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INTRODUCTION

The evaluation of liver fibrosis is essential in the management of patients with chronic liver disease (CLD). However, due to multiple biases, liver biopsy cannot be considered a gold standard, but rather only a best standard [START_REF] Bedossa | Liver biopsy: the best, not the gold standard[END_REF]. Many teams have developed non-invasive assessments of liver fibrosis, particularly blood fibrosis tests and transient elastography [START_REF] The | EASL Clinical Practice Guidelines On Non-Invasive Tests For Evaluation Of Liver Disease Severity And Prognosis-2021 Update[END_REF].

Radiological imaging could provide a double advantage of enabling both a fibrosis assessment based on dysmorphia and an exploration of the entire liver in a single examination [START_REF] Laghi | Multiphase multislice spiral CT for liver assessment: optimization in cirrhotic patients[END_REF]. Computed tomography (CT) is a widely available and frequently employed imaging technology, but its potential in this setting has received little attention and, despite such recent techniques as texture analysis [START_REF] Budai | Three-dimensional CT texture analysis of anatomic liver segments can differentiate between low-grade and high-grade fibrosis[END_REF], no classification of liver fibrosis stages is available for it.

Our objective was to evaluate the contribution of descriptors for fibrosis staging while avoiding classical biases: observer expertise and liver biopsy as reference. Our ensuing working hypothesis was two-fold. First, a way to avoid expertise bias would be to employ a naive population of investigators. Second, the bias due to liver biopsy might by avoided by using Metavir F concordant over several independent non-invasive tests (NITs) as a reference, as done in diagnostic studies without gold standards [START_REF] Rutjes | Evaluation of diagnostic tests when there is no gold standard. A review of methods[END_REF]. Thus, our primary objective with the present proof of concept study was to validate radiological staging for liver fibrosis. Our secondary objectives were to compare image analysis fibrosis stagings done by radiologist to those done by computer, and stagings done by clinicians to those done by radiologists. The present study, called comprehensive dynamic medical imaging report (CDMIR), was a prospective diagnostic study with stratified randomization of observers and patients.

METHODS

Overall presentation

Images from 10 patients were compared under three formats: native raw images as internal controls; images enriched by expert annotations; and images enriched by computerized morphometry. The main evaluators were naive hepato-gastroenterology (HGE) residents.

Patients

Patients were selected from the MALAH2 CLD population (details in Supplemental Material). A patient flowchart is provided in Figure S1 in Supplemental Material. In a preliminary study, liver CT images were evaluated by three senior radiologists in 106 patients [START_REF] Cales | Morphometry on CT improves non-invasive diagnosis of hepatic fibrosis[END_REF]. Ten of those 106 patients were included in the present CDMIR study, based on fibrosis staging concordance over four independent diagnostic tools for liver fibrosis (Metavir F, blood test, elastometry and CT morphometry, Table S1 in Supplemental Material) to optimize the histological Metavir reference for liver fibrosis [START_REF] Bedossa | Liver biopsy: the best, not the gold standard[END_REF][START_REF] Rutjes | Evaluation of diagnostic tests when there is no gold standard. A review of methods[END_REF]. Patients were stratified for the five Metavir F stages measured on liver specimens, i.e., two in each Metavir F stage. The main characteristics of the 10 patients included in the present study were: age: 56.8±15.7 years, male sex: 40.0%, body mass index: 30.4±5.5 kg/m², non-alcoholic fatty liver disease (NAFLD): 80.0%. Their individual liver fibrosis descriptors are provided in Tables S1 andS2.

Investigators

Observers -Seventy HGE residents ("observers" hereafter) working in five university hospital centres ("centre" hereafter) participated in the study. Their inclusion into three groups was randomly stratified according to two criteria: centre (n=5) and internship year (n=4). There were no significant differences in observer characteristics between the three groups (Table S3).

Radiologists -Four senior radiologists participated in the study. First, an HGE expert radiologist (9 years of experience; "descriptor expert" hereafter) selected and annotated the images used for observer evaluation. Three radiologists evaluated images: two specialists in HGE (22 and 28 years of experience) and one non-specialist in HGE (29 years in general radiology). These three radiologists ("evaluators" hereafter) independently evaluated the same raw (i.e. those without annotations) CT images as the HGE observers did. Unlike HGE observers, the radiologists had no time constraints.

Liver imaging

Classical semiology -Based on findings reported by expert HGE radiologists in previous studies [START_REF]Imaging modalities for the diagnosis of hepatic fibrosis and cirrhosis[END_REF][START_REF] Indiran | Right posterior hepatic notch sign[END_REF][START_REF] Aube | Ultrasonographic diagnosis of hepatic fibrosis or cirrhosis[END_REF][START_REF] Kudo | Diagnostic accuracy of imaging for liver cirrhosis compared to histologically proven liver cirrhosis. A multicenter collaborative study[END_REF], seven conventional, simple descriptors of liver fibrosis and cirrhosis were selected [START_REF] Cales | Morphometry on CT improves non-invasive diagnosis of hepatic fibrosis[END_REF]: 1/ liver edge (normal, moderate or marked irregularity), 2/ right posterior notch (present/absent) [START_REF] Indiran | Right posterior hepatic notch sign[END_REF], 3/ segment I hypertrophy (absent, moderate or marked), 4/ segment IV hypotrophy (absent, moderate or marked), 5/ splenomegaly (absent or present according to spleen size measurement along its major axis), 6/ coarse appearance of liver parenchyma (absent, moderate or marked) and 7/ portosystemic collaterals (absent, minimal or marked) (Figure 1A).

CT -CT images without or with contrast medium injection at portal time were used. The technique is detailed in the Supplemental Material.

New CT classification of liver fibrosis

The CT classification of liver fibrosis stages was developed during a consensus meeting between the most experienced radiologist and the principal investigator. Histological Metavir F staging was the reference [START_REF]Intraobserver and interobserver variations in liver biopsy interpretation in patients with chronic hepatitis C. The French METAVIR Cooperative Study Group[END_REF] and the seven previous radiological descriptors were considered. The extreme radiological liver fibrosis stages (FR) were defined first as normal (FR0) and cirrhosis (FR4) according to the absence or presence of classical signs. Thereafter, two intermediate stages were defined, i.e., moderate or marked abnormalities without a firm cirrhosis diagnosis (FR3) and moderate abnormalities with no doubt as to the absence of cirrhosis (FR2). A theoretical FR1 stage was grouped with FR0 as the experts estimated that their distinction was not possible in principle. Thus, the four FR stages were: stage FR0/1 for a (near) normal liver, FR2 for significant fibrosis, FR3 for marked fibrosis or possible cirrhosis and FR4 for definitive cirrhosis.

Morphometric analysis -This technique included computerized image analysis as described elsewhere [START_REF] Cales | Automated morphometry provides accurate and reproducible virtual staging of liver fibrosis in chronic hepatitis C[END_REF]. From the preliminary study, we selected images of six native descriptors among 43 morphometric descriptors [START_REF] Cales | Morphometry on CT improves non-invasive diagnosis of hepatic fibrosis[END_REF]. Coloured masks were possible (Figure 1B). The six descriptors were the independent predictors of fibrosis stages or cirrhosis included by multivariate analysis into two diagnostic scores (for Metavir F or cirrhosis). The ensuing eight measurements (the six descriptors plus the two scores) are detailed in Table S2.

Study design

Study conduct

We conducted the observer evaluation during a workshop session performed in Angers on 16 October 2018. All participants were blinded to the biological/clinical background of patients until the end of the evaluation session.

Definitions

Objectives -The primary objective was to develop radiological staging for liver fibrosis and evaluate its performance (mainly discrimination). The secondary objectives were to a) compare diagnostic accuracies for fibrosis staging between images enriched by radiologist annotations and images enriched by morphometric analysis, and between HGE observers and radiologists; b) measure fibrosis staging agreement between observers and liver pathology (i.e. calibration) or observers themselves (i.e. reproducibility); c) compare agreement of fibrosis stagings obtained by the observers on CT and those obtained by different pathologists on liver biopsy.

Outcome measurements -The first primary outcome measurement was the rate of correctlyclassified patients (accuracy in percentages hereafter). This was expressed with four diagnostic descriptors: pre-and post-analysis accuracies and the accuracy course expressed either as a qualitative descriptor for observers (stable, regression, progression) or as a quantitative descriptor, i.e., post-analysis accuracy -baseline accuracy, called net change hereafter. The classification reference was Metavir F stages by liver biopsy. The main diagnostic targets were fibrosis staging and cirrhosis. The second primary outcome measurement was the FR discrimination between Metavir F either for binary fibrosis targets (≥F1: fibrosis, ≥F2: significant fibrosis, ≥F3: marked fibrosis, F4: cirrhosis) by AUROC or all F by Obuchowski index or between two adjacent F.

The secondary outcome measurements were observer agreement, either interobserver (reproducibility) or with Metavir F staging (i.e. calibration of radiological staging), the comparison of accuracies between HGE observers and radiologists, and the comparison of agreement between observers and pathologists. This last outcome is reported in the Supplementary Material.

Study -This work was a prospective (data collection organized upstream of the performance of index tests and the reference standard with prospective aim) [START_REF] Bossuyt | an updated list of essential items for reporting diagnostic accuracy studies[END_REF] multicentre study with double stratified randomization (patients and observers). It was a type 1a predictive study according to TRIPOD classification [START_REF] Collins | Transparent reporting of a multivariable prediction model for individual prognosis or diagnosis (TRIPOD): the TRIPOD statement[END_REF]. Data were reported according to STARD [START_REF] Bossuyt | an updated list of essential items for reporting diagnostic accuracy studies[END_REF] and Liver FibroSTARD [START_REF] Boursier | An extension of STARD statements for reporting diagnostic accuracy studies on liver fibrosis tests: The Liver-FibroSTARD standards[END_REF] statements.

Evaluation session

The design of the observer evaluation session is summarized in Table 1. Details are reported in Supplemental Material with examples in Figure 1. Briefly, the observers were randomized into three groups according to the images evaluated. Images were evaluated twice. First, the same raw images in all groups. Second, the same images with different formats according to groups: control group 1C with raw images, group 2A with annotated images, and group 3B with images analysed by bio-morphometry.

Regulatory aspects

Patients -The CDMIR study was conducted in the setting of the SNIFF cohort, which included all patients with CLD managed in our centre. Written, informed consent was obtained from all patients.

Observers -the study, termed an 'educational research study', was not considered as 'Research Involving the Human Person' as defined in article R1121-1 of the French Public Health Code, and thus no Ethics Committee approval was required for the observers.

Statistical analysis

Quantitative variables were expressed as mean ± standard deviation. Comparisons between groups were done using an ANOVA parametric test or Chi² test. The 2 to 2 comparisons were carried out using an unpaired t-test for continuous variables and a Fischer test for qualitative variables. For intra-group comparisons (baseline and post-analysis data), a paired t-test was used. AUROCs were compared by the paired Delong test or unpaired reduced gap test.

Discrimination between the five Metavir F stages was described by the Obuchowski index [START_REF] Lambert | How to measure the diagnostic accuracy of noninvasive liver fibrosis indices: the area under the ROC curve revisited[END_REF] (details in Supplemental Material). The comparisons were also performed using nonparametric tests. These latter provided similar results and are thus not reported here. No weighting was introduced for multiple comparisons [START_REF] Katz | Multivariate analysis. A practical guide for clinicians[END_REF]. Multivariate analyses were performed by backward binary logistic regression with or without interaction terms, excluding colinearity >0.8. Inter-observer agreement was assessed by the kappa index and the intra-class correlation coefficient (ICCC). The sample size is discussed in the Supplemental Material.

Statistical analyses were performed mainly with SPSS software version 18.0 (IBM, Armonk, NY, USA).

RESULTS

Accuracy

Fibrosis staging

Individual observer description -Individual baseline and post-analysis accuracies are detailed in Figure S2. In group 1C (n=22, with the same images in the two steps), mean accuracy (in 10 patients) was stable in 4 observers, progressed in 11 and regressed in 7. In group 2A (n=21), mean accuracy progressed in all observers. In group 3B (n=27), mean accuracy was stable in 7 observers, progressed in 15 and regressed in 5. So, the main trend was 100% progression in group 2A vs around 50% in other groups (p<0.001, Table S4). 2A and Figure 2A) -The overall (all groups merged) baseline FR accuracy for Metavir fibrosis stages was 43% without significant differences between the three groups (p=0.186). The overall post-analysis accuracy was 60% with significant differences between the three groups (p<0.001). Specifically, post-analysis accuracy was higher in group 2A (81%) compared to group 1C (51%, p<0.001) and to group 3B (52%, p<0.001), but it did not significantly differ between groups 1C and 3B (p=0.786). Therefore, the net change (absolute difference) was significantly higher in group 2A than in the others.

Univariate analysis (Table

Multivariate analysis -Metavir F had a positive influence (p<0.001) and centre 5 had a negative influence (p=0.017) on baseline accuracy for fibrosis FR staging but not the group (Table S5A). For post-analysis accuracy, group 2A (p<0.001) had a positive influence in addition to the two previous predictors.

Cirrhosis diagnosis

Univariate analysis (Table 2B and Figure 2A) -The overall baseline FR accuracy for cirrhosis was 84% without significant differences between the three groups (p=0.163). The overall post-analysis accuracy was 89% with significant differences between the three groups (p<0.001). Specifically, the post-analysis accuracy was higher in group 2A (96%) compared to group 1C (82%, p<0.001) or 3B (90%, p=0.012) and it did differ significantly between groups 1C and 3B (p=0.012). Therefore, the net change was significantly higher in groups 2A and 3B than it was in controls.

Multivariate analysis -Metavir F (p<0.001) and centre 3 (p=0.023) had a negative influence on baseline accuracy for cirrhosis but not the group (Table S5B). For post-analysis accuracy, Metavir F (p<0.001) had a negative influence while groups 2A (p<0.001) and 3B (p=0.008) had positive influences.

Fibrosis staging vs cirrhosis diagnosis

As expected, the FR accuracy was significantly higher for cirrhosis than for fibrosis staging in the baseline (p<0.001) and post-analysis (p<0.001) steps (Table 2C). In contrast, the net change was significantly lower for cirrhosis than it was for fibrosis staging (p<0.001).

Sensitivity analysis

Centre

Accuracies as a function of centres and groups are shown in Figures 2B-D.

Fibrosis staging -There was no significant difference in baseline accuracy between centres (p=0.258) (Table S6A). There was a significant difference in post-analysis accuracy (p<0.001) or net change (p=0.025) between centres with a significantly lower progression in centre 5 vs other centres due to a negative net change in group 3B (Table S7).

Cirrhosis diagnosis -There was no significant difference in baseline accuracy (p=0.134) (Table S6B), post-analysis accuracy (p=0.655), and net change (p=0.554) between the five centres.

Internship year

Regarding the four accuracy descriptors, there were no significant differences for fibrosis staging and cirrhosis diagnosis according to the internship years (Table S8).

Metavir F

Fibrosis staging -Baseline and post-analysis accuracies for fibrosis staging were significantly different as a function of Metavir F (p<0.001) (Table S9). Both accuracies were the highest in Metavir F4 and the lowest in Metavir F1 whatever the group (Table S10). The net change was significant, with progression in all Metavir F (borderline significance in F4).

Cirrhosis diagnosis -Baseline and post-analysis accuracies for cirrhosis diagnosis were

significantly different as a function of Metavir F with the highest in Metavir F≤2 and the lowest in Metavir F≥3 (Table S9). Therefore, the accuracies for cirrhosis were significantly higher in patients without than in patients with cirrhosis in all groups (Table S11). However, there was a notable exception in group 2A: post-analysis accuracy was 96% in F≤3 vs 98% in F4 (p=1). The net change was significant (progression) only in F3 (Table S9).

AUROCs

The AUROCs of observer fibrosis stagings were measured for four diagnostic binary targets according to Metavir F cut-offs (Table 3): F≥1 (see discussion for this unexpected target), F≥2, F≥3 and F=4. In baseline evaluation, AUROCs were not significantly different between groups (except a borderline significant decrease in group 3B for F≥1). The post-analysis AUROCs of group 2A were significantly increased vs the baseline AUROCs of that group and vs the post-analysis AUROCs of the other groups. The post-analysis AUROC for cirrhosis of group 3B was significantly higher than the post-analysis AUROCs of group 1C.

Finally, baseline overall (all groups merged) AUROCs were satisfactory (≥0.83) for marked fibrosis (F≥3 or cirrhosis) whereas post-analysis AUROCS were excellent (≥0.89) in group 2A for all diagnostic targets (especially ≥0.98 for F≥3 and cirrhosis) and in group 3B for cirrhosis (0.93). The Obuchowski index, reflecting discrimination between Metavir F stages, significantly (p<0.001) progressed in groups 2A and 3B with the greater progression in group 2A, from 0.66 to 0.87 (Table 3). This provided excellent negative (NPV: 98%) and positive (PPV: 95%) predictive values for marked fibrosis (F≥3) in post-analysis group 2A (Table S12).

Observer agreement

Inter-observer agreement -Inter-observer agreement for fibrosis FR staging was assessed by ICCC in the baseline and post-analysis evaluations or both steps merged in each group (Table S13). In the baseline evaluation, agreement was fair in groups 1C and 3C and slightly higher in group 2A. Agreement was not significantly different between evaluation steps in group 1C, as expected. Agreement significantly improved between the two steps in groups 2A and 3B, especially in the former, where it became excellent, reflecting the accuracy results. Indeed, accuracy and ICCC were highly correlated (rp=0.927, p=0.008) (Figure S3).

Agreement between observer FR and Metavir F -Overall agreement (i.e. calibration of radiological staging) was significantly improved in the post-analysis step vs the baseline step in groups 2A and 3B (Table S14). Figure 3 shows that calibration was satisfactory for all Metavir F stages only in the post-analysis step of group 2A, with rs=0.914 and ICCC=0.951. Of note, calibration improved for all F in post-analysis group 2A (Table S15). Thus, in group 2A, post-analysis calibration became excellent in Metavir F2 to F4 while calibration was good in Metavir F1 and fair in Metavir F0. In addition, the discrimination between adjacent Metavir F was very significant, especially between F1 and F0 or F2 (Table S15) as also previously suggested by AUROCs. In contrast, NITs were unable to discriminate Metavir F0 from F1 (Table S16) and their Obuchowski index was significantly lower than that of observer FR in post-analysis group 2A (details in Supplemental Material).

Comparison with senior radiologists

The accuracies of the single evaluations (on raw images of 10 patients) by the three senior evaluator radiologists were compared to those of the two evaluations of observers in group 2A (Table 4, Figure S4). Baseline HGE observer accuracies for fibrosis staging and cirrhosis diagnosis were not significantly different from radiologist accuracies except for fibrosis staging, which was significantly (p<0.001) higher in expert 1 (full-time in HGE for clinical practice). However, post-analysis accuracies for HGE observers became higher to those of non-expert for fibrosis staging (p=0.014) and cirrhosis (p=0.069) and not significantly different from that of expert 1 for fibrosis staging (p=0.215).

DISCUSSION

Main results -Using a simple and original classification of liver fibrosis by CT, the accuracy for cirrhosis (84%) and discrimination for marked fibrosis (AUROC=0.83) by observers were already very satisfactory at baseline. Image analysis, especially on annotated images with simple descriptors, significantly improved accuracy for fibrosis staging or cirrhosis, as well as discrimination between fibrosis stages or for all binary diagnostic targets, and calibration of radiological classification. For fibrosis staging and cirrhosis diagnosis, the best progression was observed in group 2A (annotated abnormalities) (Figure 2A). Thus, simple annotations provided the greatest improvement for fibrosis staging by CT, which consequently became accurate. Thus, NPV and PPV for marked fibrosis (F≥3) were 98% and 95%, respectively.

Semi-automated morphometric analysis tended to improve the diagnostic performance of fibrosis staging but less so than did the annotated images in the study conditions. Finally, we observed high discrimination of all Metavir F by radiological FR classification on annotated images, which must be clarified as it was unexpected.

Originalities -The Metavir F stages 0 and 1 were not distinguished by definition in the FR classification. Metavir F was an independent predictor of FR accuracy. Thus, accuracy was the highest in F4 and the lowest in F1 which was expected due to the preliminary merging of F0 and F1 in radiological staging. Unexpectedly, the overall (i.e. mean) FR observer staging significantly discriminated F1 from F0 or F2 (Figure 3) in post-analysis group 2A despite the merging of FR0 and FR1 in the present study. This discrimination is noteworthy since NITs are usually unable to distinguish F0 from F1 [START_REF]European Association for the Study of the Liver, Asociacion Latinoamericana para el Estudio del Higado. EASL-ALEH Clinical Practice Guidelines: Non-invasive tests for evaluation of liver disease severity and prognosis[END_REF] as in the present study, even with magnetic resonance elastography [START_REF] Hsu | Magnetic Resonance vs Transient Elastography Analysis of Patients With Nonalcoholic Fatty Liver Disease: A Systematic Review and Pooled Analysis of Individual Participants[END_REF]. These data suggest that the radiological classification can be improved. Thus, some minor radiological abnormalities can distinguish Metavir F1 from F0, and early fibrosis may be detectable by CT. The high discrimination of radiological staging finds reflection in the very high Obuchowski index at 0.873-significantly higher than that of NITs-in post-analysis group 2A. In comparison, with the best-performing tests in NAFLD, the Obuchowski index was, liver stiffness: 0.808, FibroMeter VCTE2G : 0.846 [START_REF] Ducancelle | A single test combining blood markers and elastography is more accurate than other fibrosis tests in the main causes of chronic liver diseases[END_REF].

Accuracy for cirrhosis diagnosis was as high in Metavir F≤3 (96%) as it was in F4 (98%) in post-analysis group 2A (Table S11), resulting in a very high NPV (99%) and a high PPV (85%) (Table S12). This is also noteworthy, since VCTE, still considered as the bestperforming commonly-employed NIT for cirrhosis, provides a PPV of only around 60% [START_REF] Cales | Cirrhosis diagnosis and liver fibrosis staging: transient elastometry versus cirrhosis blood test[END_REF].

Indeed, NITs more frequently classify cirrhosis correctly in patients with F≤3 than they do in patients with F4. Because F4 is infrequent (10-15%), overall accuracy remains good despite a high rate of misclassified F4. Remarkably therefore, CT can avoid this usual pitfall. Finally, agreement between Metavir F, as reference, and FR stagings was excellent in post-analysis group 2A, with an ICCC=0.95, in contrast to Metavir F agreement between expert, as reference, and first line pathologists as shown in Figure S5, with an ICCC=0.87, or with an ICCC=0.69 reported in a previous study [START_REF] Rousselet | Sources of variability in histological scoring of chronic viral hepatitis[END_REF].

Interpretation -In our prospective randomized stratified study, the absence of significant change in the post-analysis accuracy of the control group, with a classical presentation of semiology and the same images in the two steps, suggests good overall reproducibility and argues against a learning phenomenon attributable to the study. Thus, the control group validates the methodology used in our study. The excellent correlation between accuracy and observer agreement further validates the evaluation method. Unexpectedly, we observed only a weak improvement in accuracy with morphometry, which could seem paradoxical given the high level of information provided by it. Indeed, morphometry improved diagnostic accuracy in our preliminary study [START_REF] Cales | Morphometry on CT improves non-invasive diagnosis of hepatic fibrosis[END_REF]. We hypothesise that the information presented for this technique may have been too complex for the observers. By contrast, the simple presentation including annotated images showed the best improvement in accuracy. The trivial explanation is that the commented analysis makes it possible to visualize the anomalies easily and quickly and thus stage disease with greater accuracy. This good result was obtained despite the very novel character of the radiological classification in fibrosis stages, furthermore presented to naive observers. In contrast to fibrosis staging, there was a small but significant accuracy improvement for cirrhosis diagnosis with both image analyses. The moderateness of the improvement was attributable to the already very good baseline accuracy (with a limited progression margin), itself attributable to the classical character of this semiology and the presence of more marked anatomical abnormalities such as signs of portal hypertension.

Considering the centre effect, there was mainly a significant effect in centre 5 of group 3B with a worsening in fibrosis staging (Figure 2D). This might be attributable to the combination of the complexity of morphometric data and poorer initial training. Indeed, this centre was the only one including three residents with unusual university training before internship. Finally, image analysis with annotations (group 2A) provided excellent intercentre reproducibility for accuracy in both fibrosis staging and cirrhosis (Figure 2B/C). The present CT method is simpler and more discriminant than texture analysis [START_REF] Budai | Three-dimensional CT texture analysis of anatomic liver segments can differentiate between low-grade and high-grade fibrosis[END_REF]. However, a next step will be to compare the present modality of fibrosis staging with radiomics which are promising techniques [START_REF] Wei | Radiomics in liver diseases: Current progress and future opportunities[END_REF][START_REF] Decharatanachart | Application of artificial intelligence in chronic liver diseases: a systematic review and metaanalysis[END_REF]. Radiomics have been evaluated in liver fibrosis staging with CT used alone [START_REF] Cui | Predicting the stages of liver fibrosis with multiphase CT radiomics based on volumetric features[END_REF] or combined with biomarkers [START_REF] Hu | A Combination Model of Radiomics Features and Clinical Biomarkers as a Nomogram to Differentiate Nonadvanced From Advanced Liver Fibrosis: A Retrospective Study[END_REF], with magnetic resonance imaging [START_REF] Zheng | Imaging-Based Staging of Hepatic Fibrosis in Patients with Hepatitis B: A Dynamic Radiomics Model Based on Gd-EOB-DTPA-Enhanced MRI[END_REF] and with ultrasound combined with elastometry [START_REF] Xue | Transfer learning radiomics based on multimodal ultrasound imaging for staging liver fibrosis[END_REF]. Therefore, radiomics should be compared with our CT technique which might include two advantages: easy applicability and discrimination between F0 and F1. The radiation doses should also be compared.

Limitations -The limits of this study are mainly methodological, concerning observer choice and image presentation with annotations. The present exploratory study might also include an optimism bias. These limits are detailed in the Supplemental material. One limitation of CT is radiation exposure, especially in patients with recurrent CT imaging [START_REF] Kwee | Which patients are prone to undergo disproportionate recurrent CT imaging and should we worry?[END_REF]. However, this limit 20 can be circumvented or attenuated. First, this limit does not concern other initial validated indications of CT than liver fibrosis staging. For example, cirrhosis is often fortuitously discovered. Second, CT indications can be restricted to patients with discordant NITs for liver fibrosis, or when ultrasound imaging is not complete or inconclusive. Finally, one can use a low dose CT technique [START_REF] Takahashi | Can lowdose CT with iterative reconstruction reduce both the radiation dose and the amount of iodine contrast medium in a dynamic CT study of the liver?[END_REF] or new devices reducing the radiation dose by 81% [START_REF] Leyendecker | Prospective evaluation of ultra-low-dose contrast-enhanced 100-kV abdominal computed tomography with tin filter: effect on radiation dose reduction and image quality with a third-generation dual-source CT system[END_REF].

Application -Our study shows that annotated images improve diagnoses by HGE clinicians.

We believe that this improvement could also concern other physicians as suggested by the accuracy difference between expert and non-expert radiologists (Table 4). Thus, the approach presented here can be applied in clinical practice via three means: 1) a diagnostic grid including the elementary descriptors, especially for first-line diagnoses (Figure 1A); 2) annotations provided by radiologists or by 3) semi-automatic morphometric analysis for second-line diagnoses. A reading grid contributes to structuring diagnostic reasoning. Furthermore, semi-automatic morphometry makes it possible to imagine, in the long term, an application to clinical practice not only as a diagnostic aid for the radiologist evaluating images initially, but also as a means for clinician prescribers and patients themselves to better appropriate results. Upstream of these possibilities, it will be necessary to validate this new semiology (especially for fibrosis FR staging into five stages) with comparisons to a robust reference (liver biopsy, NITs) in a large patient population. Further study will determine independent descriptors and an ensuing diagnostic score. Finally, in the future, a single radiological modality could include a comprehensive liver evaluation comprising fibrosis staging, elastometry, steatosis and masses.

Conclusion -A new CT classification based on simple descriptors can accurately stage liver

fibrosis according to the Metavir system. Unexpectedly, this classification, although based on cirrhosis descriptors, was able to discriminate between all Metavir fibrosis stages, including between F0 and F1. The simple identification of these descriptors was superior to 21 morphometric analysis but clinical application needs to be improved. This simple descriptor identification might result in accuracies by HGE clinicians at least as good as those provided by senior radiologists. Finally, imaging could provide comprehensive liver evaluation including highly discriminative liver fibrosis staging. S2. S14. e With data as in Table S2. 
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 2 Figure 2. Observer FR accuracies. Panel A: Accuracies as a function of observer groups with p values between evaluation steps. Panels B/C: Accuracies for fibrosis staging (B) and cirrhosis (C) as a function of centres, observer groups, and evaluation steps. Panel D: Accuracy course (net change) as a function of observer groups and centres. * indicates an interaction between centre and observer group: # indicates a significant centre effect.

Figure 3 .

 3 Figure 3. Agreement of radiological FR classification vs Metavir F. Agreement as a function of evaluation steps and observer groups. At baseline, calibration was poor in F0 and F1. In post-analysis evaluation, the calibration became excellent for all F in group 2A. rs: Spearman's correlation coefficient for individual observer data; comparisons are detailed in TableS14.

Table 1 .a

 1 Study design: the four steps of the evaluation session. Example in Figure 1D. Patients different from those of the next evaluation steps. b Patient order identical in the 3 groups. c Patient order different from step #2. d 35 comments including at least each of the seven categorized descriptors of liver fibrosis/cirrhosis.

Table 4 .

 4 Comparison of accuracies (%) between group 2A observers and radiologists as a function of evaluation steps. Comparison of radiologist vs observer baseline accuracy in the 10 patients of the present study by Fisher test. b Comparison of radiologist vs observer post-analysis accuracy in the 10 patients of the present study by Fisher test.c The radiologist comparison was performed between accuracies measured in the 10 patients of the core population vs the remaining 96 patients evaluated by radiologists8 .

		Observers			Radiologists		
		Baseline	Post-		p a vs	p b vs post-		p c vs 10	
			analysis		baseline	analysis		patients by	
					observer	observer		radiologist	
	Patients (n)	10	10	10	-	-	96	-	106
						Expert 1		
	FR staging	47	81	100	<0.001	0.215	51	0.002	56
	Cirrhosis	88	96	100	0.608	1	86	0.607	88
						Expert 2		
	FR staging	47	81	60	0.523	0.116	41	0.318	42
	Cirrhosis	88	96	100	0.609	1	83	0.353	85
						Non-expert		
	FR staging	47	81	20	0.116	0.014	32	0.721	31
	Cirrhosis	88	96	80	0.353	0.069	78	1	78
	Significant differences in bold.						

a 
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d Cumulative rate of observer change per patient (expressed in binary qualitative value). This rate is therefore different from the changes in mean accuracy for 10 patients depicted in the main text (Table S4). e The net change is the absolute difference between baseline and post-test analysis and is expressed as a quantitative variable.