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Abstract
The clinical implications of the biopsy findings in cases of drug-induced liver injury (DILI) are not fully elucidated. The aim of
this study was to evaluate the histopathological findings of cases diagnosed as DILI and to correlate them with clinical and
biochemical findings (such as causality assessment algorithms).We searched our department database for all cases of liver biopsy
with findings consistent with toxic liver disease and selected those with a clinical diagnosis of DILI. The causative relationships
were established according to Roussel Uclaf Causality Assessment Method (RUCAM). A total of 53 cases of DILI were
reviewed, most of them diagnosed in hospitalized patients (83%). The analytical toxicity profile was hepatocellular (R > 5) in
60% of the cases and cholestatic (R < 2) in 26.4% of cases. The group of drugs most implicated was the anti-microbials (18,
34%). The predominant histological patterns were “necroinflammation” (67.9%) and “cholestasis” (28.3%). The hepatocellular
biochemical pattern was not associated with the presence of predominantly necroinflammatory findings in the biopsy (p = 0.44),
and the biochemical cholestatic pattern was not associated with the presence of predominantly cholestatic findings in the biopsy
(p = 0.51). This study supports that a better insight into the pathologic mechanisms associated with DILI should be based on liver
biopsy due to the lack of a uniform correlation between clinical and biochemical patterns. Also, a liver biopsy may be used in
those cases where clinical suspicion of DILI persists despite a low score on current causality assessment algorithms.
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Introduction

Drug-induced liver injury (DILI) is an important cause of liver
injury with significant morbidity and mortality [1, 2].
Hepatotoxicity is one of the most common black-box warn-
ings placed on medications and is a major cause for failure to
receive initial regulatory approval or withdrawal after initial
approval [3, 4].

Accurate and early diagnosis is important, but the diagnosis
of DILI is complicated and non-standardized because of the
difficulty in the identification of drug(s) causing liver injuries
and lack of reliable markers to facilitate and establish a diag-
nosis [5]. DILI is a great imitator, capable of mimicking all
types of liver disease from other causes, in clinical presenta-
tion and pathologic features [6].

When clinically suspicious, liver function tests (LFTs) can
be the first test to identify patients with DILI. Based on LFTs,
the liver injury can be classified as hepatocellular, cholestatic,
or mixed, based on the ratio between alanine aminotransferase
(ALT) and alkaline phosphatase (ALP) [7, 8].

In patients with abnormal LFTs without an obvious DILI
suggestive semiology, and when the initial laboratory tests and
imaging studies do not reveal an apparent cause, the patient is
often proposed for liver biopsy. Histologically, most DILI can
be categorized as acute and chronic cholestatic, acute and
chronic hepatitis, or mixed hepatitic-cholestatic pattern of in-
jury [9]. Because drug hepatotoxicity can simulate nearly any
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clinical syndrome or pathologic lesion that may occur in the
liver, the diagnosis cannot be made on morphologic grounds
alone, but a liver biopsy can define a histological pattern of
injury [10]. In addition to describing the pattern of injury, the
pathology report should contain information about the sever-
ity of the injury as suggested in previous reports [9, 11, 12].

However, the relationship between biochemical and histo-
logical patterns of injury has not been clearly defined. In this
retrospective study, we aimed to evaluate the histopathologi-
cal findings of cases diagnosed as DILI and to correlate them
with clinical and biochemical patterns of injury, as well as the
standard causality assessment algorithms.

Methods

Case inclusion

A retrospective case reviewwas performed in all adult patients
found to have a liver biopsy performed between January 2007
and December 2017 at “Centro Hospitalar e Universitário São
João”. The Hospital is located in Porto, the second-largest city
of Portugal, and serves as a referral center for the population of
the North of the country. The Department of Gastroenterology
and Hepatology is a tertiary, academic, non-transplant one. It
is the largest in the region both in terms of the number of
physicians and the number of patients’ referrals.

The pathology reports were reviewed, and a list of all bi-
opsies performed in patients with clinical suspicion of DILI
was generated from the Pathology Department database. We
have also excluded from the analysis cases in which the biop-
sy was performed at another institution or when relevant clin-
ical data were missing from the files.

The histopathological specimens were obtained through
percutaneous/transjugular needle-liver biopsies. Liver tissue
specimens were processed according to standard histological
techniques and routinely stained for hematoxylin and eosin
(H&E), Perls’, and trichrome. Periodic acid–Schiff reagent
after diastase (D-PAS), Ziehl–Neelsen (ZN), and modified
Ziehl–Neelsen stains was performed if clinically indicated.
Histopathology was evaluated independently by two experi-
enced liver pathologists (F.C., J.L.) who were initially blinded
to the type and clinical characteristics of the lesions after in-
dividual analysis; the two pathologists discussed the findings
and sent a common final report.

Histological findings were categorized in major patterns of
injury [13]: “necroinflammatory patterns” (zonal necrosis,
submassive to massive necrosis, acute/lobular hepatitis,
chronic/portal hepatitis, granulomatous hepatitis)(Fig. 1)
“cholestatic injury patterns” (acute or chronic cholestasis, cho-
lestatic hepatitis)(Fig. 2), “steatotic injury patterns”
(microvesicular–macrovesicular, steatohepatitis), “vascular
injury patterns” (sinusoidal obstruction syndrome,

hepatoportal sclerosis, peliosis), and “cytoplasmic alterations”
(glycogenosis, ground-glass change).

Histological assessment of the severity of liver inflamma-
tion and the stage of fibrosis was based on the scoring system
proposed by Batts and Ludwig [14].

Etiological workup and Causality Assessment Criteria

Demographic, clinical, and laboratory data were obtained from
the medical records of patients. Detailed alcohol, drug, and med-
ication intake historywere recorded based on the clinical registry.
Diagnostic investigations to exclude other causes of liver injury
included serology for hepatitis B virus (HBV), hepatitis C virus
(HCV), hepatitis E virus (HEV), and human immunodeficiency
virus (HIV) in all patients. Serum immunoglobulins and a panel
of autoantibodies (including anti-nuclear (ANA), anti-smooth
muscle, anti-liver–kidney microsomal type 1 and anti-
mitochondrial antibodies) were taken as evidence of autoimmune
hepatitis (AIH) or primary biliary cholangitis (PBC) according to
established criteria [15, 16]. All laboratory workup was per-
formed at the same central laboratory at our Institution. Patients
whose laboratory workup had been performed elsewhere were
excluded from the study.

An attempt to assign a specific etiology was made based on
clinical presentation, laboratoryworkup and histological features.

The biochemical injury pattern (hepatocellular, mixed, or
cholestatic) was calculated as the ratio (R) of ALT to ALP
normalized by their respective upper limits of normal (ULN)
from laboratory data at the time of onset. R ratios > 5 define a
hepatocellular, < 2 a cholestatic, and between 2 and 5 a mixed
pattern of enzymes [17].

The overall diagnosis of DILI and the causal relationship
between the implicated agent(s) and the liver injury event are
defined by the Council for International Organizations of
Medical Sciences (CIOMS) Roussel Uclaf Causality
Assessment Method (RUCAM) [18]. This score was based
on time to onset/“latency” of the hepatic injury, course of
illness after drug discontinuation, the presence of risk factors
for DILI (alcohol use, age > 55 years, pregnancy) or other
drugs or potential hepatotoxins, the appropriate exclusion of
other causes of liver injury, the presence of published infor-
mation about the agent’s potential to cause drug-induced liver
injury, and the response to re-administration. The CIOMS/
RUCAM scale provides the likelihood of hepatic injury due
to DILI, defining the suspicion as “definite or highly proba-
ble” (score > 8), “probable” (scores 6–8), “possible” (scores
3–5), “unlikely” (scores 1–2), and “excluded” (score ≤ 0).

Clinical severity of each case was defined with the criteria
suggested by Aithal et al. [17]: “mild” (elevated ALT/ALP
concentration but bilirubin concentration < 2× upper limit of
normal, ULN), “moderate” (elevated ALT/ALP concentration
and bilirubin concentration ≥ 2× ULN, or symptomatic hepa-
titis), “severe” (elevated ALT/ALP concentration bilirubin
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concentration ≥ 2× ULN, and one of the following: (1) inter-
national normalized ratio ≥ 1.5; (2) presence of ascites and/or
encephalopathy, disease duration < 26 weeks, and absence of
underlying cirrhosis; or (3) other organ failure considered to
be due to DILI), and “fatal/transplantation” (when occur death
or liver transplantation due to DILI).

We also recorded cases that showed severity criteria ac-
cording to “Hy’s Law” [19, 20]: the presence of jaundice
(serum bilirubin > 2 times the upper limit of normal) in asso-
ciation with an elevation in serum aminotransferases (> 3
times the upper limit of normal).

Statistical analysis

Continuous variables are expressed as median (range).
Categorical variables are reported as absolute (n) or relative fre-
quencies (%). Analysis of variance was used to compare the
differences in a variable between groups. Group comparisons
of categorical variables were analyzed with χ2 test or Fisher’s

exact test. p values < 0.05were considered significant. Data were
analyzed using SPSS 25.0 (IBM Corp, Armonk, NY, USA).

Results

Characterization of the study population

Over the 10-year study period (January 2007 to December
2017), we perform 53 liver biopsies in cases of suspected
DILI. Twenty-eight (51.9%) cases were female with a median
age of 54.3 years (range 25–77 years), and 25 were male
patients with a median age of 49.8 years (range 18–77 years).

Most of the cases were of hospitalized patients (43 cases,
83%), with the remaining cases are from the ambulatory de-
partment (9 cases, 17%). In nearly half of the cases (54.7%),
the patients did not show any clinical symptom or signal on
the physical examination suggestive of liver disease.

Fig. 1 Necroinflammatory pattern. a Polymorphous inflammatory infiltrate (lymphocytes, plasmocytes, eosinophils) and ballooning injury of
hepatocytes (H&E, 200×). b Confluent necrosis with dropout of hepatocytes and accumulation of PAS-positive macrophages (PAS, 400×)

Fig. 2 Cholestatic pattern. a Moderate accumulation of bile pigment within hepatocytes and in canaliculi (H&E, 400×). b The pigment is highlighted
with Hall’s stain (green color) (400×)
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Only in 9 cases (17%), the patients had a previous history
of hepatic disease in whom 4 cases (7.5% of the total) had
previous documentation of the presence of liver cirrhosis.
Liver disease was caused by alcohol (4 cases), non-
alcoholic steatohepatitis (4 cases), chronic hepatitis C infec-
tion, and primary biliary cholangitis (1 case each). In these
cases of underlying liver disease, the cause that led to the
acute decompensation of liver function was not explained by
the chronic liver disease (based on the analysis of clinical
and laboratory data). This sample did not include patients
with a previous history of hepatitis B or autoimmune hepa-
titis (diseases classically related with the possibility of flare).

The median value of the basal hepatic liver function tests
(based on the laboratory measurement in an ambulatory set-
ting in the previous month to the occurrence of DILI) was in
the normal range of values (Table 1).

Etiology of DILI and clinical/biochemical grading

The pharmacologic group most commonly associated with
DILI was anti-infectious agents (18 cases, 34%),
immunomodulator/immunosuppressor drugs (8 cases,
15.1%), and anti-inflammatory/analgesic drugs (7 cases,
13.2%). The analysis by drug showed that azithromycin
was the most implicated agent (4 cases), followed by azathi-
oprine and isoniazid (3 cases each one). Herbal and dietary
supplements were responsible for 4 cases (7.5%) of DILI sub-
mitted to biopsy. Non-pharmacologic supplements were self-
administered for body building (2 cases with amino acid–
enriched supplements) and weight loss (2 cases with non-
specified herbal supplements). In 2 cases, despite the clinical
diagnosis of DILI, the responsible clinicians could not deter-
mine the causative drug for the hepatic lesion (Table 2).

Only in 4 cases, the causative drug was not admin-
istrated under medical prescription (alternative medi-
cines or self-medication). In 22 cases (41.5%), the clin-
ical suspicion of the presence of DILI occurred in the
first 30 days after the first administration of the causa-
tive drug. In 13 cases (24.5%), the clinical diagnosis of
DILI was made 90 days after the first administration of
the causative drug. In 30 cases (56.6%), the putative
drug was on the current medical prescription at the time
of the DILI diagnosis, imposing a decision about the
maintenance/suspension of the drug.

In the group of patients with underlying liver disease (n =
9), the drugs related to DILI were amlodipine, amoxicillin,
azathioprine, azilsartan, idebenone, piperacillin/tazobactam,
St. John’s wort (1 case each), and azithromycin (2 cases).

Regarding the cases with a physical manifestation of liver
disease (30 cases, 56.7%), the most common findings were
jaundice (17 cases), fever (10 cases), and abdominal discom-
fort (4 cases).

The biochemical injury pattern showed a hepatocellular
(R > 5) pattern in 32 cases (60.4%), a cholestatic (R < 2) pat-
tern in 14 cases (26.4%), and a mixed (2 > R > 5) pattern in 6
cases (11.3%).

This sample did not include patients with a previous
history of autoimmune hepatitis. The positivity for ANA
(≥ 1/100) was seen in 11 patients (29.8%), one of them
with a borderline increase in the immunoglobulin G
(1650 mg/dL). Other autoimmunity markers (anti-smooth
muscle, anti- liver-kidney microsomal type 1 and anti-
mitochondrial antibodies) were negative in all patients.
The drugs related to a positivity for ANA were metroni-
dazole, terbinafine, allopurinol, amlodipine, azathioprine,
azithromycin, trimethoprim/sulfamethoxazole, infliximab,
methotrexate, and St. John’s wort (1 case each drug). In
one patient, the causative drug was not identified. After
liver biopsy, none of these patients met the criteria for the
autoimmune hepatitis according to the revised original
score for autoimmune hepatitis. [21]

Concerning the “Hy’s Law” [19, 20], 23 cases showed
that criteria of clinical severity criteria. However, accord-
ing to the classification of Aithal et al. [17], the majority
of cases had a mild clinical impact (52.8%), without a
significant elevation in the bilirubin value. A severe evo-
lution was documented in 9 cases (17%) with the devel-
opment of hepatic failure and the need for intensive care

Table 1 Characterization of the study population

n 53 cases

Age (mean ± SD) (years) 52.3 ± 14.8

Gender

Female, n (%) 28 (51.9%)

Male, n (%) 25 (47.2%)

Provenience

Inpatient, n (%) 44 (83%)

Outpatient, n (%) 9 (17%)

Chronic liver disease, n (%) 9 (17%)

Alcohol, n (%) 4 (7.5%)

NASH, n (%) 3 (5.7%)

HCV infection, n (%) 1 (1.9%)

PBC, n (%) 1 (1.9%)

Basal liver function tests

ALT (median, IQR) (IU/mL) 22 (18–29)

AST (median, IQR) (IU/mL) 23 (15–35)

AP (median, IQR) (IU/mL) 87 (59–110)

-GT (median, IQR) (IU/mL) 42 (23–110)

Total bilirubin (median, IQR) (mg/dL) 0.68 (0.48–0.86)

ALT alanine aminotransferase, AP alkaline phosphatase, AST aspartate
aminotransferase, HCV hepatitis C virus, IQR interquartile range, IU in-
ternational units, NASH non-alcoholic steatohepatitis, PBC primary bili-
ary cholangitis, SD standard deviation, -GT gamma glutamyltransferase
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unit admission. Of those cases, five patients had docu-
mented hepatic encephalopathy, and three cases had a fa-
tal outcome (the other two patients with encephalopathy
gradually recovered with medical support after the

suspension of the causative drug). All of the cases with
a fatal outcome were in patients with a previous history of
alcoholic chronic liver disease, all of them in the cirrhotic
stage.

Table 2 Characterization of the
causative DILI causative drugs Histological pattern

Anti-infectious drugs, n (%) 18 (34.0%)

Azithromycin, n 4 N (3), C (1)

Isoniazid, n 3 N

Flucloxacillin, n 1 C

Terbinafine, n 1 C

Colistin, n 1 C

Trimethoprim/sulfamethoxazole, n 1 N

Metronidazole, n 1 C

Voriconazole, n 1 N

ART, non-specified, n 1 N

Immunomodulators/immunosuppressor, n (%) 8 (15.1%)

Azathioprine, n 3 N

Interferon, n 2 N

Methotrexate, n 1 N

Infliximab, n 1 N

Prednisolone, n 1 N

Drugs acting in the rheumatologic system, n (%) 7 (13.2%)

Colchicine, n 1 C

Naproxen, n 1 N

Diclofenac, n 1 N

Flupirtine, n 1 N

Lysine acetylsalicylate, n 1 N

Allopurinol, n 1 N

Drugs acting in the nervous system, n (%) 5 (9.4%)

Carbamazepine, n 2 N (1); C (1)

Risperidone, n 1 N

Fluoxetine, n 1 N

Idebenone, n 1 C

Drugs acting in the metabolic/endocrine system, n (%) 3 (5.7%)

Simvastatin, n 2 N

Oxymetholone, n 1 C

Drugs acting in the cardiovascular system, n (%) 2 (3.8%)

Azilsartan medoxomil, n 1 N

Amlodipine, n 1 C

Drugs for inflammatory bowel disease 2 (3.8%)

Sulfasalazine, n 1 C

Mesalamine, n 1 N

Drugs for oncologic disease 2 (3.8%)

Peg-asparaginase, n 1 N

Thalidomide, n 1 C

Herbal products, n (%) 4 (7.5%) N (3), C (1)

Non-identified, n (%) 2 (3.8%) N

ART anti-retroviral therapy, N necroinflammatory pattern, C cholestatic pattern
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Causality assessment

Based on the clinical and laboratory data obtained previously
to the performance of a liver biopsy, the causality assessment
between the clinical scenario and the suspicion of a DILI was
obtained by CIOMS/RUCAM scale [18]. A similar percent-
age of the cases (43.4%, 23 cases) was classified as “defin-
itive DILI” (> 8 points) and “probable DILI” (6–8 points). In
7 cases, despite the modest causality assessment based on
this score (3–5 points, “possible DILI”), the liver biopsy
showed pathological findings compatible with DILI,
supporting the clinical suspicion.

In the patients with a previous diagnosis of chronic liver
disease (n = 9), only 3 were classified with “definitive DILI”
(> 8 points) probably due to the underclassification of the
parameter “exclusion of non-drug-related causes” in the
CIOMS/RUCAM scale. However, none of the patients had
a chronic liver disease compatible with a biochemical flare
(as excluded in the serological workup).

After the suspension of the causative drug (performed in
all the patients after the clinical suspicion/diagnosis of DILI),
the majority of patients showed an improvement in LFT: 19
cases showed a decrease > 50% in the first week, and 23
cases showed the same decrease in liver tests in the first
month after suspension. Despite the proper suspension of
the causative drug, 1 case showed a long term (> 1 month)
biochemical dysfunction. In 3 cases, a progressive biochem-
ical worsening after suspension of the causative drug was
noted (probably related to multiorgan dysfunction); all of
them had a fatal outcome.

On the follow-up (> 6 months), only three patients persist
with abnormalities in liver function tests presumably caused
by DILI.

Histological characterization

After categorization of the liver biopsy findings according to
the major histological characteristics, our sample showed a
predominance of necroinflammatory patterns (36 cases,
67.2%). A predominant cholestatic pattern was shown in
15 cases (28.3%), and the remaining 2 cases showed a
steatotic injury pattern (Table 3). Nearly half of patients
(24 cases, 45.3%) did not show fibrosis; however, ten pa-
tients showed extensive fibrosis (stage 3/4).

Among the patients with a positivity for ANA (n = 11), the
liver biopsy showed a necroinflammatory pattern in 8 cases
and a cholestatic pattern in 3 cases. Regarding patients with
underlying liver disease (n = 9), the biopsy showed a
necroinflammatory pattern in 4 cases and a cholestatic pattern
in 5 cases.

When we analyzed the specific histological features for
each morphological group of pathological findings, we ob-
served that all of the cases showed at least one finding

suggestive of a necroinflammatory lesion. The most predom-
inant were the presence of acute lobular hepatitis (n = 16,
30.2%), massive necrosis (n = 15, 28.3%), and portal hepatitis
(n = 12, 22.6%). On the other hand, 24 cases (45.3%) did not
have any findings suggestive of cholestasis. The most pre-
dominant cholestatic finding is an acute cholestatic pattern
(n = 16, 30.2%). In 12 cases (22.6%), the liver biopsy showed
the concomitant presence of cholestasis with lobular
necroinflammatory findings.

Table 3 Histopathological characterization of the liver biopsy

Number Percent

Predominant histopathologic pattern

Necroinflammation 36 67.9

Cholestasis 15 28.3

Steatosis 2 3.8

Predominant inflammatory cells

Lymphocytes 24 45.3

Polymorphonuclear cells 13 24.5

Plasma cells 1 1.9

Eosinophils 3 5.7

N/A 12 22.6

Necroinflammatory findings

Acute lobular hepatitis 16 30.2

Massive necrosis 15 28.3

Portal hepatitis 12 22.6

Zonal necrosis 6 11.3

N/A 4 7.5

Cholestatic findings

Acute cholestatic findings 16 30.2

Chronic cholestatic findings 1 1.9

Mixed hepatocellular-cholestatic injury 12 22.6

N/A 24 45.3

Steatotic findings

Macrovesicular steatosis 11 20.8

Microvesicular steatosis 2 3.8

Mixed steatosis 16 30.2

N/A 24 45.3

Vascular findings

Sinusoidal obstruction 2 3.8

Peliosis/sinusoidal dilation 1 1.9

N/A 50 94.3

Cytoplasmatic findings

Iron deposits 7 13.2

Cytoplasmatic inclusions 5 9.4

Glycogenosis 3 5.7

Cooper deposits 1 1.9

N/A 37 69.8

N/A not applicable
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In the cases with a lower causality assessment (3–5 points,
“possible DILI”, n = 7), the histological findings were crucial
in the final diagnosis. The predominant histological pattern
was a necroinflammatory pattern in 5 cases (4 cases with
massive necrosis and 1 case with acute lobular hepatitis) and
cholestatic in 2 cases (acute cholestasis in the liver biopsy). In
such cases, the multidisciplinary review of the medical and
biochemical data (by the hepatologist and the pathologist),
supported with the presence of acute histological lesions in
liver biopsy, gave the final diagnosis of DILI.

The presence of inflammatory cells in liver biopsy was
shown in 77.4% of the cases, most of them with the partici-
pation of lymphocytes (24 cases, 45.3%). The presence of
eosinophils in the liver biopsy specimen was present in only
6 cases. Also, despite steatosis was not a predominant pattern
of injury, the presence of lipidic inclusions is high prevalent
(n = 29, 54.7%). The majority showed macrovesicular mixed
steatosis (27 cases).

The vascular involvement was shown in 3 liver biopsies:
one case with sinusoidal dilation (“peliosis”) and two cases
with findings suggestive of sinusoidal obstruction.

Relationship between clinical, biochemical,
and histological features

Based on the statistical distribution of frequencies between
groups created by clinical/laboratory/histological findings
(and analyzed by χ2 test or Fisher’s exact test), we showed
that the presence of signs/symptoms attributed to DILI was
associated the presence of “Hy’s law” criteria (p = 0.01) and a
necroinflammatory predominant pattern in liver biopsy (p =
0.01). In a similar mode, the presence of encephalopathy was
associated with a fatal outcome (p = 0.02), without a statisti-
cally significant relationship with the presence of histologic
necroinflammatory findings (p = 0.62) or massive necrosis
(p = 0.68).

The comparison between the biochemical and histological
patterns was performed with the comparison of the observed
and expected frequencies of the results of the “R” classifica-
tion and predominant histological pattern. It was shown that
the hepatocellular biochemical pattern (R > 5) was not associ-
ated with the presence of predominantly necroinflammatory
findings in the biopsy (p = 0.44), and the biochemical chole-
static pattern (R < 2) was not associated with the presence of
predominantly cholestatic findings in the biopsy (p = 0.51)
(Table 4).

Discussion

In this sample of patients submitted to liver biopsy following
clinical suspicion of DILI, we confirmed the heterogeneity of
the histological presentation of such disease. A chi-squared

test was done to verify that there was not a statistically signif-
icant difference between the histological and biochemical pat-
terns of injury, as we expected previously to the performance
of liver biopsy.

Because drug hepatotoxicity can simulate nearly any clin-
ical syndrome or pathologic lesion that may occur in the liver,
the diagnosis cannot be made on morphologic grounds alone
or based on any specific laboratory test or biomarker [6].
However, a liver biopsy may provide critical features that
can help point to and narrow the differential of DILI or to
confirm the clinical diagnosis. Previous reports showed that
in addition to the pattern of injury, the biopsy provides infor-
mation on the severity of the injury, which may inform prog-
nosis [9, 11, 12]. According to these studies, specific features,
including the degree of necrosis and fibrosis and presence of
neutrophils, ductular reaction, and microvesicular steatosis,
are associated with a higher chance of liver failure.

In accordance with recent clinical guidelines [22], liver
biopsy is not a routine procedure in the presence of clinical
suspicion of DILI and may be reserved in cases in which
careful drug history and serologic exclusion of other causes
of liver injury would have revealed the likely underlying
cause. This fact explains the heterogeneity of our group, with
a limitation in the prognostic extrapolation of the convenience
sample data.

However, previously to the liver biopsy, all of the cases
were evaluated by an experienced hepatologist. As we previ-
ously shown, most of the cases were in hospitalized patients
(83%) without any symptom or signal suggestive of liver dis-
ease. These patients were hospitalized for a non-liver diagno-
sis, and, having started a target therapy during hospitalization
(causative drug), presented abnormal liver function tests re-
quiring a gastroenterology consultation. The fact that the most
prevalent class of causative drugs were antibiotics (34%) sup-
ports that, as well as the most common drug (azithromycin),
frequently administered in an inpatient environment.

Consultation cases had a major dilemma in the clinical
evaluation, in which the consultant gastroenterologist had to
decide about the capacity to maintain or to resume the causa-
tive drug (that may be an essential therapy). To our knowl-
edge, there are no systematic studies published on the utility of
liver biopsy in the diagnosis or management of DILI, although
suspected DILI is a reasonable indication for liver biopsy [23].

It is a generalized practice in our group to perform a liver
biopsy to support this clinical decision. The role of the pathol-
ogist in evaluating cases of DILI is to provide expert interpre-
tation of the morphologic changes considering a patient’s
medical and pharmaceutical history [24]. It is a challenging
work for the liver pathologist, who needs to correlate the find-
ings with the history, sorting out findings that can be attributed
to non-drug etiologies. Another utility of liver biopsy is when
the DILI was clinically suspected, but the biopsy showed ei-
ther no support for the diagnosis or suggested an alternative
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explanation. However, we do not document this type of cases
in this sample.

The distribution of causative drugs in this sample can be an
illustration of the epidemiology of DILI in a hospital setting,
in which there is a lack of organized data. Becker et al. [25]
recently report in a systematic review of one-country pub-
lished DILI cases that while DILI does seem to have an impact
on hospital admission, the number of patients hospitalized for
other causes who developed DILI during hospitalization was
twice as high as the number of patients initially hospitalized
due to DILI. We agree with the authors about the need to
carefully monitor patients’ liver function and also gather more
data on potentially hepatotoxic drugs used in hospitals.

In the clinical evolution of the patients submitted to liver
biopsy, the causality assessment was performed with CIOMS/
RUCAM scale. This algorithm has been described as the best
method for detecting DILI and determining its causality [26].
However, none of the scales was used for causality assessment
address all risk factors in all patients, and none is used rou-
tinely in clinical practice [27]. In this sample, 7 cases (13.2%),
classified as “possible cases” (3–5 points) based on RUCAM
scale, were firmly diagnosed with DILI after liver biopsy. This
supports the use of liver biopsy in cases of clinician’s suspi-
cion of DILI, despite the lack of causality assessment punctu-
ation in the current algorithms.

After the suspension of the causative drug, we observed the
worsening in liver function tests in 4 cases, which includes the
3 cases of the documentedmortality in this sample. This factor
may be a significant prognostic index, in which the progres-
sive worsening in liver function tests is related to the multi-
organic dysfunction despite an isolated contribution of idio-
syncratic injury. However, it did not punctuate in the RUCAM
algorithm [18] because it was not suggestive of DILI. This fact
may underestimate the role of DILI in cases of greater clinical
severity, particularly in the presence of multiorgan dysfunc-
tion (and possible referral for transplantation). In such critical
care cases, when an accurate clinical history intake with the
patient is not possible, and with a paradoxical evolution in
liver function tests, the liver biopsy may be the only possibil-
ity to have a correct diagnosis of liver dysfunction.

In conclusion, this descriptive study supports that a better
insight into the pathologic mechanisms associated with DILI

should rely on liver biopsy due to the lack of a uniform cor-
relation between clinical and biochemical patterns. Also, liver
biopsy may be used in those cases where clinical suspicion of
DILI persists despite a low score on current causality assess-
ment algorithms.
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