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Distinguishing drug-induced liver injury (DILI) from idiopathic autoimmune hepatitis
(AIH) can be challenging. We performed a standardized histologic evaluation to explore
potential hallmarks to differentiate AIH versus DILI. Biopsies from patients with clinically
well-characterized DILI [n 5 35, including 19 hepatocellular injury (HC) and 16 choles-
tatic/mixed injury (CS)] and AIH (n 5 28) were evaluated for Ishak scores, prominent
inflammatory cell types in portal and intra-acinar areas, the presence or absence of emperi-
polesis, rosette formation, and cholestasis in a blinded fashion by four experienced hepato-
pathologists. Histologic diagnosis was concordant with clinical diagnosis in 65% of cases;
but full agreement on final diagnosis among the four pathologists was complete in only
46% of cases. Interface hepatitis, focal necrosis, and portal inflammation were present in
all evaluated cases, but were more severe in AIH (P < 0.05) than DILI (HC). Portal and
intra-acinar plasma cells, rosette formation, and emperiopolesis were features that favored
AIH (P < 0.02). A model combining portal inflammation, portal plasma cells, intra-acinar
lymphocytes and eosinophils, rosette formation, and canalicular cholestasis yielded an
area under the receiver operating characteristic curve (AUROC) of 0.90 in predicting DILI
(HC) versus AIH. All Ishak inflammation scores were more severe in AIH than DILI (CS)
(P � 0.05). The four AIH-favoring features listed above were consistently more prevalent
in AIH, whereas portal neutrophils and intracellular (hepatocellular) cholestasis were
more prevalent in DILI (CS) (P < 0.02). The combination of portal inflammation, fibro-
sis, portal neutrophils and plasma cells, and intracellular (hepatocellular) cholestasis
yielded an AUC of 0.91 in predicting DILI (CS) versus AIH. Conclusion: Although an
overlap of histologic findings exists for AIH and DILI, sufficient differences exist so that
pathologists can use the pattern of injury to suggest the correct diagnosis. (HEPATOLOGY

2011;00:000–000)

Abbreviations: AIH: autoimmune hepatitis; ALP: alkaline phosphatase; ALT: alanine aminotransferase; AST, aspartate aminotransferase; AUC: area under the
curve; AUROC, area under the receiver operating characteristic curve; CS, cholestatic/mixed injury; DI-AIH: drug-induced autoimmune hepatitis; DILI: drug-
induced liver injury; HC, hepatocellular injury; ROC: receiver operating characteristic; SE, standard error
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C
linical diagnoses of idiopathic autoimmune
hepatitis (AIH) and drug-induced liver injury
(DILI) are challenging, as both conditions

have heterogeneous disease manifestations clinically as
well as histopathologically. These conditions are medi-
ated by immunological reactions and thus show con-
siderable resemblance in clinical and histopathologic
features (e.g., autoantibodies and plasma cells and eo-
sinophils). Manifestations of DILI can significantly
vary, even among cases caused by a single agent. For
instance, some drugs (e.g., statins, minocycline, nitro-
furantoin, and infliximab) can cause idiosyncratic he-
patocellular or cholestatic liver injury in some patients
and autoimmune hepatitis—accompanied by evident
autoimmunity and/or human leukocyte antigen haplo-
types—in others.1-3 Further, it is often difficult to dif-
ferentiate idiopathic AIH from AIH triggered by drugs
in a clinical setting. Because it is practically impossible
to exclude potential drug involvement in some cases,
the differential diagnosis of idiopathic AIH versus DI-
AIH can be extremely difficult. On the other hand,
timely diagnosis and proper management are critical in
both conditions.4-7 Early immunosuppressive therapy
typically contains disease activity in patients with idio-
pathic AIH and can lead to disease remission.6,7 Simi-
larly, prompt identification and discontinuation of
offending drugs halts ongoing liver injury in cases with
DILI.4 Failure to properly treat AIH and DILI could
result in clinically devastating acute or chronic
outcomes.4,5

Although AIH has some typical histologic patterns
of injury, DILI may mimic any non-DILI pattern of
injury. Currently, the role of liver biopsy evaluation in
differentiating AIH from DILI remains uncertain. The
histologic classification of DILI has been reported
recently along with detailed descriptions of histologic
features and corresponding differential diagnosis for
each injury pattern.8 Characteristic histologic features
of AIH have been also well documented in the litera-
ture.9,10 Interface hepatitis, lymphocytic/lymphoplas-
macytic infiltrates in portal tracts extending into the
lobule, emperipolesis (i.e., presence of an intact lym-
phocyte within the cytoplasm of a hepatocyte), and he-
patocyte rosette formation are considered common
findings of AIH and are used in the recently published
simplified criteria for the diagnosis of AIH.11 How-
ever, there is no individual histologic feature that is
absolutely indicative of either DILI or AIH; thus, the
evaluation of liver biopsy in determining AIH versus
DILI may be a significant challenge. Previous histo-
logic evaluations have been independently done on ei-
ther DILI or AIH, but the relative frequency and/or

degree of each histologic feature between the two enti-
ties remain unexplored. A better understanding of the
spectrum of histologic features and/or severity of the
features might be helpful in distinguishing AIH from
DILI.

In this study, we performed a detailed, blinded his-
tologic evaluation on liver biopsies from clinically
well-characterized cases of AIH and DILI in a standar-
dized manner. Our specific aims were to (1) character-
ize the histologic features in comparison of AIH versus
DILI, (2) explore potential histologic hallmarks (or
combination of histologic features) to differentiate
AIH versus DILI, and (3) evaluate a diagnostic value
of liver biopsy in this differential diagnosis. We also
performed a subgroup analysis to compare the histo-
logic features of DI-AIH versus AIH to explore poten-
tial histologic hallmarks for DI-AIH versus AIH.

Patients and Methods

Study Materials. We evaluated 63 liver biopsies of
clinically well-characterized cases of AIH and DILI.
Cases of AIH (N ¼ 28) were obtained from the Mayo
Clinic (Rochester, MN). The diagnosis of AIH was
made by experienced hepatologists based on the pres-
ence of autoantibodies and/or gamma globulins with
compatible histology and exclusion of competing etiol-
ogies. Clinical information and histologic data were
collected at the time of their first AIH diagnosis via
medical chart review. Cases of DILI (N ¼ 35) were
obtained from the Spanish DILI registry (Málaga,
Spain), Hospital Clinic (Barcelona, Spain), and Mayo
Clinic. The diagnosis of DILI was made at each site
using a standardized causality assessment, the Roussel
Uclaf Causality Assessment Method (RUCAM), and/
or based on clinical judgment by experienced hepatol-
ogists. When the RUCAM was used, only cases
assessed as highly probable or probable were included
for this study. DILI cases were then subclassified into
two categories using the criteria of the International
Consensus Meeting for Liver Injury applied to the lab-
oratory data at their first visit with liver injury
events12: hepatocellular injury (HC) (n ¼ 19) and
cholestatic/mixed injury (CS) (n ¼ 16). Cases with
mixed injury were included in the category of CS. The
35 DILI cases included 7 cases (6 HC and 1 CS) of
DI-AIH. The diagnosis of DI-AIH was made based on
the international criteria and/or the recent simplified
criteria for the diagnosis of autoimmune hepatitis
(probable or definite).11,13 Relevant clinical informa-
tion at time of diagnosis was collected from each site.
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The study was approved by the Mayo Institutional
Review Board, and written informed consent was
obtained from all patients for participation in medical
research.

Histologic Evaluation. The 63 biopsy slides were
evaluated concomitantly by four experienced hepatopa-
thologists (E.M.B., D.E.K., R.M., and T.C.S.) blinded
to the clinical information using a standardized histo-
logic scoring sheet. Scoring was done by consensus,
but the final diagnostic categorization (i.e., DILI,
A.I.H., or indeterminate) was recorded individually.
Features listed in TableT1 1 were scored and recorded in
the standardized scoring sheets. The presence or ab-
sence of chronic hepatitic patterns and acute hepatitic
patterns was recorded to characterize the cases based
on their necroinflammatory patterns.8 Degree of
inflammation and fibrosis was graded according to the
Ishak scoring system.14 AIH typical histological find-
ings (i.e., rosettes and emperipolesis) were also
recorded.11 To assess the character of the inflammatory
cell types (i.e., neutrophils, eosinophils, lymphocytes,
and plasma cells), prominent infiltrates were those that
were readily noted on low power examination. On

higher power evaluation, the type and extent of each
inflammatory cell type was confirmed and the more
prominent cell types were recorded separately for por-
tal tracts and parenchyma.

After the histologic evaluation, agreement/disagree-
ment among the four pathologists was recorded for
histologic diagnosis (i.e., DILI, AIH, or indetermi-
nate), and the rate of concordance was calculated as
number of pathologists in agreement divided by 4.
The final histopathologic diagnosis was determined
based on the diagnosis agreed upon with the highest
number of pathologists.

Statistical Analysis. Data are reported as mean 6

standard deviation for continuous variables or propor-
tion of patients with a condition. We described the
concordance rate between clinicopathologic and histo-
logic diagnosis and rate of agreement on histologic di-
agnosis among the four pathologists in three groups,
AIH, DILI (HC), and DILI (CS), and one subgroup
(DI-AIH). Ishak scores and other histologic features
were compared between (1) AIH versus DILI-HC, (2)
AIH versus DILI-CS, and (3) AIH versus DI- AIH,
using Wilcoxon rank-sum, chi-square, or Fisher’s exact
tests.

Multiple logistic regression models to predict (1)
DILI (HC) cases versus AIH and (2) DILI (CS) cases
versus AIH were developed. Variables associated with
P < 0.2 in the univariate analyses were considered in
the models. When significant colinearity (r > 0.5)
existed between variables, one of the variables was
included in the model at a time. Final models were
determined by backward elimination. Performance of
the prediction models was assessed by an area under
the receiver operating characteristic (ROC) curve
(AUROC).

For analyses, we used JMP statistical software (ver-
sion 7.0; SAS Institute Inc., Cary, NC), and differen-
ces were considered statistically significant when the P
values were less than 0.05. All P values presented are
two-sided and have not been adjusted for multiple
comparisons.

Results

Patient Characteristics. Clinical characteristics of
patients with AIH and DILI are summarized in Table

T22A,B. Mean age and female gender of the AIH versus
DILI population were 49 6 18 versus 52 6 18 years
(P ¼ 0.516) and 71% female versus 49% female (P ¼
0.07). Incriminated drugs in the 35 DILI cases are
also listed in Table 2B. Median duration of exposure
to the incriminated drugs was 29 days, ranging from

Table 1. Histologic Features Evaluated in This Study

Histologic Features

Chronic hepatitis pattern Yes or no

Acute hepatitis pattern Yes or no

Ishak scores

Interface hepatitis 0 to 4

Confluent necrosis 0 to 6

Focal necrosis 0 to 4

Portal inflammation 0 to 4

Fibrosis 0 to 6

Prominent inflammatory cell types in portal area*

Neutrophils Yes or no

Eosinophils Yes or no

Lymphocytes Yes or no

Plasma cells Yes or no

Other cells Yes or no

Prominent inflammatory cell types in intra-acinar areas*

Neutrophils Yes or no

Eosinophils Yes or no

Lymphocytes Yes or no

Plasma cells Yes or no

Other cells Yes or no

Emperipolesis Yes or no

Rosette formation Yes or no

Cholestasis Yes or no

Intracellular (hepatocellular) Yes or no

Canalicular Yes or no

Cholangiolar Yes or no

Bile duct injury Yes or no

Endophlebitis Yes or no

Epithelioid granulomas Yes or no

Steatohepatitis Yes or no

*Prominent infiltrates were defined as those that were readily noted on low

power examination.
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less than 24 hours to 4 years. Among the 28 AIH
cases, 15 (53.6%) had serum bilirubin levels greater
than 3.0 mg/dL at baseline.

Concordance Rate of Clinicopathologic Versus
Histologic Diagnosis. Data are summarized in Table

T3 3. Overall, 65% of the cases (41) were concordantly
diagnosed: 71.4% (20) of AIH cases and 60.0% (21)
of DILI cases. There was no significant difference in
concordance rate for AIH cases versus that for DILI
cases (chi-square test; P ¼ 0.45). In contrast, 22 cases

(35%) were diagnosed as indeterminate or were sus-
pected of being something other than AIH or DILI.
Three (15.8%) DILI (HC) and 2 (12.5%) DILI (CS)
cases were diagnosed as AIH. No AIH cases were diag-
nosed as DILI.

In the subgroup of DI-AIH cases (N ¼ 7), 4
(57.1%) were histologically diagnosed as AIH, whereas
2 (28.6%) and 1 (14.3%) were diagnosed as DILI and
indeterminate, respectively.

Agreement Among Pathologists on Histologic Diag-
nosis. Overall, complete agreement on histologic diag-
nosis among the four pathologists was found in 46%
(29 of the 63 cases). Individually, complete agreement
in AIH, DILI (HC), and DILI (CS) cases were
46.4%, 42.1%, and 50.0%, respectively, and no signif-
icant difference was noted among the three groups
(chi-square test; P ¼ 0.89).

In the subgroup of DI-AIH, there was complete
agreement on the histologic diagnosis in 2 of 7 cases.
The rate of complete agreement in DI-AIH cases was
lower than that in nonautoimmune DILI (n ¼ 28)
cases, although it did not reach statistical significance
(28.6% versus 50.0%, Fisher’s exact test; P ¼ 0.42).

Comparison of Histologic Features Between AIH
and DILI Cases. Data of the comparison between
AIH versus DILI (HC) and DILI (CS) are summar-
ized in Table T44. Histologic pictures of representative
cases are shown in Figures F11 and F22. Significant overlap
of histologic findings was observed for AIH and DILI
(HC). Interface hepatitis, focal necrosis, and portal
inflammation were present in all cases of AIH and
DILI (HC), but were more severe in AIH (P < 0.05).
Portal and intra-acinar plasma cells, rosette formation,
and emperiopolesis were features that favored AIH (P
< 0.05) (Table 4). Prominent intra-acinar eosinophils
tended to be more frequent in AIH (P ¼ 0.086).

Significant overlap of histologic findings was also
noted in the comparison of AIH versus DILI (CS)

Table 2. Clinical Characteristics of AIH Cases and DILI
Cases

A.

AIH Cases Summary Statistics (n 5 28)

Age (years) 49 6 18

Female (%) 71 (20)

Histology, compatible/typical (%) 96 (27)/4 (1)

Baseline ALT (IU/L) 1,061 (708, 1,597)

Baseline AST (IU/L) 1,021 (536, 1,629)

Baseline ALP (IU/L) 286 (182, 512)

Baseline total bilirubin (mg/dL) 3.6 (1.1, 15.0)

B.

DILI Cases Summary Statistics (n 5 35)

Age (years) 52 6 18

Female (%) 49 (17)

HC 54 (19)

CS 46 (16)

DI-AIH* 20 (7)

Median duration of

treatments

(days)

29 (6,141)†

Incriminated drugs

HC cases Amoxicillin (1), bentazepam (1), ebroti-

dine (3), ecstasy (1), fluvastatin (2),

ibuprofen (1), infliximab (1), isonia-

zid (1), irbesartan (1), levofloxacin

(1), meloxicam (1), metformin (1),

niacin (1), nitrofurantoin (1), ome-

prazole (1), Aesculus hippocastanum

(Varicid) (1)

CS cases Amoxicillin (4), atrovastatin (1), Cassia

angustifolia (1), efalizumab (1),

fenofibrate (1), flunarizina (1), fluva-

statin (1), indomethacin (1), levetira-

cetam (1), niacin (1), salazopirina

(1), telmisartan (1), valaciclovir (1)

DI-AIH cases Efalizumab (1), fluvastatin (2), inflixi-

mab (1), irbesartan (1), meloxicam

(1), nitrofurantoin (1)

*Six cases were HC, whereas 1 case was CS.

†Median (25th, 75th).

Reference ranges of serum ALT, AST, and total bilirubin were: 7-55 U/L

(males) and 7-45 U/L (females) for ALT; 8-48 U/L (males) and 8-43 U/L

(females) for AST; and 0.1-1.0 mg/dL for total bilirubin. ALP reference range is

age- and gender-dependent, and not provided.

Abbreviations: AIH, autoimmune hepatitis; ALT, alanine aminotransferase;

AST, aspartate aminotransferase; ALP, alkaline phosphatase; CS, cholestatic/

mixed injury; DI-AIH, drug-induced autoimmune hepatitis; DILI, drug-induced

liver injury; HC, hepatocellular injury.
Table 3. Agreement Between Clinical and Histological

Diagnosis for AIH, DILI (HC), and DILI (CS)

Clinicopathologic

Diagnosis N

Histological Diagnosis

AIH (%) DILI (%) Indeterminate (%)

AIH 28 71.4 (20) 0.0 (0) 28.6 (8)

DILI (HC) 19 15.8 (3) 57.9 (11) 26.3 (5)

DILI (CS) 16 12.5 (2) 62.5 (10) 25.0 (4)

DI-AIH* 7 57.1 (4) 28.6 (2) 14.3 (1)

*Seven cases, 6 DILI (HC) and 1 DILI (CS), were separately analyzed as a

subgroup.

Abbreviations: AIH, autoimmune hepatitis; CS, cholestatic/mixed injury; DI-

AIH, drug-induced autoimmune hepatitis; DILI, drug-induced liver injury; HC, he-

patocellular injury.
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(Table 4). However, AIH more frequently had an
‘‘acute hepatitic pattern’’ of injury and was associated
with higher scores of interface hepatitis, confluent ne-
crosis, focal necrosis, and portal inflammation (all P �
0.05). Interface hepatitis (P ¼ 0.014), rosette forma-
tion (P ¼ 0.005), emperiopolesis (P ¼ 0.014), portal
plasma cells (P ¼ 0.0001), and intra-acinar plasma
cells (P ¼ 0.002) were more prevalent in AIH. Portal
neutrophils (P ¼ 0.019) and hepatocellular cholestasis
(P ¼ 0.019) were more prevalent in DILI (CS).

Combinations of the Histologic Features in Pre-
dicting DILI Versus AIH. Prediction models using
combinations of the histologic features were developed
as described before and are shown in TableT5 5A,B. A
model combining portal inflammation, portal plasma
cells, intra-acinar lymphocytes and eosinophils, rosette
formation, and canalicular cholestasis yielded an
AUROC of 0.90 in predicting DILI (HC) versus AIH.
The presence of prominent intra-acinar lymphocytes

and canalicular cholestasis favored the diagnosis of
DILI, whereas more severe portal inflammation, portal
plasma cells, intra-acinar eosinophils, and rosette for-
mation favored the diagnosis of AIH. On the other
hand, a model combining portal inflammation, focal
necrosis, fibrosis, portal neutrophils, and intracellular
(hepatocellular) cholestasis yielded an AUC of 0.90 in
predicting DILI (CS) versus AIH, whereas a model
replacing focal necrosis with the presence of prominent
portal plasma cells yielded an AUC of 0.91. In these
models, portal neutrophils and intracellular (hepatocel-
lular) cholestasis favored the diagnosis of DILI (CS),
whereas all other features favored the diagnosis of AIH.

Subgroup Analysis of Autoimmune Hepatitis Ver-
sus DI-AIH. We analyzed the 7 cases of DI-AIH ver-
sus AIH to characterize potential discriminating histo-
logic features (Supporting Table 1). This small
subgroup analysis showed that severity of inflammation
and fibrosis (Ishak scores) and frequency of AIH-

Table 4. Comparison of Histologic Features/Scores Between AIH Versus DILI (HC)

Histological findings

AIH DILI (HC) DILI (CS)

(N 5 28) (N 5 19) P Value Versus AIH (N 5 16) P Value Versus AIH

Chronic hepatitic pattern 80.8% 79.0% 1.000* 92.9% 0.307

Acute hepatitic pattern 59.3% 52.6% 0.655 18.8% 0.010

Ishak scores

Interface hepatitis 3.6 6 0.7 2.8 6 1.3 0.030 1.9 6 1.6 0.0002

Confluent necrosis 2.8 6 2.8 2.1 6 2.6 0.383 0.6 6 1.5 0.006

Focal necrosis 3.6 6 0.7 3.1 6 1.0 0.049 2.4 6 1.4 0.002

Portal inflammation 2.1 6 0.8 1.6 6 0.5 0.030 1.4 6 0.6 0.007

Fibrosis 1.9 6 1.4 1.6 6 1.3 0.378 1.1 6 1.3 0.052

AIH typical findings

Interface hepatitis 100% 100% — 75% 0.014*

Emperipolesis 75.0% 36.8% 0.009 31.3% 0.005

Rosette formation 75.0% 41.1% 0.023 37.5% 0.014

AIH compatible features 100% 94.4% 0.409* 57.1% 0.0008*

Prominent cell type

Portal

Neutrophils 3.6% 15.8% 0.289* 31.3% 0.019*

Lymphocytes 53.6% 73.7% 0.164 68.8% 0.325

Plasma cells 85.7% 31.6% 0.0002 25.0% 0.0001

Eosinophils 60.7% 41.2% 0.210 37.5% 0.138

Intra-acinar

Neutrophils 3.6% 5.3% 1.000* 12.5% 0.543*

Lymphocytes 60.7% 79.0% 0.188 75.0% 0.336

Plasma cells 67.9% 21.1% 0.002 18.8% 0.002

Eosinophils 32.1% 10.5% 0.086 18.8% 0.487*

Cholestasis 10.7% 31.6% 0.129* 37.5% 0.054*

Intracellular 7.1% 15.8% 0.381* 37.5% 0.019*

Canalicular 10.7% 31.6% 0.129* 31.3% 0.118*

Cholangiolar 3.6% 5.3% 1.000* 0.0% 1.000*

Others

Bile duct injury 57.1% 52.9% 0.761 56.3% 0.954

Endophlebitis 25.0% 10.5% 0.278* 12.5% 0.451

Epithelioid granulomas 3.6% 5.9% 1.000* 0.0% 1.000*

Steatohepatitis 3.6% 0.0% 1.000* 0.0% 1.000*

P values are from chi-square tests (or Fisher’s exact tests*) orWilcoxon rank-sum tests.
Abbreviations: AIH, autoimmune hepatitis; DILI, drug-induced liver injury; HC, hepatocellular injury; CS, cholestatic/mixed injury.
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specific findings were comparable between AIH and
DI-AIH. However, marked bridging fibrosis (Ishak
score, �4) was only observed in AIH cases (14.8%).
Prominent intra-acinar lymphocyte infiltration tended
to be more frequently observed in DI-AIH (17 of 28
versus 7 of 7, Fisher’s exact test; P ¼ 0.07). Canalicu-
lar/intracellular (hepatocellular) cholestasis was observed
in some of the AIH cases (3 of 28 and 2 of 28,
respectively).

Discussion

We performed a standardized, detailed histologic
evaluation of well-characterized idiopathic AIH and
DILI cases in a blinded manner to delineate discriminat-

ing histologic features and determine the role of histo-
logic evaluation in this differential diagnosis. Although
there is an overlap of histologic findings for AIH and
DILI, we show that pathologists can utilize combina-
tions of features to suggest the correct diagnosis, even in
the absence of clinical information. Further, the results
of our preliminary modeling effort suggested that, once
independently validated in a larger study, models using
the combined information may assist histologic differen-
tial diagnosis and provide a simple, standardized way to
calculate an evidence-based probability for each disease.

We documented the daunting histologic overlap
between AIH and DILI. Not surprisingly, a chronic
hepatitic pattern, as opposed to an acute hepatitis pat-
tern, was commonly seen in AIH. But, as previously

C
O
L
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R

Fig. 1. Drug-induced liver injury. (A) Markedly expanded portal tract (upper) with marked, plasma-cell–rich inflammation and interface activity
(white arrows). There are scattered foci of inflammation in the lobules (black arrow), but hepatocyte rosettes are not seen. (B) Portal tract
(upper) has mixed chronic inflammation predominated by plasma cells. There are interface activity and foci of spotty necrosis (white arrow)
within the lobules adjacent to the portal tract. A single acidophil body (apoptotic body) can also be seen near the center lower portion of the
field (black arrow). (C) In this field, hepatocytes are swollen and have a densely eosinophilic cytoplasm and marked anisonucleosis. There are
lobular disarray and canalicular cholestasis (black arrows). A mild inflammatory infiltrate can be seen, predominantly characterized by polymor-
phonuclear leukocytes in small aggregates. Scattered macrovesicular steatosis is noted. (D) Perivenular hepatocytes are swollen and some have
reticulated cytoplasm. Some of the hepatocytes are forming rosettes (white arrow). There is a hemorrhage around the terminal hepatic venule
(black arrows). Numerous pigmented Kupffer cells are noted in the sinusoids, either in groups or as single cells. In addition, inflammatory cells
appear to be within the sinusoids, including plasma cells.
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suggested,8 a chronic hepatitic pattern was also more
frequent than an acute pattern in both types of DILI
(i.e., HC and CS). Similarly, histologic findings often
cited as ‘‘typical’’ of AIH were also observed in a sig-
nificant proportion of DILI cases, including interface
hepatitis (89%), emperipolesis (34%), and rosette for-
mation (40%). Thus, though some findings are typical
of AIH,11 they are clearly not pathognomonic.

In the comparison of AIH versus DILI (HC), the
main findings of chronic hepatitic pattern, interface
hepatitis, and portal inflammation were present in all
cases with AIH and DILI (HC), but were generally
more severe in AIH. Prominent eosinophil infiltration,
which has been regarded as one of the histologic find-
ings suggesting DILI,8 is not useful in the differential
diagnosis with AIH. Our standardized comparative his-
tologic evaluation demonstrated that the prevalence of

prominent eosinophil infiltrates in portal and intra-
acinar areas was, in fact, higher among AIH cases ver-
sus DILI cases (both in HC and CS). Although the
difference was not statistically significant in univariate
analyses, a prominent intra-acinar eosinophil infiltrate
was one of the predictors in our multivariable analysis
that favored AIH over DILI (HC). Intra-acinar lym-
phocytes and canalicular cholestasis favored DILI
(HC) in the same model, whereas rosette formation,
portal plasma cells, and relatively severe portal inflam-
mation favored AIH. This suggests that the combined
observation of cholestasis, inflammation (i.e., types of
infiltrates and area), and degree of inflammation (i.e.,
Ishak scores) can help discriminate AIH versus DILI
(HC). Based on the models, having (1) prominent
intra-acinar lymphocyte infiltrate or canalicular choles-
tasis without the four AIH-favorable features (i.e.,

C
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R

Fig. 2. Autoimmune hepatitis. (A) Marked interface activity with disruption of the limiting plate (middle, white arrows). Adjacent hepatocytes
are swollen, suggesting hepatocyte injury. Interface activity is dominated by plasma cells (black arrows). (B) An expanded portal tract (right) with
marked interface activity (white arrows). There is spotty lobular inflammation, composed mainly of lymphocytes (black arrow). Prominent plasma
cell infiltration is present. (C) Massive portal expansion and severe interface activity with prominent plasma cell infiltration. Scattered eosinophils
are also noted (black arrow). (D) Higher magnification shows the involvement of plasma cells in the interface activity. Russell bodies are seen in
some plasma cells (black arrow).
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portal inflammation score of >¼2, rosette formation,
prominent portal plasma infiltrates, and prominent
intra-acinar eosinophils) or (2) the combination of
prominent intra-acinar lymphocyte infiltrate, canalicu-
lar cholestasis, and less than two of the four AIH-
favorable features is more likely to be DILI (HC) than
AIH.

In comparing AIH to DILI (CS), a chronic hepa-
titic pattern was frequently seen in both conditions.
The acute hepatitic pattern of injury was less common
in DILI-CS, and AIH cases typically had higher scores
for confluent necrosis, focal necrosis, and fibrosis.
Models including fibrosis, portal inflammation, intra-
cellular (hepatocellular) cholestasis, prominent portal
neutrophil infiltrates, and focal necrosis (or portal
plasma cell infiltrates) discriminated our cases of DILI

(CS) from those with AIH. Histologic features favor-
ing AIH and DILI, based on the models, are summar-
ized in Table T66.

Given the observed concordance rate between histo-
logic and clinical diagnosis (65%) and the complete
agreement rate among the pathologists (46%), diag-
nostic models (AUROC of 0.90-0.91 in this study)
may be beneficial in the clinicopathologic diagnosis of
AIH versus DILI by providing objective probabilities
for each condition based on the combinations of histo-
logic features.

We identified no histologic features discriminating
AIH versus DI-AIH in the small subgroup analysis.
Previous larger studies that compared AIH versus DI-
AIH reported that histologic findings in AIH and DI-
AIH were similar.1,15 However, it still might be possi-
ble that detailed standardized histologic evaluation,
using a larger cohort of DI-AIH versus AIH, could
identify histologic features that could be helpful in the
differential diagnosis. Interestingly, in the previous
study, cirrhosis was observed in 21% of AIH cases,
whereas no cirrhosis was present among DI-AIH
cases.1 Our findings were consistent with this, in that
advanced fibrosis (i.e., marked bridging fibrosis) was
observed only among AIH cases, but not DI-AIH. As
observed in our study, histologic diagnosis of DI-AIH
versus AIH is particularly difficult; the concordance
rate with clinical diagnosis was 28.6% (versus 65% in
the overall cohort), and the complete agreement rate
among the pathologists was also 28.6% (versus 46%
in the overall cohort and 50% in nonautoimmune
DILI). As a correct diagnosis of DILI-AIH is essential
for proper clinical decision making,1 we would suggest
that the histology of DI-AIH should continue to be
systematically evaluated to indentify characteristics that
distinguish DI-AIH from AIH.

Table 6. Histologic Features Favoring AIH Versus DILI

Histologic Features

Favoring

AIH DILI

Severe portal inflammation (�grade 2) *

Prominent intra-acinar lymphocytes *h

Prominent intra-acinar eosinophils *

Cholestasis canalicular *h, *c

Prominent portal plasma cells *

Rosette formation *

Any levels of fibrosis (�grade 1) *

Prominent port neutrophils *c

Hepatocellular cholestasis *c

Severer focal necrosis (�grade 4) *

*h, DILI (HC); *c, DILI (CS).

Abbreviations: AIH, autoimmune hepatitis; DILI, drug-induced liver injury; HC,

hepatocellular injury; CS, cholestatic/mixed injury.

Table 5.AQ1 Models to Predict DILI (HC) Versus AIH and DILI
(CS) Versus AIH

A. Model for DILI (HC) Versus AIH

AUROC 5 0.90

Estimates SE P Value

Intercept 1.304 1.510 0.388

Portal inflammation* �0.939 1.080 0.384

Prominent intra-acinar lymphocytes 1.832 1.116 0.101

Prominent intra-acinar eosinophils �1.871 1.358 0.168

Cholestasis canalicular 1.700 1.051 0.106

Prominent portal-plasma cells �2.177 0.891 0.015

Rosette formation �1.659 0.895 0.064

B. Models for DILI (CS) Versus AIH

Model 1

AUROC 5 0.90

Estimates SE P Value

Intercept 2.193 1.510 0.147

Portal inflammation* �1.773 1.112 0.111

Fibrosis† �1.951 1.270 0.124

Prominent portal-neutrophils 2.291 1.388 0.099

CS-intracellular 2.709 1.490 0.069

Focal necrosis‡ �1.738 1.233 0.159

Model 2

AUROC 5 0.91

Estimates SE P Value

Intercept 3.844 2.189 0.079

Portal inflammation* �2.402 1.413 0.089

Fibrosis† �2.376 1.518 0.118

Prominent portal neutrophils 2.500 1.389 0.072

CS intracellular 3.474 1.853 0.061

Prominent portal-plasma cells �3.220 1.309 0.014

Ishak scores of portal inflammation were dichotomized in the models (>¼2,

yes or no).

†Ishak scores of fibrosis were dichotomized in the model (>¼1, yes or no).

‡Ishak scores of focal necrosis were dichotomized in the model (>¼4, yes

or no).

Abbreviations: DILI, drug-induced liver injury; HC, hepatocellular injury; AIH,

autoimmune hepatitis; CS, cholestatic/mixed injury; AUROC, area under the re-

ceiver operator characteristics curve; SE, standard error.
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Our findings suggest that different inflammatory
cells may be enhanced in DILI versus AIH cases;
prominent portal neutrophil infiltrate was favoring for
DILI (CS), whereas prominent intra-acinar eosinophil
infiltrate and prominent portal plasma cell infiltrate
were favoring for AIH. Implication and underlying
mechanisms of these findings remain unknown. It is
intriguing to note that different subsets of lymphocytes
and chemokines are involved in eosinophil and plasma
cell versus neutrophil recruitment (Th2 versus Th17
response).16,17 Further studies are warranted to investi-
gate differential cytokine/chemokine profiles in AIH
versus DILI.

Our study has limitations. First, our sample size was
rather small, and its statistical power was not sufficient
in the subgroup analysis. Because we were primarily
interested in histological changes, we did not evaluate
interobserver variation on each histologic feature. Sec-
ond, there is a possibility that some of the observed
histologic features may have been influenced by a set
of the drugs incriminated in the included DILI cases
and/or clinical presentation of AIH (i.e., acute vs.
chronic presentation). Last, our preliminary modeling
efforts were only based on statistical results of this
small sample without cross-validation.

In summary, this study showed that no single fea-
ture was indicative of AIH or DILI, but rather the
combination of distinct findings, such as the types of
inflammatory cells in different areas, severity of injury/
inflammation, and presence of cholestasis, was very
helpful in differentiating DILI versus AIH. The fact
that there was more concordance than discordance
between clinical and histologic diagnoses suggests that
the pathologists were already using the pattern of
injury to direct their diagnosis. Further investigation is
warranted to validate our findings and to best incorpo-
rate the knowledge into current clinicopathologic
diagnosis.
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AQ1: Because Table 5, like Table 2, is presented in two parts, Table 5 has been labeled A and B in tables file and in-text
citing.
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