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Autoimmune hepatitis (AIH) and primary biliary cholangitis (PBC) are two major immune-mediated chronic liver dis-

eases. Overlap syndrome (OS) is diagnosed if patients have features of both AIH and PBC; however, there is no consen-

sus on the definition or diagnostic criteria for OS. Here, we report a new scoring classification for OS and evaluate its

usefulness. This new scoring classification was developed by modifying the International Autoimmune Hepatitis Group

classification by selecting histologic features of AIH and PBC along with modifications of biochemical and immunologic

characteristics. We evaluated 272 patients with chronic liver disease, including 105 with AIH, 102 with PBC, and 65 with

OS. The best performance for the diagnosis of OS was noted among patients with an overlap score of �21 who had a

sensitivity of 98.5%, a specificity of 92.8%, a positive predictive value of 81.0%, and a negative predictive value of 99.5%.

By using a cut-off score of 21, 64 (98.5%) patients were diagnosed with OS as opposed to 9 (8.8%) and 6 (5.7%) with

PBC and AIH, respectively. All patients with OS had an aggregate score of >19, whereas most patients with PBC or

AIH scored <19, making this a safe discriminatory cut-off point against OS. Conclusion: The new scoring system for the

diagnosis of OS has a high sensitivity and specificity for scores �21, while a score <19 suggests a diagnosis other than

OS. This classification can identify patients and diagnose OS with a reasonable amount of accuracy and may be superior

to current OS scoring systems in detecting mild forms of OS. (Hepatology Communications 2018;2:245-253)

Introduction

A
utoimmune hepatitis (AIH) and primary bili-
ary cholangitis (PBC) are two major immune-
mediated chronic liver diseases that can be

differentiated using clinical, biochemical, serologic,
and histologic findings.(1,2) However, a group of
patients may have characteristics of both either simul-
taneously or consecutively. Patients with AIH may
have features of PBC, including anti-mitochondrial
antibodies (AMAs), elevated serum alkaline phospha-
tase (ALP), and bile duct injury in histologic findings.

Conversely, patients with PBC may have features of
AIH, including anti-smooth muscle antibodies
(ASMAs); anti-nuclear antibodies (ANAs); elevated
serum aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), and immunoglobulin G; and
histologic findings of interface hepatitis. These condi-
tions are difficult to classify and are commonly desig-
nated as overlap syndrome (OS).(3) There are other
OSs, such as AIH-primary sclerosing cholangitis
(PSC) and PBC-PSC OS; however, these are not as
common as PBC-AIH OS. In this manuscript, OS
refers to PBC-AIH OS.

Abbreviations: AIH, autoimmune hepatitis; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AMA, anti-mitochondrial antibody; ANA,

anti-nuclear antibody; ASMA, anti-smooth muscle antibody; AST, serum aspartate aminotransferase; CI, confidence interval; IAIHG, International

Autoimmune Hepatitis Group; NPV, negative predictive value; OS, overlap syndrome; PBC, primary biliary cholangitis; PPV, positive predictive

value; PSC, primary sclerosing cholangitis; ULN, upper limit of normal.
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The diagnosis of OS is usually difficult and prob-
lematic as internationally agreed criteria are lacking
and a variety of definitions have been applied.(3) The
“Paris criteria” is the most commonly used tool for
diagnosing OS.(4,5) This requires the presence of at
least two of three key criteria for the diagnosis of PBC
and AIH. Thus, for PBC the criteria are as follows: 1)
ALP >2 times upper limit of normal (ULN) or g-
glutamyl-transpeptidase >5 times ULN; 2) presence
of AMAs; and 3) liver biopsy specimen showing florid
bile duct lesions. For AIH, the criteria are as follows:
1) ALT levels >5 times ULN; 2) serum immunoglob-
ulin G levels >2 times ULN or positive ASMAs; and
3) liver biopsy showing moderate or severe periportal
or periseptal lymphocytic piecemeal necrosis. The
2009 European Association for the Study of the Liver
guidelines on the management of cholestatic liver dis-
eases endorsed the Paris criteria but stressed that the
histologic evidence of moderate to severe lymphocytic
piecemeal necrosis (interface hepatitis) was mandatory
for the diagnosis of OS. The sensitivity and specificity
of the Paris criteria for OS were reported to be 92%
and 97%, respectively(5); however, patients with less
severe forms of AIH-PBC OS may not be captured by
the Paris criteria.(6-10) In addition, in the natural evolu-
tion of PBC, 100% of untreated patients develop inter-
face hepatitis in 4 years, and a significant number of
patients have positive ANAs and/or ASMAs at the
time of diagnosis.(11) This suggests that meeting diag-
nostic criteria for PBC and having significant interface
hepatitis with ANAs and/or ASMAs are insufficient
to define OS.
The International Autoimmune Hepatitis Group

(IAIHG) scoring system for AIH is another widely
used diagnostic criterion for the diagnosis of OS,
although it was not intended for such use and has not
proven to be an efficient tool for this purpose.(3) The
diagnostic criteria of AIH were initially introduced by

the IAIHG in 1993 and were later revised in
1999.(12,13) The revised IAIHG classification was able
to identify 19% of AIH overlap when applied to 137
patients diagnosed with PBC.(14) However, the revised
IAIHG classification was only 50% sensitive in diag-
nosing OS but had 92.3%-100% specificity in diagnos-
ing patients with AIH.(15) The IAIHG suggests that
patients with autoimmune liver disease should be cate-
gorized according to the predominating feature and
that patients with overlapping features should not be
considered as distinct diagnostic entities.
There is a need for new diagnostic criteria that can

detect patients with both typical and mild OS with
high sensitivity and specificity. This is crucial as studies
have shown that patients with OS can have a worse
clinical outcome compared to patients with PBC
alone, with earlier onset of portal hypertension and the
need for liver transplantation.(16) A descriptive numeri-
cal scoring system would be useful in the diagnosis of
OS where the diagnosis is based on the cumulative fea-
tures of various manifestations. Here, we describe and
evaluate our new scoring classification based on
patients with OS in our liver center.

Patients and Methods
Patients with AIH, PBC, and OS who were being

treated at the Saint Louis University Liver Center and
had complete clinical, laboratory, and histologic data
were included in this retrospective study. The AIH
group consisted of patients who met criteria of the
revised AIH score for probable or definite AIH
(revised pretreatment IAIHG score �10). The bio-
chemical profile was that of elevated transaminases and
an increased globulin fraction; immunologic testing
was characterized by a positive ANA and/or ASMA;
the histologic features typically showed parenchymal
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inflammation in the form of interface hepatitis, lym-
phoplasmacytic infiltrate, and hepatic rosettes. The
PBC group consisted of biopsy-proven patients with a
cholestatic pattern of liver dysfunction. Eighty-seven
out of 102 (85.3%) patients were AMA positive. Liver
histology in PBC typically shows ductal injury with
florid ductal lesions and loss of small bile ducts with
portal inflammatory cell infiltration; well-formed gran-
ulomas were noted in a portion of the cases. OS was
diagnosed on the basis of either histologic assessment
(presence of bile duct damage/florid ductal sessions
and interface hepatitis with lymphoplasmacytic infil-
trate in the same biopsy specimen) or serologic and
biochemical data (presence of both AMAs and other
autoantibodies and presence of both cholestatic
enzymes and transaminase elevation).
Data collected from medical records included sex

and age of diagnosis, serologic studies at diagnosis
(including AMA, ANA, and ASMA), and laboratory
results (including ALT, AST, ALP, and globulin).
Liver biopsy was performed in all patients, and liver
tissue specimens were examined by two hepatopatholo-
gists (G.C. and J.L.).
The overlap classification table (Table 1) was designed

in a way to help isolate the OS group from the others,
keeping in mind the nature of the biochemical, immuno-
logic, and histologic presentation of patients with AIH
and PBC. To create the overlap scoring system, the clini-
cal features of AIH, PBC, and OS were first evaluated
and then each item was selected to discriminate OS from
the other two disorders. This classification was developed
by modifying the IAIHG classification by selecting the
histologic features favorable for AIH and adding histo-
logic features favorable for PBC along with modifications
of biochemical, immunologic, and other features. OS
occupies a middle part of the spectrum of characteristics
shared by AIH on one end and PBC on the other. All
patients selected for the study were evaluated using this
new overlap scoring classification and also the IAIHG
scoring classification.
Accordingly, the overlap classification was developed

by grouping the characteristics into four major catego-
ries: biochemical, immunologic, histologic, and others.
Pretreatment scores were given to each of these fea-
tures depending on their representation in their respec-
tive categories.
In the biochemical category, aminotransferases (AST

or ALT), globulin, and ALP were included. Scoring
was graded on the degree of elevation of these liver tests
above the ULN for that particular test. This classifica-
tion differs from the revised IAIHG classification where

the ratio of ALP to AST (or ALT) was taken into
account as it was meant to distinguish between patients
with AIH or PBC. The rationale of using globulin ele-
vation is to favor the AIH group, whereas ALP eleva-
tion is to favor the PBC group. AST/ALT elevation is
included to favor mostly the AIH group, although some
patients with PBC also scored favorably. Keeping these
three liver tests in the biochemical category is important
for isolating patients with OS who will score favorably
in the AST/ALT, globulin, and ALP categories as
opposed to patients with AIH or PBC who will score
selectively in their respective categories.
The immunologic category consists of ANA,

ASMA, or F-actin antibody/anti-liver kidney

TABLE 1. PROPOSED SCORING CLASSIFICATION
FOR OVERLAP SYNDROME

Component Result Score

Biochemical category
AST or ALT above ULN >2 13

1.5-2 12
1-1.5 11
<1 0

ALP above ULN >1 12
0.75-1 11
<0.75 0

Serum globulin above ULN >1.5 12
1-1.5 11
<1 0

Immunologic category
ANA, ASMA, or LKM1 >1:80 13

1:80 12
1:40 11
<1:40 0

or
Anti-SLA, pANCA Positive 12
AMA Positive 13

Histologic category
Interface hepatitis 13
Lymphoplasmacytic 11
Hepatic rosettes 11
Biliarydamage

Granulomas 13
Florid ductal lesion 11
Ductular proliferation 11
Bile duct loss 11

Others category
Viral markers Positive –3

Negative 13
Drugs Yes –4

No 11
Alcohol <25 g/day 12

>60 g/day –2
Interpretation of scores Definitive �21

Probable 19 or 20
Rejected <19

Abbreviations: anti-SLA, antibody to soluble liver antigen;
LKM1, antibody to liver/kidney microsomes type 1; pANCA,
perinuclear anti-neutrophil cytoplasmic antibody.
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microsomal antibody titers, where >1:80, 1:80, 1:40,
and <1:40 score 13, 12, 11, and 0, respectively. Pos-
itivity for anti-soluble liver antigen, anti-liver cytosol,
or perinuclear anti-neutrophil cytoplasmic antibody is
given 12 points. Between these two sets of autoim-
mune tests, the highest scored group is considered to
balance the scoring between patients with AIH or
PBC. Patients with a positive AMA will score 13.
The histologic category consists of two subsets. The

first subset of histology is consistent with hepatocellular
damage, which includes features of interface hepatitis
(periportal and periseptal), plasmacytic features (lympho-
plasmacytic necroinflammatory infiltrate), and formation
of hepatic rosettes, representing scores of 13, 11, and
11, respectively. The second subset consists of histology
with biliary damage, which includes presence of portal
epithelioid granulomas, florid ductal lesions, evidence of
bile duct loss, and ductular proliferation, representing
scores of 13, 11, 11, and 11, respectively. In the first
subset, the highest score (13) is given to interface hepati-
tis as it is crucial and is one of the hallmark histologic fea-
tures essential for the diagnosis of AIH. In the second
subset, a high score (13) is given to the presence of gran-
ulomas, which is unique for the diagnosis of PBC.
The initial pretreatment liver biopsies were consid-

ered in the patient groups. In some patients there was
evidence of progression to OS from initially diagnosed
AIH over a period of time since their presentation to
our institution. These patients were considered
patients with OS for our study. Their histologic scor-
ing included the addition of features of hepatocellular
damage during their initial presentation with AIH
along with new features of biliary damage as was evi-
dent during their transformation to OS.
The others category consists of three subsets. The first

subset includes viral markers where patients with sero-
positivity for markers of current infection with hepatitis
A, hepatitis B (hepatitis B surface antigen), and hepatitis
C viruses score –3, whereas patients with negative viral
markers score 13. The second subset, which includes
intake of drugs causing an elevation in liver tests, results
in a score of –4, whereas no such history results in a score
of 11. The third subset includes the level of ingestion of
alcohol; patients with a history of alcohol ingestion of
<25 g/day and >60g/day score 12 and –2, respectively.

STATISTICAL ANALYSIS

Descriptive statistical analyses were stratified by dis-
ease entities: OS, PBC, and AIH. Differences between
patients with each disease entity by their demographic,

serologic, and histologic characteristics were examined
using chi square and Fisher’s exact tests for categorical
variables and analysis of variance and Kruskal–Wallis
tests for continuous variables, where applicable. A scat-
terplot diagram was used to plot scores from IAIHG
and the overlap scoring system developed in this study
to visualize distinct areas for the three disease entities.
Receiver operating characteristic curve analysis was
used to identify the best cut-off value to properly dis-
criminate against OS. Diagnostic performance of over-
lap scores was evaluated using the statistical measures
of performance, including sensitivity, specificity, posi-
tive predictive value (PPV), and negative predictive
value (NPV).
All analyses were performed with SAS System ver-

sion 9.4 (SAS Institute Inc., Cary, NC). All statistical
tests were two-tailed, and P < 0.05 was considered sta-
tistically significant. Institutional review board
approval was granted from Saint Louis University
School of Medicine.

Results

DESCRIPTIVE STATISTICS

Descriptive statistics of the study participants are
summarized in Table 2. Due to the skewed distribu-
tion of the continuous values, the median and inter-
quartile range were used as measures of central
tendency. Except for sex, statistically significant differ-
ences were evident between the three disease entities
across all patient characteristics. Overall, patients with
OS were older than their counterparts with AIH or
PBC (P 5 0.01). Higher levels of ALT/AST but
lower levels of ALP were noted among patients with
AIH compared to those with PBC or OS (P < 0.001);
the lowest ALT/AST level was noted among patients
with PBC, while the highest ALP level was seen in
OS. The OS group had the highest serum globulin
(4.1 g/dL), and patients with PBC had the lowest (3.5
g/dL) (P < 0.0001). Immunologically, patients with
AIH expressed higher serum ANAs, ASMAs, or
F-actin (87.6%) compared to only 36.3% among
patients with PBC (P < 0.0001). Conversely, 85.3%
of patients with PBC had positive AMAs compared to
only 2.9% of patients with AIH. The majority of
patients with OS expressed high levels of AMAs
(70.8%) and ANAs, ASMAs, or F-actin (80.0%).
Histologically, the majority of patients with OS had
hepatocellular histology of interface hepatitis
(90.8%) and lymphoplasmacytic infiltrate (92.3%).
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Furthermore, 81.5% of patients with OS had biliary
duct infiltration/florid duct lesions. The AIH score of
the OS group was higher than that of the PBC group
but lower than the AIH group, with a significant dif-
ference between each group (P < 0.0001). However,
the overlap score of the OS group was higher than
both the PBC and AIH groups (P < 0.0001; Fig. 1),
which indicates that OS could be a different entity
from AIH or PBC.

DIAGNOSTIC PERFORMANCE OF
OVERLAP SCORE

Results of the diagnostic performance of the aggre-
gate overlap score in relation to OS are presented in
Table 3. Receiver operating characteristic analysis
(Fig. 2) yielded a cut-off value of 21 to be the best per-
formance; this showed a sensitivity of 98.5% (95%
confidence interval [CI], 91.7%, 99.9%), a specificity
of 92.8% (95% CI, 88.3%, 95.9%), a PPV of 81.0%
(95% CI, 72.4%, 87.4%), and a NPV of 99.5% (95%
CI, 96.7%, 100.0%) for the diagnosis of OS.

TABLE 2. BASELINE CHARACTERISTICS OF STUDY PARTICIPANTS AND COMPARISON OF
DEMOGRAPHIC, SEROLOGIC, AND HISTOLOGIC CHARACTERISTICS BY DISEASE ENTITIES

Characteristics*

Overall Patients
N 5 272
n (%) or

Median (IQR)

Overlap Patients
n 5 65
n (%) or

Median (IQR)

PBC Patients
n 5 102
n (%) or

Median (IQR)

AIH Patients
n 5 105
n (%) or

Median (IQR) P Value

Sex, n (%) 0.53
Male 37 (13.6) 9 (13.8) 11 (10.8) 17 (16.2)
Female 235 (86.4) 56 (86.2) 91 (89.2) 88 (83.8)

Age, in years† 53 (46-60) 55 (50-61) 52 (46-59) 51 (41-59) 0.01
Serology†

ALT 96.5 (53.0-190.5) 129 (67-203) 62 (42-99) 158 (67-470) <0.0001
AST 76.0 (44.0-196.5) 107 (59-206) 49 (39-74) 144 (55-425) <0.0001
Globulin 3.8 (3.3-4.3) 4.1 (3.7-4.6) 3.5 (3.1-4.0) 3.8 (3.3-4.5) <0.0001
ALP 163.5 (108.5-245.0) 209 (148-287) 182.5 (123-298) 117 (79-183) <0.0001
Hepatocellular histology

Interface hepatitis 166 (61.0) 59 (90.8) 12 (11.8) 95 (90.5) <0.0001
Lymphoplasmacytic infiltrate 182 (66.9) 60 (92.3) 23 (22.5) 99 (94.3) <0.0001
Rosettes 62 (22.8) 25 (38.5) 2 (2.0) 35 (33.3) <0.0001

Biliary histology
Granulomas 93 (34.2) 38 (58.5) 53 (52.0) 2 (1.9) <0.0001
Duct infiltration/lesion 149 (54.8) 53 (81.5) 90 (88.2) 6 (5.7) <0.0001
Duct loss 77 (28.3) 37 (56.9) 39 (38.2) 1 (1.0) <0.0001
Duct proliferation 75 (27.6) 40 (61.5) 29 (28.4) 6 (5.7) <0.0001

Immunology
ANA/ASMA 181 (66.5) 52 (80.0) 37 (36.3) 92 (87.6) <0.0001
AMA 136 (50.0) 46 (70.8) 87 (85.3) 3 (2.9) <0.0001

AIH score† 11 (2-16) 12 (7-14) 0 (-2.0-3.8) 17 (14-19) <0.0001
Overlap score† 18 (16-21) 24 (22-26) 17 (15-19) 17 (15-19) <0.0001

*Categorical variables, such as sex, hepatocellular histology, biliary histology, and immunology were tested using v2 and Fisher’s exact
tests. Continuous variables, such as age, AIH score, overlap score, and serology (ALT, AST, globulin, and ALP) were tested using
analysis of variance and Kruskal-Wallis tests.
†Values presented as median (IQR).
Abbreviations: IQR, interquartile range; n, number of patients.

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

FIG. 1. Comparison of overlap scores between PBC, AIH, and
OS. #P < 0.001, comparison among three groups using analysis
of variance and Kruskal–Wallis tests. Overlap scores for 3 groups,
PBC 17 (15-19), AIH 17 (15-19), OS 24 (22-26).
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An overlap score of �21 strongly favors the diagno-
sis of OS given that 64 (98.5%) patients with OS had
an aggregate score of �21 as opposed to only 9 (8.8%)
and 6 (5.7%) patients with PBC and AIH, respectively
(Table 4). Furthermore, none of the patients with OS
had an aggregate score <19 as opposed to most
patients with PBC or AIH, who scored <19, making
it a safe discriminatory cut-off point against OS.
Three distinct areas were identified when scores

were plotted from both the overlap scoring system
designed in this study and the IAIHG (Fig. 3).
Patients with OS occupied the top middle of the graph
owing to their lower IAIHG scores and the highest
overlap scores, while patients with AIH were clustered
in the lower right of the graph owing to their high
IAIHG scores and lower overlap scores.

COMPARISON OF PARIS
CRITERIA AND NEW SCORING
SYSTEM

We also used Paris criteria to detect OS in our
patients and compared the two diagnostic criteria
regarding sensitivity, specificity, PPV, and NPV (Sup-
porting Tables 1 and 2). The sensitivity of the Paris
criteria in diagnosing OS was 58.46% (range, 45.56%-
70.56%), specificity was 99.52% (97.34%-99.99%),
PPV was 97.44% (86.52%-99.94%), and NPV was
88.41% (83.59%-92.22%). When compared with the
Paris criteria, our new diagnostic criteria with a cut-off
score of 21 had better sensitivity and NPV but lower
specificity and PPV.

Discussion
Our results suggest that a cut-off score of 21 has the

best balance of sensitivity and specificity in our new
scoring classification. Our scoring classification is valu-
able and may be superior to current OS scoring sys-
tems, including the revised and the simplified AIH

scoring systems and Paris criteria, for recognizing
patients with OS.
The first case of OS was described in 1977 by Kloppel

et al.(17) The prevalence of PBC-AIH overlap has been
reported in 4.3%-19% of patients with PBC(8,9,18-21)

and 3%-13% of patients with AIH.(8,9,18-20,22) The prev-
alence has a wide range because of the challenges
involved with its diagnosis. Due to the lack of standardi-
zation and variations in the populations under study, the
characteristics of these entities vary.(3,23) Controversy
exists whether OS represents a distinct entity with pecu-
liar histologic and clinical features or whether it is merely
a presentation of two different diseases (PBC and AIH).
Other names for this entity include “the hepatic form of
PBC,” “secondary autoimmune hepatitis,” “autoimmune
cholangitis,” “autoimmune sclerosing cholangitis,” or

TABLE 3. DIAGNOSTIC PERFORMANCE OF AGGREGATE OVERLAP SCORES IN RELATION TO OVERLAP
SYNDROME

Aggregate
Scores

Overlap Syndrome
Sensitivity

% (95% CI)
Specificity

% (95% CI)
PPV

% (95% CI)
NPV

% (95% CI)Yes No

�22 51/65 6/207 78.5 (66.5-87.9) 97.1 (93.8-98.9) 89.5 (79.3-95.0) 93.5 (89.1-96.3)
�21 64/65 15/207 98.5 (91.7-99.9) 92.8 (88.3-95.9) 81.0 (72.4-87.4) 99.5 (96.7-100.0)
�20 65/65 41/207 100.0 (93.0-100.0) 80.2 (74.0-85.3) 61.3 (51.3-70.5) 100.0 (97.2-100.0)
�19 65/65 64/207 100.0 (93.0-100.0) 69.1 (62.2-75.2) 50.4 (41.5-59.2) 100.0 (96.7-100.0)

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

FIG. 2. ROC curve for overlap score predicting the overlap
patients. A cut-off value of 21 provided the best balance of sensi-
tivity (98.5%) and specificity (92.8%). Area under the ROC
curve, 0.98 (P < 0.0001). Abbreviation: ROC, receiver operating
characteristic.
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“combined hepatic/cholestatic syndrome” to describe
patients with features of both AIH and PBC or
PSC.(24,25) The overlapping features of AIH and PBC
may be a unique autoimmune defect resulting in damage
to bile ducts and hepatocytes.(26)

A variety of scoring classifications have been used to
recognize and diagnose OS. A commonly used classifi-
cation is based on the IAIHG scoring system for AIH
diagnosis; this was introduced in 1993(12) and revised
in 1999.(13) The original IAIHG scoring system was
the first tool designed to exclude cholestatic liver dis-
ease in patients with AIH(6,27); this criterion has been
validated and is widely used in clinical practice for the
diagnosis of AIH.(14,27,28) The revised IAIHG classifi-
cation isolated 19% of patients with overlapping AIH-
PBC compared to the original IAIHG criteria that
isolated 62% of patients in a cohort of patients with
PBC.(14) The simplified diagnostic scoring system for-
mulated in 2008 was a highly specific classification for
diagnosing AIH with a specificity of 97% and 99% for
scores of �6 and �7, respectively.(29) Although this
classification was proposed to isolate patients with
AIH, applying this to a group of patients with PBC
diagnosed 6% PBC-AIH overlap compared to 12%
using the revised IAIHG criteria, suggesting superior
specificity.(22) Chazouilleres et al.(4) in 1998 suggested
a Paris criteria classification that incorporated charac-
teristics of both AIH and PBC to diagnose OS. A sub-
sequent study validated the results showing 92%
sensitivity and 94% specificity. However, application of
this criterion to a large cohort of patients with PBC
showed only 1% of patients satisfied the Paris criteria
for OS when applied to a group of patients with PBC.
Moreover, some patients could not be isolated as
AIH-PBC overlap when they presented with predomi-
nant features of AIH along with some cholestatic
properties, such as AMAs, serum ALP levels <2-fold
ULN, and isolated features of bile duct injury or
destruction.(6,9,20,30) The simplified AIH classification
was seen to be less sensitive in recognizing OS but
more specific in identifying patients who have the

clinically more aggressive OS.(22) The detection of a
less severe form of OS is important as the treatment of
OS differs from pure AIH or PBC. Patients who are
diagnosed early may benefit from intervention to avoid
severe consequences.(15)

With this background, a new overlap classification
was proposed on the basis of the revised IAIHG classi-
fication by changing some of its variables. This overlap
scoring system incorporated all the important aspects
of biochemical, immunologic, and histologic presenta-
tion in patients with OS, and the net strength of the
diagnosis of OS could be estimated by the quantitative
scoring of the composite parameters. The validity of
this scoring system was supported by the fact that
98.5% of patients with OS who obtained a score of
�21 (achieving a sensitivity and specificity of 98.5%
and 92.8%, respectively) were classified as “definite
overlap.” A score of �19-20 had 1.5% of patients with
OS classified as “probable overlap,” and a score of �19,
classified as “rejected overlap,” had no overlap patients,
achieving a 100% NPV for our subset of overlap
patients. These results suggest that this new overlap

TABLE 4. INCIDENCE OF THREE DISEASE ENTITIES ACCORDING TO AGGREGATE OVERLAP SCORES

Disease Entity

Aggregate Overlap Score

Definite Overlap
�21

n (%)

Probable Overlap
�19-20
n (%)

Rejected Overlap
<19

n (%)

Primary biliary cirrhosis 9 (8.8%) 21 (20.6%) 72 (70.6%)
Autoimmune hepatitis 6 (5.7%) 28 (26.7%) 71 (67.6%)
Overlap syndrome 64 (98.5%) 1 (1.5%) 0 (0.00%)

Abbreviation: n, number of patients.

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

FIG. 3. Scatterplot of overlap scores and AIH scores by patient
group.

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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scoring classification appears to be valid for the set of
patients selected for the study. It successfully separated
the group of OS patients from patients with AIH or
PBC. This classification could identify patients and
diagnose OS with a reasonable amount of accuracy and
could be used as an adjunct to the current clinical
methods to correctly diagnose this entity.
We also used the Paris criteria to diagnose OS in

our patients, and we compared the sensitivity, specific-
ity, PPV, and NPV of the two diagnostic criteria.
With the Paris criteria, we were able to detect only 38
cases in 65 patients with OS, with a sensitivity of
58.46% but a high specificity of 99.52%. When com-
pared to the Paris criteria, our new scoring system has
better sensitivity (98.46%) but less specificity
(92.75%). This is consistent with the findings of previ-
ous studies that the Paris criteria may miss less severe
cases of OS. By using the new diagnostic criteria, a
milder form of OS can be detected and treated early to
avoid progression of OS.
In conclusion, our new scoring classification has a

high sensitivity and specificity for the diagnosis of OS
when the cut-off score is 21; a score <19 rules out OS.
This scoring system provides a useful mechanism by
which OS could be diagnosed from a group of patients
with AIH or PBC in a consistent fashion. Due to the
selection of patients who strictly had AIH-PBC OS, it
is not possible to determine if this classification would
favor other types of OS as well. Our study enrolled a
limited number of patients from a single center, and
more studies are necessary to further evaluate the valid-
ity of this scoring system in a prospective manner. A
future study will incorporate a larger number of
patients from different centers.
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