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Abstract

Biopsies of suspected drug-induced liver injury pose a particular challenge to the pathologist that
requires a careful and systematic approach. The initial evaluation should be as objective as
possible, setting aside consideration of the medical history. Histological changes are catalogued
with attention to the hepatic architecture, noting the intensity and character of inflammation,
cholestasis, apoptosis and necrosis. Bile ducts, portal vessels, hepatocytes, sinusoidal lining cells
and vessels are each examined for evidence of injury. The assessment culminates with the
determination of the overall pattern of injury. Armed with this information, the pathologist
correlates the findings with the patient’s medical and pharmacological history. Drug induced liver
injury is always a diagnosis of exclusion, so the emphasis should be on identification of potential
competing causes of injury. If alternate etiologies of injury can be eliminated, the histological
injury pattern can be compared to the known patterns of injury of suspect medications. The
histological changes can also shed light on the potential mechanism of injury in situations where
the suspect agents are new and do not yet have reports of hepatotoxicity. The pathological
findings, the histological differential diagnosis and expert interpretation are part of a complete
biopsy assessment and provide information that is of greatest value in patient management.
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Introduction

Evaluation of a liver biopsy in a suspected case of drug-induced liver injury (DILI) can be a
daunting experience. Unlike the well-defined and commonly encountered patterns of chronic
hepatitis and fatty liver disease, a biopsy in a case of DILI can show a wide variety of
histological findings: inflammation, necrosis, cholestasis, fibrosis, nodular regeneration,
vascular injury, and duct destruction among others. These histological lesions can be
arranged in combinations that can be difficult to classify into recognizable patterns of liver
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injury. Nevertheless, the determination that a drug is or is not involved in liver injury has real
clinical consequences and a liver biopsy can provide a wealth of information on both the
pattern of injury as well as its severity, guiding both determination of the etiology of the
injury as well as subsequent clinical decision-making.

Because of the inherent complexity of the pathology, the pathologist must approach the
biopsy with a systematic evaluation plan. This review will outline one possible method,
beginning with objective assessment of the extent and pattern of hepatic injury, followed by
correlation with the clinical history and laboratory findings and a final assessment of the
both the likelihood and specific etiology of DILI. Although most of the discussion relates to
evaluation of injury related to prescription and nonprescription medications, these same
principles apply to the evaluation of injury related to environmental and occupational toxins
and injury due to herbal and dietary supplements. Therefore, while it is not explicitly stated
in every instance, the term “DILI” should also be understood to include these other
etiologies as appropriate.

Use of the Liver Biopsy in Drug-Induced Liver Injury

A liver biopsy is not required to evaluate a patient with suspected DILI. In the U.S. Drug-
Induced Liver Injury Network (DILIN), only 50% of patients enrolled in the prospective
protocol underwent liver biopsy during the course of their evaluation 1. Unlike autoimmune
hepatitis, in which the published algorithms incorporate liver biopsy as part of the

diagnosis 23, the most widely used clinical algorithm for DILI determination (the

RUCAM) 4 does not have a place for including the findings of liver biopsies. Nevertheless,
when a liver biopsy is performed, there are several questions the pathologist may be asked to
address: Are the patient’s liver abnormalities due to DILI or some other etiology of liver
disease? If DILI is likely, can the liver biopsy help define which drug is causing the patient’s
injury? How severe is the injury and does the inflammatory pattern suggest steroid-
responsiveness by analogy to autoimmune hepatitis? Can it inform us with respect to
mechanism of injury or prognosis?

Once the clinical decision to perform a biopsy has been made, it is important that a plan for
biopsy evaluation be made prior to the procedure. A portion of the biopsy may need to be
sent for culture or for viral PCR testing. If mitochondrial injury is suspected, a 1 to 2 mm
segment may be fixed in glutaraldehyde and sent for ultrastructural examination. Saving a
piece frozen for cryostat sections is unlikely to be necessary as most specialized tests can be
performed on the formalin-fixed tissue. If staining for fat is desired (as in the case of
microvesicular steatosis), a formalin-fixed piece can be cut on a cryostat prior to processing
and stained with oil red O or Sudan black. Contacting the pathologist prior to the biopsy can
be helpful to decide how best to triage the specimen.

Clearly the more clinical questions that need to be addressed, the more critical it is to have
an adequate biopsy to work with, both for the separate specialized testing outlined above and
for routine histological assessment. There have been not been studies of biopsy adequacy in
DILI, but some answers can be inferred from studies of biopsy adequacy in chronic viral
hepatitis and fatty liver disease. Most of these studies have focused on the effects of biopsy
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size on the staging and grading of chronic hepatitis C. Sampling error is increased with
shorter biopsies as well as with those taken with a narrow gauge needle with a significant
underestimation of both grade and stage in biopsies less than 1.5 cm in length or 10 portal
areas >, Studies of biopsy size in fatty liver disease have shown similar findings 8. It should
be remembered that these studies were performed to identify size limitations with respect to
specific biopsy features or for making a specific diagnosis (steatohepatitis). In biopsies
performed to evaluate a broad clinical differential diagnosis, these biopsy size estimates
should be considered as lower estimates. In order to adequately evaluate injury to ducts ®
and veins, 10 to 20 complete portal areas and a similar number of central veins may be
necessary. Given the dependence of observing complete structures on the width of the
biopsy and the total number of structures on the biopsy length 1011 jt would be reasonable to
follow the guidance of AASLD position paper on liver biopsy and obtain at least 3 cm of
core using a 16 gauge needle 12. Biopsies obtained using a transvenous approach using
narrower gauge needles may require additional length of biopsy.

Considerations in the histological assessment of DILI

Figure 1 outlines a general approach to the evaluation of liver biopsies in DILI. The initial
review should be as objective as possible, without regard to clinical information. True
blinded review, in which the biopsy is evaluated in the absence of any clinical information,
has the greatest chance to identify subtle unexpected findings but is difficult to achieve in a
typical practice setting. The pathologist should be ready to use all of the available
histochemical and immunohistochemical tools so as to provide as much information as
possible. In cases in which the etiology of liver injury is unclear or potentially multifactorial,
the evaluation begins with examination of multiple levels stained with hematoxylin and
eosin and includes routine special stains (Table 1). Masson trichrome and reticulin stains are
used to assess hepatic architecture and fibrosis. Staining for iron helps to distinguish the
various pigments in the liver as well as to assess iron overload. While Wilson’s disease may
sometimes enter the differential diagnosis of DILI, the copper stain is better used to identify
evidence of chronic cholestasis. Periodic acid-Schiff (PAS) staining performed following
diastase digestion is mainly useful for identifying clusters of macrophages that may remain
as the only evidence of injury following an episode of acute hepatitis, although occult
storage diseases such as alpha-1-antitrypsin deficiency may also be revealed. Stains for bile
(if not clearly seen on the other stains) and infectious organisms can be used as needed. Fat
stains are only useful on tissue that has not undergone tissue processing, although as noted
above, the tissue can be formaldehyde fixed prior to cryostat sectioning and still be stained
for fat.

Immunoperoxidase stains can also be helpful in the evaluation of suspected DILI. Acute
viral infection with herpes simplex virus (HSV) or adenovirus can mimic toxic acute
hepatitis and the viral inclusions can be difficult to identify without specific stains. Similarly,
patients with acute reactivation of hepatitis B secondary to immunosuppressive medications
will often have positive reactions to immunostains for hepatitis B. The immunostains for
keratin 7 and 19 as well as for the endothelial cell marker CD34 may be the most useful. The
keratin stains can help identify residual ductal epithelial cells in portal areas with marked
inflammation and duct injury. The absence of staining can confirm the loss of bile ducts. In
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cases with chronic cholestatic injury, keratin 7 may be expressed in periportal hepatocytes?3.
CD34 is normally not expressed in the sinusoidal endothelial cells, but in situations in which
arterial blood flow is increased relative to portal vein flow, the sinusoidal endothelial cells
will express CD34 aberrantly 14, Epstein-Barr virus (EBV) is detected through the use of an
in-situ hybridization reaction, allowing EBV-related hepatitis to be detected or excluded
from consideration.

Characteristic Patterns of Injury

The result of this initial evaluation should be an accurate and detailed description of the
histological lesions as well as characterization of the injury into one or more of the
stereotypical patterns of hepatic injury. While drugs and herbals have been associated with
all types of liver injury, any individual agent has a limited range of injury patterns . For
example, the combination drug amoxicillin-clavulanate most often causes a cholestatic
hepatitis with mild to moderate inflammation, prominent cholestasis and duct injury 1617, 1t
sometimes causes a chronic cholestatic injury with bile duct loss 18 and has only rarely been
implicated in cases of true acute hepatitis. It does not cause fatty liver disease of any sort and
has not been associated with vascular injury patterns or cirrhosis. Thus, classification of the
injury pattern can be correlated with the known range of injury patterns for particular
suspect agents, allowing the pathologist to limit the differential diagnosis and comment on
the likelihood that a particular agent caused the patient’s liver injury.

Despite the wide range of potential patterns, most suspected drug injuries that come to
biopsy seem to fall into one of the necroinflammatory or cholestatic patterns of injury (Table
2). In Hans Popper’s landmark paper on drug and toxin induced liver injury, acute viral
hepatitis-like injury and cholestastic hepatitis accounted for 39% and 32% of the cases,
respectively 19. A more recent analysis of biopsies from 249 cases of suspected drug and
herbal-induced liver injury by the U.S. DILIN found that over half of the biopsies could be
classified into one of six necroinflammatory and cholestatic injury patterns. These patterns
included cholestatic hepatitis (29%), acute hepatitis (21%), chronic hepatitis (14%), chronic
cholestasis (10%), and acute cholestasis (9%) 1°. Zonal necrosis, the typical pattern of
acetaminophen injury, accounted for only 3% of cases, probably because cases of
acetaminophen DILI were excluded from enroliment in the DILIN.

For most cases, an initial categorization of the inflammatory pattern into acute hepatitis-like
or chronic hepatitis-like can be made at low magnification. Figure 2 shows schematic
diagrams of combinations of inflammation and necrosis that can be seen. Acute hepatitis-
like inflammation predominantly affects the lobular parenchyma and can be associated with
either zonal or non-zonal necrosis (Figure 3). Foci of lobular inflammation, composed of
small aggregates of lymphocytes and macrophages, can be so numerous that they disrupt the
normal lobular sinusoidal architecture, a phenomenon known as lobular disarray. The
inflammation is often accompanied by evidence of cytologic injury of hepatocytes, including
cytoplasmic swelling, clumping and clearing, as well as apoptosis or necrosis. There may be
evidence of hepatocyte regeneration, including variation in the size of hepatocytes,
hepatocyte rosette formation and reactive nuclear changes. Portal inflammation and interface
hepatitis are often present as well, but they do not dominant the inflammatory pattern. Portal
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dominant inflammation with only mild to moderate lobular inflammation is more
characteristic of chronic hepatitis-like injury, such as is seen in cases of chronic viral or
autoimmune hepatitis (Figure 4). Other features may also help in this categorization.
Necrosis, particularly large areas of confluent necrosis or hepatocyte drop-out, is more
consistent with acute hepatitis while advanced fibrosis (more than fibrotic expansion of
portal areas) would be more consistent with chronic hepatitis. It should be noted that, in the
context of DILI, a patient presenting with “acute hepatitis” may show a chronic hepatitis
pattern of inflammation. For example, both minocycline 20:21 and the statins 2223 may show
portal predominant inflammation similar to chronic viral hepatitis, yet present with an acute
onset of aminotransferase elevations and jaundice. Other features, including
microgranulomas and mild to moderate steatosis may be present without affecting the
categorization as either acute or chronic hepatitis. The presence of hepatocellular or
canalicular bile accumulation should prompt consideration of one of the cholestatic patterns
of injury, discussed below. The differential diagnosis for both acute and chronic hepatitis
patterns mainly includes the hepatitis viruses and autoimmune hepatitis, but consideration
should also be given to less common causes of hepatitis, including Epstein-Barr related
hepatitis 24, hepatitis associated with collagen vascular diseases?® and hepatitis associated
with immunodeficiencies 26.

When large epithelioid granulomas dominate the inflammation, the pattern should be
classified as granulomatous hepatitis. This pattern was uncommon in the DILIN series
accounting for only 1% of the cases, although epithelioid granulomas were noted in almost
5% of cases 1°. Granulomas may be an indication of a hypersensitivity-type of drug reaction
and their presence has been associated with a better prognosis 1°. Certain drugs have
granulomas or granulomatous hepatitis as a typical pattern of injury. These drugs include the
sulfonamides, dapsone, allopurinol and phenytoin all of which have been associated with
systemic syndrome of rash, eosinophilia and other systemic symptoms of hypersensitivity 27,
The differential diagnosis includes infection (including unusual bacterial and rickettsial
infections as well and those from fungi and mycobacteria), sarcoidosis and primary biliary
cholangitis. While drug induced granulomatous injury can mimic the discrete round well-
formed granulomas of sarcoidosis (e.g. with interferon alfa 28), they are usually less well-
defined, irregular aggregates of epithelioid histiocytes admixed with lymphocytes and
eosinophils.

Confluent necrosis centered around the central vein (zone 3) that mimics hypoxic-ischemic
liver injury is the characteristic injury pattern of acetaminophen. Figure 5 contrasts this
zonal type of necrosis with the more irregular necrosis that follows severe acute hepatitis.
Although the diagnosis is usually clinically apparent, the pathologist may see a biopsy when
the diagnosis is not suspected or when there are other potential causes of liver injury. Early
in the injury there is coagulative necrosis of hepatocytes in zone 3 extending to involve
zones 2 and 1 as the injury becomes more severe. The sinusoidal cells remain mainly intact
as the toxic injury is specific to the hepatocytes. Macrophages and neutrophils may be
present, particularly within and around the edges of the necrotic zone 2930, Although
uncommon, similar patterns of zonal necrosis without an inflammatory infiltrate suggestive
of acute hepatitis may be seen with other drugs and toxins. Necrosis may also be observed in
veno-occlusive disease (VOD)/sinusoidal obstruction syndrome (SOS) 31, so careful review
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of central veins for occlusive lesions is necessary because the treatments are very different.
The main non-toxic cause of bland zonal necrosis is hypoxic/ischemic injury. Irregular
patches of non-zonal necrosis should prompt a search for viral inclusions at the edges of the
necrotic foci and immunostains for herpes simplex and adenovirus may be helpful.

The cholestatic patterns of injury include acute (or bland) cholestasis, cholestatic hepatitis
and chronic cholestasis. Cholestatic hepatitis was a common pattern of injury in both
Popper’s original study and the DILIN study, accounting for 32% and 29% of cases
respectively 1519, In the DILIN study, this diagnostic category included all cases with a
combination of inflammation and cholestasis that was visible on routine stains. The
inflammatory component in cholestatic hepatitis varies from very mild portal and lobular
inflammation to patterns that mimic acute and chronic hepatitis (Figure 6A-D). Bile plugs
are seen in canaliculi and often can be recognized in hepatocyte cytoplasm or in sinusoidal
macrophages. The presence of canalicular bile is diagnostic, but bile pigment in hepatocytes
and macrophages must be distinguished from iron and lipofuscin. Bile accumulates first in
zone 3, and may be accompanied by hepatocyte swelling and infiltration of foamy
macrophages in the sinusoids. While duct injury is a common finding (seen in 52% of
cases), it may also be seen in acute hepatitis (40%) and chronic hepatitis (24%) patterns in
which no bile stasis was identified 1°. Cholestatic hepatitis is the main pattern of injury for
multiple drugs, including most antibiotics and psychotropic drugs. As the degree of
inflammation becomes very mild, cholestastic hepatitis patterns merge with acute cholestatic
injury (Figure 6E and F). In acute cholestatic injury (also called bland or intrahepatic
cholestasis), there is zone 3 cholestasis as described above, but with little or no
inflammatory reaction either in the portal areas or parenchyma. Acute cholestatic injury is
the characteristic injury pattern of the anabolic steroids and oral contraceptives 32. Such
injury from oral contraceptives has become less common as the doses of estrogens and
progestins have been reduced in more recent formulations, but anabolic steroid jaundice
remains a clinical problem, particularly among young men using body building
supplements 33-35, These supplements can be easily obtained without a prescription and
often contain steroid derivatives 36. The differential diagnosis for cholestatic hepatitis and
acute cholestasis depends heavily on the other histological features in the biopsy,
particularly the inflammatory pattern. With severe acute hepatitis-like inflammation and
hepatocellular injury, the differential mainly includes acute viral hepatitis. Fulminant
variants of autoimmune hepatitis are also a consideration, particularly if there is prominent
portal inflammation and plasma cells. With acute cholestasis and mild cholestatic hepatitis,
acute large duct obstruction and sepsis/post-operative cholestasis should be considered.
Cholangiolar cholestasis (bile plugs within dilated ductules) strongly suggests sepsis or
sepsis-like inflammatory syndromes 37. Cholestatic hepatitis with moderate degrees of
inflammation has a more limited differential diagnosis, but other types of inflammation
associated cholestasis may show this pattern 38. Cholestatic hepatitis may also be the result
if more than one etiology is present, for example chronic viral hepatitis with acute large duct
obstruction.

Chronic cholestatic injury (Figure 7) is less common than cholestatic hepatitis, accounting
for only about 10% of cases 15, but it is clinically important as it is the most common pattern
of injury in patients with evidence of chronic liver injury due to drugs 3°. Chronic cholestatic
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injury is recognized by the characteristic hepatocellular change of periportal cholatestasis
(pseudoxanthomatous change) often accompanied by copper accumulation or keratin 7
expression in periportal hepatocytes. Duct injury is common, found in 78% of cases while a
third will have some degree of bile duct paucity 1°. There may be prominent ductular
reaction, but this is not a specific finding. The histological changes of duct injury are
variable, from reactive epithelial changes to infiltration of ducts by inflammatory cells to
periductal sclerosis. Although there are some specific drugs that cause chronic cholestasis,
most notably hepatic arterial infusion with floxuridine 49, chronic cholestasis is minor
pattern of injury for many drugs that cause cholestatic hepatitis. Vanishing bile duct
syndrome may present acutely or may be found on follow-up biopsies in patients with
prolonged jaundice. Recent additions to the list of drugs causing VBDS include multiple
members from the fluoroquinolone antibiotics 4142 and the oncological agent
temozolomide 43. The latter drug appears to cause VBDS as its primary pattern, although it
is possible that there is bias towards biopsy of only severe prolonged injury in cancer
patients. The differential diagnosis of chronic cholestatic DILI mainly includes chronic large
duct obstruction, primary biliary cholangitis and the various non-drug etiologies of
sclerosing cholangitis.

Drug induced fatty liver disease is well-reported but because the non-drug etiologies of fatty
liver disease are very common, caution should be taken before ascribing steatosis to DILI.
There are three basic patterns of fatty liver disease caused by drug and other agents:
Macrovesicular steatosis (with or without inflammation and fibrosis), steatohepatitis and
microvesicular steatosis. In drug induced macrovesicular steatosis and steatohepatitis, the
changes may be very similar to the changes of non-alcoholic fatty liver disease (NAFLD)
and non-alcoholic steatohepatitis (NASH). Specific drugs may cause histological changes
that are subtly different than common NAFLD and NASH. Methotrexate can be associated
with portal fibrosis 44 and lack the ballooning injury of typical NASH, although the typical
pattern of steatohepatitis can also be observed 4°. Of note, alcohol use, obesity and diabetes
all raise the risk of methotrexate injury suggesting synergistic injury 4647, In amiodarone-
related injury, the Mallory-Denk bodies tend to be periportal rather than perivenular 48. On
the other hand, tamoxifen associated steatohepatitis is indistinguishable from NASH 4°.
Steatosis and steatohepatitis may also result from secondary drug effects, such as weight
gain or drug associated lipodystrophy.

The pattern of microvesicular steatosis should be distinguished from other forms of fatty
liver disease because of its clinical and prognostic significance. Microvesicular steatosis is
not merely small vacuole fat, but a foamy change of the hepatocyte cytoplasm resulting from
innumerable small fat vacuoles (Figure 8). Cells with larger fat vacuoles may be present but
the foamy change should dominate the histological picture to classify the case as
microvesicular steatosis. This pattern is almost always associated with mitochondrial injury,
typically with uncoupling of oxidative phosphorylation (aspirin) °° or damage to
mitochondrial DNA (fialuridine) 51:52, A distinctive clinical syndrome of lactic acidosis and
hepatic failure results from the mitochondrial injury. The mere presence of patches of
microvesicular steatosis (without the full pattern) was associated with worse outcome in the
DILIN study 15, The list of agents in clinical use associated with microvesicular steatosis is
short, but includes the anti-HIV medications zidovudine, didanosine, stavudine and
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indinivir 3-55 as well as the antibiotic linezolid 6. The differential diagnosis of diffuse
microvesicular steatosis is short, including only fatty liver of pregnancy. It should be
assumed that diffuse microvesicular steatosis is due to a drug or toxin unless proven
otherwise.

A variety of vascular injury patterns have been attributed to drugs and some, like VOD/SOS,
are almost always due to a drug or toxin (Figure 9). Among the drugs commonly associated
with vascular injury are the oncotherapeutic agents and immunosuppressive agents
(particularly the purine analogues). The anabolic and contraceptive steroids have also been
associated with vascular injury 32, although the frequency of such injury is probably less
than the cholestatic injury caused by these steroids. It is most helpful to think of the various
vascular injuries by the part of the hepatic vasculature affected. Budd-Chiari syndrome
results from thrombosis of the major veins. VOD/SOS affects the small veins and distal
sinusoids. Peliosis hepatis and sinusoidal dilation are sinusoidal injuries; sinusoidal dilation
may also be the result of hepatoportal sclerosis. Nodular regenerative hyperplasia is
observed in the parenchyma but probably results from injury to portal veins. Hepatoportal
sclerosis is defined by alterations and loss of small and medium-sized portal veins. True
arteritis is rare in the liver, but has been reported as part of a syndrome drug induced
systemic vasculitis 57:58, The other changes in the liver observed in the liver with vascular
injury vary from subtle in the case of hepatoportal sclerosis and nodular regenerative
hyperplasia to dramatic, with extensive hemorrhage and necrosis in the case of VOD/SOS
and Budd-Chiari. The differential diagnosis varies with the particular vascular pattern.
Budd-Chiari may be caused by hypercoaguable states, central venous stasis and is associated
with a variety of systemic disorders. VOD/SOS is mainly observed in the context of stem
cell transplantation or exposure to toxins like pyrrolizidine alkaloids ° and is rarely seen in
non-drug/toxin contexts. Nodular regenerative hyperplasia and hepatoportal sclerosis have
been associated with collagen-vascular diseases 60, lymphoproliferative diseases 61 and
some immunodeficiency states like common variable immunodeficiency 28 independent of
the drugs used to treat these conditions.

Sometimes the changes in the liver biopsy are relatively unremarkable. There may be very
mild degrees of portal or lobular inflammation, rare apoptotic bodies or mild steatosis. This
may reflect the timing of the biopsy—if the liver biopsy is done because the injury is slow to
resolve, there may be only a little residual injury left. Some patterns of injury, like
hepatoportal sclerosis or nodular regenerative hyperplasia may be very subtle, with nearly
normal architecture and no inflammation or fibrosis to suggest injury. VBDS may also be
subtle, with no inflammation or ductular reaction and only minimal cholestasis. Resolving
acute hepatitis may leave little evidence of its passage. Clusters of pigmented, PAS-positive
macrophages may be the only remaining evidence of prior injury. Other patterns of injury
may be characterized mainly by an alteration of hepatocyte cytoplasm such as inclusions,
lipofuscin accumulation or glycogenosis. Glycogenosis may be associated with high dose
corticosteroid therapy and high aminotransferase levels may prompt a biopsy. The
differential diagnosis includes poorly controlled type | diabetes 62 and glycogen storage
diseases.
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Difficult Differentials

Once the biopsy has been thoroughly reviewed for the pattern and severity of injury as
described the pathologist must consider the histological changes in light of the patient’s
history (Figure 1). There may already be a differential diagnosis that the clinical team would
like assessed and the pathology may suggest other possibilities. It may be, after
consideration of the history, that the pathological changes are not only consistent with injury
from a drug, but that the particular agent can be identified with the pathology providing an
even greater level of certainty for the diagnosis. On the other hand, the histological changes
may be inconsistent with the agent(s) under consideration or may even suggest an alternate
etiology for the injury. More testing may be required to exclude possible alternate
explanations. It is important to remember that the diagnosis of DILI is always a diagnosis of
exclusion, so a conclusion of DILI should be reached only after careful consideration of
other possibilities.

If the diagnosis of DILI seems obvious on clinical grounds alone, it is probably less likely
that the team will require a liver biopsy merely to confirm their suspicions. It is more likely
that a point has been reached in the clinical evaluation where the findings need clarification
and so a decision to perform a liver biopsy is made. Table 3 lists some of the possible
reasons to perform a liver biopsy in a case of suspected DILI. The situations of known
underlying liver disease and autoimmune hepatitis deserve further consideration.

Given the prevalence of chronic viral hepatitis and fatty liver disease (both alcoholic and
non-alcoholic), it is not unusual for patients with a possible drug injury to have a known (or
suspected) underlying liver disease. After an objective review of the histological findings the
pathologist must decide whether there are histological features present that are not consistent
with the underlying liver disease. For example, neither NASH nor chronic viral hepatitis
should have canalicular or hepatocellular bile stasis unless there is advanced cirrhosis. While
cholestasis is clearly out of place in most early stage chronic liver diseases there may be
other findings, such as obvious duct injury or loss, granulomas, vascular injury or
microvesicular steatosis that might suggest a superimposed injury. It may even be possible to
distinguish a superimposed acute hepatitis from the underlying disease. These “aberrant”
features can be considered in light of the drug history. Prior biopsies can be very helpful in
defining a pre-existing level of disease severity that can be compared to the current biopsy.
One possible outcome is that no histological features can be identified that are not explained
by the known underlying liver disease. While it is still possible that DILI may be present, the
pathologist must conclude that the histological changes do not support a diagnosis of DILI.

Autoimmune hepatitis (AIH) presents a particularly difficult challenge to both the clinician
and the pathologist. Since there are no definitive tests for AlH, this diagnosis is also a
diagnosis of exclusion. In fact, even in the absence of suspected DILI, a liver biopsy is often
performed to confirm the clinical suspicion of AIH. Drug-induced AlH (DIAIH) has been
reported in association with a number of drugs and also has been the subject of larger
clinical studies 2063, Drugs that have been associated with an AlH-like syndrome include
nitrofurantoin, minocycline, hydralazine, methyldopa and the statins. In a study of 261 Mayo
Clinic patients with AIH, 24 were thought have evidence of DIAIH 83. Nitrofurantoin and
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minocycline were the main drugs implicated in this study. There were few histological
differences between DIAIH cases and AlIH cases. Both showed evidence of chronic hepatitis
of similar grade and stage, but there were no cases of cirrhosis in the DIAIH group. Both
groups responded similarly to corticosteroid therapy, although the DIAIH patients could be
weaned from steroids more successfully than the AIH patients. A study from the DILIN
analyzed cases of DILI from patients taking drugs typically associated with DIAIH,
including nitrofurantoin, minocycline, hydralazine and methyldopa 20. Clinical features of
AIH were found in most of the cases of nitrofurantoin and minocycline and about half of the
cases of hydralazine and methyldopa injury. A variety of patterns of injury were observed on
histological examination, including acute hepatitis (43%) and cholestatic hepatitis (29%).
Cholestasis is an unusual finding in idiopathic AIH and a separate blinded evaluation of
cases of AIH and DIAIH found that cholestasis was helpful in diagnosing DIAIH 64, Liver
biopsies performed to diagnose graft versus host disease (GVHD) offer similar difficulties.
GVHD, like AlH, is a diagnosis of exclusion and often the diagnosis that must be excluded
is DILI. The main histological change in GVHD is bile duct injury, often without ductular
reaction and little inflammation, but hepatitic variants also exist %°. Although this differential
diagnosis has not been subjected to rigorous study, recent work has been presented that may
eventually prove useful 66,

Final Analysis and Consultative Opinion

The assessment should not stop with the assessment of pattern and severity, as Figure 1
shows. After the initial evaluation, the pathologist should proceed to interpret the
histological findings in light of the patient’s medical history, laboratory tests and available
imaging. Dr. Irey, a toxicological pathologist at the Armed Forces Institute of Pathology,
outlined a series of considerations that are important when evaluating any histological injury
related to a drug, herbal supplement or toxic agent 87. These may be divided into factors
purely related to the patient’s history and the agents in question, such as temporal eligibility
and toxicological analysis, and factors in which the pathological changes may play a role.
Temporal eligibility refers to the fact that drugs have windows of exposure during which
they are most likely to cause injury. For most agents this window is between a few days and
several months prior to the onset of injury. Some drugs however, may cause injury even after
many months to years of exposure. In particular, the agents associated with autoimmune
hepatitis-like reactions, such as nitrofurantoin, minocycline and the statins, fall into this
category 2022 The injury may also not be recognized until weeks after the drug has been
stopped. This is especially true of antibiotics, which are often given in limited courses.
Amoxicillin-clavulanate, typically given as a 10-day course, is associated with a cholestatic
hepatitis that may not been seen for one to three weeks after the drug is stopped 16. A single
dose of cefazolin, given as antibacterial prophylaxis prior to surgery, is associated with
cholestatic injury that manifests up to three weeks later 88, Toxicological analysis may be
helpful in the follow-up evaluation of DILI, but with the exception of tests for
acetaminophen adducts, may not be available in real time.

The remaining factors require the pathologist to consider clinical information in light of
what is seen under the microscope. Key among these factors is the exclusion of competing
causes of injury. No matter how suggestive the history, the pathologist should assume that
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there is some alternate, non-drug explanation for the injury. The histological findings may
eliminate some possibilities among the clinical differential diagnoses and raise other
possibilities that need to be excluded by additional testing. This is particularly true of the
common patterns of injury, chronic hepatitis and fatty liver disease, as well as cases in which
the injury is relatively mild and etiologically non-specific. With these patterns there may
always remain some uncertainty as to etiology. The pathologist should be alert to
overlapping patterns of injury, particularly if the patient has a known underlying liver
disease, such as viral hepatitis or NASH. Once competing causes of injury have been
thoroughly evaluated, consideration can turn to the patient’s list of medications, including
any over-the-counter drug and herbal or nutritional supplements. A detailed history of such
agents may be lacking, in which case the pathologist may need to contact the patient’s
physician for additional information. Each agent should be considered in turn for the
likelihood of causing the particular histological injury observed. Agents that cause similar
histological patterns of injury can be stratified based on their overall propensity to cause
injury 69, but even rare causes of DILI cause injury sometimes.

There are a variety of resources available to help the pathologist deal with the complexity of
evaluating potential cases of DILI. The hepatotoxicity website maintained by the U.S.
National Library of Medicine, LiverTox, (http://livertox.nIm.nih.gov/) can be helpful as both
a summary of clinical presentations by individual and as a key to the primary literature.
Tables of injury caused by particular drugs can found in DILI-specific chapters of the major
textbooks of liver pathology as well as the pathology chapters of hepatotoxicity references.
The results of the analysis outlined above should be reflected in the pathologist’s report. The
report should include not only information on the histological changes and pattern of injury
but should comment on the histological differential diagnosis and the likelihood that the
injury is related to particular agents.

Final Thoughts

A liver biopsy is not like a simple laboratory test or even an imaging evaluation. A biopsy is
informative because it provides a comprehensive and direct view of the physical
relationships of all of the cell types and pathologic processes in the biopsied organ. The
hepatic pathologist is a true expert medical consultant, whose job includes the careful
assessment of the patient’s clinical history in light of these complex histological changes and
to provide an interpretation based on their understanding of hepatic pathophysiology.
Additional clinical testing may be required to exclude non-DILI etiologies that are suggested
by the biopsy. The hepatic pathologist may be asked to disentangle contributions to injury
from multiple etiologies—a difficult task requiring experience in the biopsy changes over a
wide range of liver diseases. The final report should therefore contain an assessment of
pathologic changes in light of the patient’s drug exposures as well as whatever clinical
evaluation has been performed to exclude competing causes of injury. DILI may be the price
paid for pharmacological progress'?, but to an individual patient it is an unwanted and
potentially lethal complication of therapy. When a liver biopsy is performed in these
circumstances, the pathologist should make full use of the opportunity this provides to
demonstrate the power of careful histological analysis to illuminate difficult clinical
problems.
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Key Points

. Hepatic pathology in drug induced liver injury is complex, but may be
approached systematically.

. Biopsy assessment begins with objective evaluation of character and severity
of histological changes

. The histological findings are summarized as a pattern of injury that generates
the

. histological differential diagnosis

. The pathologist provides an expert interpretation of the findings in light of the
patient’s medical and drug history.
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Summary

The evaluation of liver biopsies performed in cases of suspected drug induced liver injury
(DILI) can be complex. However, the biopsy may be approached systematically, first by
careful identification of histological lesions and then by identification of the overall
pattern of injury. These findings lead directly to the histological differential diagnosis.
Potential DILI must be separated from concomitant non-DILI liver disease. Once
competing causes of injury have been excluded, the findings can be analyzed with respect
to the various prescription and nonprescription medications and dietary supplements
under suspicion to provide a complete interpretation of the findings.
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Figure 1.

Algorithm for Biopsy Evaluation in Suspected Drug-Induced Liver Injury.
From Kleiner DE. Liver histology in the diagnosis and prognosis of drug-induced liver
injury. Clinical Liver Disease 2014;4(1):12-6; with permission.
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o Necrosis ¥ Inflammation

Figure 2.
Necroinflammatory patterns. A. Normal liver biopsy with portal area (triangle) and central

vein (oval). B. Chronic hepatitis pattern with portal predominant inflammation. C. Zone 3
necrosis without significant portal or parenchymal inflammation. D. Acute hepatitis with
diffuse inflammation but no confluent necrosis. E. Acute hepatitis with zone 3 necrosis. F.
Acute hepatitis with bridging necrosis involving portal areas and central veins.
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Figure 3.
Examples of acute hepatitis. A, C, E. Acute hepatitis due to atorvastatin. The portal areas

show sparse inflammation although the portal-parenchymal interface is disrupted (A).
Numerous foci of lobular inflammation as well as scattered acidophil bodies are present (C).
Hemorrhage was present around the central veins (E). B, D, F. Acute hepatitis due to
ipilimumab. At low magnification the biopsy looks cellular, mainly from infiltrates of
inflammatory cells. The portal areas do not stand out in panel (B) but a few showed dense
lymphocytic inflammation with circumferential interface hepatitis (D). At high
magnification there is extensive disruption of the hepatocyte plates and the sinusoidal
architecture by inflammation (F).
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Figure 4.
Chronic hepatitis-like injury due to 6-mercaptopurine. The inflammation is mainly in the

portal areas, with only occasional foci of lobular inflammation (A). Sinusoidal
lymphocytosis is present, but the sinusoidal architecture is intact.
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Figure 5.
Necrosis patterns in DILI. A, C, E. Zonal necrosis due to mithramycin (A, C) and

acetaminophen (E). In both of these examples there is some combination of coagulative
necrosis and apoptosis in zone 3 without much inflammation beyond an infiltrate of
macrophages. In the case of acetaminophen, the coagulative necrosis mainly affects the
hepatocytes as the sinusoidal lining cells remain intact (E). B, D, F. Sub-massive necrosis
due to isoniazid injury. The necrosis in this case is irregular, with large areas of complete
multiacinar necrosis (B) next to areas that show some necrosis along with regenerative
nodules (D). Inflammation remains in residual portal areas and along the edges of the
regenerative nodules (F)
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Figure 6.
Cholestatic injury patterns. A, B, C, D. Cholestatic hepatitis due to amoxicillin-clavulanate

(A, B) and azathioprine (C, D). In the amoxicillin-clavulanate case, the portal areas show
mild inflammation and duct injury (A). Canalicular and hepatocellular cholestasis is present
in zone 3, associated with mild lobular inflammation (B). In the azathioprine case, there is
zone 3 cholestasis with clusters of pigmented macrophages in the sinuses (C). Scattered foci
of inflammation with hepatocyte apoptosis are also present (D), while the portal areas had
little inflammation (not shown). E, F. Acute cholestasis due to anabolic steroids. In this case
the portal areas are normal without duct injury or loss (E). There is prominent canalicular
cholestasis with bile plugs in zone 3, but little associated inflammation or hepatocyte injury

(F).
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Figure 7.
Chronic cholestatic injury with bile duct loss due to lenolidomide. The portal areas have

mild inflammation and lack either a bile duct or ductular reaction (A). The absence of duct
structures is confirmed by keratin 7 staining, which also demonstrates the aberrant
expression of keratin 7 in periportal hepatocytes that occurs in chronic cholestasis (B). As
with the other cholestatic patterns, there is often cholestasis in zone 3 (C)
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Figure 8.
Microvesicular steatosis in DILI. In fialuridine injury there is diffuse microvesicular

steatosis because the drug interferes with mitochondrial DNA replication in all of the
hepatocytes. The cells have a uniform, foamy appearance (A). Microvesicular steatois can
also be seen as a focal injury in other forms of DILI. In (B) this small cluster of foamy cells
is seen in a case of isoniazid injury.
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Figure 9.
Examples of vascular injury. A., B. Nodular regenerative hyperplasia due to oxaliplatin

injury. There is congestion of dilated sinuses between the regenerative nodules (A). The
reticulin stain shows the irregular liver cells plates more clearly, with widened, 2-cell thick
plates of enlarged hepatocytes within the nodules and compressed plates of atrophic
hepatocytes between the nodules (B). C, D, E, F. VOD/SOS following hematopoietic stem
cell transplant. There is extensive hemorrhage and necrosis (C), with only a few groups of
residual hepatocytes (D), mainly in zone 1. Trichrome stains show that the central veins are
narrowed by loose, pale staining connective tissue (E). Some of the portal veins also showed
partial occlusion with loose connective tissue (F).
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Table 1

Special Histochemical Stains and Immunoperoxidase Stains Useful in the Evaluation of Liver Injury

Core Stains (used in all cases in which the etiology is unclear or the clinical scenario is complex)

Masson Trichrome

Distinguishes necrotic collapse from fibrosis and identifies early perisinusoidal fibrosis; Helps to
identify occluded or narrowed veins (portal and central)

Reticulin Allows assessment of the hepatocyte plate architecture, including detection of nodular regenerative
hyperplasia, collapse of reticulin network in necrosis, peliotic dilations
Iron Identifies iron deposits and helps to distinguish pigments (iron, lipofuscin, bile)

Copper (rhodanine)

Identifies copper accumulation in chronic cholestasis and copper storage diseases

Periodic acid-Schiff with diastase

Highlight macrophages containing cell debris as well as glycoprotein/glycolipid storage diseases. Also
stains some forms of bile and lipofuscin

Discretionary Histochemical Stains (optional stains for particular applications)

Qil red O, Sudan black

Fat stains — must be performed on fixed or frozen tissue prior to processing

Bile

Directly identifies bile

Periodic acid-Schiff

Dark purple stain highlights hepatocytes against areas of necrosis or fibrosis as well as outlining
hepatocellular fat vacuoles, secondary stain for fungi

Elastin

Identifies vessels and elastin deposits in fibrosis

Acid fast (Ziehl-Nielsen or Fite)

Identifies mycobacteria

Methanamine silver

Identifies fungal organisms

Warthin-Starry, Steiner and Dieterle

Identifies atypical bacterial infection

Immunoperoxidase Stains (used to identify specific proteins)

Keratin 7 Bile ducts and ductules, cholestatic hepatocytes

Keratin 19 Bile ducts and ductules, Canals of Hering

CD34 Normally stains endothelium of arteries and veins and aberrantly expressed in sinusoidal endothelium
exposed to increased arterial blood flow

Ubiquitin Mallory-Denk bodies

Hepatitis B surface and core antigens

Detection of hepatitis B in viral carriers

CMV, HSV, Adenovirus

Identification of specific viral infection

In-Situ Hybridization

EBER

Identification of EBV-infected lymphocytes
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Table 3

Possible reasons to perform a liver biopsy in DILI

Multiple candidates as the etiologic agent

Experimental agent or agent for which there is little prior record for injury

Gain insight into potential mechanism of injury

Assessment of the severity of injury to enable clinical decision

Known underlying liver disease

Alternate possible etiologies (e.g. sepsis, graft-vs-host disease)

Exclusion of autoimmune hepatitis
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Table 4

Factors to Consider in the Histological Evaluation of DILI

Factor

Questions

Temporal Eligibility

What agents were taken and over what time period? Do those exposures match the known risk profile
of the agents?

Exclusion of Competing Causes

Given the histological pattern of injury, have all the appropriate clinical tests been performed to
exclude other possibilities?

Known Potential for Injury

What is the evidence that the agents in question cause liver injury? Are the potential agents common or
rare causes of injury?

Precedent for Pathologic Injury
Pattern

Given the histological changes, how does that compare to the reported injury patterns of the agents in
question? If the agent’s injury pattern is unknown because the agent is novel or recently introduced,
can the injury pattern be explained by the agent’s mechanism of action or by relation to other agents in
the same class?

De-challenge/Re-challenge

What is the natural history of the injury associated with the agents in question? Are the histological
changes consistent with ongoing/resolving injury?

Toxicologic Analysis

Are there laboratory studies that can be done to check for drug levels or accumulation of toxic by-
products?
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