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Acute liver failure caused by pembrolizumab in
a patient with pulmonary metastatic liver cancer
A case report
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Abstract
Rationale: Keytruda (pembrolizumab) is an inhibitor of programmed cell death receptor-1 (PD-1), which was approved to treat
advanced melanoma and nonsmall cell lung cancer patients who do not respond to other treatment. However, its efficacy and
security in the treatment of advanced liver cancer is still under investigation.

Patient concerns: A 60-year-old man was diagnosed with pulmonary metastatic liver cancer who accepted pembrolizumab
treatment after the failure of sorafenib. When injected pembrolizumab, in spite of pulmonary metastatic lesion shrink, the patient
experienced severe liver dysfunction.

Diagnoses: Based on the features of the clinical signs and laboratory examination,
the patient was diagnosed with pembrolizumab-induced immune-related hepatitis by excluding other etiologies and drug-induced

side effects.

Interventions: The patient received glucocorticoid and artificial liver (plasma exchange) therapy after failed conservative liver
protection treatment.

Outcomes: The patient’s liver dysfunction continuously progressed and he finally died of liver failure and its complications during
his hospitalization.

Lessons:Pembrolizumab showed efficacy in an advanced hepatocellular carcinoma patient with lung metastases. However, it can
generate immune-related adverse events such as immune-related hepatitis which can be lethal.

Abbreviations: AFP = alpha-fetoprotein, CT = computed tomography, PD-1 = programmed cell death receptor-1, PD-L1 =
programmed cell death ligand-1, TILs = tumor-infiltrating lymphocytes.
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1. Introduction

Keytruda (pembrolizumab) is an inhibitor of programmed cell
death receptor-1 (PD-1), which was approved by the US Food
and Drug Administration (FDA) on September 4, 2014 to treat
advanced melanoma and nonsmall cell lung cancer patients who
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do not respond to other treatment. In previous studies, PD-1
receptor inhibitors achieved remarkable efficacy not only in
advanced melanoma and nonsmall cell lung cancer but also in
renal cell carcinoma[1] and Hodgkin’s lymphoma.[2] However,
pembrolizumab’s efficacy in the treatment of advanced liver
cancer is still under investigation. Here, we report a case of a
60-year-old male metastatic liver cancer patient who presented
with fatal immune-related hepatitis after receiving pembrolizu-
mab treatment.
2. Case report

A 60-year-old male patient, who presented with yellow urine and
eyes, fatigue, and anorexia for 7 days, was admitted to our
hospital on December 23, 2016. The patient had been diagnosed
with liver cancer (tumor size of about 10.0cm � 12.0cm, no
distant metastases) in May 2012 and underwent right hepatec-
tomy at Shanghai Oriental Hepatobiliary Hospital. Postoperative
pathology indicated hepatocellular carcinoma with negative
margin. The patient did not take any anticancer drugs after the
surgery and he showed no signs of recurrence in the follow-up
visits until December 2015 when the patient was admitted to the
hospital due to hemoptysis. Computed tomography (CT) scans
showed multiple pulmonary nodules, with the largest one being
0.8 � 1.2cm and no abnormality was found in the liver.
Considering his history, he was first diagnosed with hepatocellu-
lar carcinoma with bilateral pulmonary metastases.
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Figure 1. CT before treatment with pembrolizumab. After sorafenib treatment for 9 months, CT scan revealed that pulmonary nodules were enlarged, with a
maximum nodal size of 2.9� 1.4cm. CT=computed tomography.
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The patient then received sorafenib therapy (400mg, PO bid)
at Shanghai Oriental Hepatobiliary Hospital again, but CT scans
revealed that the pulmonary nodules had enlarged, with a
maximum nodal size of 2.9 � 1.4cm (Fig. 1) 9 months later
(October 2016). With disease progression and failure of
sorafenib, the patient discontinued sorafenib on October 10,
2016. He was given 2 options that included one for palliative care
and the other one for pembrolizumab therapy on a compassion-
ate use basis, and he finally chose the latter option. Before the
beginning of the pembrolizumab treatment, his laboratory data
showed normal liver function, and then the PD-1 antibody
pembrolizumab (2mg/kg, every 3 weeks) was given to the patient
starting onNovember 3, 2016. Before the beginning of the second
pembrolizumab treatment cycle (after pembrolizumab treatment
for 3 weeks), his laboratory data showed liver dysfunction and
therefore the patient received hepatic protectants. As the liver
damage became further aggravated, he was transferred to our
department and the pembrolizumab treatment was delayed.
After admission to our department, we found that the patient

had a history of gastric ulcers due to subtotal gastrectomy and he
denied a history of alcohol intake and intake of Chinese herbs.
Clinical examination revealed skin and sclera jaundice. The
laboratory data (November 23, 2016) showed that alanine
aminotransferase (ALT) was increased at 1269U/L, aspartate
aminotransferase (AST) at 1193 U/L, total bilirubin (TBil) at 49.8
mmol/L, and direct bilirubin (DBil) at 31.7 mmol/L. The patient
was negative for markers of hepatitis virus (hepatitis A, hepatitis
Figure 2. CT after treatment with pembrolizumab for 3 weeks. After injection of pe
were reduced. The maximum lesion size was 1.2cm � 0.7cm. CT=computed t
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B, hepatitis C, and hepatitis E). Antibodies to cytomegalovirus
and Epstein–Barr virus were negative. Ceruloplasmin and serum
copper were normal, and no Kayser–Fleischer ring was observed
upon examination by an experienced ophthalmologist. A
qualitative urinary porphyrin test was negative. Autoimmune
antibodies including antimitochondrial antibody, antinuclear
antibodies, and antineutrophil cytoplasmic antibody were all
negative, and serum a-1-antitrypsin concentration, thyroid
function, coagulation function, and other laboratory investiga-
tion results were normal including alpha-fetoprotein (AFP).
Pulmonary CT scan revealed that metastatic lesions in his lungs
were reduced. The maximum lesion size was 1.2cm � 0.7cm
(Fig. 2), suggesting that pembrolizumab led to a dramatic
response in this patient.
A skin rashwas detected 4 days after his admission and the skin

rash regressed after local use of corticosteroid cream for 4 days
(Fig. 3). Liver function test showed ALT 256 U/L, AST 466 U/L,
TBil 214.7 mmol/L, and DBil 169.3umol/L after liver protection
therapy on December 6, 2016. Coagulation function showed a
prothrombin time (PT) of 14.3 seconds, activated partial
thromboplastin time (APTT) of 42.5 seconds, and prothrombin
activity (PTA) at 57.6%. Before this liver injury, aside from the
pembrolizumab, the patient also received sorafenib. However, in
the 9 months of sorafenib therapy, the patient did not show any
signs of liver injury during long-term follow-up. We considered
that after the 3-week administration of pembrolizumab, severe
liver injury was caused by immune-related hepatitis after
mbrolizumab for 3 weeks, CT scan revealed that metastatic lesions in his lungs
omography.



Figure 3. After treatment with pembrolizumab, the patient experienced a skin rash. Skin rash was detected 4 days after his admission, mainly in the lower limbs.
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excluding viral hepatitis, autoimmune diseases, metabolic liver
diseases, and other drug-induced liver injury. Therefore,
prednisone (2.0mg/kg/d) was the treatment prescribed on the
basis of treatment for pembrolizumab side effects except for the
liver protection therapy on December 8, 2016.
After 7 days of glucocorticoid treatment, the liver function test

showed ALT 269 U/L, AST 236 U/L, TBil significantly increased
at 381.3 mmol/L, and DBil 259.8 mmol/L. Coagulation function
revealed the PT increased at 16.0 seconds, APTT at 37.7seconds,
and PTA at 49.7%. Liver protection and prednisone therapy
failed to reverse the liver injury, and his liver dysfunction
progressed to liver failure. In spite of artificial liver (plasma
exchange) treatment, his liver function did not improve either.
The patient died of acute liver failure, hepatic encephalopathy, on
January 22, 2017.
3. Discussion

Hepatocellular carcinoma is one of the most common malignant
tumors in the world. The global incidence rate has increased to
>626,000 per year and mortality is close to 600,000 per year.[3]

Surgical resection is themaincurativeoption.However, treatmentof
unresectable advanced hepatocellular carcinoma is extremely
limited. Sorafenib is the first choice for hepatocellular carcinoma
patients to improve the survival of patients. However, the response
rate for sorafenib therapy is low.[4] Remarkable tumor responses
have been seen in the treatment ofmelanoma and nonsmall cell lung
cancer with anti-PD-1/programmed cell death ligand-1 (PD-L1)
Table 1

The Naranjo ADR probability scale.

1.Are there previous conclusive reports on this reaction?
2. Did the adverse event occur after the suspected drug was administered?
3. Did the adverse reaction improve when the drug was discontinued or a specific antago
4. Did the adverse reaction reappear when the drug was readministered?
5. Are there alternative causes (other than the drug) that could have on their own caused
6. Did the reaction reappear when a placebo was given?
7. Was the drug detected in the blood (or other fluids) in concentrations known to be toxi
8. Was the reaction more severe when the dose was increased or less severe when the d
9. Did the patient have a similar reaction to the same or similar drugs in any previous exp
10. Was the adverse event confirmed by any objective evidence?

The ADR is assigned to a probability category from the total score as follows: definite if the overall sco
ADR = adverse drug reaction.
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immunotherapy. Immunotherapy provides a new and effective
treatment for advanced hepatocellular carcinoma patients who do
not respond to sorafenib therapy.
Keytruda (pembrolizumab) is the first PD-1 inhibitor approved

for clinical treatment of malignant tumors. It has demonstrated
efficacy in melanoma and nonsmall cell lung cancers.[5,6]

Furthermore, it is currently being assessed in advanced liver
cancer in clinical trials.
Pembrolizumab is a humanmonoclonal antibodywhich inhibits

the PD-1/PD-L1 signaling pathway. PD-1 is mainly expressed in T
cells, which inhibit immune cell activation upon ligation to PD-L1
and PD-L2.[7] PD-1 can also be expressed in B cells, natural killer
(NK) cells, dendritic cells, and activated monocytes. PD-1 ligands
include PD-L1 and PD-L2, which are mainly expressed on
macrophages, monocytes, and other inflammatory cells in various
inflammatory environments.[8] A large number of studies have
shown that the expression of PD-L1 on tumor cells is upregulated,
while the expression of PD-1 on tumor-infiltrating lymphocytes
(TILs) is upregulated. PD-L1 binding to PD-1 induces apoptosis of
T cells and protects tumor cells from immune system attack.[9] By
blocking the PD-L1 pathway using pembrolizumab, T cells can be
activated and attack tumor cells.[5]

We present a 60-year-old patient who experienced severe liver
dysfunction 3 weeks after the first injection of pembrolizumab.
He was diagnosed with pembrolizumab-induced immune-related
hepatitis by excluding other etiologies and drug-induced side
effects (assessed by the Naranjo drug-induced side effects
assessment (Table 1).[10] The main adverse reactions of
Yes No Do not know Score

+1 0 0 +1
+2 –1 0 +2

nist was administered? +1 0 0 0
+2 –1 0 0

the reaction? –1 +2 0 +2
–1 +1 0 0

c? +1 0 0 0
ose was decreased? +1 0 0 0
osure? +1 0 0 0

+1 0 0 0
Total 5

re is ≥9, probable for a score of 5–8, possible for 1–4, and doubtful if the score is 0.
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pembrolizumab in the treatment of melanoma and nonsmall cell
lung cancer were fatigue, diarrhea, rash, etc. About 0.7%patients
show immune-mediated hepatitis. However, severe liver damage
is rare.[11] In spite of glucocorticoid and artificial liver (plasma
exchange) therapy, the patient’s liver dysfunction continuously
progressed, and he finally died of liver failure and its
complications. However, it is noteworthy that the lung lesions
of the patient significantly shrank after the first injection of
pembrolizumab.
PD-1 inhibitors cause severe immune-related hepatitis, the

mechanism of which has not yet been fully elucidated. Studies
have revealed that in normal physiological conditions, the liver
immune state remains in tolerance. Hepatic sinusoidal endothe-
lial cells express high levels of PD- L1 to prevent overimmune
response and protect normal liver tissue from immune damage
through the activation of the PD-1/PD-L1 signaling pathway.[12]

Pembrolizumab blocks the PD-1/PD-L1 signaling pathway and
reverses the depletion of T-cell function. Therefore, it unbalanced
the hepatic immune system by decreasing inhibitory regulation of
the autoimmune response and strengthening the immune
response, which caused significant liver dysfunction. Clarifying
its pathogenesis will provide guidance for correct and effective
treatment.
In conclusion, we found that pembrolizumab showed efficacy

in an advanced hepatocellular carcinoma patient with lung
metastases. However, it can generate immune-related adverse
events such as immune-related hepatitis which can be lethal.
A variety of clinical trials of pembrolizumab in advanced
liver cancer are underway (ClinicalTrials.gov identifiers
NCT02658019, NCT02702414, and NCT02940496). Clini-
cians should be alert to its immune-related toxicities. Further
4

exploration is still needed to identify how to screen the right
patients and how to minimize the side effects of pembrolizumab.
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