88 ——
Gordon et al.(1®) 0.99 0.49 1.99 0.98
Hsu et al.(' 1.23 0.64 2.37 0.54 -
Entecavir vs. Tenofovir  1.27 1.01 1.60 0.04 i
05 1 2 5 10
Lower Risk Higher Risk
Figure 4
Forest plot of incidence of HCC in CHB patients treated with ETV and TDF, adjusted
analysis
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