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Abstract
(Wordcount limit 150 — 250 as specified by journal, Drug Safety)

Background

We compared performance of the Roussel Uclaf Causality Assessment Method (RUCAM)
with multidisciplinary expert panel review in identifying a drug-induced liver injury (DILI)

due to antituberculosis therapy (ATT) and/or antiretroviral therapy (ART).
Methods

Cases were drawn from a prospective registry of hospitalised adults with suspected DILI due
to ATT and/or ART in Cape Town, South Africa. Participants had to fulfil American Thoracic
Society criteria for ATT interruption (alanine transaminase [ALT]25 times upper limit of
normal [ULN]/ALT=>3 times [ULN] and symptomatic). Causality assessment by expert panel
review served as reference standard. The panel ranked potentially implicated drugs as
certain, probable, possible, or unlikely causes guided by World Health Organization Uppsala
Monitoring Centre criteria. The RUCAM was performed for each potentially implicated drug.
We calculated sensitivity and specificity of the RUCAM in identifying a probable/certain drug

cause for liver injury.
Results

We included 48 participants. All were HIV-positive. Twenty-seven were on concomitant ART
and ATT, with a median of 6 potentially hepatotoxic drugs per case. Sensitivity and
specificity of the RUCAM in identifying a probable/certain drug cause of liver injury
compared with expert panel review was 11% and 85% respectively. Implicated drugs (times
ranked probable/certain by panel) were isoniazid (18/0), pyrazinamide (17/0), rifampicin

(15/1), efavirenz (6/4), lopinavir/ritonavir (1/0).
Conclusions

HIV-positive patients with liver injury received multiple potentially implicated drugs, which
may increase liver injury risk and complicates causality assessment. Compared with expert
panel review, the RUCAM had low sensitivity in detecting probable or certain drug causes of

liver injury.
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INTRODUCTION

South Africa has a high prevalence of both HIV and tuberculosis infection, and co-infection is
common [1]. The first line antituberculosis drugs rifampicin, isoniazid, and pyrazinamide, and the
antiretroviral drugs efavirenz and lopinavir/ritonavir can cause liver injury [2][3]. Drug-Induced Liver
Injury (DILI) is one of the most common adverse drug reactions resulting in hospital admission and
death in South Africa, and antituberculosis therapy (ATT) and/or antiretroviral therapy (ART) are
frequently implicated [4][5]. A retrospective survey of hospital admissions in South Africa, found DILI

to be associated with high mortality and prolonged hospital stay [6].

There is no specific diagnostic test to distinguish DILI from other causes of liver injury. The onset of
liver injury with regards to when the suspected drug was started, response of the liver injury to
dechallenge and rechallenge of the implicated drug, the potential of the drug to cause liver damage,
and the clinical presentation of the liver injury, need to be considered in the causality assessment of
suspected DILI cases [7][8][9]. Histology may be helpful but is seldom available. The pattern of liver
injury (hepatocellular, mixed or cholestatic) may assist in identifying the causative drug [10]. Some
drugs cause more than one pattern, or there may be a change in initial presenting pattern and
course of liver injury [11], which complicates causality assessment. An alternative diagnosis to
consider, and specific to our setting of a high HIV prevalence, is immune reconstitution inflammatory
syndrome (IRIS). Other alternative diagnoses which require consideration and exclusion include
biliary disease, infections, autoimmune or ischaemic hepatitis, and liver malignancy [12]. Causality
assessment of suspected DILI in patients with HIV and/or tuberculosis infection is particularly

challenging, as patients are often taking multiple concomitant drugs known to cause liver injury [13].

Prompt diagnosis of DILI is important for timely cessation of the implicated drug. If DILI is not
recognised and the causative drug removed, the liver injury may progress to fulminant liver failure
with a high risk of morbidity and mortality [14]. However, stopping drugs unnecessarily in patients
with suspected DILI may result in inadequate treatment of the underlying illness. This is especially
problematic in liver injury suspected to be caused by ATT and ART, where alternative treatment

options are limited or are not as effective as the suspect drug.

Expert panel review is widely used in causality assessment of suspected DILI [15]. Multidisciplinary
panel review using the World Health Organization (WHQO) Uppsala Monitoring Centre (UMC)
causality assessment categories [16], has previously been used in adverse drug reaction surveys in
South Africa which included review of liver injury cases [4][5]. Expert panel review has been
criticized for being inherently subjective [8]. However, because decision making is not constrained by

a scoring system, the approach gives flexibility in weighing up multiple clinical factors in deliberating
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causality in complex liver injury cases. The process of expert panel review is labour and time
intensive. Alternative causality assessment methods that could be implemented more easily in
resource limited settings, and that could guide clinical assessment of causality in complex liver injury

cases, are required.

The Roussel Uclaf Causality Assessment Method (RUCAM) is a widely used algorithmic scoring
system specifically developed for causality assessment in suspected drug-induced liver injury [7]. The
RUCAM was developed at an international consensus meeting and was derived and validated using
DILI cases with positive rechallenge [17][11]. The RUCAM scores in 7 domains: time to onset of the
injury following start of the drug, course of the liver injury after stopping the drug, presence of risk
factors for DILI, use of other medications with a potential for liver injury, exclusion of other causes of
liver disease, previous information on hepatotoxicity of the drug, and response to rechallenge [18]

(see appendix for the RUCAM score sheet).

We compared the performance of the RUCAM with the reference standard of causality assessment
by a multidisciplinary expert panel review in identifying a drug cause for liver injury, using cases from

a prospective registry.
METHODS

Hospitalised adult patients (218 years of age) with suspected DILI were prospectively recruited from
Feb 2016, into a registry from three hospitals in Cape Town, South Africa (Groote Schuur Hospital,
New Somerset Hospital, and Khayelitsha District Hospital). The public sector ART regimens in South
Africa at the time of registry inception were efavirenz in combination with tenofovir and
emtricitabine as first line, and lopinavir plus ritonavir in combination with zidovudine and lamivudine
as second line. The first line ATT regimen comprised rifampicin, isoniazid, pyrazinamide, and
ethambutol. For inclusion in the registry, participants had to have a liver injury suspected to be due
to ATT or ART and meet at least one of the following criteria: 1) increase in alanine aminotransferase
(ALT) 25 times Upper Limit of Normal (ULN), 2) ALT 23 times ULN with symptoms of hepatitis, 3) total
bilirubin 2 1.5 times ULN [19]. The registry enrolled patients admitted to hospital with suspected
DILI, and patients who were found to have a suspected DILI during admission. HIV positivity was not
an inclusion criterion, but 90% of the 182 participants recruited into the registry to date are HIV
positive in keeping with high HIV prevalence in this patient population [6]. Informed consent was
obtained from participants. Participants were followed until liver injury resolution and drug
rechallenge completion, in cases where this was attempted. Data were captured in a REDCap

database.
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For this study, we reviewed the first 50 cases, by date of enrolment in the DILI registry, that fulfilled
the American Thoracic Society (ATS) guideline criteria for a liver injury severe enough to require drug
interruption: serum ALT =5 times Upper Limit of Normal (ULN) or ALT >3 times ULN with symptoms
of hepatitis [20].

The pattern of the DILI was categorised as hepatocellular, mixed or cholestatic based on calculating
R [21] - the serum ALT concentration over its respective ULN, divided by the serum alkaline

phosphatase (ALP) over its respective ULN:

__ALT/ULN
" ALP/ULN

We used an ALT ULN of 40 U/L for men and 35 U/L for women, and an ALP ULN of 128 U/L for men
and 98 U/L for women, based on the reference values of the National Health Laboratory Services
which performed the assays (South African National Health Laboratory Services). R was calculated
using the ALT and ALP results on the initial DILI presentation. If there was no ALP result on the same
day as the ALT, an ALP done within 2 days of the ALT was used in the calculation. Cases with an R >5
were categorised as hepatocellular, those with R <5 but >2 were categorised as mixed pattern, and
those with R <2 were categorised as cholestatic [22]. Drugs taken at the time of presentation with
liver injury were identified for assessment as potential causes if evidence for the potential

hepatotoxicity for that drug appeared in the Livertox database [18].
Causality Assessment

The multidisciplinary panel included a hepatologist, an infectious diseases specialist, a clinical
pharmacologist, and a clinical pharmacist. The order of presentation of the cases to the panel was
randomised by drawing numbers from a hat. The panel met on 3 separate occasions over a 5-month
period. Structured case summaries were presented to the panel including drugs taken at the time of
liver injury, date of initiation of suspect drugs, time from initiation of the drug to onset of liver injury,
other clinically relevant features, exclusion of other aetiologies such as viral hepatitis A, B, and C,
serial ALT, ALP, INR, bilirubin results, response to dechallenge, response to rechallenge, and results
of imaging and biopsies where present. The panel requested additional details as required. The
panel gave an overall assessment of likelihood that the liver injury was caused by a drug, and
assessed causality for each potentially implicated drug. Drugs were classified as certain, probable,
possible, or unlikely causes of liver injury guided by the WHO-UMC causality assessment method
criteria [16]. The panel adjudication allowed for identification of more than one drug as a probable

or certain cause where more than one drug was thought to have been implicated in the liver injury.
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Decisions were made by consensus. In the event of consensus not being reached after discussion,
the individual ratings of the panel members were noted. Cases where consensus could not be
reached, were categorised for the analysis based on the ranking of the majority. Where challenges
were raised in the discussion by the members of the expert panel whilst performing causality

assessment, these were noted.

The lead investigator scored each potentially implicated drug according to the RUCAM [18]. Points
were allocated to each section with regards to clinical, biochemical, serologic, and radiological
features of liver injury, and a final score is allocated to determine the likelihood of the implicated
drug(s) in causing the liver injury. For cases with multiple potentially implicated drugs, each of these
drugs were scored separately. Drugs were scored as a highly probable cause (total score >8), a
probable cause (total score 6-8), a possible cause (total score 3-5), an unlikely cause (total score 1-2)

or were excluded as a cause (total score <0).
Statistical Analysis

We did not perform a formal sample size calculation for this study. We reviewed the first 50 cases
enrolled in the DILI registry that fulfilled the ATS criteria for ATT interruption. Two of these cases did
not have an ALP result and could therefore not be categorised or scored using the RUCAM. We

therefore included 48 participants in the analysis.

Data for analysis were exported from REDCap to R statistical software [23]. Characteristics were
described using medians and interquartile ranges for non-normally distributed data, and counts and
percentages for categorical data. We calculated sensitivity and specificity, with 95% confidence
intervals, of the RUCAM in identifying a probable/certain drug cause for liver injury, compared to the

reference standard of causality assessment by a multidisciplinary expert panel review.

We classified the participant as having an identified drug cause for liver injury by panel review if one
or more potentially implicated drugs were assessed by the panel as a probable or certain cause of
the liver injury. The participant was classified as having an identified drug cause for liver injury on
the RUCAM assessment if one or more drugs were scored by the RUCAM as a probable, or a highly

probable cause of liver injury.
Ethics

The Human Research Ethics Committee of the Faculty of Health Sciences at the University of Cape

Town approved this study, reference numbers 152/2021 and 891/2016.
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RESULTS

We included 48 participants in the analysis. In 28 cases, the multidisciplinary panel identified a

probable or certain drug cause of liver injury.
Participant characteristics

The characteristics of the 48 participants appear in Table 1. All were HIV-positive. Thirty-seven
participants were on ATT, 27 of whom were on concomitant ART. Four participants were on isoniazid
monotherapy as TB prophylaxis. Thirty participants were on rifampicin, isoniazid, pyrazinamide, and

ethambutol, and three participants were on rifampicin and isoniazid.

The participants were taking a median of 7 drugs (range 4 to 8) at the time of liver injury

presentation. The number of potentially hepatotoxic drugs per participant appears in Table 1.
Liver injury presentation and course

The pattern of liver injury, ALT elevation at initial presentation, clinical course, and outcomes are
summarised in Table 2. Thirty-eight (79%) participants had an elevated total bilirubin at presentation
(>21 umol/L), 4 (11%) of whom had associated hepatic encephalopathy. Eighteen (49%) of 37
participants who had an INR performed at liver injury presentation, had an elevated INR of 21.5 [24].
Three (6%) participants died of fulminant liver failure. Liver injury reoccurred in 3/24 (13%) of the
participants rechallenged - 1 reoccurred on rechallenge with efavirenz, 1 reoccurred on rechallenge
with rifampicin, pyrazinamide and isoniazid, and 1 reoccurred with rechallenge of isoniazid and

pyrazinamide. No deaths occurred during rechallenge.

Causality assessment

Table 3 gives results of causality assessment by the RUCAM compared with the reference standard
of expert panel review. The RUCAM had a sensitivity of 11% (95% confidence interval [Cl] 2%-28%) in
identifying a probable or certain drug cause of liver injury. Specificity of the RUCAM was 85% (95% ClI
62%-97%).

The implicated drugs as per panel review (times ranked probable/certain) were isoniazid (18/0),
pyrazinamide (17/0), rifampicin (15/1), efavirenz (6/4), and lopinavir/ritonavir (1/0). Possible causes
of liver injury identified by the panel were isoniazid (19), rifampicin (16), pyrazinamide (14),

efavirenz (9), moxifloxacin (2), cotrimoxazole (1), and fluconazole (1).
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The expert panel reached consensus for all but one participant, who presented with a liver injury
and rash suggestive of a systemic hypersensitivity reaction while taking efavirenz. One panel
member assessed efavirenz to be a certain cause of the liver injury, as the liver injury and rash
reoccurred on rechallenge with efavirenz, and the clinical presentation was assessed as to be
atypical for rifampicin, isoniazid, pyrazinamide, or cotrimoxazole. The other 3 panel members
assessed efavirenz to be a possible cause of the liver injury as it was not clear from the records
whether rifampicin, isoniazid or pyrazinamide were rechallenged at the time of liver injury
reoccurrence, and the members were of opinion that more information was needed prior to ranking

efavirenz as a certain cause.

In 4 cases, efavirenz was assessed by the panel as a certain cause of liver injury. Efavirenz was the
single prescribed potentially hepatotoxic drug in 3 of these cases, and cotrimoxazole was assessed as
an unlikely cause of liver injury in the last case. When scored by the RUCAM, efavirenz was scored as
a certain cause of liver injury in two of these cases. In the third case, efavirenz was scored as a
possible cause by the RUCAM due to a point deducted for history of alcohol consumption as a
potential competing cause of liver injury, and in the fourth case efavirenz was scored as an unlikely
cause because the participant was also taking cotrimoxazole for which points were deducted.
Rifampicin was ranked once by the review panel as certain to have caused a liver injury, because
isoniazid and pyrazinamide were tolerated on rechallenge and liver injury reoccurred after rifampicin
was added to the rechallenge. However, when this case was scored by the RUCAM, rifampicin scored
as possibly implicated, as isoniazid and pyrazinamide were considered as concomitant suspect drugs,

and points were deducted.

The expert panel also performed an overall assessment of the likelihood of each case being a DILI.
Thirty-four cases were assessed as a certain DILI, 7 as probable, 6 as possible, and 1 as unlikely.
Competing differential diagnoses for these cases assessed as a probable or possible DILI included
IRIS (4 cases), acute viral hepatitis B (2 cases), acute viral hepatitis A (1 case), pancreatitis (1 case),
and viral hepatitis B flare (1 case). In the case assessed as unlikely to be a DILI, the panel concluded
that liver injury resulted from disseminated TB. In 13 of the 41 cases assessed by the panel as a
certain or probable DILI, there were multiple potentially implicated drugs, none of which were

ranked above “possible’”’ by the panel.
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The expert panel identified a positive dechallenge as useful in assessing whether liver injury was
caused by a drug. Challenges raised in the discussions of the expert panel in performing causality
assessment of cases of liver injury associated with ATT and/or ART, included the following: 1) Liver
injury due to rifampicin, isoniazid and pyrazinamide does not necessarily reoccur on re-exposure to
the drug [25]. Therefore, although positive rechallenge provides strong evidence that the drug
caused the liver injury, absence of reoccurrence of liver injury on rechallenge does not exclude the
drug as a cause of the liver injury. 2) Antituberculosis drugs were rechallenged sequentially. This
complicated assessment as the most recently rechallenged drug was not necessarily the cause of the
positive rechallenge. 3) Where rifampicin and isoniazid were used concomitantly, mechanistically
they could both be implicated in the liver injury [26]. There was debate about how best to grade
likelihood that multiple drugs were implicated where an additive or synergistic mechanism was
suspected. 4) Immune reconstitution inflammatory syndrome was an important competing

diagnosis.

DISCUSSION

We found that the RUCAM had low sensitivity when compared to expert panel review in identifying
drugs which were probable or certain causes of liver injury. The liver injury cases in our study were
all living with HIV infection and were taking a median of 6 hepatotoxic drugs (range 4-7) that could

potentially be implicated in the liver injury.

Liver injury was severe, with the majority of cases having elevated transaminases and jaundice, and
4 cases developing consequent hepatic encephalopathy [27]. Mortality was 6% and liver injury

caused prolonged hospital stay, which is in keeping with previous local studies [5][6].

To our knowledge, performance of the RUCAM in assessing causality in HIV-positive patients with
liver injury suspected to be due to ATT and/or ART has not previously been assessed. However,
medical comorbidities were previously shown to be associated with lower RUCAM causality
assessment scores [28]. RUCAM was found to elicit lower causality scores than a structured expert
opinion process in a prospective study of participants with suspected liver injury on single/multiple
potential hepatotoxic drugs (including complementary alternative medicines, and over-the-counter

medication), even though the majority of cases in the study had only one potentially implicated drug

[8].
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Causality assessment by expert review has been criticized because of its subjectivity [8]. Expert
review relies on experience and knowledge where the assessors reflect on expert opinion rather
than objective scoring criteria (as with the RUCAM), to attribute causality. However, the RUCAM due
to its algorithmic approach, lacks flexibility. Causality assessment was complicated in cases with
multiple implicated potentially hepatotoxic drugs. Expert panel review allowed for overall
assessment of likelihood that a drug caused the liver injury, as well as assessment of the likelihood
that each potentially causative drug is implicated. In contrast, the RUCAM only allowed for individual
scoring of each potentially implicated drug. In addition, two points are deducted in the RUCAM if

there are other concomitant potentially hepatotoxic drugs.

Of all the potentially implicated drugs, efavirenz was the most frequently ranked by the panel as a
certain cause of liver injury. In 3 of these cases, participants were only on ART without concomitant
ATT or cotrimoxazole, and efavirenz was therefore the only potentially implicated drug. However,
the majority of cases in this study had multiple potentially implicated drugs. This resulted in lower
RUCAM scores because of point deduction. RUCAM also does not provide flexibility to rate the
relative likelihood of multiple potential causes. On expert panel review of cases with multiple
potentially implicated drugs, it was not always possible to determine which of the drugs were
causative, in which cases all drugs were ranked as possibly implicated. However, expert panel review
provided the flexibility to consider clinical or biochemical features that would make one drug a more

likely cause, and to implicate more than one drug in the injury.

The panel reached consensus for all but one case, who presented with a liver injury and rash
suggestive of a systemic hypersensitivity reaction. This is not described to occur with efavirenz [29].
One member assessed efavirenz as a certain cause of liver injury because of the positive dechallenge
and rechallenge, but the majority agreed on efavirenz being only a possible cause of liver injury
because of missing information on ATT rechallenge, and paucity of prior reports of systemic
hypersensitivity reactions with efavirenz. Absence of information can cause dissonance in
consensus-based assessments. Furthermore, when the consensus approach is used, the absence of
essential information can be a key determinant of downgrading a potentially higher ranked causality

assessment.

RUCAM was originally developed using cases with positive rechallenge [11] and attaches a lot of
weight to positive rechallenge in scoring, which is regarded as strong evidence for the drug having
caused the liver injury [30]. However, less points are attained if other drugs are rechallenged at the
same time. In cases where ATT was rechallenged, and because antituberculosis drugs were

reintroduced sequentially, positive rechallenges scored lower on the RUCAM. Furthermore, a liver
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injury might not reoccur on ATT rechallenge even if the implicated drug was causative [25]. Efavirenz
rechallenge was not attempted due to the risk of reoccurrence of severe liver injury, and thus

information on rechallenge was not available for these cases.

The most common competing differential diagnosis was tuberculosis-associated IRIS, which occurs in
approximately 30% of patients on treatment for TB and who start ART within 3 months of ATT
initiation [31][32][33][34]. The clinical manifestations of IRIS are protean, including right upper
guadrant tenderness, jaundice and raised bile canalicular enzymes, thus mimicking the clinical
picture of DILI [34][35]. With a suspected DILI, dechallenge of the possibly implicated drugs is
required, whereas with IRIS the drugs are usually continued. Delays in recognition and diagnosis of

DILI versus IRIS, may therefore delay management and contribute to morbidity and mortality.

Our study highlights the challenges of using the RUCAM in the context of TB-HIV co-infection where
multiple potentially hepatotoxic drugs are used concurrently, and are often initiated around the
same time and in the presence of underlying pathologies that only manifest on introduction of

treatment (i.e., as with IRIS).

Our study has limitations. Expert panel review discussions occurred on 3 separate occasions, with
considerations of each case building on the discussions held for prior cases. This could have
introduced inconsistencies in causality assessment. The RUCAM was performed by a single
investigator. The reproducibility of the RUCAM is previously reported to be high by some
investigators [36] but interrater agreement was found to be poor by others [37]. We included only
severe liver injuries fulfilling ATS criteria for drug interruption in this analysis. The performance of
the RUCAM may be different in less severe liver injuries. It is possible that the expert panel approach
was biased towards attributing causation to potentially hepatotoxic drugs, but debate by a
multidisciplinary panel should minimise such bias. For the sensitivity and specificity analysis we
collapsed causality assessment categories to create a binary variable, for which we equated a
RUCAM score of “probable” with the WHO-UMC categorisation of probable. These rankings may not

be completely comparable in terms of likelihood that the drug caused liver injury.

The RUCAM demonstrated lower sensitivity compared to expert panel review in detecting drugs
which were probable or certain causes of liver injury in this case series where participants were
receiving multiple concomitant potentially implicated drugs. Modification of the RUCAM scoring to
penalise less heavily for other potentially causative drugs may improve utility of the tool for causality
assessment in patients with DILI suspected to be caused by ATT and/or ART. Any modification of the

RUCAM would require validation before its use clinically or in research.
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Tables

Table 1. Characteristics of 48 participants with liver injury suspected to have been caused by ATT
and/or ART. The multidisciplinary panel identified a probable or certain drug cause of liver injury in
28 cases.

Participant Characteristics 12 Drug(s) scored as No drugs scored as Total
probable or above probable or above
n=28 n=20 n=48
Age years, median (IQR) 40 (32, 46) 32 (28, 41) 34 (30, 45)
Sex
Female, n (%) 15 (54) 14 (70) 29 (60)
HIV-1 positive, n (%) 28 (100) 20 (100) 48 (100)
Current CD4"* T cell count, median 82 (41, 398) 124 (75, 280) 100 (44, 344)
(IQR)*
ART status, n (%)
Not on ART 7 (25) 3(15) 10 (21)
Efavirenz-based ART 17 (61) 15 (75) 32 (67)
Lopinavir + ritonavir-based ART 4 (14) 2 (10) 6 (13)
ATT, n (%) 20 (71) 17 (85) 37 (77)
Cotrimoxazole, n (%) 12 (43) 5(25) 17 (35)
Number of potentially hepatotoxic 6 (4, 7) 6(6,7) 6(4,7)
drugs per case, median (range)
IQR = interquartile range *in HIV-1 positive participants ART = Antiretroviral therapy ATT = Antituberculosis therapy
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Table 2. Presentation and clinical course of liver injury

Liver injury presentation

12 Drug(s) scored
as probable or

No drugs scored Total
as probable or

above above
n=28 n=20 n =48

Pattern of liver injury, n (%)

Hepatocellular 18 (64) 13 (65) 31 (65)

Mixed 6 (21) 4 (20) 10(21)

Cholestatic 4 (14) 3 (15) 7 (15)
DILI onset

Admission with suspected DILI, n (%) 25 (89) 17 (85) 42 (88)

Developed liver injury during admission 3(11) 3 (15) 6 (13)
ALT category at presentation

<120 1(4) 1(5) 2 (4)

120-200 11 (39) 3 (15) 14 (29)

>200 16 (57) 16 (80) 32 (67)
Outcome of hospitalisation, n (%)

Death 2(7) 1(5) 3(6)

Discharge 23 (82) 16 (80) 39 (81)

Transfer-out to TB stepdown facility 3(11) 3 (15) 6 (13)
Rechallenge attempted with ATT and/or 18 (64) 6 (30) 24 (50)
ART, n (%)

Liver injury reoccurrence on rechallenge 2 (11) 1(17) 3(13)

DILI = drug-induced liver injury ALT = alanine aminotransferase

ATT = antituberculosis therapy

ART = antiretroviral therapy
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Table 3. Performance of the RUCAM in identifying a probable/certain drug cause of liver injury
compared to the reference standard of expert panel review

PANEL
1> Drug(s) No drugs TOTAL
scored as scored as
probable or probable or
above above
RUCAM | 1= Drug(s) scoredas 3 3 6

TOTAL
Sensitivity 3/28
Specificity 17/20
PPV 3/6
NPV 17/42

probable or above
No drugs scored as 25 17 42
probable or above

28 20 48
11%  (95% confidence interval [Cl] 2%-28%)
85%  (95% Cl 62%-97%)
50%  (95% Cl 12%-88%)
41%  (95% Cl 25%-57%)

PPV = positive predictive value

NPV = negative predictive value
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RUCAM Causality Assessment

Drug: Initial ALT: Initial Alk P: R ratio = [ALT/ULN] + [Alk P/ULN] = + =

The R ratio determines whether the injury is hepatocellular (R > 5.0), cholestatic (R < 2.0), or mixed (R =2.0-5.0)

Hepatocellular Type | Cholestatic or Mixed Type | Assessment
1. Time to onset
Initial Treatment Subsequent Initial Treatment Subsequent Treatment Score (check one only)
Treatment
0  From the beginning of the drug:
e  Suggestive 5—90 days 1-15 days 5—90 days 1-90 days O +2
e  Compatible <5 or>90 days > 15 days <5 or>90 days > 90 days O+
0  From cessation of the drug:
e  Compatible <15 days <15 days <30 days <30 days O+

Note: If reaction begins before starting the medication or >15 days after stopping (hepatocellular), or >30 days after stopping (cholestatic), the injury should be considered unrelated

and the RUCAM cannot be calculated.
e
2. Course Change in ALT between peak value and ULN Change in Alk P (or total bilirubin) between peak Score (check one only)

value and ULN

After stopping the drug:

e  Highly suggestive Decrease 2 50% within 8 days Not applicable a+3
e Suggestive Decrease 2 50% within 30 days Decrease 2 50% within 180 days a +2
e  Compatible Not applicable Decrease < 50% within 180 days O+
e  Inconclusive No information or decrease > 50% after 30 days Persistence or increase or no information Jo
e Against the role of the drug Decrease < 50% after 30 days OR
Recurrent increase Not applicable -2
0 If the drug is continued:
e Inconclusive All situations All situations o
s s
3. Risk Factors: Ethanol Ethanol or Pregnancy (either) Score
(check one for each)
0  Alcohol or Pregnancy Presence Presence O+1
Absence Absence o
0 Age Age of the patient > 55 years Age of the patient > 55 years O +1
Age of the patient < 55 years Age of the patient < 55 years O o




4. Concomitant drug(s):

Score (check one only)

5. Exclusion of other causes of liver injury:

0 None or no information or concomitant drug with incompatible time to onset Jo
0 Concomitant drug with suggestive or compatible time to onset -1
0 Concomitant drug known to be hepatoxic with a suggestive time to onset -2
0 Concomitant drug with clear evidence for its role (positive rechallenge or clear link to injury and typical signature) -3

Score (check one only)

6. Previous information on hepatotoxicity of the drug:

Group | (6 causes): 0  Allcauses in Group | and Il ruled out [ +2

0  Acute viral hepatitis due to HAV (IgM anti-HAV), or

o HBV (HBsAg and/or IgM anti-HBc), or 0 The 6 causes of Group | ruled out O+

o HCV (anti HCV and/or HCV RNA with appropriate clinical history)

0 Biliary obstruction (By imaging) 0  Five or 4 causes of Group | ruled out O o

0 Alcoholism (History of excessive intake and AST/ALT > 2)

0 Recent history of hypotension, shock or ischemia (within 2 weeks of onset) 0 Less than 4 causes of Group 1 ruled out -2

Group |l (2 categories of causes):

0  Complications of underlying disease(s) such as autoimmune hepatitis, sepsis, chronic hepatitis | o Non drug cause highly probable -3
B or C, primary biliary cirrhosis or sclerosing cholangitis; or

0 Clinical features or serologic and virologic tests indicating acute CMV, EBV, or HSV.

Score (check one only)

0 Reaction labeled in the product characteristics

[ +2

0  Reaction published but unlabeled

HEt

0  Reaction unknown

7. Response to readministration:

o

Score (check one only)

0  Positive Doubling of ALT with drug alone Doubling of Alk P (or bilirubin) with drug alone d+3

0 Compatible Doubling of the ALT with the suspect drug Doubling of the Alk P (or bilirubin) with the suspect O+
combined with another drug which had been drug combined with another drug which had been
given at the time of onset of the initial injury given at the time of onset of the initial injury

0 Negative Increase of ALT but less than ULN with drug Increase of Alk P (or bilirubin) but less than ULN with a-2
alone drug alone

0 Not done or not interpretable Other situations Other situations Jo

TOTAL (add the checked figures)

Abbreviations used: ALT, alanine aminotransferase; Alk P, alkaline phosphatase; ULN, upper limit of the normal range of values
Modified from: Danan G and Benichou C. J Clin Epidemiol 1993, 46: 1323-30.
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The entries in the list should be numbered consecutively.

If available, please always include DOlIs as full DOI links in your reference list
(e.g. "https://doi.org/abc”).

« Journal article

Smith JJ. The world of science. Am J Sci. 1999;36:234-5.

« Article by DOI

Slifka MK, Whitton JL. Clinical implications of dysregulated cytokine
production. J Mol Med. 2000; https://doi.org/10.1007/s001090000086

« Book

Blenkinsopp A, Paxton P. Symptoms in the pharmacy: a guide to the
management of common illness. 3rd ed. Oxford: Blackwell Science;
1998.

« Book chapter

Wyllie AH, Kerr JFR, Currie AR. Cell death: the significance of
apoptosis. In: Bourne GH, Danielli JF, Jeon KW, editors. International
review of cytology. London: Academic; 1980. pp. 251-306.

e Online document

Doe J. Title of subordinate document. In: The dictionary of substances
and their effects. Royal Society of Chemistry. 1999.



http://www.rsc.org/dose/title of subordinate document. Accessed 15
Jan 1999.

Always use the standard abbreviation of a journal’s name according to the
ISSN List of Title Word Abbreviations, see

ISSN.org LTWA

If you are unsure, please use the full journal title.
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Tables

« All tables are to be numbered using Arabic numerals.

« Tables should always be cited in text in consecutive numerical order.

« For each table, please supply a table caption (title) explaining the
components of the table.

« Identify any previously published material by giving the original
source in the form of a reference at the end of the table caption.

« Footnotes to tables should be indicated by superscript lower-case
letters (or asterisks for significance values and other statistical data)
and included beneath the table body.

Back to top
Artwork

For the best quality final product, it is highly recommended that you submit
all of your artwork — photographs, line drawings, etc. — in an electronic
format. Your art will then be produced to the highest standards with the
greatest accuracy to detail. The published work will directly reflect the
quality of the artwork provided.

Electronic Figure Submission

« Supply all figures electronically.
« Indicate what graphics program was used to create the artwork.
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« For vector graphics, the preferred format is EPS; for halftones, please
use TIFF format. MS Office files are also acceptable.
« Vector graphics containing fonts must have the fonts embedded in

the files.
« Name your figure files with "Fig" and the figure number, e.g.,
Fig1.eps.
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« Definition: Black and white graphic with no shading.

« Do not use faint lines and/or lettering and check that all lines and
lettering within the figures are legible at final size.

o Alllines should be at least 0.1 mm (0.3 pt) wide.

« Scanned line drawings and line drawings in bitmap format should
have a minimum resolution of 1200 dpi.

« Vector graphics containing fonts must have the fonts embedded in
the files.

Halftone Art



« Definition: Photographs, drawings, or paintings with fine shading, etc.

« If any magnification is used in the photographs, indicate this by using
scale bars within the figures themselves.

« Halftones should have a minimum resolution of 300 dpi.
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« Definition: a combination of halftone and line art, e.g., halftones
containing line drawing, extensive lettering, color diagrams, etc.
« Combination artwork should have a minimum resolution of 600 dpi.



Color Art

o Color art is free of charge for print and online publication.
o Color illustrations should be submitted as RGB.

Figure Lettering

o To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

« Keep lettering consistently sized throughout your final-sized artwork,
usually about 2-3 mm (8-12 pt).

« Variance of type size within an illustration should be minimal, e.g., do
not use 8-pt type on an axis and 20-pt type for the axis label.

« Avoid effects such as shading, outline letters, etc.

« Do not include titles or captions within your illustrations.

Figure Numbering

« All figures are to be numbered using Arabic numerals.

« Figures should always be cited in text in consecutive numerical order.

« Figure parts should be denoted by lowercase letters (a, b, ¢, etc.).

. If an appendix appears in your article and it contains one or more
figures, continue the consecutive numbering of the main text. Do not
number the appendix figures, "A1, A2, A3, etc." Figures in online
appendices [Supplementary Information (SI)] should, however, be
numbered separately.

Figure Captions

« Each figure should have a concise caption describing accurately what
the figure depicts. Include the captions in the text file of the
manuscript, not in the figure file.

« Figure captions begin with the term Fig. in bold type, followed by the
figure number, also in bold type.

« No punctuation is to be included after the number, nor is any
punctuation to be placed at the end of the caption.

« Identify all elements found in the figure in the figure caption; and use
boxes, circles, etc., as coordinate points in graphs.

« Identify previously published material by giving the original source in
the form of a reference citation at the end of the figure caption.

Figure Placement and Size



« When preparing your figures, size figures to fit in the column width.

« Forlarge-sized journals the figures should be 84 mm (for double-
column text areas), or 174 mm (for single-column text areas) wide
and not higher than 234 mm.

o For small-sized journals, the figures should be 119 mm wide and not
higher than 195 mm.

Permissions

If you include figures that have already been published elsewhere, you must
obtain permission from the copyright owner(s) for both the print and online
format. Please be aware that some publishers do not grant electronic rights
for free and that Springer will not be able to refund any costs that may
have occurred to receive these permissions. In such cases, material from
other sources should be used.

Accessibility

In order to give people of all abilities and disabilities access to the content
of your figures, please make sure that

« All figures have descriptive captions (blind users could then use a
text-to-speech software or a text-to-Braille hardware)

« Patterns are used instead of or in addition to colors for conveying
information (color-blind users would then be able to distinguish the
visual elements)

« Any figure lettering has a contrast ratio of at least 4.5:1

Back to top
Supplementary Information (SI)

Springer accepts electronic multimedia files (animations, movies, audio,
etc.) and other supplementary files to be published online along with an
article or a book chapter. This feature can add dimension to the author's
article, as certain information cannot be printed or is more convenient in
electronic form.
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Before submitting research datasets as Supplementary Information, authors
should read the journal’s Research data policy. We encourage research data
to be archived in data repositories wherever possible.

Submission

o Supply all supplementary material in standard file formats.

o Please include in each file the following information: article title,
journal name, author names; affiliation and e-mail address of the
corresponding author.

o To accommodate user downloads, please keep in mind that larger-
sized files may require very long download times and that some users
may experience other problems during downloading.

« High resolution (streamable quality) videos can be submitted up to a

maximum of 25GB; low resolution videos should not be larger than
5GB.

Audio, Video, and Animations

o Aspect ratio: 16:9 or 4:3

o Maximum file size: 25 GB for high resolution files; 5 GB for low
resolution files

o Minimum video duration: 1 sec
« Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg,
flv, mxf, mts, m4v, 3gp

Text and Presentations

« Submit your material in PDF format; .doc or .ppt files are not suitable
for long-term viability.

« A collection of figures may also be combined in a PDF file.

Spreadsheets

« Spreadsheets should be submitted as .csv or xIsx files (MS Excel).

Specialized Formats

o Specialized format such as .pdb (chemical), .wrl (VRML), .nb
(Mathematica notebook), and .tex can also be supplied.

Collecting Multiple Files



o lItis possible to collect multiple files in a .zip or .gz file.

Numbering

« If supplying any supplementary material, the text must make specific
mention of the material as a citation, similar to that of figures and

tables.
« Refer to the supplementary files as “Online Resource”, e.g., "... as
shown in the animation (Online Resource 3)", “... additional data are

given in Online Resource 4".
« Name the files consecutively, e.g. "ESM_3.mpg”, "ESM_4.pdf".

Captions

o For each supplementary material, please supply a concise caption
describing the content of the file.

Processing of supplementary files

« Supplementary Information (SI) will be published as received from the
author without any conversion, editing, or reformatting.

Accessibility

In order to give people of all abilities and disabilities access to the content
of your supplementary files, please make sure that

« The manuscript contains a descriptive caption for each
supplementary material

« Video files do not contain anything that flashes more than three
times per second (so that users prone to seizures caused by such
effects are not put at risk)

Back to top
After Acceptance

Upon acceptance, your article will be exported to Production to undergo
typesetting. Once typesetting is complete, you will receive a link asking you
to confirm your affiliation, choose the publishing model for your article as
well as arrange rights and payment of any associated publication cost.
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Once you have completed this, your article will be processed and you will
receive the proofs.

Article publishing agreement

Depending on the ownership of the journal and its policies, you will either
grant the Publisher an exclusive licence to publish the article or will be
asked to transfer copyright of the article to the Publisher.

Offprints
Offprints can be ordered by the corresponding author.

Color illustrations

Publication of color illustrations is free of charge.

Proof reading

The purpose of the proof is to check for typesetting or conversion errors
and the completeness and accuracy of the text, tables and figures.
Substantial changes in content, e.g., new results, corrected values, title and
authorship, are not allowed without the approval of the Editor.

After online publication, further changes can only be made in the form of
an Erratum, which will be hyperlinked to the article.

Online First

The article will be published online after receipt of the corrected proofs.
This is the official first publication citable with the DOI. After release of the
printed version, the paper can also be cited by issue and page numbers.

Back to top
Open Choice

In addition to the normal publication process (whereby an article is
submitted to the journal and access to that article is granted to customers
who have purchased a subscription), Springer provides an alternative
publishing option: Springer Open Choice. A Springer Open Choice article
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receives all the benefits of a regular subscription-based article, but in
addition is made available publicly through Springer’s online platform
SpringerLink.

Open Choice

Copyright and license term — CC BY-NC

Open Choice articles do not require transfer of copyright as the copyright
remains with the author. In opting for open access, the author(s) agree to
publish the article under the Creative Commons Attribution-
NonCommercial 4.0 International License

Find more about the license agreement

Back to top
Research Data Policy and Data Availability Statements

This journal operates a type 2 research data policy (life sciences). A
submission to the journal implies that materials described in the
manuscript, including all relevant raw data, will be freely available to any
researcher wishing to use them for non-commercial purposes, without
breaching participant confidentiality.

The journal strongly encourages that all datasets on which the conclusions
of the paper rely should be available to readers. We encourage authors to
ensure that their datasets are either deposited in publicly available
repositories (where available and appropriate) or presented in the main
manuscript or additional supporting files whenever possible. Please see
Springer Nature's information on recommended repositories.

List of Repositories

Research Data Policy

General repositories - for all types of research data - such as figshare and
Dryad may be used where appropriate.
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Datasets that are assigned digital object identifiers (DOIs) by a data
repository may be cited in the reference list. Data citations should include
the minimum information recommended by DataCite: authors, title,
publisher (repository name), identifier.

DataCite

Where a widely established research community expectation for data
archiving in public repositories exists, submission to a community-
endorsed, public repository is mandatory. Persistent identifiers (such as
DOls and accession numbers) for relevant datasets must be provided in the

paper.

If the journal that you're submitting to uses double-blind peer review and
you are providing reviewers with access to your data (for example via a
repository link, supplementary information or data on request), it is strongly
suggested that the authorship in the data is also blinded. There are data
repositories that can assist with this and/or will create a link to mask the
authorship of your data.

For the following types of data set, submission to a community-endorsed,
public repository is mandatory:

Mandatory deposition Suitable repositories
Protein sequences Uniprot
DNA and RNA sequences Genbank

DNA DataBank of Japan (DDBJ)

EMBL Nucleotide Sequence Database (ENA)

DNA and RNA sequencing data NCBI Trace Archive

NCBI Sequence Read Archive (SRA)
Genetic polymorphisms dbSNP

dbVar

European Variation Archive (EVA)

Linked genotype and phenotype data dbGAP
The European Genome-phenome Archive (EGA)

Macromolecular structure Worldwide Protein Data Bank (wwPDB)
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Biological Magnetic Resonance Data Bank (BMRB)

Electron Microscopy Data Bank (EMDB)

Microarray data (must be MIAME compliant) Gene Expression Omnibus (GEO)
ArrayExpress

Crystallographic data for small molecules Cambridge Structural Database

For more information:

Research Data Policy Freqguently Asked Questions

Data availability

The journal encourages authors to provide a statement of Data availability
in their article. Data availability statements should include information on
where data supporting the results reported in the article can be found,
including, where applicable, hyperlinks to publicly archived datasets
analysed or generated during the study. Data availability statements can
also indicate whether data are available on request from the authors and
where no data are available, if appropriate.

Data Availability statements can take one of the following forms (or a
combination of more than one if required for multiple datasets):

1. The datasets generated during and/or analysed during the current
study are available in the [NAME] repository, [PERSISTENT WEB LINK
TO DATASETS]

o 2. The datasets generated during and/or analysed during the current
study are not publicly available due [REASON WHY DATA ARE NOT
PUBLIC] but are available from the corresponding author on
reasonable request.

« 3. The datasets generated during and/or analysed during the current
study are available from the corresponding author on reasonable
request.

« 4. Data sharing not applicable to this article as no datasets were
generated or analysed during the current study.

o 5. All data generated or analysed during this study are included in

this published article [and its supplementary information files].
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More examples of template data availability statements, which include
examples of openly available and restricted access datasets, are available:

Data availability statements

Authors who need help understanding our data sharing policies, help
finding a suitable data repository, or help organising and sharing research
data can access our Author Support portal for additional guidance.
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Scientific style

o Please always use internationally accepted signs and symbols for
units (SI units).

« Nomenclature: Insofar as possible, authors should use systematic
names similar to those used by Chemical Abstract Service or IUPAC.

« Genus and species names should be in italics.

« Generic names of drugs and pesticides are preferred; if trade names
are used, the generic name should be given at first mention.

o Please use the standard mathematical notation for formulae, symbols,
etc.:ltalic for single letters that denote mathematical constants,
variables, and unknown quantities Roman/upright for numerals,
operators, and punctuation, and commonly defined functions or
abbreviations, e.g., cos, det, e or exp, lim, log, max, min, sin, tan, d (for
derivative) Bold for vectors, tensors, and matrices.

Back to top
Ethical Responsibilities of Authors

This journal is committed to upholding the integrity of the scientific record.
As a member of the Committee on Publication Ethics (COPE) the journal will
follow the COPE guidelines on how to deal with potential acts of
misconduct.

Authors should refrain from misrepresenting research results which could
damage the trust in the journal, the professionalism of scientific authorship,
and ultimately the entire scientific endeavour. Maintaining integrity of the
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research and its presentation is helped by following the rules of good
scientific practice, which include*:

The manuscript should not be submitted to more than one journal
for simultaneous consideration.

The submitted work should be original and should not have been
published elsewhere in any form or language (partially or in full),
unless the new work concerns an expansion of previous work. (Please
provide transparency on the re-use of material to avoid the concerns
about text-recycling (‘self-plagiarism’).

A single study should not be split up into several parts to increase the
quantity of submissions and submitted to various journals or to one
journal over time (i.e. ‘salami-slicing/publishing’).

Concurrent or secondary publication is sometimes justifiable,
provided certain conditions are met. Examples include: translations or
a manuscript that is intended for a different group of readers.

Results should be presented clearly, honestly, and without fabrication,
falsification or inappropriate data manipulation (including image
based manipulation). Authors should adhere to discipline-specific
rules for acquiring, selecting and processing data.

No data, text, or theories by others are presented as if they were the
author’s own (‘plagiarism’). Proper acknowledgements to other works
must be given (this includes material that is closely copied (near
verbatim), summarized and/or paraphrased), quotation marks (to
indicate words taken from another source) are used for verbatim
copying of material, and permissions secured for material that is
copyrighted.

Important note: the journal may use software to screen for plagiarism.

Authors should make sure they have permissions for the use of
software, questionnaires/(web) surveys and scales in their studies (if
appropriate).

Research articles and non-research articles (e.g. Opinion, Review, and
Commentary articles) must cite appropriate and relevant literature in
support of the claims made. Excessive and inappropriate self-citation
or coordinated efforts among several authors to collectively self-cite
is strongly discouraged.



o Authors should avoid untrue statements about an entity (who can be
an individual person or a company) or descriptions of their behavior
or actions that could potentially be seen as personal attacks or
allegations about that person.

« Research that may be misapplied to pose a threat to public health or
national security should be clearly identified in the manuscript (e.g.
dual use of research). Examples include creation of harmful
consequences of biological agents or toxins, disruption of immunity
of vaccines, unusual hazards in the use of chemicals, weaponization
of research/technology (amongst others).

« Authors are strongly advised to ensure the author group, the
Corresponding Author, and the order of authors are all correct at
submission. Adding and/or deleting authors during the revision
stages is generally not permitted, but in some cases may be
warranted. Reasons for changes in authorship should be explained in
detail. Please note that changes to authorship cannot be made after
acceptance of a manuscript.

*All of the above are guidelines and authors need to make sure to respect
third parties rights such as copyright and/or moral rights.

Upon request authors should be prepared to send relevant documentation
or data in order to verify the validity of the results presented. This could be
in the form of raw data, samples, records, etc. Sensitive information in the
form of confidential or proprietary data is excluded.

If there is suspicion of misbehavior or alleged fraud the Journal and/or
Publisher will carry out an investigation following COPE guidelines. If, after
investigation, there are valid concerns, the author(s) concerned will be
contacted under their given e-mail address and given an opportunity to
address the issue. Depending on the situation, this may result in the
Journal’'s and/or Publisher’s implementation of the following measures,
including, but not limited to:

« If the manuscript is still under consideration, it may be rejected and
returned to the author.

« If the article has already been published online, depending on the
nature and severity of the infraction:



- an erratum/correction may be placed with the article
- an expression of concern may be placed with the article

- or in severe cases retraction of the article may occur.
The reason will be given in the published erratum/correction, expression of
concern or retraction note. Please note that retraction means that the
article is maintained on the platform, watermarked “retracted” and the
explanation for the retraction is provided in a note linked to the
watermarked article.

o The author's institution may be informed

« A notice of suspected transgression of ethical standards in the peer
review system may be included as part of the author’s and article’s
bibliographic record.

Fundamental errors

Authors have an obligation to correct mistakes once they discover a
significant error or inaccuracy in their published article. The author(s) is/are
requested to contact the journal and explain in what sense the error is
impacting the article. A decision on how to correct the literature will
depend on the nature of the error. This may be a correction or retraction.
The retraction note should provide transparency which parts of the article
are impacted by the error.

Suggesting / excluding reviewers

Authors are welcome to suggest suitable reviewers and/or request the
exclusion of certain individuals when they submit their manuscripts. When
suggesting reviewers, authors should make sure they are totally
independent and not connected to the work in any way. It is strongly
recommended to suggest a mix of reviewers from different countries and
different institutions. When suggesting reviewers, the Corresponding
Author must provide an institutional email address for each suggested
reviewer, or, if this is not possible to include other means of verifying the
identity such as a link to a personal homepage, a link to the publication
record or a researcher or author ID in the submission letter. Please note
that the Journal may not use the suggestions, but suggestions are
appreciated and may help facilitate the peer review process.
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Authorship principles

These guidelines describe authorship principles and good authorship
practices to which prospective authors should adhere to.

Authorship clarified

The Journal and Publisher assume all authors agreed with the content and
that all gave explicit consent to submit and that they obtained consent
from the responsible authorities at the institute/organization where the
work has been carried out, before the work is submitted.

The Publisher does not prescribe the kinds of contributions that warrant
authorship. It is recommended that authors adhere to the guidelines for
authorship that are applicable in their specific research field. In absence of
specific guidelines it is recommended to adhere to the following
guidelines*:

All authors whose names appear on the submission

1) made substantial contributions to the conception or design of the work;
or the acquisition, analysis, or interpretation of data; or the creation of new
software used in the work;

2) drafted the work or revised it critically for important intellectual content;
3) approved the version to be published; and

4) agree to be accountable for all aspects of the work in ensuring that
questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

* Based on/adapted from:

ICMJE, Defining the Role of Authors and Contributors,
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Transparency in authors’ contributions and responsibilities to promote
inteqgrity in scientific publication, McNutt at all, PNAS February 27, 2018

Disclosures and declarations

All authors are requested to include information regarding sources of
funding, financial or non-financial interests, study-specific approval by the
appropriate ethics committee for research involving humans and/or
animals, informed consent if the research involved human participants, and
a statement on welfare of animals if the research involved animals (as
appropriate).

The decision whether such information should be included is not only
dependent on the scope of the journal, but also the scope of the article.
Work submitted for publication may have implications for public health or
general welfare and in those cases it is the responsibility of all authors to
include the appropriate disclosures and declarations.

Data transparency

All authors are requested to make sure that all data and materials as well as
software application or custom code support their published claims and
comply with field standards. Please note that journals may have individual
policies on (sharing) research data in concordance with disciplinary norms
and expectations.

Role of the Corresponding Author

One author is assigned as Corresponding Author and acts on behalf of all
co-authors and ensures that questions related to the accuracy or integrity
of any part of the work are appropriately addressed.

The Corresponding Author is responsible for the following requirements:

« ensuring that all listed authors have approved the manuscript before
submission, including the names and order of authors;

« managing all communication between the Journal and all co-authors,
before and after publication;*


https://doi.org/10.1073/pnas.1715374115
https://doi.org/10.1073/pnas.1715374115

« providing transparency on re-use of material and mention any
unpublished material (for example manuscripts in press) included in
the manuscript in a cover letter to the Editor;

« making sure disclosures, declarations and transparency on data
statements from all authors are included in the manuscript as
appropriate (see above).

* The requirement of managing all communication between the journal and
all co-authors during submission and proofing may be delegated to a
Contact or Submitting Author. In this case please make sure the
Corresponding Author is clearly indicated in the manuscript.

Author contributions

In absence of specific instructions and in research fields where it is possible
to describe discrete efforts, the Publisher recommends authors to include
contribution statements in the work that specifies the contribution of every
author in order to promote transparency. These contributions should be
listed at the separate title page.

Examples of such statement(s) are shown below:

* Free text:

All authors contributed to the study conception and design. Material
preparation, data collection and analysis were performed by [full name],
[full name] and [full name]. The first draft of the manuscript was written by
[full name] and all authors commented on previous versions of the

manuscript. All authors read and approved the final manuscript.

Example: CRediT taxonomy:

« Conceptualization: [full name], ...; Methodology: [full name], ...; Formal
analysis and investigation: [full name], ...; Writing - original draft
preparation: [full name, ...]; Writing - review and editing: [full name], ...;
Funding acquisition: [full name], ...; Resources: [full name], ...; Supervision:
[full name],....


http://credit.niso.org/

For review articles where discrete statements are less applicable a
statement should be included who had the idea for the article, who
performed the literature search and data analysis, and who drafted and/or
critically revised the work.

For articles that are based primarily on the student’s dissertation or
thesis, it is recommended that the student is usually listed as principal
author:

A Graduate Student’s Guide to Determining Authorship Credit and
Authorship Order, APA Science Student Council 2006

Affiliation

The primary affiliation for each author should be the institution where the
majority of their work was done. If an author has subsequently moved, the
current address may additionally be stated. Addresses will not be updated
or changed after publication of the article.

Changes to authorship

Authors are strongly advised to ensure the correct author group, the
Corresponding Author, and the order of authors at submission. Changes of
authorship by adding or deleting authors, and/or changes in
Corresponding Author, and/or changes in the sequence of authors

are not accepted after acceptance of a manuscript.

« Please note that author names will be published exactly as they
appear on the accepted submission!

Please make sure that the names of all authors are present and correctly
spelled, and that addresses and affiliations are current.

Adding and/or deleting authors at revision stage are generally not
permitted, but in some cases it may be warranted. Reasons for these
changes in authorship should be explained. Approval of the change during
revision is at the discretion of the Editor-in-Chief. Please note that journals
may have individual policies on adding and/or deleting authors during
revision stage.
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Author identification

Authors are recommended to use their ORCID ID when submitting an
article for consideration or acquire an ORCID ID via the submission process.

Deceased or incapacitated authors

For cases in which a co-author dies or is incapacitated during the writing,
submission, or peer-review process, and the co-authors feel it is
appropriate to include the author, co-authors should obtain approval from
a (legal) representative which could be a direct relative.

Authorship issues or disputes

In the case of an authorship dispute during peer review or after acceptance
and publication, the Journal will not be in a position to investigate or
adjudicate. Authors will be asked to resolve the dispute themselves. If they
are unable the Journal reserves the right to withdraw a manuscript from the
editorial process or in case of a published paper raise the issue with the
authors’ institution(s) and abide by its guidelines.

Confidentiality

Authors should treat all communication with the Journal as confidential
which includes correspondence with direct representatives from the Journal
such as Editors-in-Chief and/or Handling Editors and reviewers' reports
unless explicit consent has been received to share information.

Back to top
Compliance with Ethical Standards

To ensure objectivity and transparency in research and to ensure that
accepted principles of ethical and professional conduct have been followed,
authors should include information regarding sources of funding, potential
conflicts of interest (financial or non-financial), informed consent if the
research involved human participants, and a statement on welfare of
animals if the research involved animals.
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Authors should include the following statements (if applicable) in a
separate section entitled “Compliance with Ethical Standards” when
submitting a paper:

« Disclosure of potential conflicts of interest
« Research involving Human Participants and/or Animals
« Informed consent

Please note that standards could vary slightly per journal dependent on
their peer review policies (i.e. single or double blind peer review) as well as
per journal subject discipline. Before submitting your article check the
instructions following this section carefully.

The corresponding author should be prepared to collect documentation of
compliance with ethical standards and send if requested during peer review
or after publication.

The Editors reserve the right to reject manuscripts that do not comply with
the above-mentioned guidelines. The author will be held responsible for
false statements or failure to fulfill the above-mentioned guidelines.

Back to top
Disclosure of potential conflicts of interest

Authors must disclose all relationships or interests that could influence or
bias the work. Although an author may not feel there are conflicts,
disclosure of relationships and interests affords a more transparent process,
leading to an accurate and objective assessment of the work. Awareness of
real or perceived conflicts of interests is a perspective to which the readers
are entitled and is not meant to imply that a financial relationship with an
organization that sponsored the research or compensation for consultancy
work is inappropriate. Examples of potential conflicts of interests that are
directly or indirectly related to the research may include but are not
limited to the following:

« Research grants from funding agencies (please give the research
funder and the grant number)
« Honoraria for speaking at symposia
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« Financial support for attending symposia

« Financial support for educational programs

« Employment or consultation

« Support from a project sponsor

« Position on advisory board or board of directors or other type of
management relationships

« Multiple affiliations

« Financial relationships, for example equity ownership or investment
interest

« Intellectual property rights (e.g. patents, copyrights and royalties
from such rights)

« Holdings of spouse and/or children that may have financial interest in
the work

In addition, interests that go beyond financial interests and compensation
(non-financial interests) that may be important to readers should be
disclosed. These may include but are not limited to personal relationships
or competing interests directly or indirectly tied to this research, or
professional interests or personal beliefs that may influence your research.

The corresponding author collects the conflict of interest disclosure forms
from all authors. (Please note that each author should complete a

disclosure form.)

Conflict of Interest disclosure form (Download doc, 87 kB)

Please make sure to submit all Conflict of Interest disclosure forms together
with the manuscript.

See below examples of disclosures:

Funding: This study was funded by X (grant number X).

Conflict of Interest: Author A has received research grants from Company
A. Author B has received a speaker honorarium from Company X and owns

stock in Company Y. Author C is a member of committee Z.

If no conflict exists, the authors should state:


https://media.springer.com/full/springer-instructions-for-authors-assets/doc/1365465_Conflicts%20of%20Interest%20Disclosure%20form.doc

Conflict of Interest: Author A, Author B, and Author C declare that they have
no conflict of interest.
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Research involving human participants, their data or biological material

Ethics approval

When reporting a study that involved human participants, their data or
biological material, authors should include a statement that confirms that
the study was approved (or granted exemption) by the appropriate
institutional and/or national research ethics committee (including the name
of the ethics committee) and certify that the study was performed in
accordance with the ethical standards as laid down in the 1964 Declaration
of Helsinki and its later amendments or comparable ethical standards. If
doubt exists whether the research was conducted in accordance with the
1964 Helsinki Declaration or comparable standards, the authors must
explain the reasons for their approach, and demonstrate that an
independent ethics committee or institutional review board explicitly
approved the doubtful aspects of the study. If a study was granted
exemption from requiring ethics approval, this should also be detailed in
the manuscript (including the reasons for the exemption).

Retrospective ethics approval

If a study has not been granted ethics committee approval prior to
commencing, retrospective ethics approval usually cannot be obtained and
it may not be possible to consider the manuscript for peer review. The
decision on whether to proceed to peer review in such cases is at the
Editor's discretion.

Ethics approval for retrospective studies

Although retrospective studies are conducted on already available data or
biological material (for which formal consent may not be needed or is
difficult to obtain) ethics approval may be required dependent on the law
and the national ethical guidelines of a country. Authors should check with
their institution to make sure they are complying with the specific
requirements of their country.
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Ethics approval for case studies

Case reports require ethics approval. Most institutions will have specific
policies on this subject. Authors should check with their institution to make
sure they are complying with the specific requirements of their institution
and seek ethics approval where needed. Authors should be aware to secure
informed consent from the individual (or parent or guardian if the
participant is a minor or incapable) See also section on Informed Consent.

Cell lines

If human cells are used, authors must declare in the manuscript: what cell
lines were used by describing the source of the cell line, including when
and from where it was obtained, whether the cell line has recently been
authenticated and by what method. If cells were bought from a life science
company the following need to be given in the manuscript: name of
company (that provided the cells), cell type, number of cell line, and batch
of cells.

It is recommended that authors check the NCBI database for
misidentification and contamination of human cell lines. This step will alert
authors to possible problems with the cell line and may save considerable
time and effort.

Further information is available from the International Cell Line
Authentication Committee (ICLAC).

Authors should include a statement that confirms that an institutional or
independent ethics committee (including the name of the ethics
committee) approved the study and that informed consent was obtained
from the donor or next of kin.

Research Resource Identifiers (RRID)

Research Resource Identifiers (RRID) are persistent unique identifiers
(effectively similar to a DOI) for research resources. This journal encourages
authors to adopt RRIDs when reporting key biological resources
(antibodies, cell lines, model organisms and tools) in their manuscripts.

Examples:


https://www.ncbi.nlm.nih.gov/biosample/?term=cell%20line%20status%20misidentified%5bAttribute%5d
http://iclac.org/about-iclac/
http://iclac.org/about-iclac/

Organism: Filip Ttmexovpwisi RRID:MMRRC_055641-UCD

Cell Line: RST307 cell line RRID:CVCL_C321

Antibody: Luciferase antibody DSHB Cat# LUC-3, RRID:AB_2722109
Plasmid: mRuby3 plasmid RRID:Addgene_104005

Software: ImageJ Version 1.2.4 RRID:SCR_003070

RRIDs are provided by the Resource Identification Portal. Many commonly
used research resources already have designated RRIDs. The portal also

provides authors links so that they can quickly register a new resource and
obtain an RRID.

Clinical Trial Registration

The World Health Organization (WHO) definition of a clinical trial is "any
research study that prospectively assigns human participants or groups of
humans to one or more health-related interventions to evaluate the effects
on health outcomes”. The WHO defines health interventions as “A health
intervention is an act performed for, with or on behalf of a person or
population whose purpose is to assess, improve, maintain, promote or
modify health, functioning or health conditions” and a health-related
outcome is generally defined as a change in the health of a person or
population as a result of an intervention.

To ensure the integrity of the reporting of patient-centered trials, authors
must register prospective clinical trials (phase Il to IV trials) in suitable
publicly available repositories. For example www.clinicaltrials.gov or any of
the primary registries that participate in the WHO International Clinical
Trials Registry Platform.

The trial registration number (TRN) and date of registration should be
included as the last line of the manuscript abstract.

For clinical trials that have not been registered prospectively, authors are
encouraged to register retrospectively to ensure the complete publication
of all results. The trial registration number (TRN), date of registration and


https://scicrunch.org/resources
https://scicrunch.org/resources/about/resource
http://www.clinicaltrials.gov/
http://www.who.int/ictrp/network/primary/en/
http://www.who.int/ictrp/network/primary/en/

the words 'retrospectively registered’ should be included as the last line of
the manuscript abstract.

Standards of reporting

Springer Nature advocates complete and transparent reporting of
biomedical and biological research and research with biological
applications. Authors are recommended to adhere to the minimum
reporting guidelines hosted by the EQUATOR Network when preparing
their manuscript.

Exact requirements may vary depending on the journal; please refer to the
journal’s Instructions for Authors.

Checklists are available for a number of study designs, including:
Randomised trials (CONSORT) and Study protocols (SPIRIT)
Observational studies (STROBE)

Systematic reviews and meta-analyses (PRISMA) and protocols (Prisma-P)

Diagnostic/prognostic studies (STARD) and (TRIPOD)

Case reports (CARE)

Clinical practice guidelines (AGREE) and (RIGHT)

Qualitative research (SRQR) and (COREQ)
Animal pre-clinical studies (ARRIVE)
Quality improvement studies (SQUIRE)

Economic evaluations (CHEERS)

Summary of requirements


http://www.equator-network.org/
http://www.equator-network.org/reporting-guidelines/consort/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/strobe/
http://www.equator-network.org/reporting-guidelines/prisma/
http://www.equator-network.org/reporting-guidelines/prisma-protocols/
http://www.equator-network.org/reporting-guidelines/stard/
http://www.equator-network.org/reporting-guidelines/tripod-statement/
http://www.equator-network.org/reporting-guidelines/care/
http://www.equator-network.org/reporting-guidelines/the-agree-reporting-checklist-a-tool-to-improve-reporting-of-clinical-practice-guidelines/
http://www.equator-network.org/reporting-guidelines/right-statement/
http://www.equator-network.org/reporting-guidelines/srqr/
http://www.equator-network.org/reporting-guidelines/coreq/
http://www.equator-network.org/reporting-guidelines/improving-bioscience-research-reporting-the-arrive-guidelines-for-reporting-animal-research/
http://www.equator-network.org/reporting-guidelines/squire/
http://www.equator-network.org/reporting-guidelines/cheers/

The above should be summarized in a statement and placed in a
'Declarations’ section before the reference list under a heading of ‘Ethics
approval'.

Examples of statements to be used when ethics approval has been
obtained:

« All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. The study was approved by
the Bioethics Committee of the Medical University of A (No. ...).

« This study was performed in line with the principles of the Declaration of
Helsinki. Approval was granted by the Ethics Committee of University B
(Date.../No. ...).

 Approval was obtained from the ethics committee of University C. The
procedures used in this study adhere to the tenets of the Declaration of
Helsinki.

« The questionnaire and methodology for this study was approved by the
Human Research Ethics committee of the University of D (Ethics approval
number: ..).

Examples of statements to be used for a retrospective study:

« Ethical approval was waived by the local Ethics Committee of University A
in view of the retrospective nature of the study and all the procedures
being performed were part of the routine care.

« This research study was conducted retrospectively from data obtained for
clinical purposes. We consulted extensively with the IRB of XYZ who
determined that our study did not need ethical approval. An IRB official
waiver of ethical approval was granted from the IRB of XYZ.

* This retrospective chart review study involving human participants was in
accordance with the ethical standards of the institutional and national



research committee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. The Human Investigation
Committee (IRB) of University B approved this study.

Examples of statements to be used when no ethical approval is
required/exemption granted:

« This is an observational study. The XYZ Research Ethics Committee has
confirmed that no ethical approval is required.

 The data reproduced from Article X utilized human tissue that was
procured via our Biobank AB, which provides de-identified samples. This
study was reviewed and deemed exempt by our XYZ Institutional Review
Board. The BioBank protocols are in accordance with the ethical standards
of our institution and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.

Authors are responsible for correctness of the statements provided in the
manuscript. See also Authorship Principles. The Editor-in-Chief reserves the
right to reject submissions that do not meet the guidelines described in this
section.

Back to top
Informed consent

All individuals have individual rights that are not to be infringed. Individual
participants in studies have, for example, the right to decide what happens
to the (identifiable) personal data gathered, to what they have said during a
study or an interview, as well as to any photograph that was taken. This is
especially true concerning images of vulnerable people (e.g. minors,
patients, refugees, etc) or the use of images in sensitive contexts. In many
instances authors will need to secure written consent before including
images.

Identifying details (names, dates of birth, identity numbers, biometrical
characteristics (such as facial features, fingerprint, writing style, voice
pattern, DNA or other distinguishing characteristic) and other information)
of the participants that were studied should not be published in written
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descriptions, photographs, and genetic profiles unless the information is
essential for scholarly purposes and the participant (or parent/guardian if
the participant is a minor or incapable or legal representative) gave written
informed consent for publication. Complete anonymity is difficult to
achieve in some cases. Detailed descriptions of individual participants,
whether of their whole bodies or of body sections, may lead to disclosure
of their identity. Under certain circumstances consent is not required as
long as information is anonymized and the submission does not include
images that may identify the person.

Informed consent for publication should be obtained if there is any doubt.
For example, masking the eye region in photographs of participants is
inadequate protection of anonymity. If identifying characteristics are altered
to protect anonymity, such as in genetic profiles, authors should provide
assurance that alterations do not distort meaning.

Exceptions where it is not necessary to obtain consent:

« Images such as x rays, laparoscopic images, ultrasound images, brain
scans, pathology slides unless there is a concern about identifying
information in which case, authors should ensure that consent is obtained.

* Reuse of images: If images are being reused from prior publications, the
Publisher will assume that the prior publication obtained the relevant
information regarding consent. Authors should provide the appropriate
attribution for republished images.

Consent and already available data and/or biologic material

Regardless of whether material is collected from living or dead patients,
they (family or guardian if the deceased has not made a pre-mortem
decision) must have given prior written consent. The aspect of
confidentiality as well as any wishes from the deceased should be
respected.

Data protection, confidentiality and privacy



When biological material is donated for or data is generated as part of a
research project authors should ensure, as part of the informed consent
procedure, that the participants are made aware what kind of (personal)
data will be processed, how it will be used and for what purpose. In case of
data acquired via a biobank/biorepository, it is possible they apply a broad
consent which allows research participants to consent to a broad range of
uses of their data and samples which is regarded by research ethics
committees as specific enough to be considered “informed”. However,
authors should always check the specific biobank/biorepository policies or
any other type of data provider policies (in case of non-bio research) to be
sure that this is the case.

Consent to Participate

For all research involving human subjects, freely-given, informed consent to
participate in the study must be obtained from participants (or their parent
or legal guardian in the case of children under 16) and a statement to this
effect should appear in the manuscript. In the case of articles describing
human transplantation studies, authors must include a statement declaring
that no organs/tissues were obtained from prisoners and must also name
the institution(s)/clinic(s)/department(s) via which organs/tissues were
obtained. For manuscripts reporting studies involving vulnerable groups
where there is the potential for coercion or where consent may not have
been fully informed, extra care will be taken by the editor and may be
referred to the Springer Nature Research Integrity Group.

Consent to Publish

Individuals may consent to participate in a study, but object to having their
data published in a journal article. Authors should make sure to also seek
consent from individuals to publish their data prior to submitting their
paper to a journal. This is in particular applicable to case studies. A consent
to publish form can be found

here. (Download docx, 36 kB)

Summary of requirements

The above should be summarized in a statement and placed in a
'Declarations’ section before the reference list under a heading of ‘Consent
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to participate’ and/or ‘Consent to publish’. Other declarations include
Funding, Competing interests, Ethics approval, Consent, Data and/or Code
availability and Authors’ contribution statements.

Please see the various examples of wording below and revise/customize the
sample statements according to your own needs.

Sample statements for "Consent to participate”:

Informed consent was obtained from all individual participants included in
the study.

Informed consent was obtained from legal guardians.
Written informed consent was obtained from the parents.
Verbal informed consent was obtained prior to the interview.
Sample statements for “Consent to publish”:

The authors affirm that human research participants provided informed
consent for publication of the images in Figure(s) 1a, 1b and 1c.

The participant has consented to the submission of the case report to the
journal.

Patients signed informed consent regarding publishing their data and
photographs.

Sample statements if identifying information about participants is available
in the article:

Additional informed consent was obtained from all individual participants
for whom identifying information is included in this article.

Authors are responsible for correctness of the statements provided in the
manuscript. See also Authorship Principles. The Editor-in-Chief reserves the



right to reject submissions that do not meet the guidelines described in this
section.

Images will be removed from publication if authors have not obtained
informed consent or the paper may be removed and replaced with a notice
explaining the reason for removal.

Back to top
English Language Support

For editors and reviewers to accurately assess the work presented in your
manuscript you need to ensure the English language is of sufficient quality
to be understood. If you need help with writing in English you should
consider:

« Getting a fast, free online grammar check.

« Asking a colleague who is proficient in English to review your
manuscript for clarity.

 Visiting the English language tutorial which covers the common
mistakes when writing in English.

« Using a professional language editing service where editors will
improve the English to ensure that your meaning is clear and identify
problems that require your review. Two such services are provided by
our affiliates Nature Research Editing Service and American Journal
Experts. Springer authors are entitled to a 10% discount on their first
submission to either of these services, simply follow the links below

Free online grammar check

English languaqge tutorial

Nature Research Editing Service

American Journal Experts
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http://www.springer.com/gp/authors-editors/authorandreviewertutorials/writinginenglish
https://secure.authorservices.springernature.com/c/10springer/
http://www.aje.com/c/springer

Please note that the use of a language editing service is not a requirement
for publication in this journal and does not imply or guarantee that the
article will be selected for peer review or accepted.

If your manuscript is accepted it will be checked by our copyeditors for
spelling and formal style before publication.
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Important Information for Authors

Please follow the link below:

Guidelines for digital features and plain language summaries (Download
pdf, 1.3 MB)

Additional Information for Authors (Download pdf, 140 kB)

Back to top

Open access publishing

To find out more about publishing your work Open Access in Drug Safety,
including information on fees, funding and licenses, visit our Open access
publishing page.

Back to top

You have access to our articles

For authors

Submission quidelines

Ethics & disclosures

Open Access fees and funding

Contact the journal
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