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BACKGROUND AND AIMS: Acute liver injury (ALI) due to
autoimmune hepatitis (AIH) can be treated by immunosup-
pression. In contrast, idiosyncratic drug-induced liver injury
Abbreviations used in this paper: AIH, autoimmune hepatitis; Alb, albumin;
ALF, acute liver failure; ALI, acute liver injury; ALT, alanine transaminase;
AST, aspartate transaminase; AUC, area under the curve; Cre, creatinine;
DILI, drug-induced liver injury; IAIHGs, Revised international AIH group
scores; IgM, immunoglobulin M; LOHF, Late-onset hepatic failure; MELD,
Model for End-Stage Liver Disease; PT, prothrombin time; PT-INR, PT
international ratio; ROC, receiver operator curve; RUCAM, Roussel Uclaf
Causality Assessment Method; SLI, severe liver injury; T-Bil, total bilirubin;
WBC, white blood cell counts.
(DILI) had a poor prognosis. DILI thus needs to be distin-
guished from non-DILI. METHODS: Twenty-nine patients with
DILI and 77 with non-DILI (42 of AIH and 35 with
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undetermined cause) diagnosed during 2005–2017 comprised
the derivation cohort. 110 patients with ALI due to either AIH,
DILI, or obscure causes at 6 liver centers during 2010–2015
were the validation cohort. Revised international AIH group
scores (IAIHGs) and the Roussel-Uclaf Causality Assessment
Method (RUCAM) were modified to calculate results using
medical interviews and laboratory data without chronological
changes. Diagnostic accuracy for the distinction of DILI and
non-DILI was evaluated by receiver operating characteristic
analysis and results were expressed as the area under the curve
(AUC). This study received institutional institutional review
board approval (MH2020-205). RESULTS: The AUCs of modified
IAIHGs and RUCAM scores for the diagnosis of DILI were 0.96
and 1.00 when cut-off values were set at 3 for the modified
RUCAM and 5 for the modified IAIHGs in the derivation cohort. In
the validation cohort, the AUCs of modified IAIHGs and RUCAM
scores for the diagnosis of DILI were 0.95 and 0.97, respectively.
The accuracy of the combination of the modified scores was 81%
(89/110). CONCLUSION: Modified diagnostic scores based on
detailed medical interviews and routine laboratory data can
distinguish DILI from non-DILI in patients with ALI.
Keywords: ALI; RUCAM; AIH; DILI
Introduction

Severe liver injury (SLI) can develop into hepatic
encephalopathy depending on the progression of the

disease.1 Patients with SLI who complicate hepatic en-
cephalopathy are diagnosed with acute liver failure (ALF).
Because liver transplantation is a curative treatment for
patients with ALF, a referral to a liver center may reduce the
mortality of ALF by recommending a patient for liver
transplantation.2,3 To properly make a referral, it is neces-
sary to appropriately assess the severity of the acute liver
injury (ALI) with an accurate diagnosis of the etiology.4,5 A
prospective, observational cohort study of ALI patients has
shown that hepatitis B virus exacerbations or idiosyncratic
drug-induced liver injury (DILI) are at higher risks for poor
prognosis.6 In contrast, ALI due to an oral virus, autoim-
mune hepatitis (AIH), or an undetermined cause (UC) re-
sponds well to the treatment.6

To optimize treatment strategy, ALI should be classified
according to etiology as soon as possible. Because most of
viral infection is self-limiting and diagnostic markers are
available through blood examination,7 AIH and DILI are
remaining causes, which should be comprehensively diag-
nosed using detailed medical interviews, laboratory data,
and histological examination.8 It has been previously re-
ported that AIH and DILI can be diagnosed by way of 2
scoring systems as follows: the Revised International AIH
Group Scoring System for the Diagnosis of AIH (IAIHG)
score for AIH and the Roussel–Uclaf Causality Assessment
Method (RUCAM) for DILI.9,10 Because the 2 scoring sys-
tems contain items regarding chronological and histological
data, the scores that are available in the first assessment of
the ALI patients need to be established to make prompt
clinical decisions for the treatment of ALI, although useful-
ness of histological evaluation at the diagnosis of AIH and
DILI has been reported.11,12 In addition, DILI should be
distinguished from liver injury of UC as well as AIH. We thus
evaluated whether modified (m-) RUCAM and m-IAIHG
scores at the time of the first assessment can distinguish
DILI from ALI due to AIH or UC.

To diagnose etiologies of ALI, history taking has been
strictly performed. For DILI, extensive review for medica-
tion lists and timing of medication administration to onset
of liver enzyme elevation should be evaluated. In addition,
viral and alcohol associated hepatitis were excluded
via serological marker testing and interview about alcohol
use.
Methods
Subjects for derivation cohort

We have prospectively and consecutively collected data on
905 patients with liver injury from April 2005 to December
2017 at a single center.13 Among those patients, 106 patients
who satisfied the following criteria were selected for the deri-
vation cohort; absence of chronic hepatitis and liver cirrhosis,
ALI (aspartate transaminase [AST] > 200 IU/L or alanine
transaminase [ALT] > 300 IU/L), established diagnosis of AIH,
DILI, or UC with the assessment of liver histology (Table 1). The
diagnosis of AIH was made based on Japanese diagnostic
guidelines.14

Patients were suspected as having AIH when one or more of
the serological findings were fulfilled; presence of antinuclear
antibodies or antismooth muscle antibodies and high serum
immunoglobulin (Ig) G levels (>1.1 times the upper limit of
normal). Patients were diagnosed with AIH when a simplified
scoring system of the international AIH group was more than
7.15 DILI was diagnosed by 2 or more senior hepatologists, who
assessed both the clinical course and present illness with a
careful medical interview. A diagnosis of UC was made after the
exclusion of viral hepatitis, AIH, and DILI. We excluded cases of
drug-induced AIH, overlap syndrome of AIH and either primary
biliary cholangitis or primary sclerosing cholangitis, and DILI in
patients with a previous diagnosis of AIH.

Both RUCAM and IAIHG scores of 106 patients were calcu-
lated. Detailed formulae for these scores were reported else-
where.9,10 Because this study was an observational study, the
treatment applied to each patient was decided by their physician.

Subjects for validation cohort
For external validation of the results obtained by derivation

cohort, 110 patients with ALI due to any one of AIH, DILI or a
UC were retrospectively accumulated from 6 liver centers in
Japan. The institutions included Saitama Medical University,
Niigata University, Chiba University, Juntendo University Shi-
zuoka hospital, Yamaguchi University, and Kagoshima Univer-
sity (Table 2). All patients were diagnosed by hepatologists in
each center from January 2010 to December 2015. Diagnoses
were confirmed by histological analysis. The study procedures
were approved by the institutional ethical board at each



Table 1. Characteristics of the Patients for Derivation Cohort

Total (n ¼ 106) DILI (n ¼ 29) AIH (n ¼ 42)
Undetermined

(n ¼ 35)

Sex (M:F) 29:77 11:18 8:34 10:25

Age (Years-old) 56 (45–67) 56 (47–69) 56 (47–66) 52 (33–65)

Prognosis
Survival:Deceased:

Transplantation
98:5:3 27:2:0 39:2:1 32:1:2

Daily alcohol intake
<25 g, 25–60 g, 60g< 84:18:4 21:6:2 34:6:2 29:6:0

WBC (/mL) 5510 (4178–6890) 5740 (4660–6890) 5390 (4103–6875) 5250 (4075–6870)

Platelet (103/mLa) 12.2 (7.0–16.0) 18.7 (16.0–24.2) 16.0 (12.2–21.1) 18.9 (13.7–25.4)

Alb (mg/dL) 3.8 (2.9–3.2) 3.5 (3.0–3.9) 3.2 (2.9–3.8) 3.7 (3.3–4.1)a

Cre (mg/dL) 0.57 (0.49–0.68) 0.60 (0.52–0.66) 0.55 (0.50–0.63) 0.57 (0.44–0.71)

AST (U/L) 926 (465–1357) 909 (514–1234) 880 (452–1061) 1053 (505–1667)

ALT (U/L) 1059 (584–1585) 1054 (644–1399) 955 (451–1177) 1198 (778–2229)a

ALP (U/L) 501 (379–651) 514 (383–759) 519 (413–648) 426 (302–545)

T-Bil (mg/dL) 8.2 (2.9–14.3) 8.5 (3.6–17.4) 10.4 (4.9–14.8) 4.7 (2.4–11.3)

D-Bil (mg/dL) 6.1 (1.9–10.8) 6.1 (2.9–10.8) 7.8 (3.9–11.0) 4 (1.8–8.8)

IgG (mg/dL) 1520 (1194–2032) 1365 (1103–1938) 2114 (1535–2491) 1317 (1123–1562)ab

IgM (mg/dL) 126 (82–175) 125 (80–170) 133 (97–176) 117 (69–180)

PT-INR 1.27 (1.13–1.56) 1.28 (1.16–1.45) 1.24 (1.14–1.55) 1.35 (1.07–1.66)

AIH, autoimmune hepatitis; Alb, Albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; Cre, creatinine; D-Bil, direct bilirubin; DILI, drug-induced liver injury; Ig, immunoglobulin; PT-INR, pro-
thrombin time international ratio; T-Bil, total bilirubin; WBC, white blood cell.
aP < .05, AIH, vs Undetermined cause.
bP<.05, AIH, vs DILI.

Table 2. Characteristics of the Patients for Validation Cohort

Total (n ¼ 110) DILI (n ¼ 34) AIH (n ¼ 67)
Undetermined

(n ¼ 9)

Sex (M:F) 29:81 17:17 9:58 3:6

Age (Years-old) 60 (47–68) 54 (47–64) 61 (51–69) 55 (38–66)

Prognosis
Survival:Deceased:Transplantation 105:1:4 64:1:2 39:2:1 9:0:0

Daily alcohol intake
<25 g, 25–60 g, 60g< 100:8:2 26:6:2 66:1:0 8:1:0

WBC (/mL) 5645 (4415–7793) 6685 (5380–9243) 5270 (4300–6545) 6550 (4490–6850)b

Platelet (103/mLa) 19.8 (15.0–24.5) 21.0 (14.4–25.6) 19.3 (15.7–24.1) 19.0 (16.7–24.5)

Alb (mg/dL) 3.6 (3.1–4.0) 3.8 (3.3–4.1) 3.5 (3.1–4.0) 3.5 (3.2–3.8)

Cre (mg/dL) 0.63 (0.53–0.81) 0.80 (0.61–1.03) 0.60 (0.52–0.66) 0.63 (0.51–0.89)

AST (U/L) 545 (328–933) 496 (275–849) 736 (434–1149) 388 (275–514)

ALT (U/L) 641 (424–1085) 658 (429–1041) 707 (558–1210) 516 (390–978)

ALP (U/L) 505 (364–734) 484 (357–842) 595 (400–764) 453 (302–521)

T-Bil (mg/dL) 4.6 (1.6–11.0) 2.9 (1.2–14.7) 6.2 (2.4–11.6) 6.3 (2.3–7.9)

D-Bil (mg/dL) 2.9 (0.7–8.9) 1.8 (0.5–11.5) 4.7 (1.6–9.9) 4.0 (0.7–6.0)

IgG (mg/dL) 1590 (1270–2119) 1416 (1154–1595) 1785 (1457–2305) 1191 (1066–1300)a,b

IgM (mg/dL) 115 (79–181) 96 (67–149) 113 (87–213) 140 (102–165)

AIH, autoimmune hepatitis; Alb, Albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; Cre, creatinine; D-Bil, direct bilirubin; DILI, drug-induced liver injury; Ig, immunoglobulin; PT-INR, pro-
thrombin time international ratio; T-Bil, total bilirubin; WBC, white blood cell.
aP < .05, AIH, vs Undetermined cause.
bP<.05, AIH, vs DILI.
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institution (MH2020-205), and informed consent was obtained
from all subjects or indicated guardians by an opt-out manner.

Modified RUCAM and IAIHG scores and labora-
tory data

To refrain from calculation of histological findings and
chronological data, we modified the RUCAM and IAIHG scores.
The m-RUCAM score was calculated by age, time until onset of
liver injury, alcoholic intake, and previous information on the
hepatotoxicity of the drug (Table A1). The m-RUCAM values
ranged from 0 to 6. The m-IAIHG score was calculated by sex,
IgG level, ratio of alkaline phosphatase to ALT/AST, medication
history, presence of autoantibodies, absence of anti-
mitochondrial antibody, and alcoholic intake, and the value
ranged from �12 to 13 (Table A1). Daily alcohol intake in each
patient was graded according to 3 categories for IAIHG score
(<25 g/d, 25–60 g/d or >60 g/d) and 2 for RUCAM (<20 g/
d or �20 g/d).

White blood cell counts , plasma prothrombin time (PT),
international normalized ratio (PT-INR), and serum levels of
albumin , alkaline phosphatase, ALT, AST, creatinine, IgG, IgM,
and total bilirubin were analyzed using an autoanalyzer (JCA-
BM2250; JEOL, Tokyo, Japan).

Statistical analysis
The results are expressed as the median value and range.

All statistical analyses were performed using the SPSS 17.0
software program (SPSS Inc, Chicago, IL). One-way analysis of
variance with Dunnet T3 tests were used to evaluate the sta-
tistical significance of the results. A 2-sided P-value of <.05 was
considered statistically significant. A receiver operating char-
acteristic curve (ROC) was used to assess the diagnostic per-
formance of each etiology. The cut-off values for each diagnosis
were estimated using the Youden index. The primary endpoint
of the derivation cohort was the diagnosis of DILI. Proportion of
DILI among the derivation cohort was 27.3% (29/106),
whereas that was 29.0% (216/746) in the national survey of
SLI/ALF in Japan.16 Therefore, we assumed proportion of DILI
in the validation cohort was about 27%–29%.
Results
Demography, laboratory data, and prognosis in 2
cohorts

According to the inclusion criteria in this study, all pa-
tients were diagnosed with ALI due to either DILI, AIH, or a
UC. Age, laboratory data, and prognosis of the derivation
cohort are summarized and compared in Table 1. There was
no significant difference in sex among DILI, AIH, and UC
groups. The serum level of albumin was significantly lower
in AIH group than in UC group, and IgG was significantly
higher in AIH group than in DILI and UC group. However,
there was no parameter with a statistically significant dif-
ference in DILI group compared with the other 2 groups.

Table 2 summarizes demographic and clinical data and
prognosis in the validation cohort. There was no significant
difference in the proportion of females among the 3 groups.
White blood cell count was significantly lower in AIH group
than in DILI group and IgG was significantly higher in AIH
group than in DILI and UC groups. However, there were no
other significant parameters which were significantly
different among the 3 groups. There were no pregnant pa-
tients in the derivation and validation cohorts.

Causal drugs of DILI were summarized in Table A2. The
most frequent causal agent was dietary supplement in the
derivation and validation cohorts. Chinese herb was also
found as the second causal drug in both cohorts.
Diagnostic accuracy of RUCAM and IAIHG for the
diagnosis of DILI

We first examined the diagnostic accuracy of RUCAM
and IAIHG scores for ALI due to DILI in the derivation
cohort. The area under ROC (AUROC) of the RUCAM and
IAIHG scores were 0.942 and 0.999, respectively. Thus, the
RUCAM and IAIHG score were found to be useful for the
distinction of DILI from non-DILI, AIH, and a UC. Alcohol
intake and delayed improvement of transaminase after
discontinuation of causative drug use for RUCAM score and
results in viral markers, alcohol intake, and a high IgG level
for IAIHG score contributed negatively to the accuracy of
each score (Figures A1 and A2).
Modified RUCAM and IAIHG scores for the diag-
nosis of DILI in derivation cohort

Figures 1 and 2 indicate values of m-RUCAM and IAIHG
in patients in AIH, UC, and DILI groups. As shown in the
figures, there were trends toward lower score for the m-
RUCAM and the m-IAIHG in patients with DILI than those
with AIH and a UC. Figure 3A indicates relations between
the m-RUCAM and m-IAIHG scores. As shown in Figure 3B
and C, the AUROCs of the m-RUCAM score and IAIHG score
for the diagnosis of DILI were calculated to be 1.00 and 0.96
(Figure 3B and C), respectively, when each cut-off value was
determined to be 3 for m-RUCAM and 5 for m-IAIHG.
Modified RUCAM and IAIHG scores for the diag-
nosis of DILI in validation cohort

The AUROC of the m-RUCAM score and m-IAIHG score
for the diagnosis of DILI were 0.973 and 0.954, respectively
(Figure 4B and C). To assess the clinical utility of the com-
bination of the 2 scores in identifying patients with DILI, the
diagnostic accuracy was calculated and shown in Figure 4D.
When the cut-off value of 3 for the m-RUCAM score and the
value of 5 for the m-IAIHG score were applied, the accuracy
for the diagnosis of DILI was calculated to be 81% (89/110).
Discussion
The aim of the present study was to evaluate modified

scores using data from the first assessment of patients with
ALI to distinguish DILI from ALI due to either AIH or an UC.



Figure 1. Distribution of modified RUCAM scores in patients. Horizontal axis indicates each patient. Diagnosis is presented in
boxes in the upper part of the graph. Squares in each bar indicate the parameters of the modified RUCAM scores.

Figure 2. Distribution of modified IAIHGs scores in patients. Horizontal axis indicates each patient. Diagnosis is presented in
boxes in the upper part of the graph. Squares in each bar indicate the parameters of the modified IAIHGs scores.

2023 Diagnostic scores for DILI 501
The results showed that RUCAM and IAIHG scores were
useful for the diagnosis of DILI, and that m-RUCAM and m-
IAIHG scores that were calculated using data at the time of
the first assessment were able to distinguish DILI from ALI/
SLI due to AIH or to an UC. m-RUCAM and m-IAIHG scores
can be calculated using routine laboratory data and data
from medical interviews. Thus, the results of the present
study suggest that medical interviews concerning DILI and
laboratory data are useful in diagnosing patients with ALI
due to DILI.

A previous study reported that DILI and hepatitis B virus
complications are etiologies associated with a poor prog-
nosis in patients with ALI. In addition, an effective medical
therapy has not been established for patients with DILI,
while a nucleotide analog can be used as a treatment for
patients with hepatitis B virus complications.17 Thus, DILI
should be considered a risk factor for a poor prognosis in
patients with ALI/SLI. In contrast, acute viral hepatitis, an
UC, and AIH are favorable etiologies in patients with ALI/
SLI. Acute viral hepatitis is self-limiting, and AIH is
controllable with appropriate immunosuppression.
Although the detailed mechanisms behind it remain unclear,
a proportion of hepatic encephalopathy development dras-
tically decreased after early intervention through the
referral system.18 Therefore, DILI should be distinguished
from ALI due to AIH or a UC. The present study demon-
strated that careful medical interviews provide useful in-
formation for the diagnosis of DILI. In line with these
results, a previous report established that expert opinion is
very useful for the diagnosis of DILI.19 Furthermore, addi-
tional laboratory data can help physicians to diagnosis AIH,
which should be excluded during the diagnostic process in



Figure 3. Scatter diagram representing the relationship between the modified scores of RUCAM and IAIHG in the derivation
cohort. Horizontal axis indicates the modified RUCAM score and vertical axis indicates the modified international AIH group
(IAIHG) score. Dark gray, gray, and white circles indicate DILI, AIH, or UC (undetermined) patients, respectively. Size of circle
indicates number of patients (A). ROC analysis of modified scores of RUCAM (B) and IAIHG (C).
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ALI/SLI patients. With this regard, the modified scores seem
inevitable in identifying patients with DILI.

The modified scores revealed the diagnostic difficulty
associated with specific patient characteristics. Alcoholic
intake is a common risk factor in the 2 scores. A high level of
IgG and a positive result for autoantibodies in DILI patients
adds points to the IAIHG score. A low IgG level or negative
result for autoantibodies in patients with AIH may also be
missed by the m-IAIHG score. These factors decrease the
accuracy of the modified scores. Considering the primary aim
of the present study, however, it is crucial that DILI can be
distinguished from ALI due to AIH or a UC at the first iden-
tification of ALI/SLI. Therefore, we propose the modified
scores for the diagnosis of DILI, although we recognize that
the scores may decrease diagnostic accuracy in a certain
proportion of patients, who have confounding factors.

The treatment of patients with ALI/SLI must be based on
the etiology of the ALI/SLI. Although the modified scores in
the present study would be useful for a diagnosis of DILI, a
comprehensive diagnosis is not always achieved before the
start of therapy. For safe management, prediction of the
patients who progress to severe type of ALI (SLI/ALF) is
also helpful in determining the time to start treatment. Two
previous studies showed potential indicators for when to
start treatment. One of the studies reported that a PT-INR
score less than 1.3 at one week after ALI identification
predicted transplant-free survival.20 Another study reported
that a PT-INR score less than 1.32 could predict which pa-
tients with ALI/SLI would spontaneously recover.21 Both
studies suggested that a 1.3 PT-INR score is an indication to
start treatment. However, those studies did not take the
clinical course of a specific etiology into consideration.
Hence, ALI/SLI patients with DILI need to be observed un-
der a careful assessment of disease severity.

There are several limitations to this study. First, the
diagnosis of DILI by senior hepatologists could have been
affected by several parameters of the RUCAM score because
the hepatologists had already used the RUCAM score in
clinics.22 Therefore, the RUCAM for patients with DILI might
have scored high compared to those of patients with AIH.
However, it is a novel finding that IAIHG scores are com-
plementary to RUCAM scores among the study population.
Second, there were no patients with drug-induced AIH in
this study. Drug-induced AIH has been recognized as a liver
injury due to autoimmunity triggered by administration of a
drug.23 A previous study reported that patients with drug-
induced AIH showed similar positivity for autoantibodies
to those with AIH.24 However, a drug history subtracts 4
points from the IAIHG score. If drug-induced AIH were
included in this study, the accuracy of the modified scores
would have decreased. However, drug-induced AIH is a
condition that should be considered a differential diagnosis



Figure 4. Combination with modified scores of RUCAM and
IAIHG were accurately diagnosed DILI in the validation
cohort. ROC analysis of modified scores of RUCAM (A) and
IAIHG (B). Proportion of patients with DILI or other in each
group according to the 2 modified scores (C).
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for DILI when liver injury is sustained after the discontin-
uation of a causative drug. Finally, the results were not
confirmed by prospective data. To generalize the findings of
the present study, the utility of the modified scores needs to
be validated in a future prospective study.

Conclusion
In conclusion, we found that a combination of m-RUCAM

and m-IAIH based on detailed medical interviews and
routine laboratory data could distinguish DILI from non-
DILI in patients with ALI. Our present study also revealed
that medical interview about drug administration is crucial
for the early diagnosis of DILI in the ALI patients. The
application of m-RUCAM and m-IAIH for the diagnosis and
treatment of ALI should be validated in a prospective study.

Supplementary materials
Material associated with this article can be found in the

online version at 10.1016/j.gastha.2023.02.002.
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