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Abstract

Hepatitis is one of the serious immune-related adverse events (irAEs). However, delayed-onset
hepatitis induced by immune-checkpoint inhibitors (ICls) is rare, and the histopathological fea-
tures remain to be clarified. A 65-year-old woman with advanced lung adenocarcinoma in the
right upper lobe (cTAN3M1c, c-stage IVB) received four courses of pembrolizumab. Her hepatic
and biliary tract enzyme levels started increasing 2 months after the final administration of
pembrolizumab, and the elevated levels of these enzymes prolonged. Liver biopsy revealed
panlobular infiltration of inflammatory cells, and most of the infiltrating inflammatory cells
were lymphocytes; however, there were a small number of neutrophils, eosinophils, and plasma
cells. There was no confluent necrosis. Furthermore, immunohistochemical analyses proved
that infiltrating lymphocytes were predominantly CD3-positive (CD3+) and CD8+, and few
CD20+ and CD4+ lymphocytes were observed. Based on these findings, she was diagnosed
with a case of hepatitis as an irAE. Administration of prednisolone (0.5 mg/kg/day) as well as
the addition of azathioprine failed to suppress the deterioration. However, an increase in the
dose of prednisolone (up to 1 mg/kg/day) enabled us to control hepatitis. This case showed
that hepatitis can occur even after discontinuation of ICls, and that liver biopsy may be useful
in the diagnosis. Clinicians should not hesitate to perform liver biopsy for confirmation of the

diagnosis. © 2020 The Author(s)
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Introduction

Pembrolizumab has been reported to improve the overall survival of patients with ad-
vanced non-small cell lung carcinoma with a programmed cell death ligand 1 (PD-L1) tumor
proportion score of 1% or greater, compared with platinum-based chemotherapy [1]. Among
the various immune-related adverse events (irAEs) induced by programmed cell death 1 (PD-
1) or PD-L1 inhibitors, hepatitis is a serious adverse event [2]. Hepatitis has been reported in
0.85% of patients treated with PD-1 or PD-L1 inhibitors, with grade 3 and higher severity in
0.43% [2]. A study reported that the median duration between the initiation of PD-1/PD-L1
inhibitor therapy and the onset of hepatitis was 14 weeks [3]. In general, delayed-onset hep-
atitis induced by immune-checkpoint inhibitors (ICls) is uncommon.

The typical pathological pattern of hepatitis as an irAE is panlobular inflammation with
spotty necrosis, and confluent necrosis is less common. Most of the infiltrating inflammatory
cells are lymphocytes, and few eosinophils, neutrophils, and plasma cells may be observed [4,
5]. Furthermore, immunostaining has demonstrated low CD20+/CD3+ and CD4+/CD8+ cell
ratios of the infiltrating lymphocytes. These findings are useful to distinguish hepatitis as an
irAE from autoimmune hepatitis or idiosyncratic drug-induced liver injury [5]. To the best of
our knowledge, histopathological analysis of delayed-onset hepatitis has never been reported.

The guideline published by the American Society of Clinical Oncology (ASCO) recom-
mends corticosteroids as the first-line treatment for hepatitis as an irAE of grade 2 or higher
[6]. The recommended corticosteroid dose differs depending the severity of hepatitis, which
is determined based on the level of aspartate aminotransferase (AST), alanine transaminase
(ALT), and bilirubin. Briefly, the doses are 0.5-1 mg/kg/day of prednisone or equivalent for
grade 2 hepatitis, 1-2 mg/kg of methylprednisolone or equivalent for grade 3 hepatitis, and 2
mg/kg of methylprednisolone or equivalent for grade 4 hepatitis. Corticosteroid therapy leads
to normalization or improvement of serum liver enzymes in most patients. A study reported
that median time from initiation of corticosteroids to resolution was approximately 8 weeks
[7]. Furthermore, the ASCO recommends additional treatment with mycophenolate mofetil or
azathioprine in cases where corticosteroids are not effective [6].

Herein, we report a case of hepatitis as an irAE that developed 2 months after the final
administration of pembrolizumab and was subsequently confirmed histopathologically by
liver biopsy.

Case Report

A 65-year-old woman visited our hospital after detection of an abnormal shadow on chest
X-ray. She was diagnosed with a lung adenocarcinoma in the right upper lobe (cT4N3Ml1c, c-
stage IVB), with distant metastases to the brain, adrenal glands, subcutaneous tissue at the
back, and ileocecal lymph node. However, metastasis to the liver was not detected. The tumor
did not harbor mutant epidermal growth factor receptor, rearranged anaplastic lymphoma
kinase fusion oncogene, and mutant c-ros oncogene, but showed high tumor proportion score
of PD-L1 (70-80%). As the first-line regimen, we initiated pembrolizumab monotherapy at a
dose of 200 mg every 3 weeks. We postponed the second course of pembrolizumab by 4 weeks
due to y-knife irradiation of brain metastases and surgical resection of the cerebellar metas-
tasis. We also postponed the third course by 3 weeks due to grade 3 increase in the level of
alkaline phosphatase (ALP) and gamma-glutamyl transpeptidase (y-GTP), which occurred 68
days after the initiation of pembrolizumab therapy. Pembrolizumab was restarted after a
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spontaneous decrease in the ALP and y-GTP levels. After a total of four courses, we confirmed
progression of the primary lesion and ileocecal lymph node metastasis. We switched the treat-
ment to cytotoxic chemotherapy with carboplatin, pemetrexed, and bevacizumab. After two
courses of this regimen (169 days after initiation and 59 days after the final administration of
pembrolizumab), an increase in AST, ALT, ALP, and y-GTP levels was observed. Subsequently,
the level of these enzymes reached grades 2, 2, 3, and 4, respectively (Fig. 1). Furthermore,
serum bilirubin levels increased to the grade 3 range (3.8 mg/dL); however, it spontaneously
decreased to the grade 2 range. We stopped chemotherapy; however, the levels of these en-
zymes remained elevated. The patient did not complain of any symptoms and did not present
with fever. Serum levels of immunoglobulin M (IgM), IgG, and IgG4 were within the normal
range. Antinuclear, anti-mitochondrial, cytomegalovirus-IgM, and hepatitis C virus antibodies
were negative, and the Epstein-Barr nuclear antigen was undeterminable. Virus capsid anti-
gen-IgG was 160-fold, which was not significantly elevated to suspect chronic active Epstein-
Barr virus infection. Although anti-hepatitis B envelope and core antibodies were positive,
hepatitis B viral DNA was not detected by real-time polymerase chain reaction. Computed to-
mography showed mild dilation of the intrahepatic and common bile ducts; however, neither
cholecystitis nor liver metastasis was detected (Fig. 2). The patient discontinued all pre-
scribed medicines, namely, codeine phosphate, dextromethorphan, lansoprazole, bilastine,
carbocysteine, ambroxol hydrochloride, and retinol/calciferol combination drug. However,
the elevated levels of AST, ALT, ALP, and y-GTP persisted. We performed liver biopsy to clarify
the cause of injury, which revealed panlobular infiltration of inflammatory cells. Most of the
infiltrating inflammatory cells were lymphocytes; however, there were a small number of neu-
trophils, eosinophils, and plasma cells. Portal tracts demonstrated the most severe inflamma-
tory changes, while the intrahepatic bile ducts were intact. There was no confluent necrosis.
(Fig. 3a, b). Furthermore, immunohistochemical analyses proved that infiltrating lymphocytes
were predominantly CD3-positive (CD3+) and CD8+, and few CD20+ and CD4+ lymphocytes
were observed (Fig. 3c-f). Based on these findings, we diagnosed the patient with a case of
pembrolizumab-induced hepatitis. We initiated treatment with prednisolone (0.5 mg/kg/
day) for grade 2 hepatitis, 163 days after the final administration of pembrolizumab. Subse-
quently, we added azathioprine (50 mg/day), 179 days after the final administration of pem-
brolizumab, due to an increase in the severity of hepatitis (grade 3). However, due to the pro-
longed elevation of AST, ALT, ALP, and y-GTP, we increased the dose of azathioprine to 100
mg/day and prednisolone to 1 mg/kg/day, 246 and 324 days after the final administration of
pembrolizumab, respectively. Thereafter, a decrease in the levels of AST, ALT, ALP, and y-GTP
was observed. We tapered the dose of prednisolone to 10 mg/day, 400 days after the final
administration of pembrolizumab.

Discussion

To the best our knowledge, this is the first report to reveal the histopathological features
of delayed-onset hepatitis as an irAE.

Hepatitis can occur even after the discontinuation of PD-1 inhibitors. Anti-PD-1 antibod-
ies continue to bind to lymphocytes several weeks after the last infusion of PD-1 inhibitors
[8]. The aforementioned experimental finding explains the development of irAE after the dis-
continuation of ICI therapy. Although various delayed-onset irAEs have been reported in the
literature, to the best of our knowledge, there was only one case of delayed-onset hepatitis
after discontinuation of the ICI therapy [9]. In the aforementioned study on an Australian
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patient with advanced melanoma, the authors suspected autoimmune hepatitis as the cause
of liver injury, induced by the second-line nivolumab therapy following the first-line ipili-
mumab therapy [9]. The final diagnosis could not be confirmed because pathological exami-
nation was not performed. It is important to consider hepatitis as a possible delayed irAE and
monitor changes in liver and biliary tract enzymes even after discontinuation of therapy with
ICls.

We revealed that delayed-onset hepatitis was histopathologically similar to the hepatitis
occurring during ICI administration. The constituent inflammatory cells, CD20+/CD3+ and
CD4+/CD8+ lymphocyte ratios, and presence or absence of confluent necrosis may be useful
to distinguish hepatitis as an irAE from other liver injuries [5]. The characteristic findings of
our liver biopsy were as follows: (1) infiltration of CD3+ and CD8+ lymphocytes in panlobular
areas, (2) infiltration of few other inflammatory cells, and (3) no confluent necrosis. These
findings contradicted those of autoimmune hepatitis or drug-induced liver injury but corre-
sponded to those previously reported in hepatitis that occurred during ICI therapy [4, 5].
Based on these findings, we diagnosed this patient with a case of hepatitis as an irAE of pem-
brolizumab therapy. Liver biopsy can be useful in the diagnosis of hepatitis even after discon-
tinuation of the ICI therapy.

Unlike our case, in the previous Australian case study, the response to steroid treatment
was immediate [9]. The most remarkable difference was the type of serum enzyme elevated
(hepatic or biliary tract enzymes). AST and ALT were mainly elevated in the previous case,
whereas ALP and y-GTP were predominantly elevated in our case. Another previous study on
a Japanese patient with pembrolizumab-induced cholestatic liver injury reported a poor and
delayed response to steroid treatment [10]. Our case was similar to this Japanese case in that
biliary tract enzymes were mainly elevated. Moreover, pathological findings were similar to
the exception that bile tract destruction was not observed in our patient on liver biopsy. The
chief elevation pattern of biliary tract enzymes suggests cholestatic injuries and may predict
poor response to steroid treatment. Administration of prednisolone (0.5 mg/kg/day) as well
as the addition of azathioprine failed to suppress the deterioration; however, an increase in
the dose of prednisolone (up to 1 mg/kg/day) enabled us to control hepatitis in our case. An
increase in the corticosteroid dose might have been most effective in our case; however, aza-
thioprine did not have an immediate effect. In a retrospective French study on 16 patients
with hepatitis (grade 23) as an irAE, six patients showed spontaneous improvement without
medications, and four received corticosteroids at a dose of 0.5 mg/kg/day or less. In this study,
only one patient required pulse steroid therapy, with corticosteroid at a dose of 2.5 mg/kg/
day, followed by addition of mycophenolate mofetil as a second immunosuppressive drug. The
study reported that ten patients with severe hepatitis showed improvement without cortico-
steroids or with minimum dose of the drug, and five patients received corticosteroids at a dose
of 1 mg/kg/day [3]. Although the optimal dose of corticosteroids for patients with severe hep-
atitis remains uncertain, an increase in the dose is one of the options when initial treatment
fails to control the condition immediately. The ASCO guideline recommends either mycophe-
nolate mofetil or azathioprine as the second and additional drug option on corticosteroid.
However, superiority of either drug remains unknown [6]. Unlike our case, a Japanese mela-
noma study of nivolumab-induced grade 3 hepatitis reported a good response to azathioprine
[11]. In the previous study, 2 mg/kg/day of methylprednisolone was administered before the
initiation treatment with azathioprine. Azathioprine may be one of the options for additional
drug therapy in cases of hepatitis not controlled by permissible doses of corticosteroids.

In conclusion, we reported a case of hepatitis as an irAE that developed 2 months after
the final administration of pembrolizumab. Pembrolizumab-induced hepatitis was confirmed
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histopathologically. Hepatitis as an irAE should be considered in the differential diagnosis af-
ter discontinuation of ICI therapy. Clinicians should not hesitate to perform liver biopsy for
confirmation of the diagnosis.
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Fig. 1. Clinical course and changes in laboratory data. ALP, alkaline phosphatase; ALT, alanine transami-
nase; AST, aspartate aminotransferase; AZP, azathioprine; y-GTP, y-glutamyl transpeptidase; PSL, predni-
solone.
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Fig. 2. Abdominal CT image shows mild dilation of the intrahepatic and common bile ducts. Cholecystitis
and liver metastasis were not suspected.
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Fig. 3. Hematoxylin and eosin staining of the liver (x100). Arrows indicate infiltration of lymphocytes into
the portal tract (a) and into the parenchyma (b). Immunostaining (x100) for CD3 (c), CD4 (d), CD8 (e), and
CD20 (f) lymphocytes.
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