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Abstract

BACKGROUND

Liver injury is a relevant condition in COVID-19 inpatients. Pathophysiology varies
from direct infection by virus, systemic inflammation or drug-induced adverse reaction
(DILI). DILI detection and monitoring is clinically relevant, as it may contribute to poor
prognosis, prolonged hospitalization and increase indirect healthcare costs. Artificial
Intelligence applied in data mining of electronic medical records combining abnormal
liver tests, keyword searching tools, and risk factors analysis is a relevant opportunity

for early DILI detection by automated algorithms.

AIM

To describe DILI cases in COVID-19 inpatients detected from data mining in electronic
medical record (EMR) using artificial intelligence (Al) and the updated Roussel Uclaf
Causality Assessment Method (RUCAM).

METHODS




The study was conducted in March 2021 in a hospital in southern Brazil. The NoHarm®
system uses Al to support decision making in clinical pharmacy. Hospital admissions
were 100,523 during this period, of which 478 met the inclusion criteria. From these, 290
inpatients were excluded due to alternative causes of liver injury and/or due to not
having COVID-19. We manually reviewed the EMR of 188 patients for DILI
investigation. Absence of clinical information excluded most eligible patients. The DILI

assessment causality was possible via the updated RUCAM in 17 patients.

RESULTS

Patients” mean age was 53 years-old (SD+18.37; range 22-83), most of them were
male (70%), and admitted to the non-intensive care unit sector (65%). Liver injury
pattern was mainly mixed, mean time for liver markers normalization was 10 days,
mean hospitalization length time was 20.5 days (SD+16; range 7-70). Almost all patients
recovered from DILI and one patient died of multiple organ failure. There were 31
suspected drugs with the following RUCAM score: possible (n = 24), probable (n = 5),
and unlikely (n = 2). DILI agents present in our study were ivermectin, bicalutamide,
linezolid, azithromycin, ceftriaxone, amoxicillin-clavulanate, tocilizumab, piperacillin-
tazobactam, and albendazole. Lack of essential clinical information excluded most
patients. Although rare, DILI is a relevant clinical condition in COVID-19 patients and

may contribute to poor prognostics.

CONCLUSION

The incidence of DILI in COVID-19 inpatients is rare and the absence of relevant clinical
information on EMR may underestimate DILI rates. Prospects involve creation and
validation of alerts for risk factors in all DILI patients based on RUCAM assessment

causality, liver biomarkers alterations and Al and machine learning.

INTRODUCTION




The COVID-19 pandemic put global health systems at risk of collapse worldwide, with
more than 510,270,667 globally confirmed cases and 6,233,526 deaths in the past two
years [l COVID-19 patients may be asymptomatic or develop the severe acute
respiratory syndrome (SARS) with mild to severe manifestation. As a multiple organ
disease, extrapulmonary clinical features range from gastrointestinal to hematological
effects. Critically ill patients or those with comorbidities commonly present venous and
arterial thromboembolic events, liver injury, secondary bacterial infections including
sepsis or cytokine storm, contributing to a poor prognosis and higher mortality rates >
41, Current treatment options can be supportive clinical management to drug use such as
oxygen, dexamethasone for systemic inflammation, heparin/enoxaparin in prophylaxis
of venous thromboembolism, and antiviral or monoclonal antibody such as remdesivir,
baricitinib, tofacitinib, and tocilizumab 15,

Liver injury is a relevant condition in COVID-19 inpatients. In 2020, liver enzyme
abnormalities were estimated to occur in 14 to 53% of patients [67]. The liva injury
pattern is mild to moderate hepatocellular injury, considering aspartate
aminotransferase (AST)/alanine aminotransferase (ALT)<5xthe upper limit of normal
(ULN) and cholestatic for Delta/Omicron variants [°. High levels of AST and ALT,
gamma-glutamyl transferase (GGT), and total bilirubin (TBIL) have been associated
with severe COVID-19, intensive care unit (ICU) admission, and prolonged hospital
stay [101112] Pathophysiology possibilities of liver injury in COVID-19 vary from direct
infection by SARS-CoV-2, hypoxic changes, systemic inflammation, exacerbation of
underlying disease and adverse drug reactions. Drug-induced liver injury (DILI) may
be present in COVID-19 patients due to wide exposure to multiple treatments with
antipyretic, antibiotics, corticosteroids, immunomodulators, and antiviral drugs (1314,

DILI is a rare adverse drug reaction (ADR) that can cause acute liver failure and
even the need for liver transplantation in the worst cases [1°]. is the disease is classified
as hepatocellular, cholestatic, or mixed [16]. The diagnosis is made by exclusion of other
liver pathologies such as cirrhosis, viral hepatitis, auto-immune hepatitis or other

chronic liver diseases. In clinical practice, relevant DILI occurs when patients present




ALT>5xULN with jaundice, hepatomegaly, hyperbilirubinemia, or right-upper-
quadrant pain. In most DILI cases, withdrawal of suspected drug(s) and supportive
therapy are the standard treatment practices (1315171, DILI detection and monitoring is
clinically relevant, as it may contribute to poor prognosis, prolonged hospitalization
and increase indirect healthcare costs [121415],

The updated Roussel Uclaf Causality Assessment Method (RUCAM) is a
causality assessment tool strongly recommended by specialists worldwide to evaluate
and correlate liver damage to drug/herb use due to its hepatic specificity ['8l. The
updated RUCAM was complemented by additional criteria to establish DILI with a
high degree of certainty, such as clarification of ambiguous questions related to alcohol
use, exclusion of non-drug causes as a checklist of differential diagnosis [°l.

DILI causality is scored in RUCAM by seven domains: time to symptoms onset,
éLT course, patient’s risk factors such as alcoholism and age, concomitant drug use,
non-drug causes of liver injuré previous knowledge on the hepatotoxicity of the drug,
and response to rechallenge. The individual points range from -3 to +3 and the total
possible score ranges from -9 to +14. The interpretation of the final score is as follows: 0
or less indicates that the drug is “excluded” as a cause; 1 to 2 that it is “unlikely”; 3 to 5,
“possible”; 6 to 8, “probable”; and greater than 8, “highly probable”. Although RUCAM
provides an objective scoring system, its use still shows limitations regarding expert
interpretation and comorbidities confounded such as COVID-19 itself [1319. Lack of
good DILI quality evidence-based is a reality in Brazil and its early detection by
healthcare professionals is an important challenge [20l. DILI sub notification may be
attributed to lack of knowledge on how to properly assess DILI and apply RUCAM.

Recent literature has shown the use of technologies to actively search and assess
ADR. Artificial intelligence (AI) algorithm-based applications simulate human decision
making based on large datasets and health information patterns 212, In the field of in
vitro studies, Al that uses prediction models based on the chemical structure of
compounds and the exploration of 2D and 3D in vitro imaging data have demonstrated

interesting results in predicting DILI for novel drugs [#L In clinical practice, a




systematic review demonstrated Al has been used in COVID-19 for diagnosis, clinical
decision making, drug discovery, vaccine development and surveillance and chest
images classification [21].

Literature has shown interesting Al tools to detect and analyze COVID-19
patients such as rapid classification of medical images (X-ray) through convolutional
neural networks using datasets with positive and negative images of COVID-19
inpatients [24. Specifically for DILI, Al applied in data mining of EMR combining
abnormal liver tests, keyword searching tools, and risk factors analysis is a relevant
opportunity for automated algorithms to detect possible DILI cases early [25].

Despite global large-scale vaccination slowing the advance of the COVID-19
pandemic, the disease remains a serious concern, demanding clinical investigation and
elucidation. Polypharmacy and off label drugs use in COVID-19 are an alert for DILI
screening since they can contribute to poor clinical outcomes. This observational study
aims to describe DILI cases in COVID-19 inpatients retrospectively detected using Al
from data mining in EMR. We intend to discuss the hepatotoxicity profile of drugs used
in COVID-19 detected cases assessed by RUCAM, as well as the current prospects and
challenges of applying Al and the updated RUCAM in inpatient evaluation that may

contribute to patient safety and pharmacovigilance practices.

MATERIALS AND METHODS

We conducted a descriptive retrospective study investigating alterations in liver
markers in patients diagnosed with COVID-19 who were admitted to a reference
COVID-19 hospital complex in southern Brazil during March 2021. The hospital
complex comprises 7 hospitals with different specialties such as cardiology,
pulmonology, neurology, pediatrics, and general care, with emergencies, ICU, and a
surgical center. In March, 100,523 patients were admitted.

We included all patients aged 18 years or more who had COVID-19 diagnosed
by real-time polymerase chain reaction assays, with at least one complete set of ALT,

AST, and ALP results during their inpatient stay and with at least one normal and one




abnormal ALT value. We excluded patients with liver injuries defined by other
etiologies such as viral hepatitis, alcoholic hepatitis, hepatocellular carcinoma,
autoimmune hepatitis, cytomegalovirus, leptospirosis, Epstein Barr, hemolytic diseases,
among other hepatobiliary disorders.

The hospital is associated with the NoHarm® (2], a system that uses artificial
intelligence to support decision making in clinical pharmacy. It currently develops two
algorithms to optimize pharmacist validation for prioritizing non-standard
prescriptions and identifying critical patients. The system is linked to hospital data and
indicates potential prescription errors, increasing quality of care and hospital efficiency.
We used this Al platform to automatically screen EMR of inpatients with ALT>3xULN
who were suspected of presenting DILI. We accessed each patient in this platform to
check inclusion/exclusion criteria. Afterwards, a chart with ALT course during
hospitalization was presented to guide investigators in which days relevant clinical
information should be collected. The ALT>3xULN was chosen to be a cut off to pre-
analyze patients for DILIL.

We applied the updated RUCAM to all suspected cases of DILI [7]. Then, two
independent reviewers (GL and GXO) separately assessed the likelihood of altered liver
tests being related to drug use during hospital stay. In case of disagreement, a third
pharmacist reviewed the suspected DILI case (CRB). If there was still no consensus, the
case was discussed with a fourth hepatology specialist. The domains evaluated were
liver injury pattern, timing of events, rechallenge, risk factors, comedications,
alternative causes, hepatotoxicity previously established in the scientific literature, and
response to unintentional rechallenge.

The RUCAM classifies DILI as highly probable (29), probable (6-8), possible (3-5),
unlikely (1-2), or excluded (<0) ['¢l. Cases scored as highly probable, probable, and
possible were considered as DILIL Since this is a retrospective study, not all patients
would have the same profile of laboratory tests to rule out other causes of abnormal
liver chemistries. The RUCAM is used for DILI diagnosis in individual cases, case

series, registries, or epidemiological studies involving any types of drugs, herbal




medicines, or dietary supplements. Thus, assessments were only based on information
available in EMR. Missed information in EMR may compromise RUCAM scores,
decreasing punctuation as well as the likelihood of DILI. Drugs with a well-established
pattern of absence of liver toxicity in which they were used at usual doses and
treatment times were not included in the RUCAM analysis, unless they were the only
drug used and the timeframe of events were highly compatible with DILL Liver injury
pattern is defined by the R (the ratio of ALT and ALP expressed as multiples of the
ULN) and corresponds to: a) hepatocellular if R>5, b) mixed if 2<R<5, and c) cholestatic
if R<2.

Data were constituted by patient’s profile, symptoms, drugs, laboratory tests,
image and biopsy exams, if available, hospitalization time, and outcomes. Due to the
small sample, statistical analysis of independent variables (risk factors) of DILI was not
performed. However, it did not compromise the purpose of the study which is to
describe possible DILI cases and suspected COVID-19 medications. The analysis
evaluated DILI causality.

The Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) recommendations checklist was applied to this study to facilitate critical
appraisal and interpretation of cross-sectional study results [l This study was

approved by the Ethics Committee of number 4,763,390 CAAE 46652521.9.0000.5530.

RESULTS

In total, 100,523 patients were admitted in the hospital in March 2021, with 478
inpatients showing at least one ALT result >3xULN detected by AL Of these, we
excluded 290 inpatients with alternative causes of liver enzyme elevation, and who
were not positive for COVID-19. We reviewed 188 EMR. From these, absence of
essential clinical information excluded most patients. Figure 1 summarized patients’
inclusion and exclusion criteria. The main missing information was serum
transaminases follow-up in 91 patients since the patient was released for outpatient

follow-up at the slightest improvement. A total of 34 patients had COVID-19 but the




ALT peaks were due to other causes such as sepsis, cardiopulmonary arrest, or
hypovolemic shock; 16 patients did not use any suspected drug; and 10 patients used
medications before hospital admission with no posology information. Lack of virology
tests excluded 20 patients who could possibly have had DILI. Drugs used in those
patients were chlorpromazine, azithromycin, ceftriaxone, bicalutamide, and ivermectin
(off-label use). All of them are well established DILI common agents. We assessed DILI
causality with the updated RUCAM in 17 patients and Table 1 (Supplementary) shows
the complete RUCAM score.

The mean age of patients was 53 years-old (SD+18.37; range 22-83). Most were
male (70%), and admitted to the non-ICU sector (65%). The liver injury pattern was
mainly mixed with mean normalization of liver injury of 10 days and mean
hospitalization length was 20.5 days (SD+16; range 7-70). Almost all patients recovered
from DILI and one patient died of multiple organ failure. There were 31 suspected
drugs with 2 medications suspected per inpatient. The RUCAM score distribution was
as follows: 24 possible cases, 5 probable, and 2 unlikely. The DILI agents in our study
were ivermectin, bicalutamide, linezolid, azithromycin, ceftriaxone, amoxicillin-
clavulanate, tocilizumab, piperacillin-tazobactam, and albendazole. Antimicrobials
were 77 % of the suspected agents, followed by antiparasitic 16%, and antineoplastic and

immunomodulating agents 7 %.

DISCUSSION

The DILI prevalence was 1.6 to every 10,000 inpatients in this study differing from the
9.8% in China 1291, The first review of Brazilian DILI case reports was published in 2019
evidencing DILI as a rare ADR; however, this is controversial since DILI underreporting
is a major concern leading to alarmingly low rates of its suspicion and identification [301.
The DILI prevalence in hospitalized patients tends to be higher than in our study. A
prospective study from France reported a DILI prevalence of 6.6 per 1000 per week
among hospitalized patients. DILI incidence in Switzerland on hospitalizati

admission was 0.7% and in Turkey prevalence among inpatients was 3.1% [l In




Iceland, the crude annual incidence rate of DILI was 19.1 cases per 100,000 patients 2.
The discrepancy may be related to the calculation of prevalence since we only entered
patients whose causality could be assessed with RUCAM unlike other studies that
consider DILI if the patient had all other liver diseases excluded.

Most (77%) of our patients presenting ALT above 5 times the UNL were mainly
men and had mild to moderate DILL. Regarding clinical features, CO\ID-19 Chinese
DILI patients” median age was 61 years old, they were mainly men, the mean (SD)
hospital stay was 21.49 (11.89) days, and the mean (SD) days for the first acute liver
injury was 9.57 (9.38) after admission (2. These findings corroborate with our study,
evidencing a set of specific clinical features for patients with DILI and COVID-19.

Almost all patients” normalized liver markers showed a time frame from drug
suspension to recovery ranging from 2 to 25 days. Our findings were consistent with
the scientific literature of DILI for COVID-19 and non-COVID-19, suggesting a
moderate severity of liver injury, rarely progressing to severe and spontaneously
recovering. Even so, clinically monitoring DILI is recommended since it can contribute
to a reserved prognosis and prolong length of hospital stay (LOS) 1531, Prolonged LOS
is associated with negative patient experience and inpatient complications such as
infections and falls P4. None of the patients received drug treatment specifically for
DILI besides clinical monitoring and suspected drug suspension.

Serum transaminase elevation presented no determined cause for 171 of our
patients and DILI could neither be confirmed nor excluded. This finding suggests that
DILI diagnosis remains a challenge due to its multifactorial characteristic and many
confounders. Proper diagnosis will depend on the healthcare professional’s familiarity
with DILI POl The fifth RUCAM domain decreases DILI causality if there is no
information for any of the viruses HCV, HAV, HBV, HEV. In our cases, if virology
results were available and negative, drugs scored as “Unlikely” would change to
“Possible”, suggesting underestimation of DILI prevalence. Medication reconciliation
was incomplete for 10 patients, making it infeasible to apply RUCAM. Drugs used

before hospital admissions were ivermectin, azithromycin, cefuroxime,




hydroxychloroquine, dexamethasone, and prednisone, but posology and duration of
treatment were not available in EMR.

Another study evaluating the association between drug treatments and incidence
of liver injury and DILI in inpatients with COVID-19 presented the same limitation,
since 10% of the suspected cases were excluded due to incomplete EMR [2%l. The more
incomplete the relevant clinical information, such as the presence of serologies to
exclude other possible causes of liver injury, the less likely it is to assign adequate
scores to drugs that may be associated with DILL Considering this scenario and our
findings, quality data on DILI cases assessed by RUCAM in COVID-19 patients is scarce
[33],

Literature demonstrates that suspected DILI agents in COVID-19 are mostly
antiviral,  antibacterial, antifungal drugs, hydroxychloroquine/chloroquine,
corticosteroids, and immunotherapy 2l In a systematic review of 996 DILI cases
published in 2020/2021 based on RUCAM as a causality assessment method, antiviral
drugs given empirically were the main responsible for DILI Liver injury pattern was
mainly hepatocellular, differently from our prevalence of mixed pattern. This may be
associated with different types of drugs used, as they have diverse DILI pathology
mechanisms. Most patients had a positive outcome most likely due to quick cessation of
drug treatment, even though DILI was fatal in 19 cases. The ALT and AST peak values
were 1.541 U/L and 1.076 U/L, respectively [33l. In contrast, our study evidenced
maximum ALT 682 U/L and AST 556 U/L.

In active search for DILI cases in COVID-19 patients, using lower cutoff points
such as ALT one to three times the ULN instead of five times the ULN is preferable, so
that no case is missed, since many medicines are used off label and DILI data could
demonstrate different hepatotoxicity profiles. Comparison of different liver test

resholds for DILI in hospital patients demonstrate that higher cut-offs, such as ALT
levels greater than 5 X the ULN on two consecutive occasions and/or ALP levels greater
than 2 x the ULN on two consecutive occasions, as proposed by the DILI Network, are

more effective in detecting relevant cases; however, it misses positive cases that were




und when the National Medical Products Administration (NMPA) of China, using
ALT levels greater than 1 x the ULN on two consecutive occasions or ALT levels greater
than 2 x the ULN. In other words, much more labor is required to detect DILI at lower
thresholds, despite higher negative predictive values 135, Automated algorithms to
detect DILI using artificial intelligence may overcome the time-consuming limitation of
lower cut-offs, such as when it uses ALT > 3x ULN, as it performs better in sensitivity, a
desirable characteristic to detect rare events and avoid missing cases [3]. ALT values
5x> ULN are considered clinically significant, as they will be the best signal allied to
symptoms for physicians to consider stop suspected drug treatment [131,

The DILI agents in our study were ivermectin, bicalutamide, linezolid,
azithromycin, ceftriaxone, amoxicillin-clavulanate,  tocilizumab, piperacillin-
tazobactam, and albendazole. The updated Brazilian report of clinical guidelines for
inpatient treatment of COVID-19 [¥7] indicates a) anticoagulants: unfractionated heparin,
enoxaparin, or fondaparinux; b) corticosteroids: dexamethasone, methylprednisolone,
or hydrocortisone; and ¢) antimicrobials according to institutional protocols only in the
suspected presence of associated bacterial infection. The report demonstrates the lack of
evidence for clinical benefit in the hospitalized patient regarding the use of:
azithromycin, chloroquine, colchicine, hydroxychloroquine, ivermectin, and
lopinavir/ritonavir. Attention is needed to the irrational use of azithromycin and
ivermectin since those drugs have no evidence of clinical benefits in patients with
COVID-19 and, as our findings suggest, may even worsen liver injury 13401,

Antibiotics were the most common agents both in this study and the
international literature [741l. Ceftriaxone was the main DILI suspected causative agent
(10 cases) followed by azithromycin (9 cases). Ceftriaxone is very likely causative of
cholestatic injury with minimal symptoms due to crystallization of ceftriaxone in bile
present in the gallbladder 142, Azithromycin is a well-known but rare cause of clinically
apparent self-limited cholestatic hepatitis with rapid resolution of SEnptoms whether
the drug is stopped or not [43l. Amoxicillin-clavulanate is the top one of the top-ranking

drugs implicated in RUCAM-based DILI cases retrieved from large international




medical centers [41l. It causes mostly self-limited cholestatic or mixed idiosyncratic DILL
The onset of injury is a few days to 8 wk after therapy initiation [4445]. It appeared in
only one case probably related to prescription pattern rather than prevalence ratio.
Piperacillin-tazobactam rarely causes self-limited cholestatic idiosyncratic DILI 1461,

Ivermectin and albendazole are antiparasitic agents used off-label for COVID-19
treatment. Ivermectin presented in vitro antiviral effects and a few studies suggested
clinical benefits against COVID-19 in earlﬁ stages of pandemic [¥7l. However, medical
centers and governmental organizations such as the Food and Drug Administration
(FDA) and the World Health Organization (WHO) rapidly identified the poor quality
data of the publications and ivermectin use was not recommended [48]. The DILI caused
by ivermectin and albendazole is extremely rare, with one case report #9l. Ivermectin
ADR with COVID-19 reported in the WHO'’s pharmacovigilance database evidenced a
considerable increase (>50%) in ivermectin related reports since May 2020. Among 53
serious cases, eight cases presented gastrointestinal ADR including one death [501.
Ivermectin is not a potential hepatotoxicity agent; however, in our study, dosages were
considerably higher than recommendations leading to causality assessment of
“possible” DILI agent.

The COVID-19 patients with DILI presented polypharmacy with etaminophen,
azithromycin, ceftriaxone, dexketoprofen, doxycycline, enoxaparin,
hydroxychloroquine, interferon, levofloxacin, lopinavir, metamizole, omeprazole,
pantoprazole, piperacillin-tazobactam, remdesivir, ritonavir, tocilizumab >!l. Domain
four of the updated RUCAM ['6] regarding concomitant use of drugs lowers scores of a
specific drug assessed if the patient is also using another hepatotoxic drug. In the
COVID-19 polypharmacy scenario, this is a controversial concern since suspected cases
previously scored as “possible” or “probable” would change to high causality
association if hepatotoxicity synergism was considered.

It is controversial that the combination of hepatotoxic drugs may increase risk of
DILI. Evidence that rifampicin increases the risk of hepatotoxicity when combined with

isoniazid for tuberculosis treatment due to synergistic effect exists. Anti-tuberculosis




treatment combined with non-nucleoside reverse transcriptase inhibitors and protease
inhibitors is more likely to cause DILI than both treatments alone [52. Concomitant
administration of drugs metabolized by the liver (via CYP450) modulates active
metabolites viz induction, inhibition, or substrate competition and may increase DILI
risk 53, On the other hand, RUCAM decreases an individual medication’s score when
concomitant hepatotoxic drugs are co-administered, since sufficient evidence regarding
synergistic hepatotoxicity of drugs beyond antiretroviral and anti-tuberculostatic is still
lacking [1°]. We found only one article summarizing possible ADR worsen by drug-drug
interactions in COVID-19, which specifically mentioned remdesivir vs rifampicin and
ribavirin and HIV antiviral treatment contraindication due to hepatotoxicity [54. As a
result, especially for COVID-19, cases of DILI could be missed or sub classified after a
RUCAM score considering the fourth domain.

Intrinsic DILI is drug dose-dependent, thus sk of developing liver injury may
increase accordingly when the potential safety range of the drug dose is exceeded. In
addition, lipophilicity molecules may enter hepatocytes and hepatic metabolism, which
hypothetically could increase DILI risk I3, Alcohol consumption is included in the
RUCAM causality assessment scale as a risk factor due to liver metabolization,
especially regarding acetaminophen, isoniazid, methotrexate, and halothane [l In our
study, none of the patients were heavy alcohol consumers excluding this risk factor and
probable confounder. The role of pre-existing liver disease on DILI is yet to be
completely understood.

There is no consensus if chronic hepatic diseases, such as non-alcoholic fatty liver
disease (NAFLD), hepatocellular carcinoma, or viral hepatitis, could worsen DILI
severity outcomes Pl. Currently, RUCAM decreases DILI causality if patient presents
HAV (type A viral hepatitis), HBV (type B viral hepatitis), HCV (type C viral hepatitis),
HEV (type E viral hepatitis), ultrasound alterations of the hepatobiliary tract, acute

otension (especially cardiac arrest), sepsis, malignant metastatic disease,
autoimmune hepatitis, chronic _hepatitis, primary biliary cholangitis, sclerosing

cholangitis, genetic liver diseases, CMV (Cytomegalovirus) infection, EBV (Epstein-Barr




Virus) infection, HSV (Herpes Simplex Virus) infection, and VZV (Varicella Zoster
Virus) infection [16],

Idiosyncratic DILI occurs independently of drug dose, route, duration of
treatment, or administration. The RUCAM score increases if patients are 65 years or
older, considering age a risk factor. The underlying mechanisms include declination in
liver capacity, underlying diseases and alterations in pharmacokinetics features [5¢,
Data from the World Health Organization Safety Report Database evidenced that
elderly patients were much more likely to develop cholestatic DILI [32. Even though
gender is not independently associated with DILI, cases are preponderantly in females,
especially severe and immune-mediated DILL. Nowadays, literature demonstrates that
polymorphisms of genes involved in drug metabolism and transport and human
leukocyte antigen are risk factors for DILL

COVID-19 itself has been associated with transaminase elevation either caused
by viral direct damage, hypoxemia, or multisystem inflammatory syndrome. Thus, we
suggest reviewing the updated RUCAM's domain number five and adding COVID-19
as an alternative cause of increase in ALT/AST. The systematic review of 966 DILI cases
in COVID-19 patients also evidenced barriers to properly determine the quantitative
contribution of DILI and COVID-19 in abnormal liver tests, suggesting COVID-19 as a
DILI confounder P!, Although we have identified these possible weaknesses in
applying the RUCAM to assess DILI in COVID-19 patients, the algorithm remains the
best choice to assist health care professionals in the diagnosis and causality assessment
of liver injury when alternative causes are excluded [¥l. We strongly recommend
RUCAM prospective use in healthcare services to overcome poor DILI clinical
assistance.

The main challenges in the DILI field refer to early detection and diagnosis by
healthcare professionals. Using Al and machine learning may be the key to overcoming
this scenario. Literature has focused on Al on quantitative structure activity relationship
(QSAR) analysis to predict hepatotoxicity substances in drug development with

interesting contributions %59, However, relevant clinical application of Al would




consist of machine learning algorithms automatically and prospectively tracing DILI in
EMR and patients’ hospitals datasets by crosslinking DILI threshold criteria, risk
factors, liver injury International Classification of Diseases (ICD-10) codes, liver tests,
and data mining 60611 Next step, an alert would be triggered in electronic systems to
physicians and clinical pharmacists informing of potential DILI cases for clinical follow-
up 162,

Research that used EMR algorithms for DILI screening found low positive
predictive values (PPV) [13l. A recent meta-analysis showed that PPV was only 14.6% for
machine learning and Al in EMR. Divergences in liver tests reference values and DILI
threshold criteria among different studies decrease comparisons and evaluations of
sensitivity and specificity [?°1. In this study we used Al to automatically detect COVID-
19 patients with abnormal liver markers and compiled data with dashboards to identify
key days patients should be investigated. However, the updated RUCAM application
was still manually performed. Prospects in our work involves creating and validating
signals for pharmacists generated from automated scores for all DILI patients based on
RUCAM assessment causality, Al, and machine learning.

This study presents the limitations of a retrospective study design. Incomplete
cases datasets in EMR that could impact different RUCAM scores may underestimate
the prevalence of DILI as well as the hepatotoxicity profile of the suspected drug. No
statistical analysis was performed due to the small and non-homogenous sample.
Therefore, these findings may only suggest associations, propose insight on DILI, and
guide further investigations since the results lack external validation. The assessment of

DILI and vaccines were not performed since it was out of the study scope.

CONCLUSION

Our study shows that DILI has a rare incidence in COVID-19 inpatients and the absence
of relevant clinical information on EMR may underestimate DILI rates. Abnormal liver
tests such as ALT and AST are important triggers to detect DILI, but since they lack

specificity a complete evaluation of the patient is necessary for a proper diagnosis. The




DILI features in COVID-19 inpatients are provided for age, gender, patients, suspected
drugs, type of injury, laboratory data, and clinical outcomes and those findings are
consistent with DILI literature of non-COVID-19 cases.

The DILI diagnosis is still a challenge due to its multifactorial character and
many confounding factors, including COVID-19, and its early detection by health
professionals is an important challenge. The updated RUCAM is the standard tool to
assess hepatotoxicity and future research must focus on its prospective applicability to
improve DILI quality data. The use of Al in clinical pharmacy decision support in
conjunction with RUCAM can contribute to patient safety and pharmacovigilance

practices, improving clinical outcomes.

ARTICLE HIGHLIGHTS

Research background

Liver injury is a relevant condition in COVID-19 inpatients. Drug-induced liver injury
(DILI) may be present in COVID-19 patients due to wide exposure to multiple
treatments. Artificial intelligence (AI) applications are interesting tools to early detect

DILI cases in hospitals using eletronic medical records.

Research motivation
DILI detection and monitoring is clinically relevant, as DILI may contribute to poor

prognosis, prolonged hospitalization and increase indirect healthcare costs.

Research objectives

To demonstrate the use of Al and the updated Roussel Uclaf Causality Assessment
Method (RUCAM) to detect DILI cases from data mining in electronic medical record
(EMR) in COVID-19 inpatients.

Research methods




The study was conducted in March 2021 in a hospital in southern Brazil. Hospital
admissions were 100,523 during this period. NoHarm® system uses Al to support
decision making in clinical pharmacy. 478 cases met the inclusion criteria and from
these, 290 inpatients were excluded due to alternative causes of liver injury and/or due
to not having COVID-19. We manually reviewed the electronic medical record of 188
patients for DILI investigation. Absence of clinical information excluded most eligible

patients. The updated RUCAM was applied to all suspected cases of DILI.

Research results

In total, 17 COVID-19 inpatients were evaluated and there were 31 suspected drugs
with the following RUCAM score: possible (n = 24), probable (n = 5), and unlikely (n =
2). DILI agents were ivermectin, bicalutamide, linezolid, azithromycin, ceftriaxone,
amoxicillin-clavulanate, tocilizumab, piperacillin-tazobactam, and albendazole. Lack of

essential clinical information excluded most patients.

Research conclusions

These results are included in a project of clinical pharmacy using artificial intelligence
tools. Future research must focus on the prospective applicability of the updated
RUCAM to improve DILI quality data. The use of Al in clinical pharmacy decision
support in conjunction with RUCAM can contribute to patient safety and

pharmacovigilance practices, improving clinical outcomes.

Research perspectives

These results are included in a project of clinical pharmacy using artificial intelligence
tools. Future research must focus on the prospective applicability of the updated
RUCAM to improve DILI quality data. The use of Al in clinical pharmacy decision
support in conjunction with RUCAM can contribute to patient safety and

pharmacovigilance practices, improving clinical outcomes.
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