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Analysis of causality assessment methods in suspected HILI
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and transparency using data provided through the Freedom of
Information Act (FOIA)
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Abstract: Causality Assessment Methods (CAMs) are employed to assess adverse effects from various
agents. The use of the United States based Drug Induced Liver Injury Network (DILIN) method, which
relies on global introspection (GI) or expert opinion (EO) for causality assessment in the case of herb-
induced or drug-induced liver injury (HILI/DILI) is examined for bias. The accuracy of the Roussel Uclaf
Causality Assessment Method (RUCAM) as used by the DILIN, overall transparency of the DILIN’ use of
both CAMs and the ability of the RUCAM to resist bias are also assessed. Data obtained from a Freedom
of Information Act (FOIA) production by the National Institutes of Health (NIH) for material related
to a publication by the US DILIN were analyzed to determine if any of 10 chosen forms of cognitive
dispositions to respond (CDRs) or cognitive bias were present in an investigation of a dietary supplement,
OxyELITE Pro (OEP). Data not originally included for publication were also utilized to assess the accuracy
of the DILIN’s RUCAM scoring and transparency. To assess the RUCAM’s possible resistance to bias,
mean RUCAM scores were calculated to evaluate those produced by a Primary Investigator (PI) versus
computer for OEP and non-OEP products. A minimum of 4 and up to 10 CDRs were present. The data
also showed the RUCAM may resist bias as there was no difference in causality grading between the mean
PI and computer-based RUCAM scores. However, the lack of inferential analyses and small sample size are
limitations. RUCAM scores by DILIN authors for OEP consisted of 1 as “unlikely” 4 as “possible” and 2 as
“probable.” However, when scores were recalculated based upon previously unreported data, RUCAM scores
decreased substantially with 3 that should have been “excluded” and 4 as “possible,” indicating inaccurate
scoring. Discrepancies between published data and those obtained via FOIA showed a lack of transparency.
It is concluded that the DILIN method lacks transparency while being prone to bias. The RUCAM is the
most appropriate method for evidence-based medicine but requires data to be reported objectively and

transparently in order to avoid inaccurate scoring, misdiagnoses and incorrect causality attribution.
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Introduction and others in determining the likelihood that an agent
caused an adverse effect. Ultimately however, because the
data evaluated are case reports, rather than provide an
pharmaceuticals and dietary supplements) causality objective measure of a cause-effect relationship, CAMs

assessment methods (CAMs) may be used to assist clinicians provide a way to measure the assessor’s uncertainty or

In the realm of adverse effects from various agents (e.g.,
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degree of belief in the relationship (1,2). Herb-induced liver
injury (HILI) or drug-induced liver injury (DILI) are rare
but complex diseases that have been assessed for causality
by the most commonly used Roussel Uclaf Causality
Assessment Method (RUCAM) or alternatively by the US
Drug Induced Liver Injury Network (DILIN) method (3).
These methods differ substantially from each other. For
instance, the RUCAM utilizes an objective algorithm that
provides a final causality score and grading based on key
components that are defined and scored individually (3,4).
The RUCAM is also validated using an external reference
standard (i.e., positive re-challenge cases) and presents
its results in a transparent manner (3,4). Conversely,
the DILIN method utilizes global introspection (GI),
also known as expert opinion (EO) which has long been
noted to suffer from serious limitations, including bias,
subjectivity, inter and intra-observer variability and lack of
transparency (2,5-12). The DILIN method also relies upon
non-defined components which are not scored individually,
while utilizing an obscure causality scoring which is graded
by percentage and finally, it is not validated (3). Ruling out
alternative causes transparently and systematically as it is
done in the RUCAM is particularly important in the case
of HILI/DILI, as it is a diagnosis of exclusion since other
causes of acute and chronic liver disease may mimic the
condition (12,13). More recently those within the network
of the DILIN have claimed that the DILIN method is
superior to the RUCAM (14). The EO-based process
utilized by the DILIN method was intended to decrease
inter-observer variability and minimize bias, which is said
to be accomplished by the use of three EOs which must
reach a consensus for scoring causality (15). However, such
a method has not been assessed to examine what ability,
if any, it has to reduce bias. EO is inherently subjective
and is consistently considered the lowest form of evidence
(16,17), thus the notion that having two additional experts
would reduce bias to any significant extent is questionable,
particularly when preconceived notions are pervasive and
humans, including experts are poor at assessing a cause-
effect relationship objectively and validly (2,18). Others have
noted that EO itself is not a form of evidence but rather, a
judgement of it (19). While EO is still a cornerstone in the
diagnosis of most conditions, it is often aided or confirmed
with a validated and objective biomarker, bioassay,
bacteriological test or chemical assay. In the case of HILI/
DILI, there is no such test currently available (11,12). A
recent case series of HILI published by the DILIN became
a matter of dispute due to potential confounders such as co-
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medication, alternative liver diseases, incorrect causality
attribution and inaccurate, misleading causality grading
associated with a lack of transparent case data presentation
and causality grading methodology (20,21), while the
association for the product in question, OxyELITE Pro
(OEP) with liver injury in general, has been controversial
(20-31). The impression prevails that DILIN assessments
are opaque, not allowing peers the opportunity to assess
the validity of the work. However, information obtained
from a Freedom of Information Act (FOIA) production
by the National Institutes of Health (NIH) provides a
window for insight into the DILIN methodology. The
aims of the analyses presented herein are to assess the use
of the RUCAM by the DILIN for accuracy and overall
transparency in the use of both CAMs; assess the level of
cognitive biases in the DILIN method; evaluate the ability
of the RUCAM to resist bias, and critically evaluate claims
of superiority of the DILIN method versus the RUCAM.

Methods

Data gathered from a FOIA production by the NIH
were utilized to evaluate the use of the RUCAM by the
DILIN for accuracy by comparing the published RUCAM
scores of a DILIN publication (20) with RUCAM scores
obtained after consideration of data not originally included
for publication; transparency was assessed by comparing
information included by the DILIN publication with
information obtained via FOIA. RUCAM scores for
potential alternative causes were also calculated. To assess
potential bias in the DILIN method, clinical data and
commentary were analyzed for cognitive dispositions to
respond (CDRs) or cognitive bias; definitions for CDRs
were taken from previous publications and applied as
it relates to causality assessments (32,33) [see section
Cognitive dispositions to respond (cognitive bias) in cases 1-7 and
Definitions]. CDRs are a form of cognitive error that can
lead to diagnostic error. Out of 33 forms of CDRs defined
in the literature, 10 were identified as being relevant to
case data. To evaluate the RUCAM’s ability to resist bias,
mean RUCAM scores were calculated for those given by a
primary investigator (PI) and those obtained via computer,
to evaluate potential differences between a presumably more
objective method of RUCAM scoring (i.e., via computer)
versus a human PI. The PI was identified as the responsible
party providing enrollment of the patient. Finally, a critical
evaluation of the claimed superiority of the DILIN method
versus the RUCAM was performed by evaluating published
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Table 1 RUCAM scores of listed and omitted medications for cases 1-7
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Medications omitted [RUCAM

Case # Medications listed ; )
score by investigators]

Listed medications [RUCAM
score by investigators]

All medications [omitted
computerized RUCAM score]

1 OEP; Celsius; whey  Ibuprofen [ND]

protein

2 Stacker 3, OEP Alprazolam [ND]; zolpidem [ND]

3 OEP Levonorgestrel/ethinyl estradiol
[ND]; multivitamin [ND];
norethisterone [ND]

4 None NA

5 TMP/SMZ, OEP Xylitol [ND], naproxen [ND],
zolpidem [ND]; acetylsalicylic acid
[ND]; celecoxib [ND], fluvoxamine
[ND], unknown [ND]

6 Azithromycin; OEP;  Alkaline booster [ND], Mucinex fast

turmeric; flaxseed oil max cold and sinus [ND], bupropion
[ND], ethinyl estradiol/norgestimate

[ND], venlafaxine [ND]

7 OEP; ravage;
hydroxycut; N.O.
Xplode; creatine

Ibuprofen [ND]; whole body vitamin
pack [1]

OEP [2]; Celsius [5]; whey protein
[ND]. OEP, Celsius and whey
protein initially given scores of 71
by PI

Ibuprofen [4]; OEP [3]; whey
protein [5]; Celsius [5]

Stacker 3 [4]1; OEP [5] Stacker 3 [4]; OEP [4]; alprazolam

[2]; zolpidem [4]

OEP [7] OEP [5]; multivitamin [3];
norethisterone [4]; levonorgestrel/
ethinyl estradiol [ND]

OEP [5] NA

TMP/SMZ [6]; OEP [6] TMP/SMZ [7]; OEP [4]; naproxen
[0]; zolpidem [0]; acetylsalicylic
acid [0]; celecoxib [0],

fluvoxamine [1], unknown [0]

Azithromycin [ND]; OEP [4];
OEP and azithromycin originally
scored at RUCAM of 2t by PI;
Turmeric [ND]; Flaxseed Oil [ND]

ND

Ravage [1]t; OEP [3]; OEP
originally scored RUCAM of 1t
by PI; Hydroxycut [1]1; N.O.
Xplode [NDJ; creatine [1]t

Ravage [4]; OEP [4]; Hydroxycut
[4]; ibuprofen [4]; whole body
vitamin pack [4]; creatine [4]

RUCAM total score with resulting causality grading: <0, excluded; 1-2, unlikely; 3-5, possible; 6-8, probable; =9, highly probable. t,
scores not reported in original publication by the DILIN (20). NA, Not Available; ND, not done; OEP, OxyELITE Pro; PI, primary investigator;
RUCAM, Roussel Uclaf Causality Assessment Method; TMP/SMZ, trimethoprim/sulfamethoxazole.

literature and the analyses included herein.

Results

Overall, the data from a FOIA production demonstrated
bias for the DILIN method, inaccurate RUCAM scoring
caused by incorrect accounting of time to onset, course of the
reaction, concomitant agents, viral exclusion and re-challenge,
with scoring generally shifted upwards towards OEP and
downwards for alternative causes. Additionally, RUCAM
assessments for alternative agents were often either not
performed or not reported. Tables 1,2,3,4 show discrepancies
between data obtained via FOIA and those published by the
DILIN indicating a lack of transparency overall. Regarding
the DILIN method, several instances of CDRs or cognitive
bias for each of the 7 published cases where OEP was
implicated were identified (7zble 5), with a minimum of 4 and
up to all 10 of the chosen forms of cognitive bias present. A
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comparison of mean RUCAM scores generated by the expert
PI versus a computer for OEP and non-OEP product was
performed (7ible 6), which showed that while the RUCAM
scores for OEP by the PI were higher than computer-based
scores, non-OEP RUCAM values were scored lower by the
PI versus the computer indicating a potential bias towards
implicating OEP compared to alternative causes; however,
the mean scores for a PI versus computer did not result in
a change of causality grading indicating the RUCAM may
resist bias. With respect to accuracy, a comparison between
RUCAM scores for OEP originally published by the DILIN
and recalculated scores based upon unpresented data is
made (Tables 7 and 8, respectively) and shows a substantial
decrease in scores after consideration of those data, reflecting
a general lack of accuracy and transparency. Finally, RUCAM
scoring for alternatively implicated agents is also given
(Table 9), which shows agents with equal or significantly
greater RUCAM scores.
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Table 2 Liver injury onset dates and medication start and stop dates for cases 1-7

Liver injury  Medication start date Medication stop date
Case # Comments
onset date  of use of use
1 08/16/2011  Ibuprofen—08/9/2011 Ibuprofen—08/12/2011 Celsius contained Green Tea Extract. Peak ALT
. . of 8,384 U/L on 08/16/2011, >50% decrease in
Celsius —06/15/2011 Celsius—08/11/2011 difference between peak ALT and ULN to 3,428 U/L
OEP—05/8/2011 OEP—06/13/2011 on 8/18/2011
Whey Protein—07/18/2011  Whey Protein—08/11/2011
2 05/07/2013  Stacker 3—2010 Stacker 3—04/2013 Stacker 3 had various formulation changes from 2010
through 2013. PI noted current version contained
OEP—01/2011 OEP—03/2011 Green Tea Extract. Peak ALT of 1,583 U/L on
OEP—01/2013+ OEP—04/20131 05/07/2013, >50% decrease in difference between
peak ALT and ULN to 754 U/L on 05/25/2013
Alprazolam—2011 Alprazolam —continued
Zolpidem—2011 Zolpidem—04/2013
3 06/15/2013  Levonorgestrel/ethinyl Levonorgestrel/ethinyl Patient had previously used OEP for nearly 2 years
estradiol—05/2013 estradiol—06/15/2013 prior to cessation due to anticipated pregnancy with
o L no adverse effect. Patient resumed taking OEP after
Multivitamin—05/2012 Multivitamin—05/2013 birth. Peak ALT of 2’242 U/L on 06/20/201 37 >50%
Norethisterone—12/29/2012 Norethisterone—06/15/2013 decrease in difference between peak ALT and ULN to
754 U/L on 06/28/2013
OEP—07/2010 OEP—04/2012
OEP—04/2013 OEP—06/14/2013
4 08/2013 OEP—07 or 08/2011 OEP—08/2013 OEP was consumed >2 years without issue
5 10/24/2013 OEP—11/4/2011 OEP—10/14/2013 OEP consumed intermittently >2 years without
adverse effects. Patient claims eyes occasionally
TMP/SMZ—10/15/2013 TMP/SMZ—10/22/2013 became icteric. Patient was poor historian of herbal
Xylit0|—06/201 3 Xylit0|—10/24/201 3 use or when and how often she took OEP. Did not
believe she took Super Thermogenic Formula.
Naproxen—NA Naproxen—NA Naproxen and Acetylsalicylic acid were taken as
) ) ) needed. Self-reported use of TMP/SMZ 2-3 times
Zolpidem—2003 Zolpidem—continued prior without issue. Peak ALT of 1772 U/L on
Celecoxib—2003 Celecoxib—continued 10/24/2013, >50% decrease in difference between
peak ALT and ULN to 824 U/L on 10/28/2013
Acetylsalicylic acid—NA Acetylsalicylic acid—NA
Fluvoxamine—09/12/08 Fluvoxamine —continued
Unknown—NA Unknown—NA
6 11/12/2013  Alkaline booster—06/15/13  Alkaline booster—10/30/13  Liver Tests were previously normal but were noted to

be mildly elevated at a primary care visit on 10/29/13

Mucinex Fast Max Cold and Mucinex Fast Max Cold and and continued to worsen on 11/08/13. Prior use of

Sinus—10/15/13 Sinus—10/19/13 OEP for >120 days and onset occurring only after

Bupropion—2003 Bupropion—continued azithromycin course is suggestive of the latter as a
cause. Peak ALT of 729 U/L on 11/19/2013, >50%

Ethinyl estradiol/ Ethinyl estradiol/ decrease in difference between peak ALT and ULN to

norgestimate—2010 norgestimate —continued 88 U/L on 12/03/2013

Venlafaxine—2005 Venlafaxine—continued

Turmeric—01/1/13 Turmeric—10/29/13

Flaxseed oil—06/ 2012 Flaxseed oil—10/29/13

OEP—6/15/13 OEP—10/30/13

Azithromycin—10/14/13 Azithromycin—10/24/13

Table 2 (continued)
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Table 2 (continued)
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Case # Liver injury ~ Medication start date Medication stop date Comments
onset date  of use of use
7 12/03/2013 OEP—03/15/13 OEP—10/15/13 Ravage and Whole Body Vitamin Pack contain two

Ravage—04/15/13
Hydroxycut—05/15/12

Ravage—09/15/13
Hydroxycut—05/15/13

known hepatotoxic agents. Peak ALT of 3,404 U/L on
12/03/2013, >50% decrease in difference between
peak ALT and ULN to 971 U/L on 12/08/2013

Whole Body Vitamin Pack— Whole Body Vitamin Pack—

04/15/13 11/15/13
Creatine—05/15/11
Ibuprofen—12/01/13
N.O. Xplode—NA

Entecavir—unclear

N.O. Xplode—NA

Creatine—04/15/13
Ibuprofen—12/03/13

Entecavir—unclear

T, despite not possessing actual dates of use, an unsupported estimate of 126 days of use prior to DILI onset is given and cessation
of use 7 days prior to DILI onset is given by the PI. ALT, alanine aminotransferase; NA, not available; OEP, OxyELITE Pro; PI, primary
investigator; TMP/SMZ, trimethoprim/sulfamethoxazole; U/L, units per liter; ULN, upper limit of normal.

Table 3 Summary of OxyELITE pro (OEP) use and reported and actual preexisting conditions for cases 1-7

Version of OEP Version of OEP
Case #

consumed confirmed? used reported

Preexisting conditions

Actual preexisting conditions

None

Manuscript states “no history Fatty liver via CT scan. Heterogeneous hepatic

echotexture. History of alcohol abuse until 2011.
History of alcohol abuse, PTSD, anxiety and eating
disorder noted only in supplementary material

Obesity, mood disorder, prior Obesity, mood disorder, prior gestational diabetes

Hepatic steatosis

Depression, degenerative joint disease

Sinusitis, dysthymia, headache, gastritis

1 Yes Old formula with None
DMAA
2 No Likely old formula
with DMAA of alcohol abuse”
3 No Likely old formula
with DMAA gestational diabetes
4 No Likely old formula  Hepatic steatosis
with DMAA
5 No Likely old formula  None
with DMAA
6 No Unknown History of Depression
7 No Likely old formula

with DMAA

History of “moderate alcohol Migraine/headache, dysthymia, alcohol-related liver
use,” chronic HBV Infection

disease (January, 2012)

CT, computed tomography; DMAA, 1,3-dimethylamylamine; HBV, hepatitis B virus; PTSD, post-traumatic stress disorder.

Analysis of HILI cases and causality assessment
methods

Case 1

In the published work of the DILIN, this case was
uncharacteristically included among the other 6 cases.
The authors hypothesize that a change in the formulation

© Translational Gastroenterology and Hepatology. All rights reserved.

of OEP in March of 2013, ultimately led to liver injury.
However, Case 1 experienced liver injury in August of 2011,
2 years before the formula change occurred and thus is
inconsistent with the authors” hypothesis. Furthermore, the
patient was also consuming a green tea extract-containing

product named “Celsius,” which was considered the more
likely culprit with DILIN and RUCAM scores of “probable”
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Table 4 Alternative causes reportedly and actually excluded for cases 1-7

Case # Alternative causes
excluded as reported

Alternative causes actually

Comments
excluded

Alternative causes not excluded

1 AlH, HAV, HBV, HCV, HEV  AIH, CMV, EBV, HCV HAVt, HBV, HCVZ, HEV, HSV, VZV
2 AlH, Ethanol, HAV, HBV, CMV, HAV, HBV, HCV, HEV AIH§, EBV, Ethanol, HSV, VZV

HCV, HEV
3 AlH, HAV, HBV, HCV, HEV  AIH, CMV, EBVY, HAV, HBV, HCV, HSV, VzV

HEV

4 AlH, HAV, HBV, HCV, HEV ~ HBV, HCV AlH, CMV, EBV HAV, HEV, HSV, VZV
5 AlH, HAV, HBV, HCV, HEV  AIH, CMV, HAV, HBV, HCV, HEV EBV, HEVY], HSV, VZV
6 AlH, HAV, HBV, HCV, HEV  AIH, HBV, HCV CMV, EBV, HAVt, HEV, HSV, VZV Anti-HAV total was positive
7 AlH, HAV, HCV, HEV AlH, HAV CMV, EBV, Ethanol, HCVE, HEVY, = HCV RNA not assayed

HSV, vzV until after transplant. Was
negative post-transplant,

but positive 6 months later

T, anti-HAV IgM not assayed. ¥, HCV RNA not assayed. §, the patient had several characteristics seen in AlH, including female sex,
positive for antinuclear antibodies at 1:320, rising to 1:1,280 and an ALP: AST/ALT ratio less than 1.5; IgG and AMA were not assayed.
9, HEV IgM not assayed. AlH, autoimmune hepatitis; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; CMV, cytomegalovirus; EBV, Epstein-Barr virus; HAV, hepatitis A virus; HBV, hepatitis B virus; HCV, hepatitis C virus;
HEV, hepatitis E virus; HSV, herpes simplex virus; RNA, ribonucleic acid; VZV, varicella zoster virus.

Table 5 CDR determined for each case alongside DILIN scores for agents consumed by patients

CDR or cognitive bias that may

Case #
ase lead to diagnostic error

DILIN score

1 CB, IC, MAB, UP Ibuprofen [ND], Celsius [3], OEP [4], whey protein [5]

2 AB, CB, IC, MAB, OB, UP Stacker 3 [4], OEP [2], alprazolam [ND], zolpidem [ND]

3 AB, CB, DM, IC, MAB, OB, PC, UP Levonorgestrel/ethinyl estradiol [ND], multivitamin [ND], norethisterone [ND], OEP [1]
4 AB, CB, DM, IC, MAB, OB, PC, UP OEP [2]

5 AB, CB, DM, IC, MAB, OB, PPE, Xylitol [ND], naproxen [ND], zolpidem [ND], acetylsalicylic acid [ND], celecoxib [ND],

PC, RR, UP fluvoxamine [ND], unknown [ND], OEP [3], TMP/SMZ [4]
6 AB, CB, DM, IC, MAB, OB, PC, UP Alkaline booster [ND], mucinex fast max cold and sinus [ND], bupropion [ND], ethinyl estradiol/
norgestimate [ND], venlafaxine [ND], turmeric [ND], flaxseed oil [ND], OEP [3], azithromycin [4]
7 AB, CB, DM, IC, MAB, OB, PC, UP OEP [3], ravage [4], hydroxycut [5], whole body vitamin pack [ND], creatine [ND], ibuprofen

[ND], N.O. Xplode [ND]

DILIN expert opinion causality scoring: 1 (definite: 295% likelihood), 2 (highly likely: 75-94% likelihood), 3 (probable: 50-74% likelihood),
4 (possible: 25-49% likelihood) to 5 (unlikely: <25% likelihood). AB, availability bias; CB, confirmation bias; CDR, cognitive dispositions to
respond; DM, diagnosis momentum; DILIN, Drug Induced Liver Injury Network; IC, illusory correlation; MAB, multiple alternatives bias; ND,
not done; OB, overconfidence bias; OEP, OxyELITE Pro; PPE, posterior probability error; PC, premature closure; RR, representativeness
restraint; TMP/SMZ, trimethoprim/sulfamethoxazole; UP, unpacking principle.

4

and “possible,” respectively (Tables 1,2,5). The patient it was included and assigned a DILIN causality score of

had also been using high doses of ibuprofen just prior to
liver injury onset but after symptoms arose. The PI stated
that this case should not be included in the case series, yet

© Translational Gastroenterology and Hepatology. All rights reserved.

“possible” while the PI-derived RUCAM score indicated
it was “unlikely.” Specifically, the onset of hepatitis (i.e.,
as measured via rise in alanine aminotransferase—ALT)

Transl Gastroenterol Hepatol 2020 | http://dx.doi.org/10.21037/tgh-20-148



Translational Gastroenterology and Hepatology, 2020 Page 7 of 18

Table 6 Mean and standard deviation for OEP and Non-OEP RUCAM scores as determined by PI and computer

OEP PI RUCAM OEP computer RUCAM Non-OEP Pl RUCAM Non-OEP computer RUCAM
Mean 461 41 4% 5%
SD 2.07t 0.71t 2.16% 1.41%

RUCAM total score with resulting causality grading: <0, excluded; 1-2, unlikely; 3-5, possible; 6-8, probable; =9, highly probable. f,
only scores for Cases 1-3, 5 and 7 were available for both parameters. ¥, only scores for Cases 1, 2, 5 and 7 were available for both
parameters. OEP, OxyELITE Pro; PI, Primary Investigator; RUCAM, Roussel Uclaf Causality Assessment Method; SD, standard deviation.

Table 7 OEP scoring based on original RUCAM as scored by the DILIN (20)

Case Time to Course Risk Concomitant  Search for non-  Previous inforrr.1a.tion Respf)r?se tc? re- Total
onset factors drugs drug causes on hepatotoxicity administration
1 1 0 0 -1 1 1 0 2
2 2 2 0 -1 1 1 0 5
3 2 2 0 0 2 1 0 7
4 1 2 0 0 1 1 0 5
5 1 3 1 -2 1 1 1 6
6 1 2 0 -1 1 1 0 4
7 1 0 1 -1 1 1 0 3

RUCAM total score with resulting causality grading: <0, excluded; 1-2, unlikely; 3-5, possible; 6-8, probable; =9, highly probable. OEP,
OxyELITE Pro; RUCAM, Roussel Uclaf Causality Assessment Method.

Table 8 OEP rescored based on unreported information

Risk Concomitant Search for non- Previous information Response to re-

Case Time to onset Course factors drugs drug causes on hepatotoxicity administration Total

1 Incompatible Unrelated
2 NAor 11 2t 0 -2 1 1 0 3tt

3 29 2 0 -2 2 1 0 5

4 1 2 0 0 0 1 0 4

5 1 2 1 -2 1 1 0 4

6 1 0§ 0 -2 0 1 0 0§

7 Incompatible Unrelated

RUCAM total score with resulting causality grading: <0, excluded; 1-2, unlikely; 3-5, possible; 6-8, probable; =9, highly probable. t,
exact dates of use are unknown, however, an unsupported estimate of 126 days is also given prior to DILI onset and cessation of use
7 days prior to DILI onset, thus the score could be either not assessable or 1. I, exact dates of use are unknown however an unsupported
estimate of cessation of use 7 days prior to DILI onset is given by the PI. If correct, this would result in a score of 2, resulting in a
total RUCAM score of 3. §, bloodwork was taken 11/19/2013 (peak ALT) and not again until 12/03/2013, thus it is unknown if a >50%
decreased in the difference between peak ALT and ULN occurred within 30 days (i.e., bloodwork from 11/29/13 or prior). If it had, total
RUCAM score would be 2. Current score is based upon available data. ], starting date is only given as 4/2013; however, even calculating
a range of 4/01/13 to 4/30/13 to onset date of 6/15/13 still yields a range of 46-75 days, within the suggestive range of 5-90 days. NA, not
assessable; OEP, OxyELITE Pro; RUCAM, Roussel Uclaf Causality Assessment Method.
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Table 9 Alternative causes scored based on unreported information

Case Time to Course Risk Concomitant Search for non- Previous infom?a.tion Resp.or?se tg re- Total
onset factors drug(s) drug causes on hepatotoxicity administration
1(C9) 2 3 0 -1 0 1 0 5
2 (S3) NA or 1t 29 0 -2§ 1 1 0 311
3 (OC-LEE) 29 2 0 -2§ 2 2 0 6
4 - - — - - - - —
5 (TMP/SMZ2) 2 3 1 -2§ 1 2 0 7
6 (AZN) 2 09 0 -2§ 0 2 0 21
7 (WBVP) 1% 0 1 -1 -3 1 0 -1

RUCAM total score with resulting causality grading: <0, excluded; 1-2, unlikely; 3-5, possible; 6-8, probable; =9, highly probable. 1, exact
dates of use are unknown, however, use of >90 days is also indicated prior to DILI onset and unsupported cessation of use 7 days prior
to DILI onset, thus the score could be either not assessable or 1. £, WBVP falls 3 days outside of the 15 days required for the time to
onset and should be excluded unless it is slowly metabolized. Due to unknown pharmacokinetic properties of the herbs and the closest
agent in proximity to injury, the score is included here for thoroughness. §, OEP is scored as a concomitant drug for the sake of accepting
DILIN’s assertions. |, exact dates of use are unknown for S3, however an unsupported estimate of cessation of use 7 days prior to DILI
onset is given. If correct, this would result in a score of 2, yielding a total RUCAM score of 3. For AZN, bloodwork was taken 11/19/2013
(peak ALT) and not again until 12/03/2013, thus it is unknown if a >50% decreased in the difference between peak ALT and ULN occurred
within 30 days (i.e., bloodwork from 11/23/13 or prior). If it had, total RUCAM score would be 4. Current score is based upon available
data. For OC-LEE, starting date is only given as 5/2013; however, even calculating a range of 5/01/13 to 5/31/13 to onset date of 6/15/13
still yields a range of 15-45 days, within the suggestive range of 5-90 days. ALT, alanine aminotransferase; AZ, azithromycin; CS, Celsius
supplement; NA, not assessable; OC, oral contraceptive—levonorgestrel/ethinyl estradiol; OEP, OxyELITE Pro; RUCAM, Roussel Uclaf
Causality Assessment Method; S3; Stacker 3 Supplement; TMP/SMZ, trimethoprim/sulfamethoxazole; ULN, upper limit of normal; WBVP,

whole body vitamin pack.

occurred more than 2 months after cessation of OEP use,
implicating either ibuprofen or the “Celsius” supplement
and indicating that OEP was incompatible with liver injury
and should not have received a RUCAM score but should
have been assessed as simply, “unrelated” rather than a
score of “1” for “time to onset” (34). Even ignoring this
error, there was incomplete viral exclusion, leading to an
incorrect, “search for non-drug causes” score for the OEP
RUCAM (Tibles 4,7) resulting in an incorrect total score of
“2” rather than “1.”

Case 2

Aside from the previous history of alcoholism (i.e., the main
manuscript erroneously claims no patient had a history of
alcohol abuse, while the supplementary file states a history
of alcohol abuse for case 2), the authors also neglect to note
that this patient had possible autoimmune hepatitis (ATH)
and image-based fatty liver (Tables 2,3,4). The authors
indicate the dietary supplement, Stacker 3 XPLC Extreme
(Stacker 3), which contained green tea extract, was also
consumed concomitantly with OEP. No medications are
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listed; however, case 2 was consuming a benzodiazepine
as well as zolpidem, which were assigned a computerized
RUCAM score of “2” and “4,” respectively. OEP and
Stacker 3 were both assigned equivalent computerized
RUCAM scores of “4” (possible), while Stacker 3 received
an expert-generated RUCAM score of “4” (possible), yet
these also are not presented in the manuscript (7able I).
The expert-generated RUCAM for OEP was “5” (possible),
while the DILIN score was “highly likely.” (Tables 1,5)
However, the lack of consideration for green tea extract,
a known hepatotoxic agent (34,35), caused an incorrect
“concomitant drugs” score of “~1,” as opposed to “-2”
for the OEP RUCAM (Tables 7,8). Additionally, because
the actual dates of use were unknown (7able 2), the “time
to onset” for the RUCAM should have been recorded
as “not assessable” rather than a score of “2,” while the
“course” should have only received a score of “0” as there
were no data available for dates of use to determine if a
>50% decrease in the difference between peak ALT and
Upper Limit of Normal (ULN) values occurred within
30 days after cessation of use, all resulting in an incorrect

total RUCAM score of “5” (Tables 7,8). Nonetheless,
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unsupported estimates as entered by the PI for length of
use (126 days) and cessation prior to DILI onset (7 days) are
also scored, leading to a corrected total RUCAM score of “3”
(Table 8).

Case 3

In this case, the oral contraceptive, which was initiated the
prior month and continued until DILI onset, despite being
well-known to cause varying forms of DILI, was completely
omitted from the manuscript and ignored by the experts
leading to an incorrect “concomitant drugs” score of “0”
as opposed to “-2” for the OEP RUCAM resulting in
an incorrect total score of “7” (probable) rather than “5”
(possible) (34,36,37) (Tables 1,2,7,8). Indeed in case 3 and
case 5, some of the most frequently implicated agents were
consumed by the patients (25). Additionally, it is evident
that case 3 was not consuming the version implicated in
causing liver injury (7able 2). The DILIN score was the
highest available as “definite” (Table 5).

Case 4

In this case, the extremely long latency is questionable. For
example, it has been stated that DILI is uncommon when
latency exceeds 6 months, yet cases 4 and 5 had latency
more than twice this amount of time, while case 7 was also
beyond this time (14). Case 4 also demonstrates the lack
of sufficient viral exclusion where not only hepatitis A, but
less commonly encountered viral causes were not excluded
(34,38,39), leading to an incorrect, “search for non-drug
causes” score for the OEP RUCAM of “1” as opposed to
“0,” resulting in an incorrect total score of “5” (possible)
as opposed to “4” (Tables 1,4,7,8). The DILIN score was
“highly likely” (Table 5).

Case 5

This patient indicated that she did not believe she used
the reformulated version. Additionally, the expert-derived
RUCAM score for OEP was elevated compared to the
computer-based RUCAM, while the expert-derived
RUCAM for trimethoprim/sulfamethoxazole (TMP/SMZ)
was lower as compared to the computer-derived score
(Table 1). The expert-derived RUCAM for TMP/SMZ
was equivalent to the OEP score but only the latter was
reported. This case also had incorrect scoring for “response
to re-administration,” or re-challenge; the authors indicated
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a score of “1” but this was not based upon objective liver
injury markers (e.g., ALT) as required by the RUCAM (34);
instead, the score was based upon a story by the patient of
taking OEP for over 2 years and claiming her eyes would
occasionally become icteric (Tubles 2,7,8). The “course”
was also incorrectly scored as “3” as peak ALT values
were obtained on 10/24/2013 and >50% decrease in the
difference between peak ALT values and the ULN did not
occur until 10/28/2013, which was >8 days after cessation
(i.e., 10/14/2013), producing a score of only “2.” These
errors led to an incorrect total RUCAM score of “6”
(probable) as opposed to “4” (possible) while the DILIN
score was “probable” (Tubles 1,2,5,7,8).

Case 6

In this case the PI had originally assigned OEP and
azithromycin equivalent DILIN scores of 4 (probable) along
with a RUCAM score of “2” (unlikely) but would later
indicate that “the laboratory findings appear to be most
compatible with DILI from OxyELITE Pro” (Tables 1,5,7).
The other implicated agent, azithromycin did not receive
a RUCAM score and was not properly considered in
the “concomitant drugs” scoring for the OEP RUCAM,
being scored only as a concomitant drug with compatible
or suggestive time to onset (“-1”) when it is a known
hepatotoxic agent and should have received a score of “-2”
(1ables 7,8). In addition, various viral causes including HAV,
were not excluded leading to an incorrect “search for non-
drug causes” score of “1” as opposed to “0” (Tubles 4,7,8),
while an acetaminophen-containing product (i.e., Mucinex
Fast Max Cold and Sinus) was never considered or reported
(Table 1). These issues led to an unsubstantiated upgrade
of the original PI-calculated total RUCAM score from
“2” (unlikely) (Tables 1,7,8) to an incorrect score of “4”
(possible) (34). Additionally, since the “course” should have
received a score of “0” as opposed to an incorrect “2” (i.e.,
considering the >50% decrease between the difference in
peak ALT values and the ULN occurred beyond 30 days
after cessation of use), the total RUCAM should have been

“0” or “excluded.”

Case 7

In this case, OEP was implicated (i.e., OEP DILIN score
“probable”; RUCAM score “possible”) over a supplement
named, whole body vitamin pack (WBVP) containing
known hepatotoxic ingredients despite the fact that
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OEP had not been used for 49 days prior to DILI onset,
while the WBVP (DILIN score not done, RUCAM
score “unlikely”) was used only 18 days prior to DILI
onset, making it a much more likely culprit (7ables 1,2,5)
and indicating that OEP should have been assessed as
“unrelated” via the RUCAM (34). The PI originally
assigned a RUCAM score of “1” (unlikely) to OEP, the
same as WBVP but this was upgraded to a score of “3”
(possible) without explanation or substantiation (7ables 1,7).
Additionally, other supplements, also containing known
hepatotoxic ingredients (e.g., Ravage) or formulas
previously implicated in causing liver injury (e.g., NO
Xplode) were minimized or not considered by the authors
(1ables 1,2); the PI expert-derived RUCAM was also much
lower for Ravage as compared to the computer-derived
score. Unlike the ingredients in OEP, Ravage contains two
known hepatotoxic agents (i.e., Chinese Skullcap Root
Extract—Scutellaria baicalensis and Acacia catechu) (23,40-44).
The WBVP is not scored or mentioned by the authors, yet
it also contained Chinese Skullcap Root Extract (Scutellaria
baicalensis) and Acacia catechu. Furthermore, the WBVP
had a closer temporal association than OEP (7able 2). NO
Xplode is a dietary supplement that has been previously
implicated in causing liver injury, including by the DILIN
(23,45). While NO Xplode is mentioned as being consumed
in the supplementary material, it is not assessed for causality
(Tables 1,2). It also appears this patient was using the old
version of OEP rather than the reformulated version (46).
Additionally, the patient was known to have a history of
alcohol abuse, being diagnosed with alcohol-related liver
disease in January of 2012, yet no steps were taken to
exclude what if any role, alcohol may have played. To the
contrary, the authors indicate that the patient only had a
history of “moderate alcohol use” (Table 3). In addition to
non-viral causes, case 7 demonstrates the strong possibility
of an acute exacerbation of chronic hepatitis B along with
possible superimposition with hepatitis C, which was not
adequately excluded prior to transplantation (Zables 3,4).
While the authors note the negative Immunoglobulin M
antibody to hepatitis B core antigen (IgM anti-HBc), the
positive hepatitis B surface antigen (HbsAg) and confirmed
hepatitis B virus DNA (HBV DNA) of 32,000 IU/mL
indicate this patient fit the criteria of an acute exacerbation
of chronic hepatitis B infection as noted by one DILIN
investigator and several publications (47-50). Certainly the
HBV DNA level of 32,000 IU/mL (179,200 copies/mL)
is well above the 20,000 IU/mL threshold for treatment
and is considered “high” and an indication of clinically
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meaningful, active replication, rather than the claim by the
authors of this being a “low” level (51,52). Treatment with
entecavir also supports this (7able 2). This patient also fit
with a demographic which experiences acute exacerbation
of chronic hepatitis more frequently (i.e., homosexual
males) (48). Even ignoring the failure to score as “unrelated”
(“time to onset” incorrectly scored as “1”) the “search for
non-drug causes” score of “1” was also incorrect (i.e., HBV
is not excluded) considering the active HBV infection and
exacerbation (Tubles 6-8).

Global introspection or expert opinion versus
RUCAM

While it is difficult to make quantitative comparisons
between the RUCAM and the EO-based DILIN method
due to differences in scoring systems, one may notice the
DILIN method was more likely to implicate OEP and
less likely to implicate alternative medications/herbs/
supplements compared to the RUCAM (Zables 1,5). For
example, the computerized RUCAM used by the authors,
which would presumably be the most objective, rated
the likelihood of causality for OEP only as “possible” in
5/7 cases (i.e., cases 1-3 and 7; cases 4 and 6 were not
assessed via computerized RUCAM but were also indicated
as “possible” by the PI). However, the DILIN method
indicated that OEP was “probable” or greater in 6/7 cases
(i.e., cases 2-7). This is significant as scores of “probable”
and “possible” have been used to differentiate between
“positive” and “negative” cases, respectively, while others
have indicated that only “probable” or “highly probable”
cases should be considered (4,15). Furthermore, in some
cases the DILIN method resulted in a reduced likelihood
of causality for competing causes. For example, in case 5,
TMP/SMZ was rated only as “possible” by the DILIN
method, while the computerized and PI-derived RUCAM
were both “probable.” Another example can be seen in
the case of azithromycin use in case 6. The DILIN has
previously studied an 18-person cohort of azithromycin-
induced liver injury where all patients were rated with a
likelihood of “probable” or higher and no patient was rated
as “possible.” However, despite case 6 having an essentially
prototypical display of azithromycin-induced liver injury
when compared to the cohort (53), the DILIN method
rated the drug only as “possible.” Other anomalies and
inconsistencies with the scoring performed on agents in
that cohort (e.g., TMP/SMZ, oral contraceptives, dietary
supplements) which were also scored in the paper examined
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here have been discussed previously (23). These data also
confirm what seems to be a more frequent occurrence;
published case studies for HILI/DILI often have neglected
alternative causes or incorrectly attributed causality in a
substantial number of cases, often nearing 50% (23,54).
Finally, the current data show that while the RUCAM
scores obtained by the PI were generally higher for OEP
and lower for non-OEP products/alternative causes as
compared to the computerized RUCAM scores (Table 1),
the mean differences did not result in a change in causality
grading (Table 6), indicating that the RUCAM may be
able to withstand some level of bias and subjectivity on
the part of an investigator as compared to the EO-based
DILIN method. This also confirms what others have noted
regarding the general agreement between human and
computerized RUCAM scoring (4). However, it should
be noted that the small sample size and lack of inferential
analyses is a limitation of these data.

Cognitive dispositions to respond (cognitive
bias) in cases 1-7

When evaluating the data for the seven cases, various
cognitive biases (see Definitions) were noted which may have
been the cause of the elevated causality scores for OEP and
the lower scores for alternative agents, leading to incorrect
causality attribution and misdiagnosis.

Definitions

% Awailability bias (AB): a form of bias in which agents that
readily come to mind or those recently encountered
by the observer are determined to be a more likely or
frequent cause.

K2
*

Confirmation bias (CB): a form of bias in which
the observer tends to seek out evidence to confirm
causality, while ignoring or minimizing evidence which
disconfirms it.

% Diagnosis momentum (DM): a form of bias in which
causality is eventually assumed by the observer
based upon labels placed upon the agent by outside
observers (e.g., patients, colleagues, media, or public
announcements).

% Heuristics: mental shortcuts used to quickly make a
decision or judgement.

% Illusory correlation (IC): a form of bias in which

causality is assumed merely due to the temporal

relationship between an agent and a disease without
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consideration of disconfirming evidence.

% Multiple alternatives bias (MAB): a form of bias in which
the observer, when faced with multiple possibilities for
causality will simply analyze a smaller subset, resulting
in inadequate consideration of other possibilities.

< Opverconfidence bias (OB): a form of bias in which the
observer believes they know more than they truly do
and relies more upon opinion as compared to evidence.

% DPosterior probability error (PPE): a form of bias in
which the observer overemphasizes prior experience
with a particular patient when determining the likelihood
that a given agent played a causal role.

< Premature closure (PC): a form of bias in which the
observer determines that an agent played a causal role
before supportive evidence has been verified.

% Representative restraint (RR): a form of bias in which
only prototypical manifestations of a disease are
considered to include or exclude a given agent.

% Unpacking principle (UP): a form of bias in which
the observer fails to gather all relevant information or
potentially relevant information via limited history-
taking or limited history-giving on behalf of the
observer and patient, respectively.

AB

Case 2 demonstrated AB as OEP is referenced as a “known
hepatotoxic product” and is assigned a higher causality score
than Stacker 3, despite the fact that the latter contained
a known hepatotoxic substance (i.e., green tea extract
and possibly others), while OEP was used for 2 months
previously without adverse effect (7able 2). AB is evident for
cases 3—7 due to the reference of OEP being, at the time,
recently implicated in causing liver injury as a justification
for substantially elevating its potential causal role.

CB

Case 1 demonstrated CB as OEP, despite lacking any
temporal connection to the liver injury and consisting of an
entirely different formula from that hypothesized to cause
liver injury is still considered “possible” by the DILIN’s
EO-based CAM (Tiable 5). CB was also evident in case 2 due
to the assignment of a higher causality score for OEP than
Stacker 3, despite the latter containing green tea extract,
while OEP was used for 2 months previously without
adverse effect (Table 2). CB is also present as the authors
indicate the OEP supplement was reformulated in March
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of 2013, yet the patient began using OEP in January of
2013, contradicting the authors’ argument that this patient
consumed the reformulated version (7able 2). CB is again
noted when considering that the DILIN score for OEP was
apparently elevated over Stacker 3 due to the latter’s long
history of use; however, bias is evident compared to cases
4 and 5 where similarly long periods of use were noted for
OEP, which did not result in a decrease in DILIN causality
scores. In case 3, CB is evident from the implication of
OEP despite evidence of an obvious alternative (i.e., an
oral contraceptive) as well as the elevated RUCAM score
from the expert as compared to the computer (Tables 1,2).
In cases 4 and 5, CB is evident from the implication of OEP
despite the extremely long latency (i.e., 745 and 720 days,
respectively) and the fact that this would also indicate a
reformulated version of OEP was not consumed (Tables 2,3).
In case 6, CB was evident as azithromycin’s role was
minimized. However, the rise of ALT and symptom onset
only after azithromycin use (i.e., OEP had already been
used for 4 months at this point) and the nearly perfect
match of the published onset and general chronology of
azithromycin-induced liver injury with that experienced by
case 6 indicate it is a more likely cause (53). Turmeric was
also ignored (55,56). In case 7, CB was evident as OEP was
implicated despite a lack of temporal association for OEP
and a closer temporal association with WBVP as well as
obvious indications of an acute exacerbation of a chronic

HBYV infection.

DM

In cases 3-7, DM is demonstrated as the authors note that
causality was assigned at least partially because the product
was implicated in causing liver injury.

Ic

In cases 1 and 7, IC is present as the mere fact that the
patient had used OEP at some point prior to liver injury
led to an inclusion despite an improbable time to onset.
In case 2, IC is present as a causal role was assumed
for OEP because of a temporal relationship, despite
evidence contradicting the authors’ argument that the
patient consumed a reformulated version. In case 4, IC
is present as the authors implicated the product due to
a temporal relationship yet failed to consider evidence
which undermined a causal role (e.g., latency of 745 days,
non-implicated version of OEP used and lack of exclusion
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for viral causes and AIH) (Tables 2,3,4). In case 5, IC is
present as the authors implicated the product due to a
temporal relationship yet failed to consider evidence which
undermined a causal role (e.g., latency of 720 days, non-
implicated version of OEP used, TMP/SMZ use and
lack of viral causes excluded (Tuables 2,3,4). In case 6, IC
is present as the authors implicated the product due to a
temporal relationship yet failed to consider evidence which
undermined a causal role (e.g., azithromycin, other agents
and lack of appropriate viral exclusion).

MAB

In case 1, MAB is demonstrated by the lack of consideration
and exclusion of viral causes (Table 4). In case 2, MAB
is present as AIH, fatty liver and various viral causes
were either not considered or ruled out with insufficient
information (7ables 2,3,4). The patient had several criteria
consistent with AIH, yet immunoglobulin G (IgG) and
anti-mitochondrial antibodies (AMA) were not assayed. The
PI excluded the possibility of AIH because corticosteroids
had been given without a positive response (Tuzble 4).
However, demonstrating overreliance upon heuristics
(33), a significant amount of AIH cases do not respond to
corticosteroids especially in severe and fulminant forms
(57), and a lack of response does not exclude AIH (58). In
case 3, MAB is demonstrated by the lack of consideration
for the oral contraceptive and various potential viral causes
which were not excluded (7able 4). In cases 4, 5 and 6 MAB
is present as various viral causes were never excluded,
while in case 5, TMP/SMZ was excluded via insufficient
methodology. In case 7, MAB is present as various viral
causes were never excluded, HBV was not properly
considered and several other dietary supplements were
either not excluded or inadequately considered (7able 4).

OB
In case 2, overlap was found for MAB and OB as AIH, fatty

liver and various viral causes were either not considered
or ruled out with insufficient information (Tubles 2,3,4).
In case 3, OB was present as the PI arbitrarily claimed
the patient displayed a “typical phenotype for this agent,”
when there was no established phenotype and a liver biopsy
revealed acute hepatitis with cholestasis. OB was also
demonstrated as the authors assumed without any evidence
that the patient was using a reformulated product from
March of 2013. To the contrary, the information provided
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by the patient indicated that she resumed taking the same
supplement she had taken for nearly two years (i.e., 2010 to
2012), demonstrating it was not the reformulated version
(Tables 2,3). In case 4, OB was present as various viral causes
were never excluded. In case 5, overlap was found for MAB
and OB as various viral causes were never excluded, while
TMP/SMZ was excluded via insufficient methodology. In
cases 6 and 7, there was overlap for MAB and OB as various
viral causes were never excluded, while in case 7, there
was overlap for MAB and OB as HBV was not properly
considered and several other dietary supplements were
either not excluded or inadequately considered (7zble 4).

PPE
PPE was evident in case 5 as TMP/SMZ was effectively

discounted as playing a role in liver injury since the patient
had previous self-reported exposure 2-3 times prior without
difficulty (Table 3). However, even assuming the patient had
a correct recollection of previous TMP/SMZ use, cases of
TMP/SMZ and other antibiotic-induced liver injury have
been documented in patients who had previous exposure
without adverse effects (23,53,59-63), demonstrating
overreliance upon heuristics (33).

pPC

PC was evident in cases 3—7 as the authors assumed the
patient was using a reformulated version without any

evidence (Tible 3).

RR

RR was evident in case 5 as TMP/SMZ was discounted due
to lack of rash in the patient; however, cases of TMP/SMZ-
induced liver injury have frequently presented without
rash (60-66), again demonstrating overreliance upon
heuristics (33).

UpP

The UP bias is present in case 1 as to the use of ibuprofen.
While it was used after symptoms had begun, it appears
there was no effort to evaluate whether the large doses of
ibuprofen (6-9 tablets daily) had been used at any point
prior to the emergence of symptoms. In case 2, the UP bias
was present as no apparent attempt was made to confirm
what formulation of Stacker 3 the patient had been using
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and how long the patient had been using it; this is important
as Stacker 3 formulations have contained green tea extract
and other potentially hepatotoxic substances such as Garcinia
cambogia (23,67-69). Additionally, despite having a history of
alcohol abuse, apparently no attempt was made to confirm
a lack of abuse or relapse via serum ethanol measurement.
The UP is also present once again as no apparent attempt
was made to determine which version of OEP this patient
had used. While potentially of questionable value, plasma
acetaminophen did not appear to be assessed in this or
any other case (70). This is particularly important in cases
where a history of drug abuse (particularly opioids), chronic
pain or psychiatric illness has been noted as patients may be
provide incomplete or incorrect information if abusing or
unintentionally overusing medications (71-75) (1able 3). In
cases 3 and 4, the UP was present as the authors apparently
made no attempt to determine which version of OEP the
patient had used (7able 3). Furthermore, the authors neglect
to consider in this case and others, the old formulation
of OEP was available alongside the reformulated version
through July of 2013 (22). In case 5, the UP was evident
by the lack of sufficient history taking in this patient and
gathering on the part of the physician. For example, despite
the notation that the patient was a poor historian of drug
or supplement use, no effort was apparently made to
confirm her previous use of TMP/SMZ, her actual dates
of use for OEP and which version she consumed. In case
6, the UP was present as no apparent effort was made to
confirm which version the patient consumed or what role
other medications such as those containing acetaminophen
and other dietary supplements may have played. In case
7, the UP was present as no effort was made to determine
the ingredients of other dietary supplements that were
consumed by the patient or in two cases (i.e., NO Xplode
and WBVP), the supplements were ignored altogether
(Table 1).

Transparency of data is an absolute requirement

While the RUCAM is a preferred CAM, it will not
overcome inadequate data inclusion. For example, in case 3,
the PI scored RUCAM for OEP was 7 (probable), yet the
oral contraceptive used by the patient was never entered into
the algorithm (Zables 1,2,7,8). Had it been entered, the score
for OEP would have become a 5 (possible), exemplifying
the fact that the RUCAM can only function properly if all
relevant data are collected, analyzed and appraised with
systematic and transparent methods (18). In cases 2, 3, 5,
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6 and 7 agents which were alternative causes of potential
HILI/DILI were either not scored via the RUCAM by
investigators or those scores were not reported, while errors
in RUCAM calculations were found for all 7 cases, which
would have been apparent if the necessary data for RUCAM
component scoring had been reported (Tubles 2,3,4).
Inclusion of unreported data resulted in a decrease in
RUCAM scores for OEP (Tubles 7,8), with three cases
excluded entirely and the remaining four cases graded as
“possible.” Additionally, calculated RUCAM scores for
alternatively implicated agents were either equivalent to
or substantially greater than those for OEP, indicating
alternative causes (Tuable 9). Most notably, cases 3 and 5
had alternative agents with RUCAM scores of “probable.”
Finally, while outside the scope of this review, cases 2 and
5 for example, demonstrate the issues with reliance upon
human memory and recall for generating quantitative
data (23,76).

Global introspection (expert opinion) or RUCAM
for evidence-based medicine?

Recently, authors have clarified what an “EO” consists
of versus, “expert evidence” in the realm of evidence-
based medicine, with the former being defined as “a view
or judgement formed about something, not necessarily
based on facts,” and the latter as “facts (actual or asserted)
intended for use in support of a conclusion” (19). The
DILIN method obviously relies upon EO while the
RUCAM conversely, asks the observer to take “expert
evidence” and apply it to an algorithm, making it the
obvious choice when practicing evidence-based medicine
(15,34). Algorithms in general have been referred to as “a
critical tool for evidence-based medicine” and can explain
why the RUCAM is used globally in such a large number of
cases as compared to the DILIN method (77,78).

Overreliance upon Heuristics

It is also confirmed that EO in this instance relies too
heavily upon heuristics (e.g., cases 2 and 5) which are
susceptible to cognitive biases and can ultimately result in
the patient receiving insufficient or incorrect treatment due
to misdiagnosis (32,33,79). Relatedly, the use of supposed,
“phenotypes” to assign causality to a single agent (e.g., case
3) is a non-validated approach prone to obvious overlap for
clinical and biochemical variables between agents and likely
contradictory data when comparing separate cohorts (4,14).
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Is the DILIN method superior to the RUCAM?

Some have claimed the DILIN method is superior to the
RUCAM because it results in more “positive” cases and
supposedly demonstrated higher inter-observer agreement
(14,15). However, unlike the RUCAM, the validity of
those “positive” cases has not been assessed (80), while the
higher rate may be due to lack of exclusion and cognitive
biases (9). Regarding a higher inter-observer agreement
(i.e., reliability), the difference for complete agreement (i.e.,
19% for RUCAM; 27% for DILIN) was not statistically
significant (P=0.08), while generally similar conclusions were
indistinguishable at 68.9% and 71.1%, respectively (15).
Nonetheless, the RUCAM has a calculated accuracy of
87%, which is of equal importance to reliability (8,80-82).
Furthermore, the DILIN method may have slightly greater
inter-observer reliability because it considers fewer variables
(i.e., fewer non-drug and only a limited number (i.e., 3) of
drugs or supplements consumed concurrently) (9,10,15).

Does the expert opinion-based method minimize
bias?

The DILIN method relies upon group judgements to
reduce bias; however, the ability of group judgements
to reduce bias and increase accuracy of judgement is
dependent upon a high disagreement in initial judgements
and group judgements falling outside the range of individual
judgements (83), which are both obviously lacking in
the DILIN method where initial judgements had 70%
agreement and final committee scores changed little from
initial reviewer scores (15). Interestingly, one of various
“cognitive debiasing” strategies (i.e., aside from awareness
and confrontation of CDRs) to reduce cognitive bias in
medicine is the use of an algorithm (e.g., RUCAM) for
diagnoses (32). While it can be argued that the RUCAM is
also susceptible to certain forms of bias (e.g., AB and DM
if an agent has been implicated in a publication) the clearly
defined components, weighting of each component, forced
consideration of alternative causes and penalties for lack of
exclusion are likely why the RUCAM may be able to resist
bias as compared to the DILIN method, provided it is used
appropriately.

Conclusions

Based upon this analysis and review, it is evident that the
DILIN method is susceptible to various forms of bias,
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subjectivity, inconsistency and a lack of transparency,
which have long been noted to be major issues with the
EO-based method. The RUCAM is more objective,
transparent and may be less susceptible to bias. Possible
improvements to the DILIN method would include
systematic and transparent data collection, analysis
and appraisal in addition to incorporation of debiasing
techniques. However, due to issues of bias inherent to EO-
based methods, it should not be employed. The RUCAM
is a validated tool that should be used in cases of suspected
HILI/DILI as a best practice for evidence-based medicine
but it can only function properly if data are collected,
reported and assessed objectively and transparently. The
RUCAM should be utilized to avoid misdiagnoses, incorrect
causality attribution, incorrect/insufficient treatment and to
determine epidemiological parameters such as HILI/DILI
incidence rates.
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