
Biomarkers for drug-induced liver injury

Drug-induced liver injury (DILI) remains a 
major problem for patients, physicians and 
those involved in the development of new drugs. 
There are many reasons for this. Firstly, there are 
many drugs in use today that can cause serious 
liver injury, even life-threatening liver injury in 
a small subset of treated patients. The physician 
prescribing these drugs generally cannot identify 
which patients are susceptible to DILI until they 
develop it. Once a patient develops liver injury, 
a confident diagnosis of DILI can usually only 
be attained once other possible causes of liver 
injury have been excluded. Such an evaluation 
may be costly and delay stopping the implicated 
medication. Furthermore, in a patient treated 
with multiple medications, it may not be pos-
sible to confidently identify the specific culprit 
when DILI is suspected and this may force the 
physician to stop multiple medications unnec-
essarily. The situation is compounded by the 
fact that potentially hepatotoxic drugs continue 
to enter the market place because serious liver 
liabilities may not be evident, even on submis-
sion of a new drug application. These problems 
exist largely because of the limitations with cur-
rently available biomarkers of DILI, which have 
not changed in over four decades. 

The clinical and histological presentation of 
DILI can mimic most types of liver disease. 
Hepatocellular liver injury is generally the DILI 
of greatest concern as it can evolve quickly and 
be life threatening before the development 
of jaundice. For this reason, this review will 
address promises and challenges in develop-
ing and validating new biomarkers needed for 
hepatocellular DILI.

Current status of DILI biomarkers
The biomarkers most commonly used to detect 
and manage hepatocellular injury are alanine 
aminotransferase (ALT) and bilirubin, although 
others have been proposed (Table 1). Serum ALT is 
a very sensitive detector of hepatocellular necrosis 
and is more liver specific than aspartate amino-
transferase [1]. However, serum ALT cannot 
distinguish liver cell necrosis due to DILI from 
necrosis resulting from other causes, such as viral 
hepatitis. In addition, even high serum ALT ele-
vations can occur in situations other than hepatic 
necrosis, including hepatic glycogen accumula-
tion in poorly controlled diabetes [2,3], hepatocyte 
autophagy in anorexia nervosa [4] and hepatic 
steatosis [5]. Moreover, frequent and high ALT 
elevations can be caused by drugs that have little 
or no potential to cause clinically important liver 
injury, including some lipid-lowering drugs [6] 
and anticoagulants [7]. These ALT elevations 
will generally resolve with continued drug treat-
ment. It is unclear if the elevations reflect true 
liver injury; however, even when ALT elevations 
are observed in patients treated with medications 
capable of clinically important liver injury, treat-
ment can also often be continued with resolution 
of the elevations. In this instance, it appears that 
hepatocyte injury, including necrosis, is occur-
ring but resolves in a process termed ‘adapta-
tion’ [8]. Examples of adaptation that have been 
observed with drugs capable of causing acute 
liver failure include ALT elevations caused by 
isoniazid [9], troglitazone [10] and ximelagatran 
[11]. It is probable that hepatic necrosis is tran-
siently occurring in these patients, and there 
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exists at least one animal model of drug-induced 
hepatic necrosis that shows reversal of DILI with 
continued drug exposure [12]. It appears that this 
adaptation involves altered regulation of mul-
tiple gene products including drug metaboliz-
ing enzymes [13] and transporters [14]. Changes 
in transporter regulation have been observed in 
human livers during recovery from DILI [15], 
suggesting that similar mechanisms of adapta-
tion may be operative in rodents and humans. A 
widely accepted theory is that the patients who 
develop clinically important DILI represent a 
subset of those with ALT elevations who can-
not adapt to the injury. There are currently no 
biomarkers that can distinguish ALT elevations 
that are benign from those that can portend pro-
gressive liver injury. There are two isozymes of 
ALT that appear to have different tissue distri-
butions, with ALT2 being more specific in the 
rat [16]. It has been reported that transcription of 
the ALT1 gene is activated in cultured human 
hepatocytes by peroxisome proliferator-activated 
receptor-a agonists, and this was proposed as 
a mechanism underlying serum ALT elevations 
observed in a clinical trial of an investigational 
drug (AZD4619) [17]. However, there have been 
no published studies on the clinical advantages 
of distinguishing the two isozymes and such tests 
are not commercially available. 

Zimmerman first noted that a patient who 
presents with jaundice as a result of hepato-
cellular DILI has at least a 10% chance of 

developing acute liver failure regardless of which 
drug has caused the hepatocellular injury [18]. 
Recent reports have confirmed this observa-
tion [19,20], which has been termed ‘Hy’s Law’. 
Concomitant elevations in serum ALT and 
bilirubin is, therefore, a much greater predic-
tor of patient outcome during a hepatocellu-
lar injury than serum ALT alone. However, 
bilirubin together with ALT are not optimal 
biomarkers because, during a hepatocellular 
injury, there must be a very substantial loss of 
functional hepatocytes before the bilirubin rises. 
Therefore, the patient is in danger of developing 
liver failure (Figure 1). The ideal biomarker would 
distinguish the patient who will adapt from 
those who are in danger of liver failure before 
the health of the patient is seriously jeopardized.

Road to new DILI biomarkers
 n Genetics

Genetic factors, at least partially, account for 
inter-individual differences in susceptibility 
to DILI from some drugs [21]. For example, it 
has been demonstrated that people with the 
HLA B5701 haplotype have an 80-fold greater 
risk of developing DILI if they receive treat-
ment with flucloxacillin [22]. However, only 
approximately one in 500 individuals with the 
HLA B5701 haplotype (which has a preva-
lence of greater than 5% in Caucasian popula-
tions) will develop liver injury when treated 
with flucloxacillin. In this case, pretreatment 

Table 1. Some promising but nonvalidated serum biomarkers for detecting or assessing hepatocellular injury 
in humans.

Biomarker Advantages relative to ALT Disadvantages relative to ALT Ref.

GLDH Released during hepatocellular injury and more sensitive, 
elevations persist longer after injury. Not present in 
skeletal muscle

Activity tracks serum ALT so unlikely to distinguish 
adaptors from susceptible individuals

[55]

PON-1 Decreases observed due to reduced physiologic secretion, so a 
fall in level may precede a rise in ALT or other leakage enzymes

Low dynamic range, polymorphic expression 
confounds establishment of normal range, 
reductions observed in nonliver disease states

[56]

MDH Released during hepatocellular injury and may be 
more sensitive

Present in heart and skeletal muscle [57]

PNP Also present in Kupffer and endothelial cells so may detect 
toxicity to these cells

Present in heart and skeletal muscle [58]

SDH May translate better across multiple preclinical species 
to humans

Poor stability in plasma [59]

GST-a More sensitive to centrilobular injury Polymorphic expression confounds establishment 
of normal ranges

[60]

CK-18 
fragments

Released during hepatocyte apoptosis Small study in drug-induced liver injury [61]

HMGB1 Released during hepatocyte necrosis Small study in drug-induced liver injury [61]

Bile acids Rises may mean loss of liver function that precedes rises in 
serum bilirubin or INR

Influenced by diet and fasting.  
Diurnal variation

[62]

ALT: Alanine aminotransferase; CK: Cytokeratin; GLDH: Glutamate dehydrogenase; GST: Glutathione S-transferase; HMG: High-mobility group; INR: International 
normalized ratio; MDH: Malate dehydrogenase; PNP: Purine nucleoside phosphorylase; PON: Paraoxonase; SDH: Sorbitol dehydrogenase box.
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screening to identify susceptible patients may 
not be cost effective. On the other hand, know-
ing genotyping for the HLA haplotype could 
be very helpful in establishing the diagnosis 
of flucloxacillin DILI and in identifying the 
culprit medication in a patient with DILI who 
is receiving multiple drugs.

The extent to which susceptibility to DILI 
reflects genetic factors is uncertain. The limita-
tion to progress in this research has been the 
absence of well-annotated gene banks from 
patients who have experienced DILI. To address 
this need, the DILI Network (DILIN) [23] and 
the Severe Adverse Events Consortium [101] 
have been developing genebanks from patients 
who have experienced DILI. Analysis of these 
genebanks has begun.

 n Serum protein adducts
It is assumed that many drugs cause DILI through 
the formation of reactive metabolites that bind 
to specific intrahepatocyte proteins and may 
interfere with their function. During liver injury, 
these adducts should enter the circulation along 
with other hepatocyte proteins such as ALT. Since 
these adducts would be drug-specific, it may be 
possible to use these as biomarkers to aid in the 
diagnosis of DILI and to identify which drug is 
the cause. To date, the only ‘proof-of-principle’ of 
this approach is acetaminophen:protein adducts; 
detection of these adducts in circulation has been 
proposed to be pathonomonic for DILI and to 
confidently identify acetaminophen as the cause 
for the DILI [24–26]. Acetaminophen:protein 
adducts have a much longer half-life in serum 
than acetaminophen or its primary metabolites 
and may, therefore, have diagnostic value well 
after other acetaminophen-derived products are 
no longer detectable [26]. However, serum aceta-
minophen–protein adducts have been detected in 
low concentrations in the blood of healthy volun-
teers receiving therapeutic doses of acetaminophen 
and in the absence of ALT elevations [James L, Pers. 

Comm.], suggesting that adducts may be forming 
within hepatotocytes during therapeutic dos-
ing. Therefore, it is possible that an individual 
consuming therapeutic doses of acetaminophen 
would develop high levels of circulating adducts 
if he/she experienced a liver injury unrelated to 
acetaminophen, such as acute viral hepatitis. 

It should be noted that finding serum protein-
adduct biomarkers for most types of DILI may 
not be feasible. Acetaminophen behaves as a 
dose-dependent hepatotoxin, liver injury gener-
ally occurs only after a very large dose is consumed 
(>15 g), and the protein-binding metabolite 

(N-acetyl-p-benzoquinone imine) may reflect well 
more than 5% of total metabolism. With most 
other drugs capable of causing DILI, the reac-
tion is ‘idiosyncratic’ and occurs at much lower 
daily doses of the drug. Lower levels of circulating 
adducts, if they exist, may be technically challeng-
ing to detect. However, the amount of adduct gen-
erated might be sufficient to generate an immune 
response that could be detected.

 n Antiliver antibodies
Patients with liver injury associated with sev-
eral drugs, including tienilic acid [27], dihydra-
lazine [28] and halothane [29] characteristically 
have circulating antibodies to liver proteins. The 
antigenic proteins are frequently cytochromes 
P450 but may also be other drug-metabolizing 
enzymes [30,31]. The current concept is that a 
highly reactive metabolite covalently binds to, 
or otherwise damages, the enzyme that pro-
duced it [32,33]. It seems most likely that the anti-
bodies are produced only after liver injury has 
occurred, with release of these predominantly 
intracellular enzymes. Therefore, these antibod-
ies are probably epiphenomenon not connected 
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Figure 1. Patient who experienced fatal hepatocellular injury in a clinical 
trial of a new drug. The patient had normal liver chemistries for the first 45 days 
of treatment. At 60 days, modest elevations in serum ALT and AST were noted. 
Experimental drug treatment was continued until 90 days, at which point the 
serum transaminases were very elevated but the serum bilirubin remained within 
normal limits. The patient was withdrawn from treatment at this time. Nonetheless, 
the liver injury progressed to liver failure and the subject expired. It was not until 
after stopping treatment that the patient satisfied Hy’s law criteria (serum ALT  
> three-times upper limits of normal and serum bilirubin > two-times upper limits 
of normal). This clinical trial subject points out the danger of continuing to treat in 
the face of ALT elevations to determine if bilirubin will rise. In addition, it highlights 
the need for new biomarkers. 
ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate 
aminotransferase; TBL: Total bilirubin; ULRR: Upper limits of reference range. 
Image courtesy of John Senior (US FDA).
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to the mechanism of liver injury. However, 
characterizing the circulating antibodies may 
yield useful biomarkers for the diagnosis of 
DILI, since different drugs may be bioacti-
vated by different enzymes. There have been 
few published investigations of the potential for 
antiliver antibodies as DILI biomarkers, largely 
because the requisite bank of well phenotyped 
serum does not exist. The DILIN is creating 
such a serum bank that should soon be available 
to investigators [23].

 n Lymphocyte transformation test
In the lymphocyte transformation test, the 
patient’s lymphocytes are isolated from fresh 
blood samples and cultured in the presence of 
the drug suspected to have caused the adverse 
reactions [34]. A positive test is proliferation 
of a subset of T lymphocytes measured as the 
incorporation of radionucleotides or the release 
of certain cytokines [35,36]. The test is most fre-
quently positive when DILI is accompanied by 
fever, rash and/or eosinophilia [36,37], consistent 
with an immunological mechanism underlying 
DILI. However, lymphocyte transformation has 
been observed in some patients who have expe-
rienced DILI in the absence of hypersensitiv-
ity findings [37]. This is consistent with recent 
reports of associations between HLA haplotypes 
and susceptibility to DILI, which does not have 
hypersensitivity features, including hepato-
cellular injury caused by xymelagatran [38], 
flucloxacillin [22] and ticlopidine [39]. In Japan, 
the lymphocyte transformation test is commer-
cially available and is widely used to establish 
causality links between drugs and liver injury. 
The lymphocyte stimulation test was performed 
in 60% of 1676 DILI cases occurring in Japan 
between 1977 and 2006, and the test was posi-
tive in 33% [40]. However, this test is only rarely 
used in other countries. The DILIN is proceed-
ing with an ancillary study to critically assess 
the validity of lymphocyte transformation and 
its potential role in causality.

 n Proteomics
Techniques are rapidly developing to identify 
and quantify thousands of serum proteins and 
to identify patterns of proteins that may yield 
useful biomarkers for DILI. During treatment 
with isoniazid, ALT elevations accompanied by 
hepatitis symptoms (fatigue, nausea and right 
upper quadrant pain) appear to be more predic-
tive of progressive liver injury (i.e., inability to 
adapt) than asymptomatic ALT elevations [41]. 
It seems likely that these symptoms may be 

mediated by cytokines or other endogenous 
proteins that may appear in serum long before 
symptoms appear.

 n Metabolomics
High-resolution nuclear magnetic resonance 
and mass spectral techniques can now be used 
to determine the ‘finger print’ of thousands of 
endogenous metabolites present in urine or 
serum. It is possible to use these technologies to 
simultaneously quantitate thousands of metabo-
lites in serum or urine obtained before, dur-
ing and after liver injury. Changes in serum or 
urine metabolome could potentially distinguish 
DILI from other types of liver injury, since it 
seems likely that the initiation and progression 
of DILI should influence the liver’s metabo-
lism of endogenous substances. Such changes 
could well precede abnormalities in currently 
available biomarkers. For example, progressive 
mitochondrial injury has been demonstrated to 
possibly account for DILI caused by multiple 
drugs, including fialuridine [42], nefazadone [43] 
and other drugs [44]. This process could lead 
to characteristic changes in serum or urine 
metabolome long before mitochondrial func-
tion has deteriorated to the point of hepato-
cyte damage and ALT release. Some metabolic 
changes would be expected to be drug or drug-
class specific, particularly those that result from 
‘upstream’ processes such as reactive metabolite 
accumulation. Therefore, metabolomics could 
be useful in identifying which specific drug is 
the culprit in the patient with DILI. However, 
other changes in the metabolome might reflect 
‘downstream’ processes that would be com-
mon to most or all forms of DILI, such as those 
related to inflammation.

The potential role of metabolomics in DILI 
has been suggested by three studies. In the first, 
the urinary metabolome was analyzed before 
and after rats were administered a toxic single 
dose of acetaminophen [45]. Using a nuclear 
magnetic resonance approach, these investiga-
tors were able to identify a pattern of endog-
enous metabolites in the baseline (pretreatment) 
urinary metabolome that correlated with the 
extent of liver injury observed in each rat after 
treatment with acetaminophen. The concept of 
using the serum or urine metabolome to predict 
outcome from exposure to a drug was termed 
‘pharmacometabonomics’ [45]. In the first pub-
lished human study of pharmacometabonom-
ics, the urine metabolome was characterized 
in 24-h urine samples collected from healthy 
adult volunteers before and after they were 
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treated with acetaminophen (4 g/day × 7 days) 
[46]. This regimen produced elevations in 
serum ALT exceeding two-times baseline value 
in approximately a third of the subjects. The 
baseline (pretreatment) urine metabolome did 
not predict who would develop the ALT eleva-
tions as might have been anticipated from the 
earlier rat study [45]. However, changes in the 
urinary metabolome determined soon after 
the start of acetaminophen dosing (but before 
development of ALT elevations) did correlate 
with the ALT elevations subsequently observed. 
Predictive models derived from the urine metab-
olome contained acetaminophen metabolites, 
and the urinary excretion products derived 
from the known reactive metabolite, N-acetyl-
p-benzoquinone imine, did tend to be higher 
in those who would subsequently develop ALT 
elevations. However, the aggregate changes in 
the endogenous metabolome resulting from the 
acetaminophen treatment were far more predic-
tive than the acetaminophen metabolites. The 
concept of predictive changes in the endogenous 
metabolome occurring soon after starting drug 
treatment was termed ‘early intervention phar-
macometabonomics’ [46]. This approach may 
have promise for identifying patients who will 
develop liver injury during treatment with drugs 
that cause DILI. 

In the third study, unbiased ana lysis of the 
serum metabolome revealed that patients who 
are susceptible to xymelagatran DILI tended to 
have lower serum pyruvate than nonsusceptible 
patients, and that treatment with xymelagatran 
tended to cause a further drop in serum pyru-
vate [47]. Mechanisms linking this observation 
to DILI have not been reported. These studies 
suggest promise for metabolomics approaches in 
the diagnosis and management of DILI. 

As a final note, one recent study suggested that 
inter-individual variation in colonic flora could 
influence the metabolic paths taken by aceta-
minophen in humans [48]. In a large group of 
healthy adult volunteers, the extent of sulfation 
of a test dose of acetaminophen was inversely cor-
related with the urinary elimination of p-cresol 
sulfate [48], p-cresol is produced by colonic flora 
so it appeared that this bacterial product was suc-
cessfully competing with acetaminophen for sul-
fation in the liver. The conclusion was that varia-
tion in colonic flora may significantly contribute 
to variable responses to medications, including 
susceptibility to DILI. This source for variation 
in susceptibility, which may be more affected by 
diet than host genetics, may be readily assessable 
by urinary metabolomics. 

 n Transcriptomics
Hepatotoxicants can produce characteristic 
changes in mRNA transcripts in the rodent 
liver [49] and it is reasonable to assume that 
drug-specific changes in transcriptome occur 
in humans during DILI. It has been assumed 
that mRNAs released during hepatocyte necro-
sis are quickly degraded and not measurable 
in serum. An alternative approach has been to 
examine changes in whole-blood transcriptome, 
which reflects changes in mRNAs expressed in 
the cellular elements of blood, particularly lym-
phocytes. In one rodent study, changes in whole-
blood transcriptome were a more sensitive and 
specific predictor of the extent of liver injury 
than serum ALT [50]. In the same study, tran-
script changes were also observed in whole blood 
obtained from five patients experiencing severe 
DILI caused by acetaminophen overdose. In a 
recent study, many of these same investigators 
demonstrated characteristic changes in whole-
blood transcriptome (and metabolome) after 
healthy volunteers received a single 4-g dose of 
acetaminophen [51]. Although these studies are 
intriguing, the relationship between the liver and 
lymphocyte transcriptome is unknown. An excit-
ing and recent finding is that during DILI, liver-
derived mRNAs, both miRNA [52] and mRNA 
[53] are detectable in circulating cell-free plasma. 
A recent study has shown that the liver-derived 
mRNA in serum is contained in microparticles 
secreted from hepatocytes, accounting for their 
survival in the circulation [54]. In this same study, 
it was demonstrated that much of the liver tran-
scriptome is present in these circulating particles, 
and that the pattern of these transcripts during 
liver injury caused by acetaminophen differed 
from the pattern observed during liver injury due 
to galatcosamine. It remains to be determined 
to what extent of the full liver transcriptome is 
expressed in circulating plasma and the extent 
to which these observations in rats translate to 
patients suffering from DILI. Needless to say, the 
idea of serum yielding a ‘virtual liver biopsy’ is 
intruiging and could represent a major advance 
in biomarkers for DILI. 

Biomarkers for DILI in clinical trials
Clinical trials of new drugs could obviously ben-
efit from new biomarkers capable of confidently 
making the diagnosis of DILI, identifying the 
implicated drugs and identifying patients sus-
ceptible to liver injury if this is a liability of the 
drug in development. There is an additional and 
related need for biomarkers that are specific to 
clinical trials of new molecular entities: the need 

Review Watkins

www.futuremedicine.com 371future science group

Biomarkers for drug-induced liver injury Review



for biomarkers that can confidently identify and, 
ideally, quantify the risk a given drug has to pro-
duce clinically important liver injury. Current 
preclinical testing has not appreciably reduced 
the incidence of drugs discovered to be capable 
of producing rare, serious liver toxicities. Such 
events are often only appreciated in late Phase III 
clinical trials or after the drug enters the mar-
ket place. As discussed, serum ALT elevations 
alone are not reliable indicators of such liability; 
the current gold-standard ‘biomarker’ for seri-
ous liver liability is hepatocellular injury with 
elevation in serum bilirubin (Hy’s Law, discussed 
previously). This has been recently defined in 
a US FDA guidance document as elevation in 
serum ALT exceeding three-times the upper lim-
its of normal and a serum bilirubin exceeding 
two-times the upper limit of normal [55]. Liver 
chemistry data from a Hy’s Law case observed in 
a clinical trial are presented in Figure 1. It should 
be noted that this patient satisfied Hy’s Law only 
days after stopping treatment with the implicated 
drug. Moreover, the patient succumbed to liver 
failure despite stopping treatment before meeting 
this criterion. The combined elevation of serum 
ALT and bilirubin reflects serious dysfunction 
of the liver and is, therefore, not really a biomar-
ker of potential to cause liver injury – it is the 
drug causing clinically important and potentially 
life-threatening liver injury. New biomarkers are 
clearly needed to detect liver liabilities in drugs 
before (and hopefully well before) the subject 
becomes ill. In the absence of such biomarkers, 
there will remain the dilemma of when to stop 
treatment in a clinical trial when a subject devel-
ops isolated elevations in serum ALT. If the drug 
is stopped before the patient satisfies Hy’s Law, 
a potentially serious liver liability may go unrec-
ognized. To continue to treat until the bilirubin 
rises may place the subject in harm’s way. 

Of the approaches outlined in this article, the 
most promising avenues to identify the needed 
biomarkers may be plasma ana lysis of liver-
derived mRNA, whole-blood transcriptome ana-
lysis, plasma proteomics, and urine and plasma 
metabolomics. One approach may be to perform 
these analyses in subjects who experience ALT 
elevations from drugs capable of causing clini-
cally important liver injury (such as isoniazid) 
and compare the results with those obtained in 
patients with ALT elevations from drugs that 
have little or no liver liability. Although the like-
lihood of success is greatest when liver injury is 
occurring, an exciting possibility is that charac-
teristic changes could be observed very early in 
treatment before onset of liver injury. 

Future perspective
The bottleneck in developing new biomark-
ers for DILI is no longer the required tech-
nology, but the existence of appropriate and 
well-annotated tissue banks. The DILIN has 
been collecting urine, serum and lymphocytes 
from all subjects in their registry and this will 
soon be a rich resource for biomarker discov-
ery. However, since subjects are enrolled only 
after the diagnosis of DILI is established, 
blood or urine is not collected from patients 
before the start of treatment or during treat-
ment. Such prospectively collected specimens 
will be required for discovery and validation 
of nongenetic markers capable of predicting 
whether a given patient will develop DILI and 
what the outcome of continued treatment will 
be. Prospectively collected specimens will also 
be required to identify and validate biomarkers 
that can replace Hy’s Law as a reliable indica-
tor of a drug’s potential to cause serious liver 
injury. The Institute of Medicine convened a 
workshop in October 2008 to begin to identify 
the steps that will be required to develop better 
biomarkers of drug safety. The recommenda-
tions include prospective blood and urine col-
lections in patients treated with drugs known to 
be capable of severe liver injury, as well as drugs 
that cause frequent ALT elevations but rarely 
cause severe liver injury [102]. When a potential 
liver signal is detected in clinical development 
it is also recommended that the pharmaceutical 
industry adopt standard protocols for biospeci-
men collection and link the specimens to the 
important phenotypic data. It may not always 
be necessary to analyze these specimens at any 
time during the lifecycle of the drug. However, 
it would be highly advantageous to have this 
resource should a problem arise at any point. 
An example of this is the research performed 
after ximelagatran was removed from worldwide 
markets owing to rare but severe liver injury. 
Subsequent research identified a genetic associa-
tion only because DNA had been collected in 
a small fraction of the clinical trial recipients 
[38]. In addition, the finding that serum low 
pyruvate was associated with DILI susceptibil-
ity was possible because serum had been saved 
in a subset of patients participating in clinical 
trials. However, it was not possible to examine 
the combined ability of both the genetic varia-
tion and pyruvate levels to predict susceptibility 
because both serum and DNA was not available 
from the same individuals [47]. It is important 
that the Institute of Medicine recommendations 
be enacted.
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Executive summary

Drug-induced liver injury remains a major problem for patients, physicians & drug development
 � The potential of a drug to cause drug-induced liver injury (DILI) is often not recognized until late in clinical trials or once the drug 

is marketed.
 � The major type of concern in idiosyncratic hepatocellular DILI.

Available biomarkers for DILI are suboptimal
 � Patients that will be susceptible to clinically important DILI can not be identified.
 � They are not useful in distinguishing DILI versus other types of liver injury.
 � In clinical trials, concomitant elevation of serum alanine aminotransferase and bilirubin (‘Hy’s Law’) can identify drugs with potential for 

serious DILI, but use of these biomarkers can place subjects at risk.

Genetic testing 
 � Patients with HLA B5701 haplotype have an approximately 80-fold risk of developing DILI caused by flucloxacillin and genotyping could 

be useful in diagnosing this form of DILI.
 � The DILI Network and the Severe Adverse Events Consortium are in the process of creating and analyzing genebanks from patients who 

have experienced DILI. 

Drug-protein adducts, antiliver antibodies & proteomics 
 � Acetaminophen-protein adducts in serum appear to be useful in distinguishing DILI caused by this drug from other causes of injury.
 � Antiliver antibodies may also be useful in the diagnosis of some forms of DILI.
 � Certain proteins, particularly cytokines, may rise early in the course of DILI and identify those likely to develop serious liver injury. 

Lymphocyte transformation test
 � Widely used in Japan to aid in the diagnosis of DILI, but not elsewhere.
 � Most frequently positive when signs of hypersensitivity accompany DILI.

Metabolomics
 � Can potentially account for nongenetic factors that can influence DILI susceptibility, including variation in diet and colonic flora.
 � Changes in the urine or serum metabolome might identify patients susceptible to DILI.

Transcriptomics
 � Changes occur in whole-blood transcriptome occur during some forms of DILI and predominantly reflects changes in lymphocyte 

gene expression.
 � Liver-derived miRNAs and mRNAs can be detected in plasma and this is a promising new line of biomarker research.

Conclusion
 � Technologies exist to identify and validate better biomarkers for DILI but the limiting factor in progress is the paucity of well  

phenotyped biospecimens.
 � Establishing such prospectively collected biobanks should be high priority.
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