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Abstract

Histologically, drug-induced liver injury could be classified into acute hepatitis, chronic hepatitis, acute cholestasis, chronic
cholestasis, and cholestatic hepatitis. The correlation between these histologic patterns and long-term clinical outcomes has
not been well established. Therefore, we conducted a retrospective cohort study to investigate the association of histologic
patterns and long-term clinical outcomes defined as biochemical normalization, persistent abnormal liver biochemistry or
death at designated time points. In this study, biochemical classification was determined by R-values; histologic injury
pattern was determined by morphological features. Predictive ability of clinical outcomes by these two classifications was
assessed using Receiver Operating Characteristic Curves. Logistic regression was performed to identify histologic factors
associated with outcomes. Totally, 88 patients with drug-induced liver injury were included for final analysis. Biochemical
and histologic classification were consistent in 50 (57%) cases. 53 (60%) cases showed biochemical normalization within
6 months, and a further 11 (13%), 16 (18%), and 6 (7%) cases within 1, 2, and 3 years, respectively. Compared with
biochemical classification, histologic injury pattern had better predictive ability for abnormal biochemistry at 6 months
(Areas under Receiver Operating Characteristic Curves 0.92 versus 0.60, P <0.001) and 1 year (Areas under Receiver
Operating Characteristic Curves 0.94 versus 0.69, P <0.001). Interlobular bile duct loss in >25% portal areas was
independently associated with abnormal biochemistry at 6 months, 1 year, and 2 years. In conclusion, histologic injury
pattern is better correlated with clinical outcome at 6 months and 1 year than biochemical classification. Moderate bile duct
loss is an important histologic feature associated with persistent biochemical abnormality at 6 months, 1 year, and 2 years.

Introduction

The annual incidence of drug-induced liver injury was
estimated at 14-24 per 100,000 person-years according to
the epidemiological studies reported from different coun-
tries [1-3]. Many drugs can cause unpredictable liver injury,
and drug intake is one of the most common reasons for
clinically significant liver injury and adoption of postmarket
regulatory actions [4-6]. While timely withdrawal of the
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offending drug(s) is usually followed by resolution of liver
damage [7], a significant minority of patients can have
persistent abnormal liver biochemistry or progress to severe
liver damage and even end-stage liver disease [8, 9].

According to the R-value determined by the ratio of ala-
nine aminotransferase and alkaline phosphatase with their
upper limits of normal at disease onset, drug-induced liver
injury is clinically classified into hepatocellular (R > 5), mixed
(2< R <5), and cholestatic (R < 2) injury patterns [4]. Patients
with cholestatic and mixed phenotypes have been thought to
require longer periods to achieve biochemical normalization
[10]. However, data from the Spanish drug-induced liver
injury registry seem to challenge this view, as the median
days to restoration were reported as 83, 76, and 115 days for
hepatocellular, mixed, and cholestatic cases, respectively,
with no significant differences among the groups [11]. Hence,
prediction of clinical outcome based on R-value-determined
clinical pattern may not always be reliable.

Liver biopsy examination can aid in the timely diagnosis of
drug-induced liver injury, by excluding other potential etiol-
ogies, determining the major injury pattern as well as the
severity of liver injury. Although drug-induced liver injury
can present with a wide range of histologic findings [12, 13]
as a result of complex interactions between a specific drug
and host factors [14], Kleiner et al. [15] found that five out of
18 proposed histologic injury patterns (namely, acute hepa-
titis, chronic hepatitis, acute cholestasis, chronic cholestasis,
and cholestatic hepatitis) account for up to 83% of cases.
Specific histologic features like fibrosis, necrosis, micro-
vesicular steatosis, bile duct loss, and cholangiolar cholestasis
have been associated with more severe liver injury index, and
have provided the foundations for further association studies
[15]. However, the correlation between histologic patterns and
postbiopsy long-term clinical outcomes of drug-induced liver
injury has not been well established.

In light of the imperfect correlations between histologic
findings and prebiopsy biochemical findings, i.e., only 50%
of drug-induced liver injury cases have matched biochem-
ical and histologic injury patterns [16], we hypothesized
that the histologic injury patterns of drug-induced liver
injury might be better correlated with long-term clinical
outcomes rather than biochemical classification. Therefore,
we aimed to explore and compare the associations between
biochemical classification, histologic patterns, and clinical
outcomes in drug-induced liver injury patients.

Patients and methods
Study design

This was a single-center retrospective observational study.
Clinically suspected drug-induced liver injury cases
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diagnosed at our institution from January 2009 to December
2013 were retrospectively reviewed and their archived liver
biopsies retrieved. The medical records for all patients with
a diagnosis of “likely”, “possible/probable,” “favoring”, or
“consistent with” drug-induced liver injury were reviewed.
Causality for each case was ascertained by specialized
hepatologists according to: (1) compatible temporal rela-
tionship between drug exposure and appearance of liver
injury; (2) serological, biochemical, imaging, and histologic
data to exclude alternative etiologies; and (3) kinetics of
liver biochemistry after de-challenge. Roussel Uclaf Caus-
ality Assessment Method scores were calculated according
to the clinical information. Biochemical criteria for the
identification of drug-induced liver injury are used as
reaching any of the following items: alanine amino-
transferase >5 upper limits of normal; alkaline phosphatase
>2 upper limits of normal, without bone-diseases-related
alkaline phosphatase elevation; alanine aminotransferase >3
upper limits of normal and total bilirubin >2 upper limits of
normal [17].

The biochemical classifications of liver injury were
categorized according to the R-value, defined as the ratio of
alanine aminotransferase and alkaline phosphatase with
their upper limits of normal at disease onset. Specifically, R-
value 25 indicated hepatocellular injury, R-value <2 indi-
cated cholestatic injury, and R-value 2-5 indicated mixed-
type injury according to the criteria of the international
consensus meeting for drug-induced liver injury [4].

The liver biopsies of the patients were reviewed and
rescored by an experienced hepatologist with pathology
experience (XZ) who was blinded to the patients’ clinical
and laboratory data using a standard structured form
proposed by Kleiner and colleagues (Supplementary
Material 1). The final pattern of the histological changes
was also categorized according to the classification and
criteria of Kleiner et al. [15]. Each liver biopsy was
required to be longer than 1.2 cm and included at least ten
portal tracts.

Follow-up information was obtained through the (elec-
tronic) medical health record system or by telephone calls to
determine the clinical course and clinical outcome. Patients
whose liver biochemistry returned to the normal range in <1
year were followed up at minimum to biochemical nor-
malization. Patients requiring >1 year to achieve biochem-
ical normalization were followed up at least every 3 months
after onset until biochemical normalization or death/liver
transplantation.

Although it is generally believed that drug-induced liver
injury persisting beyond 6 months should be considered
chronic [9, 18], longer cut-off points like 1 year have also
been considered when defining chronicity [11]. In the pre-
sent study, we analyzed the clinical outcomes of patients at
6 months, 1 year, 2 years, and 3 years.
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The clinical outcomes were as follows: (1) recovery—
biochemical normalization (alanine aminotransferase and
aspartate aminotransferase for hepatocellular, alkaline phos-
phatase for mixed and cholestatic cases, and total bilirubin
<1.5 upper limits of normal) without radiological evidence of
persistent liver injury; (2) chronicity—persistently elevated
alanine aminotransferase or aspartate aminotransferase for
hepatocellular, alkaline phosphatase for mixed and cholestatic
cases, and total bilirubin >1.5 upper limits of normal, or
radiological evidence of persistent liver injury at the desig-
nated time point; and (3) death or liver transplantation.

Finally, the associations between biochemical pheno-
types, histologic classification, and clinical outcomes were
conducted.

Study patients

Between January 2009 and December 2013, patients hos-
pitalized in Beijing Friendship Hospital with clinical and
histologic suspicion of drug-induced liver injury were
considered as potential cases for the study.

The inclusion criteria were: (1) existing causality
between suspected drug exposure and symptoms/abnormal
liver biochemistry; (2) Roussel Uclaf Causality Assessment
Method score>3; (3) liver biopsy suggesting “likely”,
“possible/probable,” “favoring” or “consistent with” diag-
nosis of drug-induced liver injury; and (4) availability of
adequate follow-up information.

The exclusion criteria were: (1) underlying liver diseases
(viral, alcoholic, nonalcoholic, autoimmune, metabolic,
congenital hepatitis, biliary obstruction, or altered baseline
liver biochemistry of unknown etiology); (2) systemic dis-
eases affecting the liver (thyroid, heart, or kidney disease,
HIV infection); (3) history of liver or bone marrow trans-
plantation; (4) liver biopsy suboptimal for scoring and
classification; (5) interval from drug-induced liver injury
onset to liver biopsy exceeding 6 months; and (6) inade-
quate clinical information during onset, loss of follow-up, or
incomplete follow-up.

Statistical analysis

Categorical variables were presented as count/percentage,
continuous variables as means + standard deviations or
medians and interquartile ranges. Comparisons of different
groups were performed using the chi-square test for
categorical variables and analysis of variance or the
Kruskal-Wallis test for continuous variables, as
appropriate.

The difference of diagnostic potency between biochem-
ical versus histologic injury pattern and clinical outcomes
was assessed using Receiver Operating Characteristic
Curves after calculating predictive P values at designated

time points. Area under Receiver Operating Characteristic
Curves values were compared with the De Long method.

Logistic regression model was used to identify the
potential clinical and histologic risk factors for clinical
outcomes. First, we build univariate regression model to
reveal relationship between potential clinical/histologic risk
factors and clinical outcomes. These relationships were
illustrated as odds ratio and 95% confidence interval. Then,
multiple regression model was performed. Variables with a
P value <0.1 in univariate models would be put into mul-
tiple regression model.

For all analyses, P<0.05 was considered to be sig-
nificant. All analyses were performed using SPSS
V.24.0 software (SPSS Inc., Chicago, IL) and Medcalc
Software version 12.2.1.0 (Medcalc, Mariakerke, Belgium).

Results
Patient inclusion and clinical characteristics

From January 2009 to December 2013, a total of 214
hospitalized patients with clinically suspected drug-induced
liver injury underwent a liver biopsy in Beijing Friendship
Hospital. Of these, 133 patients were identified as drug-
induced liver injury without other underlying liver diseases,
after excluding three cases with intervals from drug-induced
liver injury onset to biopsy exceeding 6 months and 42
cases lacking necessary clinical information (e.g., for cal-
culation of R-value at onset) and/or robust follow-up
information for further analysis. Finally, 88 drug-induced
liver injury patients were included for analysis (Fig. 1).

Patients with clinical and pathological suspicion
of DILI from January 2009 to December 2013
(n=214)

Patients with systemic diseases
affecting the liver (thyroid, heart orf«—
kidney disease) (n=4)

Patients with underlying liver diseases
(n=69)
fatty liver diseases (n=22)
viral hepatitis (n=14)
autoimmune liver diseases (n=14)
biliary obstruction (n=8)
metabolic liver diseases (n=4)
parasitic liver disease (n=4)
congenital biliary dysplasia (n=3)

RUCAM score<3 or undetermined N
(n=5)

Pathologic presence of underlying
disease: le—]
AlH-like (n=2); NASH (n=1)

A
Confirmed DILI cases
(n=133)

lack of necessary clinical
information or robust follow-up
information (n=42)

Patients whose liver biopsy was taken at
> 6 months after DILI onset (n=3)

A

DILI patients with adequate follow-up
(n=88)

Fig. 1 Flow chart for patient inclusion in the drug-induced liver
injury study
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Table 1 Demographics and baseline characteristics by biochemical classification

Overall Hepatocellular (R>5) Mixed (2<R<5) Cholestatic (R<2) P value

(n=288) (n=152) (n=18) (n=18)
Age, years (mean =+ standard deviation) 48.7+14.4 49.5+13.1 48.3+16.3 46.9+16.8 0.802
Female, n (%) 69 (78.4) 42 (80.8) 14 (77.8) 13 (72.2) 0.747
Alanine aminotransferase(IU/L) 423.0 (150.0,769.0) 665.5 (436.3, 1028)  215.5 (92.5, 380.5) 85.0 (47.0, 124.5) <0.001
Aspartate aminotransferase (IU/L) 260.5 (114.3, 709.0) 586.0 (297.3, 858.5) 133.0 (89, 198.0) 94.0 (41.9, 149.5) <0.001
Alkaline phosphatase (IU/L) 160.5 (117.8, 279.5) 151.0 (114.0, 179.0) 184.5 (124.5, 358.0) 202.0 (119.8, 414.8)  0.041
Gamma-glutamyl transferase (IU/L) 153.0 (83.3 326.8) 133 (86.3, 210.8) 238.5 (68.3, 444.0)  237.5 (72.0, 787.3) 0.104
Total bilirubin (umol/L) 44.3 (17.0, 120.0) 54.2 (20, 154.4) 18.0 (12.8, 94.8) 51.8 (15.2, 120.0) 0.263
Direct bilirubin (umol/L) 20.8 (5.4, 86.3) 28.2 (5.51,86.3) 6.5 (3.6, 83.6) 24.0 (4.6, 88.4) 0.343
Albumin (g/L) 38.4+54 38.2+4.8 40.4+5.6 36.8+6.2 0.144
Globulin (g/L) 30.8 (27.0, 34.9) 32.9 (28.1, 35.5) 30 (26.8, 35.5) 29.1 (24.1, 31.6) 0.064
Immunoglobulin G (mg/dl) 1190 (1006, 1490) 1185 (1014, 1497.5) 1180 (1000, 1420)  1219.0 (989, 1562.5) 0.671
Cholesterol (mmol/L) 4.6 (3.7, 5.8) 4.1 (3.6, 4.8) 5.2 (4.3,64) 5.8 (3.9,7.1) 0.001
Prothrombin time activity (%) 86.4+16.6 81.9+144 89.1x144 95.2+20.2 0.011
International normalized ratio 1.1 (1.0, 1.2) 1.1 (1.0 1.2) 1.0 (0.9, 1.1) 1.0 (1.0, 1.2) 0.476
Creatinine (umol/L) 68.1+134 68.2+14.6 67.0+£9.6 68.9+14.3 0.910
White blood cells (x 10%L) 5.1+1.5 52+1.6 46+1.4 53+1.3 0.287
Eosinophils (x 10°/L) 0.13 (0.08, 0.24) 0.11 (0.07, 0.21) 0.12 (0.07, 0.24) 0.2 (0.13, 0.36) 0.127
Hemoglobin (g/L) 125.1+16.3 128.8 +14.3 123.5+17.8 117.1£17.5 0.031
Platelets (x 10°/L) 200.9 £65.7 188.3+65.4 205.6 £44.0 229.2+75.7 0.076
Roussel Uclaf Causality Assessment 6 (6,7) 7 (6,8) 6 (6,7) 6 (5,7) 0.179
Method score
Severity score® 2 (1,3) 2 (1,3) 1(1,3) 2 (1,3) 0.551
From drug intake to onset (days) 56 (23, 90) 54.5 (20.5,90) 90 (27.75, 232.5) 35 (18,90) 0.347
From diagnosis to biopsy (days) 24.5 (12, 44.75) 22 (12,44.75) 27.5 (15.25, 57.75)  19.5 (10, 36) 0.621

Three groups (hepatocellular, mixed, and cholestatic patients according to biochemical classification) were compared. P value stands for the overall

difference among these groups

severity score was assessed according to ref. [17]

Comparison of the clinical and histologic characteristics
between the 88 included and 42 excluded cases showed no
statistically significant differences (Supplementary Mate-
rial 2, Tables 2.1 and 2.2).

Of the 88 included patients, the mean age was 49 years
(range, 10-79 years), 69 (78%) were female, and hepa-
tocellular injury was the predominant biochemical clas-
sification determined by the R-value (52 patients, 59%).
The baseline characteristics were similar among the dif-
ferent clinical classifications (hepatocellular, mixed, and
cholestatic) determined by R-value, except for alanine
aminotransferase, aspartate aminotransferase, alkaline
phosphatase, cholesterol, prothrombin time activity, and
hemoglobin (Table 1).

Of the 88 cases, Roussel Uclaf Causality Assessment
Method causality assessment defined 18 cases (20%) as
“possible” drug-induced liver injury, 63 cases (72%) as
“probable” drug-induced liver injury, and 7 (8%) cases as
“highly probable” drug-induced liver injury.

SPRINGER NATURE

Biochemical phenotypes, histologic patterns, and
clinical outcomes of the 88 patients

According to the biochemical classification determined by
the R-value, 52, 18, and 18 cases were clinically classified
as hepatocellular, mixed, and cholestatic phenotypes,
respectively. The histologic injury patterns were character-
ized as hepatitis in 52 cases, cholestatic hepatitis in 18
cases, and cholestasis in 18 cases. When correlating the
histologic injury patterns with the biochemical classifica-
tion, biochemical and histologic classification were con-
sistent in 50 (57%) cases. The distributions of biochemical
phenotypes and histologic patterns of the 88 cases are
shown in Fig. 2. Table 2 shows the distribution of selected
histologic findings according to clinical phenotypes.

The most common insulting agents were herbal products,
accounting for 44 (50%) of the 88 drug-induced liver injury
cases. The causative drugs and their corresponding histo-
logic patterns are shown in Supplementary Material 3.
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The median biochemical recovery time of the 88 patients
was 122 days (range, 16-1460 days). For the different
biochemical phenotypes, the median biochemical recovery
time was 99 days (range, 16-981 days) for hepatocellular
injury type, 141 days (range, 30-1460 days) for mixed
injury type, and 333 days (range, 21-928 days) for chole-
static injury type, with no significant difference (P = 0.104).

However, the biochemical recovery time differed
Biochemical l Histologic injury pattern I
classification
hepatocellular chronic(n=14)
r(n=52) cholestatic-hepatitic (n=12)

s sy |§ e 071
patients (n=88) ks =
acute (n=3)
=
(n=18) | cholestatic-hepatitic (u=4)|
acute (n=3)

Fig. 2 Distribution of biochemical phenotypes and histologic patterns

significantly amongst the different histologic patterns (P <
0.001), with median values for acute hepatitis, chronic
hepatitis, cholestatic-hepatitis, acute cholestasis, and
chronic cholestasis of 69 days (range, 12-182 days),
298 days (range, 54-981 days), 117 days (range,
27-635 days), 139 days (range, 21-205 days), and 600 days
(range, 366-1460 days), respectively (Fig. 3).

Of the 88 cases, 53 (60%) resolved within 6 months, with
a further 11 (13%) within 1 year, 16 (18%) within 2 years,
and 6 (7%) within 3 years. Of the two remaining patients,
one died from acute myocardial infarction on day 85 after
drug-induced liver injury onset, and the other did not
achieve biochemical normalization after the third year and
died of decompensated biliary cirrhosis at the fourth year.

Comparison of biochemical versus histologic injury
patterns correlating with outcomes at 6 months,
1 year, and 2 years

Notably, from the viewpoint of histologic patterns, the majority
of drug-induced liver injury patients with histologic acute
hepatocellular (97%) and acute cholestatic (83%) patterns had
normalization of liver biochemistry within 6 months. For those
labeled with histologic chronic hepatitis and chronic cholestasis

Table 2 Distribution of selected

histologic findings according to Histologic feature All cases Biochemical presentation P value
biochemical classifications Hepatocellular Mixed Cholestatic
n=88) (=52 n=18) @m=18)
Confluent necrosis score, median 104 2504 0 (0,1) 0 (0,2) 0.001
Bridging necrosis score, median 0 (0,1) 0 (0,1) 0 (0,0.25) 0 (0,0) 0.018
Interface hepatitis score, median 1(0,2) 2 (1,2) 0 (0,1) 0 (0,2) <0.001
Chronic portal inflammation score, median 1 (0,2) 1(0,2) 1(0,2.25) 2 (0,3) 0.804
Eosinophils (N, %) 49 (56) 38 (73) 6 (33) 5 (28) <0.001
Degree of necrosis seen 0.001
None (N, %) 3(3) 0 (0) 1 (6) 2 (11)
<5% (N, %) 17 (19) 3 (6) 7 (39) 7 (39)
5-33% (N, %) 33 (38) 22 (42) 7 (39) 4 (22)
33-67% (N, %) 33 (38) 26 (50) 2(11) 5 (28)
>67% (N, %) 2(2) 1) 1 (6) 0 (0)
Fibrosis stage, median 1(0,2) 1(0,2) 0.5 (0,2) 1(0,2.25) 0.345
Cholestasis grade, median 0 (0,1) 0 (0,1) 0(0,1.5) 1(0,3) 0.101
Hepatocellular cholestasis (N, %) 24 (27) 9 (17) 5 (28) 10 (56) 0.307
Canalicular cholestasis (N, %) 25 (28) 13 (25) 4 (22) 8 (44) 0.060
Duct injury (multiple ducts) (N, %) 14 (16) 3 (6) 5 (28) 6 (33) 0.480
Ductal paucity seen 0.001
None (N, %) 74 (84) 49 (94) 15 (83) 10 (56)
Mild (N, %) 7 (8) 2(4) 0 () 5 (28)
Moderate to marked (N, %) 7 (8) 1) 317 3(17)
Ductular reaction seen (N, %) 71 (81) 48 (92) 12 (67) 11 (61) 0.003

Three groups (hepatocellular, mixed, and cholestatic patients according to biochemical classification) were
compared. P value stands for the overall difference among these groups

SPRINGER NATURE
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Fig. 3 Median biochemical

recovery time of the 88 drug-
induced liver injury cases
according to biochemical (a) and
histologic (b) injury patterns.
Median biochemical recovery
time was not statistically
different among different
biochemical classifications, but
significantly different among
different histologic injury
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aclte aclte cholestatic chronic  chronic
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Outcomes at 2 years according to
biochemical classification
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c = death
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Fig. 4 Outcomes at designated time points according to biochemical
and histologic injury patterns. In figure a—c, H stands for hepatocel-
lular biochemical pattern, M mixed biochemical pattern, C cholestatic
biochemical pattern; In figure d—f, AH stands for acute hepatitic

patterns, most cases (74 and 92%, respectively) had persistent
(>6 months) liver biochemistry abnormalities. Compared with
the recovery rates of 67% for hepatocellular, 61% for mixed,
and 39% for cholestatic injury types according to the R-value
based clinical biochemical phenotypes, classifications based on
pathological injury patterns showed obviously better correla-
tions with clinical outcomes at 6 months. The same trend was
seen at 1 year and 2 years (Fig. 4).

Comparison between the biochemical and histologic
injury patterns with outcomes at designated time point was
further assessed using Areas under Receiver Operating
Characteristic Curves after calculating predictive P values.
Histologic injury pattern was significantly better correlated
with outcomes (abnormal biochemistry) at 6 months (Areas

SPRINGER NATURE

histologic pattern, CH chronic hepatitic histologic pattern, M chole-
static hepatitic histologic pattern, AC acute cholestatic histologic
pattern, CC chronic cholestatic histologic pattern

under Receiver Operating Characteristic Curves being 0.92
and 0.60, P<0.001) and 1 year (Areas under Receiver
Operating Characteristic Curves being 0.94 and 0.69, P <
0.001), but at 2 years, the difference is not significant (Areas
under Receiver Operating Characteristic Curves being 0.95
and 0.79, P =0.14, Fig. 5). Figure 6 illustrated examples of
histologic images from five histologic injury patterns.

Clinical outcomes at different time points based on
liver histologic features, which are determinant
components of histologic patterns

We examined two clinical features (age and sex) and his-
tological features that may be associated with clinical
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Fig. 5 Diagnostic performance for predicting clinical outcome at 6 months (a), 1 year (b) and 2 years (c)

Fig. 6 Examples of drug-
induced liver injury cases
included. a Acute hepatic liver
injury pattern with bridging
necrosis (H&E, 200x), with
biochemical normalization
within 182 days. b Chronic
hepatic liver injury pattern with
mild fibrosis (Ishak stage 2),
with biochemical normalization
within 321 days (Sweet, 100x).
¢ Cholestatic hepatic liver injury
pattern (H&E, 200x), with
biochemical normalization
within 240 days. d Acute
cholestatic liver injury (H&E,
100x), with biochemical
normalization within 50 days.

e Cholestatic hepatic liver injury
with bile duct injury and bile
duct loss <25% (H&E, 400x),
with biochemical normalization
within 240 days; f Chronic
cholestatic liver injury with bile
duct loss >50%, with
biochemical normalization
within 480 days (H&E, 400x)

outcomes (focusing on achievement of biochemical nor-
malization) at 6 months, 1 year, and 2 years after drug-
induced liver injury onset using logistic regression.

At 6 months, the univariate-unadjusted logistic analysis
showed significantly different abnormal biochemistry rates
according to severity of ductal paucity (>25% versus <25%:
odds ratio, 8.130; 95% confidence interval, 2.070-31.940;
P =0.003), degree of chronic portal inflammation (less than
moderate in some or all portal areas versus more than mod-
erate or marked in all portal areas: odds ratio, 4.952; 95%
confidence interval, 1.657-14.802; P =0.004), and fibrosis

stage (by Ishak) [19] (insignificant fibrosis (< Ishak stage 3)
versus significant fibrosis ( > Ishak stage 3): odds ratio, 7.738;
95% confidence interval, 2.259-26.503; P =0.001), but not
for age, sex, degree of necrosis, degree of cholestasis, ductular
reaction, or interface hepatitis. In the multivariate analysis,
degree of ductal paucity (> 25% versus<25%: odds ratio,
6.212; 95% confidence interval, 1.369-28.185; P =0.018)
and fibrosis stage (insignificant fibrosis versus significant
fibrosis: odds ratio, 6.972; 95% confidence interval,
1.881-25.841; P=0.004) were the two histologic features
independently associated with outcomes at 6 months.
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Table 3 Univariate- and
multivariate-adjusted odds ratios

Univariate

Multivariate

of relevant clinical and

Odds ratios (95% confidence

P value Odds ratios (95% confidence P value

histologic features interval) interval)
At 6 months
Chronic portal 4.952 (1.657-14.802) 0.004  2.313 (0.638-8.383) 0.202
inflammation
Significant fibrosis 7.738 (2.259-26.503) 0.001  6.972 (1.881-25.841) 0.004
Bile duct loss 8.130 (2.070-31.940) 0.003  6.212 (1.369-28.185) 0.018
At 1 year
Chronic portal 6.531 (2.167-19.683) 0.001  3.066 (0.825-11.396) 0.094
inflammation
Significant fibrosis 3.319 (1.094-10.068) 0.034  2.748 (0.726-10.396) 0.136
Bile duct loss 18.944 (4.587-78.248) <0.001 13.727 (3.058-61.627) 0.001
At 2 years
Female sex 0.170 (0.034-0.843) 0.030  0.145 (0.019-1.136) 0.066
Chronic portal 11.964 (2.104-68.030) 0.005  7.759 (0.900-66.902) 0.062
inflammation
Bile duct loss 20.000 (3.372-118.624) 0.001  8.414 (1.111-63.710) 0.039

Chronic portal inflammation: less than moderate in some or all portal areas versus more than moderate or
marked in all portal areas; significant fibrosis: insignificant fibrosis (Ishak stage 0-2) versus significant
fibrosis (Ishak stage 3-6); ductal paucity: ductal paucity >25% versus ductal paucity <25%; sex: males
versus female. P value stands for the significance of categorical variables (in column 1, as risk factors)
affecting clinical outcomes in binary logistic regression. Factors with P value <0.05 were considered

statistically significant

The univariate-unadjusted odds ratios of clinical and
histologic features for the outcomes and the multivariate-
adjusted odds ratios at 1 year and 2 years are shown in
Supplementary Material 4 (Table 4.1-4.3) and Table 3. In
the multivariate analysis, degree of duct paucity was the
only histologic feature independently associated with out-
comes at both 1 year (odds ratio, 13.727; 95% confidence
interval, 3.058-61.627; P =0.001) and 2 years (odds ratio,
8.414; 95% confidence interval, 1.111-63.710; P = 0.039).

Analysis of patients with different degrees of ductal
paucity

The clinical features of patients with different degrees of
ductal paucity are presented in Table 4. Patients with ductal
paucity >25% had significantly lower initial alanine ami-
notransferase levels (151 IU/L for ductal paucity >50%;
154TU/L for bile duct loss 25-50%), higher alkaline
phosphatase levels (257 IU/L for ductal paucity > 50%; 227
IU/L for bile duct loss 25-50%), and lower R-values (2.4
for ductal paucity >50%; 1.3 for bile duct loss 25-50%)
than patients with <25% ductal paucity (initial alanine
aminotransferase level, 423 IU/L, P = 0.049; initial alkaline
phosphatase level, 161 IU/L, P = 0.012; initial R-value, 1.1,
P =0.002). The interval from diagnosis of drug-induced
liver injury to biopsy in patients with ductal paucity >50%
(109 days) was clearly longer than that in patients with
<50% ductal paucity (19 days for bile duct loss 25-50%;
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25 days for bile duct loss <25%), although this was not
statistically significant, perhaps due to the small number of
patients (seven cases) with >50% ductal paucity. Moreover,
the speed of biochemical normalization was lowest in
patients with ductal paucity >50%.

Discussion

In this study, we analyzed the biochemical phenotypes and
histologic injury patterns associated with the clinical out-
comes (focusing on biochemical normalization) of drug-
induced liver injury patients in a single medical institution.
We found that histologic pattern was better correlated with
clinical outcome at 6 months and 1 year than biochemical
classifications determined by the R-value. These findings
are not surprising, since in the Drug-induced Liver Injury
Network prospective study [20], by analyzing paired liver
biopsy slides in 12 patients, chronic cholestasis and chronic
hepatitis pattern were the most common pattern of liver
injury in those with a second biopsy, which is in line with
our findings that patients with chronic cholestasis and
chronic hepatitis type need longer time to achieve bio-
chemical normalization.

Specific histologic features of drug-induced liver injury
patients were associated with clinical outcomes at different
time points. In particular, ductal paucity (interlobular bile
duct loss in >25% portal areas) and fibrosis (>Ishak stage 3)
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Table 4 Clinical features of

tients with different d ; Feature All patients Bile duct Bile duct loss  Bile duct loss P values
B o] oo THETEm CERTEEn © (n=88) 1055<25% 25-50% >50% (n=7)

uctal paucity (n="174) n="17)
Age 48.7+14.4 495+13.6 56.1+14.5 32.7+14.2 0.004
Sex (female,N, %) 69 (78) 60 (81) 5(71.4) 4 (57.1) 0.461
Initial alanine 423 (150,769) 466 (176,915) 154 (57,502) 151 (91,377) 0.049
aminotransferase (IU/L)
Initial alkaline 161 (118,280) 153 (113,201) 227 (160,841) 257 (169,551) 0.012
phosphatase (IU/L)
Initial total bilirubin (umol/L) 44 (17,120) 49 (17,121) 44 (10,178) 19 (13,120) 0.702
Initial international 1.1 (1.0,1.2) 1.1 (1.0, 1.2) 1.1 (1.0,1.2) 0.9 (0.9,1.1) 0.476
normalized ratio
R-value at onset 7.9 (2.8,15.2) 9.8 3.6,16.0) 1.3 (0.6,11) 2.4 (0.8,3.2) 0.002
From diagnosis to 25 (12,45) 25 (12,44) 19 (10,30) 109 (60,155) 0.189
biopsy (days)
Biochemistry normalization (&, %)
At 6 months 52 (59) 49 (66) 3 (43) 0 (0
At 1 year 64 (73) 61 (82) 3 (43) 0 (0)
At 2 years 80 (91) 71 (96) 6 (86) 3(43)
At 3 years 86 (98) 73 (99) 7 (100) 6 (86)

Median time to
normalization (days)

Death (N, %) 2(2)

122 (60, 368)

104 (57, 236) 410 (72, 600) 730 (480, 928) <0.001

1 (1)? 0 (0) 1 (14)°

Three groups (patients with bile duct loss <25%, bile duct loss 25-50%, and bile duct loss >50%) were
compared. P value stands for the overall difference among these groups

“Death attributed to myocardial infarction at day 85 after drug-induced liver injury onset

"Death attributed to decompensated liver cirrhosis at day 1460 after drug-induced liver injury onset

indicated a higher likelihood of sustained biochemical
abnormalities at 6 months, with the former also associated
with biochemical abnormalities at 1 and 2 year/s. Bile duct
loss and fibrosis progression have been observed in the
second biopsy, indicating that patients with histologic fea-
tures of duct loss and fibrosis are associated with persistent
abnormal biochemistry [20]. Thus, to assess the prognosis
of drug-induced liver injury patients, more attention should
be paid to histologic injury patterns and histologic features
such as the degree of ductal paucity and fibrosis. Although
it was not possible to compare the effects of vanishing bile
duct syndrome on clinical outcomes by logistic regression
owing to the small number of patients (seven cases) with
>50% ductal paucity, it was observed that patients with
ductal paucity >25% required a significantly longer period
to achieve biochemical normalization, at least at the time
points of 6 months, 1 year, and 2 years.

Our study validated observations from a previous cross-
sectional study that clinical injury patterns determined by
the R-value are dominated by hepatocellular injury type
(59% in the present study; 52% in the previous study [16]).
In the present study, biochemical and histologic classifica-
tion were consistent in 50 (57%) cases. Concerning injury
patterns, patients with biochemical hepatocellular injury

were more likely to have acute or chronic hepatitis changes
on biopsy and less likely to have acute or chronic choles-
tasis, and vice versa in patients with clinically cholestatic
injury type, consistent with the study by Kleiner et al. [15].
in 2014. Also in Kleiner’s study, the severity of hepatic
injury was associated with specific histologic features such
as higher degrees of necrosis, fibrosis stage, which has been
a foundation for our studies correlating drug-induced liver
injury pathology with outcomes.

It is generally believed that patients with clinically cho-
lestatic and mixed injury type require longer times to
achieve normalization [7, 10, 21]. Although our study
initially appeared to support this view, with the median
duration to biochemical normalization of 99, 141, and
333 days for hepatocellular, mixed, and cholestatic cases,
respectively, these findings were not significantly different
among the groups (P =0.104), similar to the results
obtained by the Spanish drug-induced liver injury registry
[11]. Hence, the prediction of different recovery times based
on biochemical classification may not always be reliable.

The histologic findings of drug-induced liver injury
cover a broad spectrum of injury patterns even within the
same category of insulting drugs [13, 22-26], and specific
features have been associated with -clinical severity
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determined by clinical and laboratory findings at onset [15].
Our findings further emphasized the importance and con-
tribution of the pathological classifications proposed by
Kleiner et al. [15] based on the liver biopsy findings in
providing prognostic information.

Destruction and loss of small bile ducts are frequently
observed in chronic cholestasis of different etiologies, of
which drug-induced liver injury is an important differential
diagnosis [27]. Extensive bile duct loss (>50% ductal pau-
city) is referred to as vanishing bile duct syndrome [28].
Although vanishing bile duct syndrome is rare, studies have
reported that the prognosis of drug-induced vanishing bile
duct syndrome is not very favorable [29-31]. In the Drug-
induced Liver Injury Network study, 7% of drug-induced
liver injury patients had bile duct loss [32], of whom more
than half had severe bile duct loss (>50% portal areas
without bile ducts) and was associated with poor outcomes.
In our study, bile duct paucity in >25% portal areas was
already predictive of persistent abnormal biochemistry at
6 months, 1 year, and 2 years. More attention should
therefore be focused on drug-induced liver injury patients
with this histologic feature in liver biopsies to better assess
their prognosis. Identifying this subgroup of patients to
avoid further liver injury from other etiologies, or if pos-
sible, to prevent bile duct destruction, or relieve cholestasis
may be essential. Unfortunately, the pathogenesis behind
drug-induced vanishing bile duct syndrome is largely
unknown, and there is no proven therapy that can reverse
this condition to date.

The main strengths of the present study were the thorough
clinical information and adequate follow-up information of
the patients, the availability of a liver biopsy for review in
every case; having experienced hepatologist with pathology
experience re-evaluating the liver biopsy features while blin-
ded to patient information, and the use of the scoring system
proposed by Kleiner et al. [15], which is widely accepted for
drug-induced liver injury. These aspects have facilitated the
association analyses among the clinical classifications, histo-
logic patterns, and clinical outcomes.

Our study had some limitations. Firstly, this was a single-
center retrospective study, which limited the patient popu-
lation to those undergoing liver biopsy within 6 months
after onset and those with thorough clinical and follow-up
information. Inevitably, patients with chronic liver injury
were followed more closely or more likely to undergo
biopsy, and patients with severe bile duct loss were more
likely to have a biopsy later after injury onset, thereby
introducing a possibility for selection bias and lead time
bias. However, when we compared the 42 cases excluded
due to incomplete clinical information or follow-up data
against the 88 drug-induced liver injury patients included
for analysis, we found that the clinical and pathological
features were mostly similar. Secondly, we used
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biochemical findings as surrogate markers for patient out-
comes such as recovery and chronicity at different time
points, as the occurrence of end-point events like liver cir-
rhosis was too infrequent for statistical analysis. Thirdly, the
sample size of the included patients may allow limited
subgroup analysis of associations between less frequent
histologic features (e.g., degree of ductal paucity) and
clinical outcomes, hence these findings should be further
validated by prospective studies with larger sample size.

In conclusion, compared with biochemical classification,
histologic injury pattern is better associated with clinical
outcome at 6 months and 1 year after drug-induced liver
injury onset. Interlobular duct loss >25% is a critical his-
tologic feature associated with persistent biochemical
abnormalities at 6 months, 1 year, and 2 years. The present
findings are relevant for counseling, monitoring, and man-
agement of drug-induced liver injury patients.
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