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Abstract

Introduction Data incompleteness in pharmacovigilance
(PV) health records limits the use of current causality
assessment methods for drug-induced liver injury (DILI).
In addition to the inherent complexity of this adverse event,
identifying cases of high causal probability is difficult.
Objective The aim was to evaluate the performance of an
improved, algorithmic and standardised method called the
Pharmacovigilance-Roussel Uclaf Causality Assessment
Method (PV-RUCAM), to support assessment of suspected
DILI. Performance was compared in different settings with
regard to applicability and differentiation capacity.

Methods A PV-RUCAM score was developed based on
the seven sections contained in the original RUCAM. The
score provides cut-off values for or against DILI causality,
and was applied on two datasets of bona fide individual
case safety reports (ICSRs) extracted randomly from clin-
ical trial reports and a third dataset of electronic health
records from a global PV database. The performance of
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PV-RUCAM adjudication was compared against two
standards: a validated causality assessment method (origi-
nal RUCAM) and global introspection.

Results The findings showed moderate agreement against
standards. The overall error margin of no false negatives
was satisfactory, with 100% sensitivity, 91% specificity, a
25% positive predictive value and a 100% negative pre-
dictive value. The Spearman’s rank correlation coefficient
illustrated a statistically significant monotonic association
between expert adjudication and PV-RUCAM outputs
(R = 0.93). Finally, there was high inter-rater agreement
(K, = 0.79) between two PV-RUCAM assessors.
Conclusion Within the PV setting of a pharmaceutical
company, the PV-RUCAM has the potential to facilitate
and improve the assessment done by non-expert PV pro-
fessionals compared with other methods when incomplete
reports must be evaluated for suspected DILI. Prospective
validation of the algorithmic tool is necessary prior to
implementation for routine use.

Key Points

The Pharmacovigilance-Roussel Uclaf Causality
Assessment Method (PV-RUCAM) is a supportive
tool to facilitate case evaluation. Quantitative
scoring indicates a degree of relatedness to a suspect
medicinal product, and a quality rating system puts
the individual case safety report in context.

A standardised method is essential for liver-injury
reports to be properly assessed by all non-expert
pharmacovigilance professionals.
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1 Introduction

Medication-induced liver injury constitutes a serious safety
concern. Commonly referred to as drug-related hepato-
toxicity and drug-induced liver injury (DILI), it can be fatal
or lead to severe morbidity [1]. Available biomarkers
reflect the extent of liver injury, yet they are not able to
establish a causal relationship between liver injury and the
incriminated medication [2-5]. Diagnosis of DILI is made
by exclusion of alternative explanations and the result of a
probabilistic causality assessment. Different causality
instruments perform reasonably well in comparison to the
‘gold standard’ of hepatology expert opinion [6].
Nonetheless, a formal and mechanistic explanation is often
lacking [7]. During the development of medicinal products,
exposure is only possible through clinical trials. Relatively
low numbers of patients are exposed, and patients with pre-
existing hepatic impairment are often excluded. When
combined with DILI’s idiosyncratic nature and the low
event frequency, this makes pre-approval recognition dif-
ficult [5, 6, 8, 9]. Following market authorisation, patient
exposure often grows rapidly. Frequencies may change,
and there is a need for early action to assess whether there
is a causal relationship in case of suspected DILI. Applying
appropriate methods to identify early cases suggestive of
drug causation is of high importance, since the Food and
Drug Administration (FDA) considers two non-con-
founded, serious, DILI (‘Hy’s law’) cases as cause for
serious concern [10, 11]. Recent methods aim to assess
causality by making use of graphical workflows and sta-
tistical analyses of all available clinical, hepatic, safety-
related data, in addition to standard tables and narratives
[12]. Case reports providing thoroughly documented
chronological sequences of transaminases, precise details
of exposure(s) to medicinal products and other relevant
information support firm conclusions being drawn. How-
ever, spontaneous pharmacovigilance (PV) reports are
often incomplete, and data quality varies [13].
Hepatology centres, clinicians and health authorities
often select the scale by the Council for International
Organizations of Medical Sciences (CIOMS), also widely
known as the Roussel Uclaf Causality Assessment Method
(RUCAM), as their preferred causality assessment method
[5, 14, 15]. In fact, over 20 international registries and
regulatory registries frequently apply it [9]. Structured and
standardised, it considers all core elements to evaluate
hepatotoxicity [16—18]. These include relevant laboratory
values of transaminases ALT,' AST? and ALP,3 vitamin-

' ALT: alanine aminotransferase.
2 AST: aspartate aminotransferase.
3 ALP: alkaline phosphatase.
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K-dependent clotting factors and TBIL;* patient medical
history in general and liver history in particular; risk factors
such as regular alcohol use; confounding factors such as
non-drug toxic products and any concomitant medication;
and, finally, liver chemistry response after suspected
medication discontinuation as well as response to re-chal-
lenge with the medication. Time dependence and covaria-
tion of the biological parameters are usually necessary to
confirm causality [15-17, 19, 20].

This article describes a proof of concept of a new
method of initial standardised, medication-induced liver
injury, causality assessment based on data available in
electronic health records. Our objective was to develop an
algorithmic approach with consistent applicability, irre-
spective of data quality or completeness, and with accurate
differentiation capacity. The focus was on maximising
detection of all possible DILI cases for further considera-
tion, rather than to rule out such cases.

2 Materials and Methods
2.1 The PV-RUCAM

The RUCAM remains the only validated method for the
assessment of DILI since its introduction in 1993 [9, 15].
Nonetheless, to be applicable, it requires very complete case
reports with input by experts. It is not advised to apply the
RUCAM in post-marketing reports, and it has been criticised
for its unsatisfactory inter-rater variability [9]. We believe
this is due to certain variables lacking exhaustive definitions,
notably the assessment of current or past comorbidi-
ties, leading to subjective evaluations. The lack of well-de-
fined criteria has previously been underlined [6].

This is why we developed a new method, the Pharma-
covigilance-Roussel Uclaf Causality Assessment Method
(PV-RUCAM), which is based on the original RUCAM, but
is applicable to PV individual case study reports (ICSRs)
with incomplete datasets (Table 1). The quantitative scoring
includes all seven scoring domains from the original: time to
onset of events either from the beginning or cessation of
culprit medicinal product intake; dechallenge if treatment
was interrupted; risk factors including pregnancy and alco-
hol use; use of concomitant medicinal or toxic products;
exclusion of other causes other than liver injury; the suspect
treatment’s safety profile for hepatotoxicity; and course of
readministration if carried out. It is acknowledged that
rechallenge is often not considered, because of the potential
risks, and rechallenge without very careful consideration is
usually not recommended. Outputting a score ranging from
—10 to +14, the method represents the probability of the

4 TBIL: total bilirubin.
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Table 1 The Pharmacovigilance-Roussel Uclaf Causality Assessment Method (PV-RUCAM)
Item Score
Time to onset Not reported or >15 days from cessation of exposure to suspect medicinal product 0
5-90 days from first exposure to suspect medicinal product 2
<5 or >90 days from first exposure to suspect medicinal product 1
<15 days from cessation of exposure to suspect medicinal product 1
Dechallenge Suggestive 3
Inconclusive: no information 0
Against role of the culprit medicinal product: persistence or increase -2
Risk factors Alcohol use or pregnancy present 1
Alcohol use or pregnancy absent 0
Age >55 years 1
Age <55 years or not reported 0
Concomitant medicinal products None or no information or concomitant medicinal product with incompatible time to 0
onset
Concomitant medicinal product with no association with risks of liver damage —1
Concomitant medicinal product with evidence or literature for potential liver associated —2
damage
Co-suspect medicinal product with clear evidence for its role (positive rechallenge or -3
clear link to injury)
Exclusion of other causes of liver injury Group I (7 causes)
HAV: anti-HAV-IgM Y/N
HBV: HBsAg, anti-HBc-IgM, HBV-DNA Y/N
HCV: anti-HCV, HCV-RNA. Travel to endemic hepatitis areas in the past 6 months  Y/N
HEV: anti-HEV-IgM, anti-HEV-IgG, HEV-RNA Y/N
Hepatobiliary imaging procedure abnormalities Y/N
Alcoholism (history of excessive intake with AST/ALT >2 or documented social Y/N
history of consumption)
Acute recent hypotension history (particularly if underlying heart disease) Y/N
Group II (5 causes)
Complications of underlying disease(s) such as sepsis, metastatic malignancy, Y/N
autoimmune hepatitis, chronic hepatitis B or C, primary biliary cholangitis or
sclerosing cholangitis, genetic liver diseases
Infection suggested by PCR and titre change for Y/N
CMYV (anti-CMV-IgM, anti-CMV-IgG) Y/N
EBV (anti-EBV-IgM, anti-EBV-IgG) Y/N
HSV (anti-HSV-IgM, anti-HSV-IgG) Y/N
VZV (anti-VZV-IgM, anti-VZV-IgG) Y/N
Evaluation of group I and II
All causes in group I and II ruled out 2
The 7 causes of group I ruled out 1
6 or 5 causes of group I ruled out 0
Less than 5 causes of group I ruled out -2
Suggestive alternative cause existing -3
Previous information on hepatotoxicity of Reaction listed in the RSI 2
the culprit medicinal product Reaction published in peer reviewed article in scientific or medicinal literature 1
Reaction not described in RSI or literature (by exclusion) 0
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Table 1 continued

Item

Score

Response to readministration
product alone

Positive: suggestive or doubling of the ALT or ALP (or bilirubin) with culprit medicinal 3

Compatible: suggestive with co-suspect medicinal product 1

Negative: evidence against role of medicinal product or increase of ALT or ALP (or -2
bilirubin) but less than ULN with medicinal product alone

Other situations: not done or not interpretable (including no data) 0

Total score and resulting causality grading: <0, excluded; 1-2, unlikely; 3-5, possible; 6-8, probable; and >9, highly probable

ALP alkaline phosphatase, ALT alanine aminotransferase, AST aspartate aminotransferase, CMV cytomegalovirus, EBV Epstein Barr virus, HAV
hepatitis A virus, HBc hepatitis B core, HBsAg hepatitis B antigen, HBV hepatitis B virus, HCV hepatitis C virus, HEV hepatitis E virus, HSV
herpes simplex virus, PCR polymerase chain reaction, RSI reference safety information, ULN upper limit of the normal range, VZV varicella

zoster virus, ¥/N yes/no or no information

suspect medication’s responsibility reflected on an ordinal
distribution scale of relatedness. Scores higher than 8 have a
“highly probable” relationship; scores of 6-8 are “proba-
ble”; scores of 3—5 are “possible”; scores of 1-2 are “un-
likely”; and those less than O indicate “relationship
excluded”. Cut-off values are the same as those in the
original RUCAM [17, 18]. The operational use of the PV-
RUCAM is described in Sect. 2.5.

The RUCAM scoring sheet is available on the National
Institute of Diabetes and Digestive and Kidney Diseases
(NIDDK) LiverTox website [21]. Adapting the seven
assessment sections of the original RUCAM to the context
of incomplete PV data required five adjustments.

1. Differentiating liver injury type (hepatocellular, chole-
static or mixed) would require a ratio calculation based
on enzyme levels. This is not possible in the majority
of PV case reports since complete results of liver tests
are rarely stated.

2. The PV-RUCAM set days of onset latency equal to
hepatocellular injury timeframes of the RUCAM, as
this type of injury is most common [17, 18]. A score of
0 was added in case of no reported time to onset.
Subsequent treatments usually have shorter timelines,
but a conservative approach was taken to avoid
underscoring [22].

3. Unreported age or other absent risk factors are given a
score of 0.

4. The course of reaction when the medicinal product is
stopped or re-introduced, also referred to as de- and re-
challenge, was simplified. The RUCAM algorithm
uses enzyme chronologies to evaluate course of
reaction, which was adapted for missing lab values.
For example, if events disappear after medication
cessation, a suggestive dechallenge is recorded.

5. Temporal relations to concomitant medicinal products
were removed. These are not formally required to be
recorded and are only occasionally described in case
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narratives. On the other hand, the concomitant sus-
pectedness classification in the RUCAM was retained.

Additional Electronic Supplementary Material (ESM)
supports assessment of domains in the PV-RUCAM.

e Concomitant medicinal products including over 1200
drugs are listed in ESM 2. Containing substances that
have equivocal evidence supporting the risk of liver-
associated damage, a conservative approach was taken,
since many mechanisms of injury and accurate risk
classification remain unknown. The list was derived from
the agents available on the LiverTox website [21]. In
addition, internal Novartis ‘Hepatotoxicity Clinical Safety
Standard Guideline’ medications were added [10].

e Comorbidities are listed in ESM 3i and 3ii, with over
480 preferred terms (PTs). Hepatology experts identi-
fied these with searches in the Medical Dictionary for
Regulatory Activities (MedDRA®, version 18.1). Rel-
evance may vary depending on the condition’s context,
such as an incidental finding versus a historical
condition. PTs to individually define ‘alcohol use’
and ‘alcoholism’ are listed in ESM 4.

2.2 Setting

Gauging performance of the PV-RUCAM method required
two evaluations. First against complete-data ICSRs to
valuate against the validated RUCAM method and assess
the differentiation capacity. Secondly against PV expert
adjudication to determine performance in the intended PV
setting. This was particularly important since data quality
varies significantly in PV databases.

2.3 Data Collection

Liver-specific adverse events rich in data, adjudicated for
and against causality, were needed for the first evaluation.
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ICSRs were obtained from the Innovative Medicines Ini-
tiative’s (IMI) Safer and Faster Evidence-based Translation
(SAFE-T) consortium. Various potential hepatotoxins were
under investigation in patients with broad demographics
(age, sex and nationality). All ICSRs were scored with the
RUCAM against the adjusted PV-RUCAM. Cases had an
inherent nature to be of higher probability because the
consortium focused on qualification of new biomarkers for
DILI and thus a priori included patients with a high like-
lihood to have experienced DILI. ICSRs with lower like-
lihoods were obtained from a liver panel that had reviewed
clinical trial reports with potential hepatotoxicity in 2014.
The panel used global introspection and the Drug-Induced
Liver Injury Network (DILIN) causality scale rather than
the RUCAM. The non-numerical causality categories of
the DILIN scale limited a direct comparison. Furthermore,
although both methods have five degrees of distribution,
there are discrepancies in the way terminologies are
applied. Attributions of ‘unlikely’, ‘possible’ and ‘proba-
ble’ may be shifted or weighted differently albeit present in
both. This required collapsing the five-degree scales of the
PV-RUCAM and DILIN into ‘yes’ or ‘no’ suspected DILI
causality. We took the same approach as Rockey et al. [22],
defining ‘yes’ as probable or higher, and ‘no’ as possible or
lower.

The second evaluation included spontaneous PV drug—
event reports extracted from the global safety database of
Novartis, Oracle Argus. All reports were liver-related
injuries reported in temporal association with the heart
failure treatment sacubitril/valsartan (LCZ696). Globally
available to patients since June 2015, this angiotensin
receptor neprilysin inhibitor has potential risk for hepato-
toxicity [23]. It was selected in order to have one suspect
medicinal product with recent reports of varying origin,
quality and severity. PV experts also adjudicated using the
DILIN. In contrast to the first evaluation, keeping the
medicinal product controlled in all ICSRs was necessary to
accurately assess how fluctuations in data quality may
affect overall adjudication.

2.4 Drug Causality Adjudication Processes

To compare the PV-RUCAM against methods chosen as
standards, several datasets were required. Table 2 sum-
marises the ICSR sources and settings as well as methods
used to adjudicate.

2.4.1 Evaluation of Drug Causation by SAFE-T

Cases provided by the IMI SAFE-T consortium, a public—
private partnership focusing on clinical qualification of
new biomarkers for drug-induced liver, kidney and vas-
cular injury, were adjudicated by three liver experts. Data

were prepared by the principal investigator of the respec-
tive study. Each case was presented graphically on three to
four slides to the adjudication committee at a dedicated
teleconference, with details such as baseline characteris-
tics, medication history, time course of liver enzyme ele-
vations and a preliminary calculation of the RUCAM
score. Following the group discussion, the adjudication
committee then assessed final causality for each case.
Reports of potential DILI were obtained between 2014 and
2015.

2.4.2 Evaluation of Drug Causation by Liver Panel

A panel of three hepatologists evaluated clinical trial
patients reporting hepatotoxicity-related adverse events
during sacubitril/valsartan’s development. The panel sys-
tematically reviewed all hepatotoxicity cases with standard
summary tables and narratives, and any discrepancies
between experts were resolved by consensus. Running the
RUCAM in addition to expert assessment using the DILIN
scale was beyond the resources of this work and therefore
not repeated.

2.4.3 Evaluation of Drug Causation by PV-Expert
Adjudication

Consensus opinion amongst PV experts was considered as
the standard for the evaluation of real-world PV electronic
medical records, often lacking key data elements. Assess-
ment on a case-by-case basis was conducted by experi-
enced medical specialists responsible for the safety of
LCZ696. This group comprised two senior physicians, a
senior scientist and a PV scientist. The process was sys-
tematically repeated, first each expert individually assigned
a probability of the culprit drug’s responsibility, using a
causality likelihood scale from the DILIN [24, 25]
(Table 3). No further actions were required if full agree-
ment was initially reached. If assigned likelihoods differed
between experts, discrepancies were jointly discussed. Full
joint agreement was required with justified conclusions.
Evaluations were also summed for the aggregate analysis
of the topic. As a mandatory section in LCZ696’s periodic
safety update reports, this complies with current causality
assessment practices. Note that these are also reviewed
globally by health authorities.

2.4.4 Evaluation of Drug Causation by the PV-RUCAM
Algorithm

The PV-RUCAM algorithm consists of assessing seven core
components (Table 1). Prior to assigning points with this
scoring sheet, operational rules were applied (Table 4). This
included identifying any of the 56 specific hepatotoxicity-
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Table 2 Assessment methods for the evaluated ICSR datasets

ICSR setting and source Assessment method 1 Assessment
method 2
Complete data ICSRs received from the IMI SAFE-T consortium RUCAM PV-RUCAM

Complete data ICSRs received from Novartis clinical trial liver

panel for sacubitril/valsartan

Spontaneous PV ICSRs extracted from Novartis global safety

database; incomplete data reports

Global introspection by hepatologists; DILIN scale used PV-RUCAM
to describe causality likelihood

Global introspection by PV experts; DILIN scale used to PV-RUCAM
describe causality likelihood

DILIN Drug-Induced Liver Injury Network, /CSR individual case safety report, IMI Innovative Medicines Initiative, PV pharmacovigilance,

RUCAM Pharmacovigilance-Roussel Uclaf Causality Assessment Method, SAFE-T Safer and Faster Evidence-based Translation

Table 3 DILIN causality distribution scale definitions [24, 25]

Label (score) Probability (%) Description

Definite (1) >95
Highly likely (2) 75-95
Probable (3) 50-74
Possible (4) 25-49
Unlikely (5) <25

The evidence for the drug causing the injury is beyond a reasonable doubt

The evidence for the drug causing the injury is clear and convincing but not definite

The preponderance of the evidence supports the link between the drug and the liver injury
The evidence for the drug causing the injury is equivocal but present

There is evidence that an aetiological factor other than a drug caused the injury

DILIN Drug-Induced Liver Injury Network

related PTs (see ESM 1). These were selected from 273
available terms in the standard MedDRA® query ‘drug-re-
lated hepatic disorders-comprehensive search’. In the event
that no matching terms were identified, or other operational
rules applied, cases were excluded and assigned a score of 0.
Case data relevant to each domain of the PV-RUCAM
scoring sheet (Table 1) were searched for and evaluated with
the aid of the ESM files. The forth domain, ‘concomitant
medicinal products’, was supported with a list of concomi-
tant products (ESM 2). In the event of identified matching
terms, —2 or —3 points were assigned depending on the link
to injury. The fifth domain, ‘exclusion of other causes of liver
injury’, was supported with lists of comorbid conditions and
alcohol-related PTs (ESM 3i, 3ii and 4). The relevance of a
matching reported term to the domain is mentioned in the
ESM.

The same observer was assigned to evaluate all cases.
The PV dataset was also reviewed by a second observer to
determine inter-rater agreement in its intended setting.

Table 4 PV-RUCAM operational rules [9, 17]

2.5 Data Quality Classification

The PV-RUCAM can establish a degree of relatedness to
any PV electronic medical record containing the required
information about medications and the nature of the hepatic
dysfunction. Nonetheless, it does not indicate or reflect the
degree of quality of the information content. The inability
to treat data neutrally in the event of gaps (null values) may
lead to overestimation of scores and hence to false posi-
tives. To circumvent this limitation, three quality cate-
gories were recognised in an effort to separate high-scoring
reports of true relatedness from ones that were poorly
documented. We recommend classifying the case before or
after applying the PV-RUCAM using the definitions below:

e Category A or ‘satisfactory quality’: reports with
sufficient documentation to undertake a causality
assessment. Three domains must be included for a
case to meet the minimum requirements: reports of the

Operational information on the PV-RUCAM

1. PV-RUCAM excludes cases with no identified specific hepatotoxicity-related events

2. PV-RUCAM excludes cases with onset of specific hepatotoxicity-related events prior to the date of product use

3. PV-RUCAM excludes cases with chronic liver diseases prior to reported events

4. PV-RUCAM excludes cases when ALP is elevated for non-hepatic reasons

ALP alanine aminotransferase, PV-RUCAM Pharmacovigilance-Roussel Uclaf Causality Assessment Method
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onset latency; concomitant products; and medical
history.

e Category B or ‘unsatisfactory quality’: reports with
inadequate documentation to assume and support a
causal relationship; applicable when the minimum
requirements of ‘A’ are unmet. We recommend the
adoption of targeted follow-up questions as the most
effective and efficient method of improving the quality.

e Category O or ‘unclassified’: reports were causality was
excluded for a non-quality-related reason. This applies
to cases where one or more of the four operational rules
hindered the use of the PV-RUCAM.

2.6 Statistical Analyses

Patients from the three cohorts were described with stan-
dard descriptive statistics. Contingency tables were used to
compare assigned degrees of drug—event relatedness
between methods. Cohen’s weighted Kappa coefficient
(Ky,) was applied to measure the agreement between
methods as well as the inter-rater variability. Agreement by
percentage is not sufficient, as it does not consider the
influence of chance, and a weighted K can account for the
degree of disagreement [26, 27]. It is recommended for
ordered categories and attaches greater emphasis on larger
differences [28, 29]. Weighted Kappa values usually range
from O to 1, where 1 indicates maximal agreement accu-
racy. One-sided upper 95% confidence limit (U95CL) was
derived to put K, values in scope of their minimum
threshold of acceptability [30]. The monotonic association
between the PV-RUCAM and PV-expert adjudication was
assessed with Spearman’s correlation coefficient. Sensi-
tivity, specificity, and positive and negative predictive
values were determined using PV experts as the reference
mark [31].

3 Results
3.1 Patient Characteristics in Study Cohorts

Clinical characteristics of each dataset are shown in ESM
5. The 49 reports reviewed by SAFE-T have various sus-
pect drugs. The most recurrent included eight reports of
acetaminophen, five reports of amoxicillin, six reports of
flucloxacillin, and a range of chemotherapies and some
miscellaneous products. Age range varied considering the
standard deviation of the mean age, 55.2 £ 16.4. No
deaths were reported, and the injuries were mostly seen in
women (59%). Confounding co-medications were preva-
lent, in just under 50% of all cases.

The clinical trial liver panel and PV experts adjudicated
21 and 36 cases, respectively, all associated with LCZ696.
Elevated patient age in LCZ696 reports was expected, the
two datasets averaging 71.5 £ 9.0 and 61.2 &£ 11.0 years.
The majority of cases were men, 69 and 81%, respectively.
The PV dataset had four deaths (11%), and there were three
in the LCZ696 clinical trial cases (14%). Potential con-
founding concomitants were common across both datasets,
72.2 and 95.2%, respectively. Considering the severity of
heart failure with comorbidities, a larger number of co-
administered products per patient is not surprising; thus the
probability of confounders increases. The risk associated
with current or past use of alcohol was lower, but still
statistically significant, averaging 37% across all reports.
There were no reported pregnancy risks.

3.2 Comparison of ICSRs Adjudicated
by the SAFE-T Consortium Against the PV-
RUCAM

Assessment of the 49 drug—event pairs adjudicated by
experts of the SAFE-T consortium was carried out with the
RUCAM scoring sheet [18]. Scores ranged from +3 to
410 (%standard error), and were consequently distributed
across three of the five possible causality categories. A
mean of 7.65 £ 1.79 was found, and Table 5 shows how
cases were spread across the degrees of relatedness,
including ‘highly probable’ (37%, n = 18), ‘probable’
(51%, n = 25) and ‘possible’ (12%, n = 6). Since the PV-
RUCAM uses the same distribution scale, a direct com-
parison was possible. With an identical scoring average of
7.65 £ 2.01 and scores in a range of +3 to +13, the
agreement in relative ranking was 69% (n = 34). Scores
fell within one category of each other in 98% of cases
(n = 48). The linear weighted Kappa showed moderate
agreement, K, = 0.53 (U95CL = 0.74).

3.3 Comparison of ICSRs by a Clinical Trial Liver
Panel Against the PV-RUCAM

Twenty-one reports evaluated by a liver panel during
sacubitril/valsartan’s clinical development were compared
against the PV-RUCAM to allow comparison across the
entire causality distribution scale. The panel applied the
DILIN adjudication scale. The ‘relationship excluded’
causality was predominant (62%, n = 13); two other cat-
egorisations were recorded, with 24% (n = 5) as ‘unlikely’
and 14% (n = 3) as ‘possible’.

Since terminological assumptions cannot be made,
direct comparisons were undertaken in relative rankings of
contingency tables. The liver panel adjudicated 15 cases as
‘unlikely’ (71%), five as ‘possible’ (24%) and one as
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Table 5 Cross-tabulation of

PV-RUCAM manual Total
Safer and Faster Evidence-
based Translation (SAFE-T) Highly probable (>8) Probable (6-8) Possible (3-5)
Roussel Uclaf Causality
Assessment Method (RUCAM) SAFE-T RUCAM
scores against results from the Highly probable (>8) 10 7 1 18
Pharmacovigilance-RUCAM Probable (6-8) 4 19 ) 25
(PV-RUCAM) .
Possible (3-5) 0 1 5 6
Total 14 27 8 49

‘probable’ (5%). Table 6 shows an 86% (n = 18) agree-
ment in relative ranking, with 95% (n = 20) of causalities
within one category of each other. This reflects substantial
statistical agreement, with a quadratic weighted K,, = 0.68
(U95CL = 1). Across the two complete ICSR datasets of
Sects. 3.2 and 3.3, scores ranged from —4 to 413 (18 of 25
possible scores were met).

3.4 Comparison of PV Sacubitril/Valsartan ICSRs
by PV Experts Against the PV-RUCAM

Comprising 36 drug—event pairs, the third dataset was used
to evaluate PV-RUCAM’s performance in its intended
setting of PV case reports. Recent database cases were
assessed separately by two observers. The comparison
against PV expert adjudication showed 50% (n = 18) and
47% (n = 17) matching in relative rankings with observer
A and B, respectively (Table 7). Significant discrepancies,
more than one category apart, were observed in 19%
(n = 7) and 14% (n = 5). Although scores ranged from —4
to 9, relationships were excluded prior to assessment in 11
of the 17 cases in this group due to operational rules. A
quadratic weighted Kappa showed fair agreement between
PV experts and PV-RUCAM observer A (K,, = 0.39,
U95CL = 0.50). There was low inter-rater variability
between the two PV-RUCAM observers; the high relative
ranking agreement of 81% (n = 29) was confirmed by a
linear weighted K,, = 0.79 (U95CL = 0.94).

In an attempt to account for discrepancies in scales, the
dichotomous definitions separated drug causation into ‘yes’
or ‘no’ suspected DILI categories (Table 8). There were no
false negatives. An agreement of 89% (n = 32) was
recorded with observer A, resulting in 100% sensitivity,

91% specificity, a 25% positive predictive value and a
100% negative predictive value. Since few discrepancies
were seen between observers, only observer A was used to
obtain these values. A statistically significant monotonic
association between PV experts and the PV-RUCAM was
shown by a strong Spearman’s rank correlation of
R = 0.93 (P = 0.008).

Regarding the data quality classification, a satisfactory
category A was obtained for 25% of cases. The majority
(44%) of records failed to meet minimum requirements and
were classified as ‘B’, and 31% remained unclassified,i.e. ‘O’.

4 Discussion

This research compared a novel supportive causality
assessment method for medication-induced liver injury
(PV-RUCAM) against the validated hepatotoxicity
assessment RUCAM method [9] and against consensual
PV expert judgements.

Guidance from the International Conference on Har-
monisation (ICH) for post-approval safety (E2D) states that
inferences and imputations are to be avoided during report
submission [32]. The same is true during causality adju-
dication. The data quality classification does address this to
a certain extent. Nonetheless, significant incomplete data
remain a major confounder during case assessment, limit-
ing the ability to assess causality of liver-related injuries
[4]. Post-marketing surveillance is often incapable of pre-
senting compelling results to confirm harms of approved
medications [33]. Over half of electronic records in a
broader PV systems search did not report initial transami-
nase levels [13]. Global introspection by hepatology

Table 6 Cross-tabulation of the

PV-RUCAM manual

liver panel adjudicating with the

Drug-Induced Liver Injury Relationship excluded (0 or lower) Unlikely (1-2) Possible (3-5) Total
Network (DILIN) scale against
results from the DILIN clinical trial liver panel
Pharmacovigilance-Roussel Unlikely (5) 13 1 1 15
Uclaf Causality Assessment Possible (4) 0 4 1 5
Method (PV-RUCAM)
Probable (3) 0 0 1 1
Total 13 5 3 21
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Table 7 Cross-tabulation of the pharmacovigilance (PV) experts’ consensual evaluation with the Drug-Induced Liver Injury Network (DILIN)
scale against results from the Pharmacovigilance-Roussel Uclaf Causality Assessment Method (PV-RUCAM) of observers A and B

PV-RUCAM manual Total
Relationship excluded (0 or lower) Unlikely (1-2) Possible (3-5) Probable (6-8) Highly probable (>8)
PV experts consensus
Unlikely (5) 16 (16) 5(5) 4(3) 0(1) 0 (0) 25 (25)
Possible (4) 1(1) 2(1) 4 (7) 2 (0) 1(1) 10 (10)
Probable (3) 0 (0) 0 (0) 0 (0) 1(1) 0 (0) 1(1)
Highly likely (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0(0)
Definite (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total 17 (A7) 7 (6) 8 (10) 3(2) 1() 36

Table 8 Condensed cross-tabulation of the pharmacovigilance (PV)
experts’ evaluation against the Pharmacovigilance-Roussel Uclaf
Causality Assessment Method (PV-RUCAM) observer A

PV-RUCAM manual Total
Yes No
PV experts
Yes 1 0 1
No 3 32 35
Total 4 32 36

experts remains the gold standard [6]. The requirements for
significant expertise and intrinsic subjectivity limit the
possibility to standardise this approach. The RUCAM
[17, 18] and the Maria and Victorino (M&V) method [34]
are recognised assessment methods, but are difficult to
apply when there are gaps in the data. The most recognised
non-specific adverse drug reaction (ADR) evaluation
methods include the Naranjo and Liverpool algorithms
[35, 36] as well as a Bayesian logistical approach [37, 38].
The ADR evaluation methods are theoretically applicable,
but they lack significant transferability in this context.
From five likelihood categories, the highest and lowest
ranked are rarely obtained with this assessment [35, 39].
This may represent a systematic bias, and it appears to be
due to incomplete data.

Random datasets from over 4 million electronic medical
records from the global Novartis PV database were used in
this research. As compared with the original RUCAM, our
new algorithm showed good overlap, with 69% direct
agreement in causality classification. The aim was to have
the PV-RUCAM version as close as possible to the original
RCAUM whilst being able to apply it to any electronic
medical record as available in a large, existing PV data-
base. The most notable adjustment regarded removing
enzyme requirements. As a result, the type of injury could
not be specified and timeframe correlations of the onset and

the course of reaction had to be simplified. The moderate
agreement observed with Cohen’s Kappa coefficient,
K, = 0.53, hints to some discrepancies that may have been
caused by these changes. This may have been counterbal-
anced with the supportive lists of hepatotoxins and
weighted comorbidities in the PV-RUCAM versions. Also,
the automated reading of the PV-RUCAM datasets makes
this first analytical step on a given case less open to sub-
jectivity. The standardisation limits subjectivity and
reduced inter-observer variability, allowing its use by
qualified patient safety professionals and not limiting
adoption only to hepatology experts [9].

Various causality assessment methods were compared,
including liver-specific methods as well as general
approaches without specificity for a particular body system
or therapeutic area (Table 9).

When compared with the two datasets adjudicated by
consensual expert judgement, the PV-RUCAM performed
reasonably well since agreement in relative rankings was
seen in half of all ICSRs. Moreover, the key objective of
having no false negatives was observed when dichoto-
mously collapsed as ‘yes’ or ‘no’ suspected DILI. Across
the three datasets, reports categorised by the PV-RUCAM
were expressed continuously across the five degrees of
relatedness, in a similar fashion to the original RUCAM
and consensual expert judgement. This was an improve-
ment compared with methods, such as the Naranjo and
Liverpool algorithms, which had previously shown poor
differentiation capacity [35, 39]. The disposition of the
randomly selected PV electronic medical records had a
strong tendency towards an ‘unlikely’ relationship, com-
prising 70% (n = 25) of all cases adjudicated by PV
experts. No reports of ‘definite’ or ‘highly likely’ causality
were identified. Only 17% (n = 6) of all PV cases reported
transaminases, and the majority did not meet requirements
to be of satisfactory quality. The corresponding equivalents
in the PV-RUCAM, defined as ‘unlikely’ and ‘relationship
excluded’ likelihoods, amounted to 75% (n = 27) of cases.
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Discrepancies in adjudication, observed in both sacubi-
tril/valsartan datasets, were predominantly due to two
recurrent scale items which were major confounders:
concomitant medicinal products and searches for alterna-
tive aetiologies. The two domains range from 0 to —3 and
+2 to —2, respectively. The large interval is more likely to
change case classification. Teschke and Danan [4] recently
emphasised the importance of distinguishing other likely
explanations, including pre-existing conditions. Coding
comorbidities in electronic medical records must comply
with health authority prerequisites; as such, the PV-
RUCAM complementary PT lists (ESM 3i and 3ii) facili-
tate the identification of appropriate terms amongst the
thousands of possibilities. Previously, such inconsistencies
were reported to lead to low agreement [35]. Four of seven
cases had no relative agreement, because of a 3-point dif-
ference in the ‘exclusion of other causes of injury’. An
alternative explanation may be the arbitrary non-stan-
dardised characteristics of the DILIN. It requires extensive
practice and experience to unequivocally adjudicate a case
with resembling terminology [24, 25].

Overall, the two main strengths of the PV-RUCAM are its
automated applicability to any electronic medical record

data set and its usability by non-specialist PV professionals.
Besides the positive predictive value, the PV-RUCAM’s
sensitivity, specificity, and high negative predictive value
showed improvement over the RUCAM, Naranjo and
Bayesian approaches [18, 37, 39]. The use of the PV-
RUCAM is especially interesting to post-marketing PV, with
frequently incomplete datasets. To place resulting causality
scores in context, we recommend adding a quality rating
based on a valid quality classification system. This should
encourage follow-ups if minimum requirements are unmet.

4.1 Limitations

PV-RUCAM is limited by the data quality of the available
ICSRs (source data). As a consequence, incentivising
physicians to improve quality is urgent. Facilitating the
process through digital information management may be
the way forward. Our study was a proof of concept with a
small number of cases. Prospective validation is necessary
to confirm our initial findings. Inherent bias towards a
suspect drug may occur, especially for physicians who are
repeatedly informed about certain hepatotoxins. Previous
liver-related awareness was not considered. The weighted

Table 9 Comparison of the PV-RUCAM criteria against six causality assessment methods

Criteria Method

PV- RUCAM M&V Naranjo Bayesian DILIN Ad

RUCAM hoc
Time to onset specific to DILI timelines (score) + + + - — — —
Dechallenge considered (score) + + + + + — _
Risk factors defined (score) + + — - — — _
Reported co-medications considered (score) + + — — — — _
Complementary list of hepatotoxic products + — — — — — _
Alternative aetiologies of injury separately weighted (score) + + + — + — —
Exclusion process of specific alternative causes (score) + + + — — — _
Complementary list with weighting of current or past comorbid + — — — — — _

conditions

Prior evidence of suspect medication with liver injuries (score) + + + + + - —
Response to readministration (score) + + + + +
Method specific to hepatotoxicity + + + — — + —
Quantitative and structured liver method + + + — - — _
Applicable irrespective of data quality + — + + + +
Recommended for use by hepatology experts + + + + + + +
Recommended for use by qualified safety professionals + — — + + - +

PV-RUCAM data was compiled from Tables 1 and 4 as well as ESM 2, 3i and 3ii. For RUCAM, data was obtained from the updated and original
papers [9, 17, 18]; for M&V, from their method [34]; for Naranjo, from their report [40]; for the Bayesian logistical approach, from the original
and updated versions [37, 38]; for DILIN, from their report [24, 25]; and for the ad hoc approach, from Kaplowitz [41]

DILIN drug-induced liver injury, DILIN Drug-Induced Liver Injury Network, ESM Electronic Supplementary Material, M&V Maria and
Victorino, PV-RUCAM Pharmacovigilance-Roussel Uclaf Causality Assessment Method, RUCAM Roussel Uclaf Causality Assessment Method
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Kappa does not detect bias between two raters [28]. For
example, rivaroxaban was disproportionally signalled
because of our historical understanding of a known hepa-
totoxic anticoagulant, ximelagatran [1, 16].

Consideration of liver enzymes and their temporal
associations was reduced for greater applicability of the
PV-RUCAM in its intended setting. The four required
methodological changes had repercussions compared to the
original RUCAM. The inability to differentiate between
types of injuries can affect implications drawn by observers
when the injury is put in context. It also quantitatively
impacts other domains of the assessment, notably time to
onset and the course of reaction. Many ICSRs were sus-
ceptible to being affected since an increasingly high por-
tion of the bona fide SAFE-T cases, 85.7%, had a
suggestive dechallenge. The PV-RUCAM identified 10%
more, perhaps also since temporal associations of dechal-
lenge were not adapted to liver tests based on injury type.
The impact may be visible if scores are directly compared,
less so in the subsequent causality classifications. Simi-
larly, inconsistencies occurred because timeframe correla-
tions of concomitant medicinal products with injury onset
were removed in the PV-RUCAM. A 25% increase in
suspected concomitants was recorded in the SAFE-T
ICSRs adjudicated with the PV-RUCAM. This may partly
explain the 20% of cases that were underscored as com-
pared to the SAFE-T adjudication. Thus, this modification
may cause significant changes to the causality adjudication.

PV-RUCAM has most value when used in its entirety.
Considering the operational information (Table 4), the
scoring sheet (Table 1) should systematically be supported
with an a priori previously established list of hepatotoxins
(ESM 2) and differential diagnoses (ESM 3i and 3ii).
However, this makes the assessment more labour intensive,
and similarly, the Bayesian logistical method was not rec-
ommended to be adopted in routine practice because of its
complex and time-consuming characteristics [36]. We rec-
ommend that PV professionals receive appropriate training
prior to use of the PV-RUCAM. Moreover, manual human
extraction of case data is necessary to assess domains of the
PV-RUCAM. An automated PV-RUCAM querying a data-
base would resolve this problem. A software solution is
currently under development, and the flow diagram can be
made available. This may reduce the required resources and
discrepancies with regard to tedious and error-prone sear-
ches for alternative causes. Furthermore, iterative updates to
the lists will be required for the method to stay current and
applicable.

Finally, the time dependence of liver-specific laboratory
test observations remains the key criterion for a thorough
assessment [12]. The PV-RUCAM does not assess this
because the differentiation of liver injury type (hepatocel-
lular, cholestatic or mixed) requires ratio calculations

based on test levels over time [17, 18]. This is not possible
in the majority of PV case reports, since complete results of
liver tests are rarely stated. In addition, gold standard
clinical methods based on expert opinion rely on time
series of liver tests and possibly rechallenge [6].

5 Conclusions

Preliminary appraisal of this novel method supporting the
causality assessment of suspected DILI in electronic health
records has shown it performs well in a bona fide setting as
well as its intended PV setting, often with non-source-
verifiable data. No false negatives or missed suspected
cases were identified. As a well-structured and standardised
tool, it may be used by all non-expert PV professionals.
Prospective validation across a broad range of products in
different therapeutic areas is necessary to further refine the
algorithmic differentiation capacity.
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