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CONCLUSIONS: We suggest that RANKL inhibi-
tion can produce severe hepatic necrosis togeth-
er with an increase in proinflammatory cytokines. 

Key Words:
Apoptosis, Cytokine, Chemokine, Denosumab, 

Drug-induced hepatotoxicity, Necrosis, Nuclear fac-
tor-kB (NFkB), Osteoporosis, Receptor activator of nu-
clear factor-kB ligand (RANKL). 

Abbreviations

ADR = adverse drug reaction; ALT = alanine aminotrans-
ferase (serum glutamic-pyruvic transaminase, SGPT); 
ALP = alkaline phosphatase; AST = aspartate amino-
transferase (serum glutamic-oxaloacetate aminotransfer-
ase, SGOT); CB = conjugated (direct) bilirubin; CXCL8 
= IL-8, Monocyte-derived Neutrophil Chemoattractant 
Factor, Interleukin 8; CYP = cytochrome P450; DILI 
= drug-induced liver injury; ELISA = enzyme-linked 
immunosorbent assay; GGTg = glutamyl-transferase 
(g-glutamyl transpeptidase, GGTP); HSR = hypersensi-
tivity syndrome reaction; IFN-g = Interferon Gamma, 
Immune interferon; IL = interleukin; INR = International 
Normalized Ratio; LTA = lymphocyte toxicity assay; 
MTT-3-(4,5-dimethylthiazol-2-yl)-2,5-diophenyl tetra-
zolium bromide; NFKB = nuclear factor kappa-B; NKT, 
natural killer cells; PDGF = Platelet-Derived Growth Fac-
tor; RANK = receptor activator of nuclear factor kappa B 
ligand (RANKL); RANK-L = ligand of RANKRVE-rep-
resentative volume element; RANTES = regulated upon 
activation, normal T-cell expressed and secreted; TB = 
Total Bilirubin (summation of conjugated and non-con-
jugated serum bilirubin); TGF-b = transforming growth 
factor beta; TNF-a = tumor necrosis factor alpha; ULN 
= Upper Limit of the Normal reference range; VBDS = 
vanishing bile duct syndrome.

Introduction

Postmenopausal osteoporosis results from bone 
loss and decreased bone strength mediated by an 

Abstract. – OBJECTIVE: Denosumab (Prolia, 
Amgen, Thousand Oaks, CA, USA) is a fully hu-
man antibody to the receptor activator of nucle-
ar factor-KB ligand (RANKL). We present a case 
of submassive hepatic necrosis with evidence 
implicating cytokine induction resulting from an 
immune reaction to denosumab.

CASE REPORT: A 72-year-old lady presented 
with elevated liver enzymes. One month previ-
ously, she received a s/c administration of 60 mg 
of denosumab. Viral hepatitis A, B and C and hu-
man herpes viruses 6-7 were negative as were 
routine autoimmune serology. Transaminases 
reached more than 50 x ULN, and gamma-glu-
tamyl-transpeptidase (GGT) increased to more 
than 30 x ULN. Serum bilirubin reached 13.8 
mg/dL. The serum albumin level decreased to 
2.8 g/L. Prednisone (40 mg) and ursodeoxycho-
lic acid (900 mg) were administered. The Naran-
jo Adverse Drug Reaction probability score was 
6, consistent with a probable adverse drug reac-
tion. A liver biopsy revealed sub-massive hepat-
ic necrosis consistent with drug-induced liver 
injury (DILI). During steroid tapering, there was 
a slow decline in the levels of both the transami-
nases and the GGT, and a concomitant increase 
in the serum albumin. A month after stopping 
prednisone and ursodeoxycholic acid, there was 
an acute increase in the level of the transaminas-
es and a decrease in the serum albumin. Steroid 
reintroduction resulted in normalization of the 
liver enzymes and synthetic capacity. A lympho-
cyte toxicity assay to denosumab was demon-
strated a hypersensitivity reaction to denosum-
ab resulting in 31% toxicity. The control patient 
showed no toxicity to denosumab. Cytokine lev-
els (pg/mL) were as follows: Interleukin (IL)1 
was 1193 (normal-24.5), IL8 357 (20-60), RANKL 
224 (60-80), RANTES 215 (15-50), TNF-a 850 (25-
50), TGF-b 546 (20-40), VEGF 735 (25-30). Serum 
RANKL was markedly reduced in the presence 
of denosumab (16 pg/mL). The elevated markers 
of apoptosis ccK18(M-30)(68-132) 140 IU and K18 
apoptosis+ necrosis (M65) (62-213) 322 U/L im-
plicate necrosis.
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increased rate of bone remodeling secondary to 
reduced estrogen levels1-4. Remodeling cycles are 
initiated by osteoclasts. Cytokines are intracel-
lular messengers that regulate the immune sys-
tem. Cytokines inhibitors have been developed 
as novel therapies. Denosumab is a fully human 
antibody to the receptor activator of nuclear fac-
tor-kB (NFkB) ligand (RANKL). The therapeutic 
effect of denosumab rests on its capability to 
inhibit osteoclast differentiation. RANKL blocks 
the formation, activation, and survival of osteo-
clasts5. Prolia is a well-tolerated medication and 
there are no previous reports of hepatotoxicity. 
In addition, the RANKL pathway has no recog-
nized effect on the liver. We report here a case of 
sub-massive hepatic necrosis most likely caused 
by denosumab. Hepatotoxicity with use of denos-
umab may be rare, but it is a clinically significant 
phenomenon.

Case Report
A 72-year-old lady was referred for investiga-

tion of elevated liver enzymes. She suffered from 
osteoarthritis of the left hip and was due to un-
dergo a hip replacement. Her medication consist-
ed of occasional non-steroidal anti-inflammatory 
drugs (NSAIDS), amlodipine and bisoprolol for 
hypertension. One month before referral she had 
received a subcutaneous administration of 60 mg 
of denosumab for osteoporosis. Physical exam-
ination was unremarkable. Laboratory investi-
gations revealed a complete blood count (CBC) 
and international normalized ratio (INR) within 
normal limit and an elevation of serum transami-
nases to around 5 times the upper limit of normal 
(ULN). Routine blood tests for determination of 
hepatitis, B and C were negative as were routine 
autoimmune serology. IgG seropositivity was 
detected for hepatitis A virus infection. Serum 
ceruloplasmin, ferritin and alpha-1-antitrypsin 
levels were within normal limits. Thus there was 
no evidence of a previous chronic liver disease. 
Additionally we excluded the possible reactiva-
tion of human herpes viruses 6 and 7 (HHV-6, 
HHV7), previously described in hypersensitivity 
syndromes to drugs. During 6 weeks of follow-up 
there was a slow increase in her serum transami-
nases to 12 times the ULN and then subsequently 
an elevation to 1500 IU/mL (Figure 1). The gam-
ma-glutamyl transferase (GGT) level was elevat-
ed to 755 U/L. She became icteric with a bilirubin 
of 10 mg/dL. Her INR was elevated to 1.79 and 
her serum bilirubin increased to 13.8 mg/dL. The 
INR was not corrected by administration of vita-

min K intravenously and her serum albumin level 
decreased to 2.8 g/L. At this stage, a liver biopsy 
was performed. The liver biopsy revealed inflam-
mation of hepatic tissue, sub-massive hepatic ne-
crosis and bile duct proliferation consistent with 
drug-induced liver injury (DILI) (Figures 2A and 
2B). The reticulin staining enhanced the presen-
tation of the necrotic tissue (Figure 3). Moreover, 
immunohistochemistry staining with anti-cyto-
keratin antibody, clearly showed necrotic clusters 
of cells (Figure 4). Oral prednisone 40 mg once 
daily was administered. During the next 3 weeks 
the INR decreased to 1.3 and the albumin initially 
rose to 3 g/dL, but then declined to 2.7 the biliru-
bin level decreased to 7.8 mg/dL. Ursodeoxycholic 
acid 300 mg two times per day was added. Over 
the course of the following months there was a 
slow decline in the levels of both the transaminas-
es and the GGT and a concomitant increase in the 
serum albumin. There followed a slow tapering 
of the steroids and also the ursolit was stopped. A 
month later there was a large increase in the level 
of the transaminases and a decrease in the serum 
albumin from 3.2 to 2.9 mg/dL. The prednisone 
was reintroduced at a dose of 25 mg per day and 
the ursolit at 600 mg per day. Subsequently, there 

Figure 1. 
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was a decrease in the transaminases again over a 
3-month-period with slow tapering off of the ste-
roids. Currently, she remains in good health on 
a maintenance therapy of prednisone 5 mg per 
day and ursodeoxycholic acid 600 mg per day (15 
mg/kg). To identify a correlation between medi-
cations received and possible liver injury, we ex-
amined the temporal relationship to the beginning 
of the biologic therapy, the amount administered, 
and the duration of use. This also included over-
the-counter medications, as well as herbal and di-
etary supplements. Lack of illness before ingest-
ing denosumab, clinical illness and biochemical 
abnormalities developing after beginning the bi-
ologic, as well as an improvement after the drug 
was withdrawn incriminates denosumab in DILI. 
Since the illness may recur upon reintroduction 

of the offending substance rechallenge is not eth-
ical. To determine if the liver induced injury was 
related to the biologic therapy we performed a 
lymphocyte toxicity assay (LTA) to denosumab. 
We aimed to identify cytokines as biomarkers 
for the prognosis and diagnosis of DILI caused 
by a new biological drug. Since denosumab is an 
inhibitor of RANKL and, therefore, can activate 
an immune inflammatory response, we measured 
the levels of cytokines and chemokines in the sera 
of the patient.

Methods
Lymphocytes were extracted following the 

centrifugation of fresh patient’s blood, using a 
density gradient. Patient’s lymphocytes were 
incubated with therapeutic concentrations of 

Figure 2. A, Hematoxylin and eosin stain (X75) showing massive liver cell necrosis associated with eosinophil infiltration and 
bile duct proliferation. B, Liver cell necrosis associated with acute inflammation with eosinophylia in the portal tracts. Bile duct 
proliferation and signs of cholangitis.

A B

Figure 3. Reticulin stain (x75) showing massive liver cell 
necrosis.

Figure 4. Imunohistochemistry: cytokeratine-17 (CK-17) 
highlighting the bile ductular proliferation.
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the denosumab. Following 24 hours incuba-
tion, the cell culture supernatant was removed, 
and lymphocytes were further incubated with 
the yellow tetrazolium dye 3-(4,5-dimethylth-
iazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT). The degree of MTT reduction to the 
water-insoluble purple formazan represents a 
measure of succinate dehydrogenase activity, 
which in turn indicates cellular viability6. Tox-
icity to the biologic therapy was expressed as the 
percentage of reduction in dye intensity relative 
to the control (patient’s cells and metabolizing 
system in the absence of drug) and corrected 
for toxicity due to drug alone (in the absence of 
metabolizing system). Moreover, in parallel with 
this sample, we performed the same determina-
tion on a sample from a control patient that did 
not have a reaction to denosumab. A lymphocyte 
toxicity assay will perform similarly during both 
a DILI episode and several years later, due to 
memory cells. The innate immune system also 
participates. Hepatocyte necrosis activates the 
innate system, most likely through proinflam-
matory mediators (e.g., cytokines, chemokines). 
These mediators can be directly cytotoxic or 
lead to recruitment of cells of the innate immune 
system. The innate immune system may also 
have a role in recovery via anti-inflammatory 
components. Cytokines play an essential role in 
the inflamed liver7. To analyze the mechanism 
of liver damage we examined a panel of cyto-
kines. TNF-a levels (pg/mL) were quantitative-
ly determined in serum, using enzyme-linked 
immunosorbent-assay (ELISA). Cytokine and 
chemokine levels were measured by ELISA 
as follows: TGF-b (R&D Systems, Inc.; Min-
neapolis, MN, USA), IL-1, VEGF, sRANKL 
(PeproTech Asia, Rehovot, IL, USA), IL-6, IL-8, 
RANTES, TGF-a  (eBioScience, Frederick, MI, 
USA) with 96% sensitivity and 92% specificity. 
NF-kBp65 activity was measured by ELISA 
(Invitrogen Corporation, Carlsbad, CA, USA). 
The test was performed according to manufac-
turer specifications. RANTES plays a primary 
role in the inflammatory immune response via 
its ability to chemo-attract leukocytes and mod-
ulate their function. Aliquots from the sample 
were added to the 96-well plate. Each specimen 
was analyzed in duplicate with 95% sensitivity 
and 92% specificity. Our measurement system 
demonstrates strong correlations across repli-
cates with correlation coefficients > 0.99, ensur-
ing reliable detection of differences in cytokine 
levels between biological samples. 

Apoptosis
Liver cell apoptosis is triggered by host con-

ditions, including starvation, stressful environ-
mental conditions and the presence of toxins8. 
To confirm the mechanism we choose to analyze 
multiple apopto-necrotic markers. Cytokeratin 18 
encodes the type I, intermediate filament chain 
keratin 18. Keratin 18, together with its filament 
partner keratin 8, are perhaps the most com-
monly found members of the intermediate fila-
ment gene family. They are expressed in single 
layer epithelial tissues of the body. Mutations 
in this gene have been linked to cryptogenic 
cirrhosis. Two transcript variants encoding the 
same protein have been found for this gene8. 
We measured the cytokeratins in sera and tis-
sue media using M30 and M65. M30 is specific 
for apoptosis and M65 combine death processes 
from both apoptosis and necrosis. In epithelial 
cells, one of those substrates is the intermediate 
filament protein keratin 18 (K18). The M30 an-
tibody recognizes a neo-epitope exposed after 
caspase cleavage of K18 after the aspartic acid 
residue 396. Cleavage at this position occurs ear-
ly during apoptosis by caspase 9 and during the 
execution phase by caspase 3 and caspase 7. The 
M30 Apoptosense® ELISA measures the levels 
of soluble caspase-cleaved K18 (ccK18) frag-
ments containing the K18Asp396 neo-epitope. 
The ccK18 level increases during apoptosis and 
is inhibited by the caspase-inhibitor zVAD-fmk. 
M65 ELISA measures total K18. Combining the 
two assays M30 and M65 is useful for assessment 
of cell death by both apoptosis and necrosis. The 
markers cleaved cytokeratins CK 18 and CK 8 
(M30 and M65) were quantified using kits from 
Bender MedSystems (Vienna, Austria). We used 
the same procedures described by us in previous 
studies9. The correlation coefficient was linear 
(r = 0.990). NFkB is predominantly localized in 
the cytoplasm with a double role as a mediator 
of: cell survival as well as up-regulator of Fas-
FasL apoptosis. These markers had AUROC of 
0.90 with 80% sensitivity and 90% specificity 
for detecting advanced fibrosis. We used stan-
dards and reference reagents available from the 
National Institute for Biological Standards and 
Controls (NIBSC, Herts, UK). These methods 
are standardized in our laboratory according to 
the procedures described9. The RealStar® HHV-6 
PCR Kit 1.0 is an in vitro diagnostic test, based 
on Real-time PCR technology, for the detection, 
differentiation, and quantification of Human Her-
pes virus 6A (HHV-6A) and Human Herpes virus 
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6B (HHV-6B) as well as HHV-7 specific DNA. 
We used RealStar® HHV-6 PCR Kit 1.0, Altona 
Diagnostic GmbH (Hamburg, Germany) and Re-
al-time PCR instrument Rotor-Gene™ 3000/6000 
(Corbett Research) for our determinations10. 

Results

The LTA of the patient indicated 31% toxicity 
upon incubation with the monoclonal antibody vs. 
control. As control we examined the response of 
patient cells incubated under identical conditions 
in media not containing denosumab. Also, there 
was an elevation in the serum levels of several 
critical cytokines (Table I). The very high levels 
of both cytokines and chemokines in the patient’s 
sera are consistent with the profound inflamma-
tion present in the liver. Moreover, the elevated 
level of transforming growth factor beta (TGF) 
may mediate the fibrogenic effect of the drug 
on the liver. Furthermore, levels of 2 markers of 
apoptosis were examined and found to be elevat-
ed – ccK18 (M-30) 140 IU/L (normal 68-132) and 
K18 apoptosis+ necrosis (M65) 322 IU/L (normal 
62-213). This result is consistent with necrosis. 
Examining the levels of cytokines, chemokines, 
and apoptotic-necrotic markers in the sera of this 
patient reflect the status of the individual 3-4 
months after the drug-induced liver injury, at the 
time of the blood sampling. This demonstrates 
prolonged immune stimulation consistent with 
the long half-life of denosumab. To examine the 
cytokine network at the time when the denosum-
ab produced the active injury to the individual, 
we measured also the same parameters in the 
media in which the lymphocytes were exposed 

to denosumab, and this revealed a 31% toxicity 
to the drug. As shown in Table II, exposure of 
the patient’s lymphocytes to denosumab severely 
reduced RANKL production concomitantly with 
an activation of other proinflammatory mediators 
and, therefore, an imbalance between the pro and 
anti-inflammatory cytokines leading to necrosis.

Discussion

Denosumab has been approved for the treat-
ment of postmenopausal osteoporosis (Amgen 
Inc. Thousand Oaks, CA, USA). Studies of post-
menopausal osteoporosis show that denosumab 
suppresses osteoclast differentiation, thus re-
straining bone reabsorption11. Simulation stud-
ies12 suggest that denosumab generates a short-
term bone volume gain, followed by constant 
or decreasing bone volume. This evolution is 
accompanied by a decrease of the bone turnover 
rate and by secondary mineralization, leading to 
higher mineral concentration per bone volume 
and its receptor13. Preclinical studies14 have de-
fined the role of RANKL in bone remodeling and 
provided evidence for the therapeutic potential 
of RANKL inhibition in conditions of bone loss. 
We believe that this case is a unique example 
of drug-induced hepatotoxicity involving deno-
sumab. The time course, the prolonged half-life 
of the medication and the absence of any other 
cause implicate denosumab as the offending 
agent. Causation deals with the question of how 
a particular clinical event occurs in an indi-
vidual patient. It is difficult to establish a clear 
cause-effect relationship. A cause must precede 
its effect in time. The Naranjo criteria consist of 

Table I. Serum levels of cytokines, chemokines, apoptosis 
and necrosis markers in the patient and control.

	 Normal
Cytokines	 values	 Control	 Patient

IL-1 pg/mL	 24-50	 26	 1193
IL-6 pg/mL	 30-60	 32	 36 
IL-8 pg/mL	 20-60	 38	 357
NFkB pg/m   L	 15-40	 32	 313
RANTES pg/mL 	 15-50	 35	 215
TNF-a pg/mL	 25-50	 45	 850 
TGF-b ng/mL	 20-40	 26	 546
VEGF pg/mL	 25-60	 42	 735
sRANKL pg/mL	 60-80	 90	 224
ccK18 (M-30) U/L	 68-132	 56	 140
ccK8 (M65) U/L	 62-213	 28	 322

Table II. Levels of cytokines, chemokines, apoptosis and 
necrosis markers in the media in which the lymphocytes of 
the patient and control have been exposed to denosumab. 

	 Normal 
Cytokines	 values	 Control	 Patient

IL-1 pg/mL	 24-50	 22	 983
IL-6 pg/mL	 30-60	 18	 30 
IL-8 pg/mL	 20-60	 28	 517
NFkB pg/mL	 15-40	 22	 416
RANTES pg/mL	 15-50	 15	 215
TNF-a pg/mL	 25-50	 22	 590 
TGF-b ng/mL	 20-40	 12	 56
VEGF pg/mL	 25-60	 22	 135
sRANKL pg/mL	 60-80	 60	 24
ccK18 (M-30) U/L	 68-132	 16	 40
ccK8 (M65) U/L	 62-213	 18	 318
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a standardized case-causality assessment that is 
well accepted and routine in pharmacovigilance 
centers around the world. Applying the Naranjo 
adverse drug reaction probability score to this 
case, produces a result of 6, which is consistent 
with a probable drug reaction15. This is, despite, 
the fact that for obvious ethical reasons, the 
readministration could not be performed. Also, 
applying Zimmerman’s16 criteria-Hy’s Law to 
estimate severity and the likelihood that Prolia as 
a therapeutic agent will cause severe hepatocyto-
toxicity, we considered the blood test combined 
as an evidence of hepatic injury, e.g., decreased 
hepatic function, the absence of a chronic liv-
er disease that may induce damage. Hy’s law 
requires elevation of >3 × ULN alanine amino-
transferase (ALT) or aspartate aminotransferase 
(AST) activity; >2 × ULN total bilirubin (TB) (> 
1.5 × ULN INR) without a >2 × ULN alkaline 
phosphatase (ALP). Senior17 commented that el-
evation of serum ALT activity is sensitive, but 
not entirely specific for liver injury, while TB 
is more specific to the liver but insensitive for 
decisive liver dysfunction. Together, they have 
been useful for severe liver toxicity. Hypersensi-
tivity syndrome reactions (HSR) are idiosyncrat-
ic host-dependent adverse drug reactions. The 
mechanism of HSR development is believed to 
involve a combination of genetic, immunologic 
and metabolic factors. Genetically susceptible 
individuals carry defects in drug detoxifying 
pathways, such that a greater amount of a reac-
tive drug metabolite is produced than that which 
can be detoxified18. The lymphocyte toxicity as-
say (LTA) is an in vitro laboratory tool that can 
be used to diagnose and predict clinical HSRs. 
The LTA makes use of lymphocytes isolated 
from a patient’s blood. Lymphocytes are chosen 
as surrogate target cells as they possess the pa-
tient’s genotype and will phenotypically express 
the patient’s drug detoxifying deficiencies6,9. As 
lymphocytes do not possess metabolizing capa-
bilities of their own, a murine liver metabolizing 
system is used, which allows for the toxicities 
associated with the parent drug and its reactive 
metabolites to be tested independently. Also, 
the potential toxicities of related drugs may 
also be tested, providing an in vitro model that 
can predict possible future clinical reactions. 
Cellular viability is measured spectrophotomet-
rically. The LTA has been validated for some 
anticonvulsants, non-steroidal anti-inflammatory 
drugs, and sulfonamide antibiotics6,9,10,19-24. The 
in vitro method described is a noninvasive test 

by which individual susceptibilities to a drug can 
be assessed. For a patient with a known serious 
reaction to a member of a given family of drugs, 
it is clearly advantageous to be able to select the 
pharmacologic agent associated with the least 
amount of risk without exposing that individual 
to in vivo rechallenge. The LTA test is an ob-
jective demonstration with scientific value. The 
patient presented a 31% toxicity when exposed 
to the monoclonal antibody. Thus, the results 
we have reported incriminate the antibody as 
responsible for the idiosyncratic reaction in our 
patient. Human lymphocytes from patients with 
suspected HSRs are used as surrogate target 
cells because they do not contain enzymes that 
produce the toxic metabolite form of the parent 
drug, but they do contain the enzymes that are 
required for detoxification, and if there are ge-
netic deficiencies in these enzymes, these defects 
are phenotypically expressed in lymphocytes6. 
The cytokine expression in polymorphonuclear 
cells and their analysis in serum showed elevated 
levels of several of these molecules in patients, 
compared to normal individuals. For individuals 
with DILI, cytokine analysis was performed sev-
eral years after the latest incident. Neuman and 
Nicar24 found that chemoattractant (e.g. interleu-
kin-8) and pro-inflammatory (e.g. TNF-a) cyto-
kines, as well as cell death markers, were several 
times higher especially in patients with the organ 
involvement. The reported mean prevalence of 
osteoporosis ranges from 13%-60% in chronic 
cholestasis25. Primary biliary cholangitis (PBC) 
is a disease that is typically associated with 
osteoporosis. There is a report of patients with 
PBC having low levels of RANKL26. Moreover, 
there are reports showing that in chronic liver 
disease RANKL has lower levels than controls 
that do not present liver disease27. The RANKL/
osteoprotegerin (OPG) system modulates osteo-
clast activity. OPG inhibits that activity, while 
the RANKL activates it. OPG/RANKL ratio is 
high in patients with chronic liver disease com-
pared to control subjects, showing that RANKL 
activates osteoclastic activity and an excess OPG 
as a compensating mechanism, which prevents 
the loss of bone mass28. Other cytokines involved 
in the pathogenesis of chronic liver disease such 
as interleukin (IL)-1, IL-6 and tumor necrosis 
factor α can activate this system29. Additional-
ly, circulating mononuclear cells could have a 
higher capacity to differentiate into osteoclasts 
in patients with chronic liver disease and osteo-
penia30. All of the above observations are in con-
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cordance with the fact that by actively reducing 
RANKL (Table II) denosumab might produce a 
cholestatic reaction. In analyzing the possible de-
nosumab-induced liver injury, we also took into 
consideration other factors: the limits of the time 
interval between the beginning of the treatment 
with the suspected drug and appearance of the 
liver injury, the clinical symptoms and labora-
tory results, as well as the lack of other possible 
causes on the LTA. We suggest that denosumab 
induced elevation of other members of the tumor 
necrosis family, as well as other inflammatory 
cytokines and chemokines to the range of levels 
we have previously described in patients with 
PBC29. Due to the prolonged half-life of deno-
sumab (25.4 days), this immune activation is a 
long-lasting event. Interestingly there is a report 
in mice of RANKL protecting against hepatic 
ischemia and reperfusion31. In addition to pro-
longed immune activation, there is a concomitant 
loss of RANKL due to the direct effect of the 
denosumab, which deprives the liver of a means 
of defense. The elevation in serum ALT and AST 
is related to damage or destruction of the hepat-
ic tissue, rich in the aminotransferases, and/or 
to changes in cell membrane permeability that 
permit leakage from the cytosol into the circula-
tion32,33. Clearance of the serum aminotransferas-
es requires catabolism by the reticuloendothelial 
system. The pattern of abnormalities of biochem-
ical tests is routinely clinically employed. For 
example, elevation of serum aminotransferases 
indicates hepatocellular injury, while elevation 
of the total serum bilirubin and alkaline phos-
phatase indicates cholestasis16,17,32-35. 

Therefore, the patterns of biochemical changes 
in our patient are consistent with specific drug-in-
duced liver injury that prompted us to specific 
additional testing and therapeutic intervention6. 
There is no evidence of disease in humans at-
tributable to denosumab toxicity, other than the 
observation of hepatic injury reported here.

Conclusions

For patients with DILI induced by medications, 
early identification and withdrawal of the offend-
ing agent improve the prognosis. The long half-
life of denosumab makes this extremely difficult 
to achieve. Any agents that could be causative 
should be immediately discontinued in the setting 
of symptoms suggestive of DILI. Patients who 
survive DILI must be carefully educated about 

future avoidance and understand that re-exposure 
may be fatal. Therefore, it is important to test if 
the patient has any sensitivity to other drugs from 
the same class16.
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