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SUMMARY
Background
Liver biopsy may be of diagnostic and prognostic value but its role in alcoholic hepatitis (AH) has been controversial.
Aim
We assessed the utility of liver biopsy in the assessment of clinically severe AH.
Methods
The histological features of Alcoholic Steatohepatitis (ASH) were recorded and scored in patients enrolled in the Steroids or Pentoxifylline for Alcoholic Hepatitis (STOPAH) trial who underwent liver biopsy. These features were then assessed relative to outcome and established clinical prognostic scores.
Results
The STOPAH trial recruited 1068 patients from whom biopsies were obtained in 182 (17%). 161 biopsies were adequate for histological assessment and 140 (87%) were diagnostic for ASH. Only 3 biopsies (2%) did not have histological features of alcohol-related liver injury. In biopsies performed prior to randomisation, ASH was identified in 92.5% of patients meeting clinical trial definitions of severe AH. In biopsies with ASH, taken before or within 48 hours of randomisation, survival differences between Alcoholic Hepatitis Histological Score (AHHS) groups were not significant: comparison of Mild/ Moderate (91%: 21 of 23 patients) with Severe (78%: 29 of 37 patients) groups: p=0.18. The AHHS was not superior to clinical scores of prognosis: area under the curve for 28 day mortality 0.728 compared with 0.799 for the Glasgow Alcoholic Hepatitis Score and 0.728 for the MELD score.
Conclusion
Liver histology taken prior to the start of treatment rarely changes the diagnosis in patients meeting strict criteria for a clinical diagnosis of AH. The AHHS is similar to clinical scores in determining prognosis.
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Introduction
Alcoholic hepatitis (AH) is a clinical syndrome characterised by acute onset jaundice on the background of prolonged and excessive alcohol consumption. Histologically alcoholic steatohepatitis (ASH) is diagnosed when all the following morphological characteristics are present in the context of alcohol excess: hepatocyte steatosis, ballooning of hepatocytes and immune cell infiltration. It is important to note however, these histological features are not exclusive to patients with clinically defined AH and may be present in liver biopsies from patients with excess alcohol use but without significant jaundice, or in patients without a significant alcohol history (non-alcoholic steatohepatitis).
European Association for Study of the Liver guidelines updated in 2018 suggest that biopsy is only required in cases of diagnostic uncertainty1. This is largely in agreement with the recent recommendations of the American College of Gastroenterology2 and the American Association for the Study of Liver Disease3. Despite these guidelines, concern remains about the accuracy of a clinical diagnosis. Some observational studies with broad clinical diagnostic criteria suggest that as many as 50% of such patients may not fulfil the biopsy criteria for ASH4,5. In addition to the diagnosis of ASH, there are reports that histology may be able to provide prognostic information and/or predict the response to corticosteroid therapy. The Alcoholic Hepatitis Histological Score (AHHS), a histological grading system for liver histology from patients with AH, stratifies the appearance of ASH into mild, moderate and severe disease categories that have been shown to correlate with 90-day survival6.
The purpose of this study was therefore to determine the utility of liver histology in patients given a clinical diagnosis of severe AH and to assess the prognostic role of the AHHS.
Methods
Patients
Patients recruited to the Steroids or Pentoxifylline for Alcoholic Hepatitis (STOPAH) trial were studied. Recruitment to the trial was based on a clinical diagnosis of AH and a Maddrey’s Discriminant Function (DF) greater than or equal to 32. Full details of eligibility criteria and the clinical outcomes from the trial have recently been published7,8 but all patients had recent onset of jaundice with a serum bilirubin greater than 80µmol/l. A liver biopsy was encouraged although not a requirement for inclusion in the trial. The Glasgow alcoholic hepatitis score (GAHS), Model for End Stage Liver Disease (MELD: pre-2016 UNOS variant) score and Discriminant function (DF) were calculated according to previously published protocols9,10,11.
Liver biopsy and Histology
Liver biopsies were performed via transjugular route by an experienced hepatologist or interventional radiologist. Biopsies were formalin fixed and paraffin embedded with two histological sections from each patient stained with Haematoxylin & Eosin and Sirius Red at St. Mary’s Hospital. Two experienced liver histopathologists, blinded to treatment arm and patient outcome, independently recorded histological features of alcoholic hepatitis including those described in the AHHS as well as the Laennec fibrosis12 and Kleiner steatosis scores13. Biopsies were considered adequate when there were at least 5 portal tracts available for assessment and ASH diagnosed when hepatocyte steatosis, ballooning of hepatocytes and inflammatory infiltration were sufficiently evident. Only those biopsies obtained before or within 48 hours of randomisation were used to relate histological features with subsequent outcome.
Statistical Analysis
Analyses were performed using MedCalc Statistical Software version 17.6 (MedCalc Software bvba, Ostend, Belgium; http://www.medcalc.org; 2017). Comparison of the discriminatory strength of scores was performed by area under the Receiver Operating Curve (AUC) analysis. Kaplan-Meier analysis was used to assess survival and survival curves were compared using the Log-Rank test with Hazard Ratio (HR) described where relevant. Results are presented with 95% confidence intervals (95% CI). Direct comparisons between data were performed using t-tests and between proportions using Odds Ratio (OR) calculation. Spearman's rho correlation co-efficient () was calculated for associations between variables.
Results
Patients
The STOPAH trial recruited 1068 patients from whom biopsies were taken from 182 (17%) patients from 17 recruitment centres (26% of 65 centres) during the index admission. Of these, 21 (12%) were inadequate for histological assessment. Therefore analysis of histological findings was based upon 161 patients (15% of the total STOPAH trial cohort).
There were no significant differences between key clinical features in those with an adequate biopsy sample cohort compared to the main STOPAH trial cohort however the mortality of the biopsied patients was lower in those with an adequate biopsy compared with the non-biopsied STOPAH patients (Table 1). The majority of liver biopsies (100, 62%) were performed in 5 centres, where the overall biopsy rate for trial participants was 40%. Within these five centres the 28-day and 90-day mortalities for biopsied patients were 8% and 16% compared with 16% and 26% for non-biopsied patients (p=0.08 and .05 respectively).
Clinical versus Histological Diagnosis
A definite histological diagnosis of ASH was reported in 140 of the 161 adequate biopsies (87%). In 18 cases (11%) there were histological features associated with alcohol-related liver injury but ASH was not diagnosed, most commonly due to an absence of sufficient hepatocyte ballooning. There were only 3 biopsies (2% of cohort) without histological features of alcohol-related liver injury. Of the 140 biopsies diagnostic of ASH, 99 (71%) had definite cirrhosis (Laennec fibrosis score 5-6) and only 2 patients had mild or minimal fibrosis (Laennec fibrosis score 1-2).
The timing of liver biopsy varied with 40 (25%) cases biopsied before randomisation, 26 within 48 hours of randomisation (16%), 45 (28%) between day 2 and day 7 and 50 (31%) between day 7 and day 28 of randomisation. Early liver biopsies obtained before randomisation showed histological features of ASH in 37 cases (92.5%). The rate of ASH confirmation fell to 88% (23 cases) if biopsied within 48 hours after randomisation and fell further to 84% (80 cases) if biopsied more than 2 days after randomisation. Patients not exposed to prednisolone at the time of biopsy had features of ASH in 83 of 91 biopsies (91%), whereas biopsies from prednisolone treated patients had ASH in 57 of 70 cases (81%). Higher clinical prognostic scores (GAHS and MELD) were associated with a higher rate of confirmed ASH. Those with MELD scores between 21 and 24 had confirmed ASH in 32 of 40 biopsies (80%) whereas ASH was identified in 61 of 67 biopsies (91%) when the MELD≥25. Combination of these factors affecting the presence of ASH (biopsy obtained before randomisation, no exposure to prednisolone treatment and either a GAHS≥9 or MELD≥25) identified ASH in 100% of cases (Table 2).
Prognostic information based on Liver Biopsy
In the 60 liver biopsies taken before or within 48 hours of randomisation with confirmed histological features of ASH, overall survival was 83% at 90 days. Using the AHHS scoring system, 37 cases (62%) were classified as Severe, 20 (33%) as Moderate and 3 (5%) Mild. By 90 days Mild, Moderate and Severe groups had survival rates of 100%, 90% and 78% respectively (Figure 1). These survival differences between groups were not significant: comparison of Mild plus Moderate (91%: 21 of 23 patients) with Severe (78%: 29 of 37 patients) groups: p=0.18; HR 2.35 (0.66, 8.33).
There were no statistically significant differences in AUC on comparison of the AHHS with clinical scoring systems (MELD and GAHS): 90-day values of 0.654, 0.652 and 0.634 for AHHS, MELD and GAHS respectively (Table 3). The AHHS score did not correlate significantly with the DF (=0.213; p=0.10) but did correlate with both GAHS (=0.340; p=0.008) and MELD (= 0.273; p=0.03).


Discussion
A clear set of clinical criteria were used to define patients with severe AH for inclusion in STOPAH, a multicentre double-blinded randomised control trial9. These criteria are similar to those proposed by the National Institute on Alcohol Abuse and Alcoholism to identify ‘probable’ AH, although the threshold for bilirubin was higher in STOPAH at 80µmol/l as opposed to just over 50µmol/l14. When liver biopsy was undertaken in STOPAH it confirmed the presence of ASH in 87% of all patients biopsied, although 98% of biopsies were compatible with alcohol-related liver injury. In the STOPAH trial, liver biopsy did not form part of the trial protocol but participating centres were encouraged to carry out biopsies in cases especially where there was clinical uncertainty. Therefore there may be a bias towards alternative diagnoses compared with a policy of obtaining a biopsy from all suspected alcoholic hepatitis patients. Despite this potential bias, a high proportion of biopsies showed ASH. An interesting observation is the lower mortality in biopsied patients compared with the remainder of the non-biopsied STOPAH patients. The difference in mortality was reflected in hospital sites with a high rate of biopsy. This indicates that the favourable outcome of biopsied patients is not a factor of the experience or expertise of the recruiting site but is more likely to reflect a degree of selection bias in the biopsied population. It may be that a biopsy is less likely to be undertaken when patients are unwell in ways not clearly reflected in standard prognostic scores.
Liver biopsies were performed at different times during the course of the trial. The timing of biopsy relative to randomisation, the exposure to prednisolone and the severity of clinical AH scores all affected the rate of liver biopsy histological confirmation with ASH. Patients biopsied early (before randomisation), not exposed to prednisolone and with severe clinical disease (high GAHS or MELD scores) had a higher rate of diagnostic features of ASH (100%) compared to biopsies obtained with none of these features (81%). However only 2% of the biopsies studied did not show features of alcohol-related liver injury.
A clinical diagnosis of AH may be less accurate in patients with less clinically severe disease given the lower rate of ASH confirmation in those with MELD<25. This could even apply to those with a MELD>20, the threshold for severe disease suggested by the American College of Gastroenterology2 and the American Association for the Study of Liver Disease3. Similarly, this may be particularly relevant for those patients who fulfil the National Institute on Alcohol Abuse and Alcoholism criteria but whose serum bilirubin is less than 80µmol/l. By the nature of the recruitment criteria to the STOPAH trial, those with bilirubin 50-80µmol/l were not addressed in the current study but it can be assumed that their clinical prognostic scores would be lower as serum bilirubin is integral to both GAHS and MELD. Therefore the role of biopsy in these patients requires further investigation and inclusion of liver biopsy as part of clinical trials involving this cohort might be required to address this.
When considering the clinical significance of these findings it is important to consider the issue of sampling error as a reason for negative biopsies. Milder disease may be associated with patchy or less volume of active disease (such as hepatocyte ballooning), thereby reducing the chance of a biopsy being taken from a portion of affected liver. Again, this may be of particular significance if patients with bilirubin just over 50µmol/l but less than 80µmol/l are to be considered as probable alcoholic hepatitis using the National Institute on Alcohol Abuse and Alcoholism criteria. Taking these factors into account, if a liver biopsy is to be taken for diagnostic or clinical trial purposes in the setting of suspected AH, it should be considered more so for those with clinically mild disease and should be taken early before corticosteroid treatment is initiated to give the best chance of identifying histological features of ASH.
The AHHS was developed as a prognostic scoring system for liver biopsies in AH. Whilst the survival rate of the severe disease group was less than moderate or mild disease groups, the difference did not reach significance. In the STOPAH cohort, the survival of the severe group was also higher than reported in the original description of the AHHS6. Comparison of the AHHS with established clinical AH prognostic scores showed no difference in discriminatory ability. Therefore the AHHS did not provide any additional prognostic information to that available from scores based upon clinical and laboratory variables. 
Only 17% of patients enrolled in STOPAH underwent liver biopsy but this low rate of biopsy in AH patients reflects the published literature on the clinical practice in the United Kingdom and United States of America, where biopsy rates as low as 11% and 15% of AH cases have been reported15,16. Nevertheless, the current study still represents a substantial collection of liver biopsies in patients with clinically severe alcoholic hepatitis and is similar in number to that of the original AHHS description. 
It is notable that of the 182 biopsies, 12% were deemed inadequate for histological assessment. The pathologists chose to use five portal tracts as a cut-off to define adequacy, but in the liver distorted by severe fibrosis, this may not be the ideal parameter. However this high rate of inadequate biopsies raises further questions as to the necessity or desirability of biopsy prior to specific treatment of AH. In this patient cohort, which also showed a high percentage of significant liver fibrosis on liver biopsy, if an adequate biopsy is a pre-requisite for histological assessment then either some patients will never achieve this level of diagnostic clarity, or they will have to undergo repeated biopsies until adequate tissue is obtained, thereby delaying their intervention.
In summary, this study demonstrates that there is a high level of concordance between liver biopsy histological features of ASH and a clinical diagnosis of severe AH when the biopsy is taken early on in clinical assessment and ideally prior to the start of corticosteroid treatment. Biopsies taken later, after the administration of corticosteroid therapy, are less likely to satisfy the histological criteria of ASH. The study has also demonstrated that the AHHS, a histological prognostic tool for ASH performed comparably but no better than existing clinical prognostic tools. Therefore the role of liver biopsy is best reserved for cases of diagnostic uncertainty when taken early in the assessment of clinically severe AH.
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[bookmark: _Ref308015101]Table 1: Characteristics of STOPAH patients: comparison of those with adequate liver biopsy with those without.
	

	STOPAH Cohort

	
	Adequate Biopsy
n=161
	No Biopsy available
n=907

	Bilirubin (µmol/l)
	341
(315, 366)
	300
(289, 309)

	INR
	1.8
(1.7, 1.9)
	1.9
(1.8, 1.9)

	Creatinine (µmol/l)
	80
(74, 87)
	79
(76, 82)

	GAHS≥9

	45%
	48%

	MELD≥21

	84%
	92%

	Lille≥0.45

	47%
	53%

	28-day Mortality

	8.7%*
	17.6%*

	90-day Mortality

	16.1%#
	28.6%#



GAHS: Glasgow Alcoholic Hepatitis Score
MELD: Model of End-Stage Liver Disease
DF: Discriminant Function
INR: International Normalised Ratio
Mean values shown; in parentheses: 95% Confidence Intervals or percentage of available data
Exception: GAHS: median and range shown
*p=0.006; OR 0.44 (0.25, 0.79)
#p=0.001; OR 0.48 (0.31, 0.75)


[bookmark: _Ref308015147]Table 2: Histological diagnosis of alcoholic steatohepatitis compared to prednisolone treatment, timing of biopsy and severity of AH.
1) Relative to GAHS Severity (GAHS available for 160/161 patients)
	Biopsy Prior to Randomisation
	GAHS≥9
	Not Exposed to Prednisolone
	% ASH
	ASH/ Adequate Biopsy

	+
	-
	+
	87%
	20/23

	-
	-
	-
	81%
	30/37

	-
	-
	+
	89%
	25/28

	-
	+
	-
	81%
	26/32

	-
	+
	+
	91%
	21/23

	+
	+
	+
	100%
	17/17



2) Relative to MELD Severity MELD available for 152/161 patients)
	Biopsy Prior to Randomisation
	MELD≥25
	Not Exposed to Prednisolone
	% ASH
	ASH/ Adequate Biopsy

	+
	-
	+
	85%
	17/20

	-
	-
	-
	78%
	28/36

	-
	-
	+
	93%
	28/30

	-
	+
	-
	89%
	24/27

	-
	+
	+
	84%
	16/19

	+
	+
	+
	100%
	20/20



GAHS: Glasgow Alcoholic Hepatitis Score
MELD: pre-2016 UNOS MELD score
ASH: alcoholic steatohepatitis on biopsy


Figure 1: Survival Curves for Alcoholic Hepatitis Histological Score (AHHS) severity groups
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Table 3: Area under the receiver operating curve values for Clinical (GAHS and MELD) and Histological (AHHS) scores for patients biopsied before or no more than 48 hours after randomisation.
	Prognostic score
	28-Day mortality
	90-Day mortality

	
	AUC
	95% CI
	AUC
	95% CI

	GAHS
	0.799
	0.676, 0.892
	0.634
	0.500, 0.755

	MELD
	0.728
	0.598, 0.835
	0.652
	0.518, 0.770

	AHHS
	0.728
	0.598, 0.877
	0.654
	0.520, 0.772



GAHS: Glasgow Alcoholic Hepatitis Score
MELD: pre-2016 UNOS MELD score
AHHS: Alcoholic Hepatitis Histologic Score
AUC: area under the receiver operating curve
95% CI: 95% confidence interval
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