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Abstract: Pembrolizumab is an immune checkpoint inhibitor (ICI) that targets programmed death-1. Although ICIs have shown
efficacy in the treatment of lung cancer, they have also been reported to cause a variety of immune-related adverse events (irAEs).
Hepatotoxicity is a known irAEs, but currently, there is not enough information on its pathological characteristics and treatment. We
report the case of a 70-year-old man with advanced squamous-cell lung cancer who developed severe grade 4 hepatitis on day 8 after
receiving carboplatin, nab-paclitaxel, and pembrolizumab as fourth-line therapy. We treated him with steroid therapy the day after a
liver biopsy was performed to investigate his pathological features, which led to a rapid and remarkable improvement. Confirmation of
immune-related hepatotoxicity by pathological findings allowed the early tapering and discontinuation of steroid therapy. Performing a
liver biopsy and verifying histological characteristics are needed for successful treatment with short-term steroids when drug-induced
hepatitis caused by anti-cancer therapy including pembrolizumab is considered.
Keywords: combination immunotherapy, immune checkpoint inhibitor, immune-related adverse events, irAEs, hepatotoxicity, liver
biopsy, short-term steroid

Introduction
Immune checkpoint inhibitors (ICIs), such as pembrolizumab, have been reported to be effective in the treatment of lung
cancer.1–4 In recent years, combination immunotherapy, which aims to achieve synergistic effects by combining therapies
with different mechanisms of action, has become widely used.5,6 Although ICIs have demonstrated immune responses
against cancer, they can also cause adverse events.1–6 Because high doses of steroids are generally administered for a
long time to treat immune-related adverse events (irAEs), complications such as infection, diabetes, and osteoporosis can
occur. In addition, it takes a long time to taper off the steroids, and lung cancer treatment cannot be resumed early. A
precise diagnosis of the irAE and the dosage and duration of steroid administration still need to be investigated.
Hepatotoxicity is a known irAE, but its histopathology and treatment are unclear. We report the case of a patient with
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lung cancer who developed severe liver injury after treatment with pembrolizumab, carboplatin, and nanoparticle
albumin-bound paclitaxel (nab-paclitaxel), which improved with short-term steroid treatment after liver biopsy.

Case Report
A 70-year-old Japanese man with a 46-year history of smoking was referred to our hospital because of left chest pain and
an abnormal shadow in the left lung. He was diagnosed with squamous-cell lung carcinoma in the left upper lobe
(cT4N3M0, Stage IIIC) with idiopathic interstitial pneumonia four years ago. Although no histological diagnosis was
decided, there was a reticular shadow on the basal segment of the light lung, and specific diagnostic high-resolution
computed tomography (HRCT) criteria was determined to be indeterminate for UIP. Immunohistochemistry revealed the
high expression of programmed death ligand 1 (PD-L1) with a tumor proportion score of 70–80% on the tumor cell
membrane (≥50%, by 22C3 pharmDx assay). The patient entered a clinical trial for non-small cell lung cancer with
interstitial pneumonia, and received chemotherapy consisting of carboplatin plus nab-paclitaxel as first-line treatment.
This chemotherapy was terminated due to anemia and thrombocytopenia after 3 cycles. Six months later, he received
nab-paclitaxel alone as second-line treatment because of disease progression. Best response of the second-line nab-
paclitaxel was stable disease. One year later, atezolizumab as third-line treatment was started. Although the best response
of the third-line atezolizumab was stable disease, long-term tumor shrinkage for about one year was observed. Interstitial
pneumonia was regularly followed up with HRCT, but no worsening of interstitial pneumonia was observed. Eighteen
months after the start of atezolizumab, the patient was treated with carboplatin, nab-paclitaxel, and pembrolizumab as
fourth-line therapy. Nab-paclitaxel alone as second-line treatment was rechallenged with the expect of same tumor
shrinkage as the first-line treatment and lower toxicity than combination therapy with carboplatin. Four courses of nab-
paclitaxel alone caused the best response of stable disease and long-term duration with tolerable toxicities. Therefore, we
determined carboplatin and nab-paclitaxel with pembrolizumab as fourth-line treatment, adjusting the amount of
carboplatin and nab-paclitaxel to reduce adverse events. Based on the good results of previous treatments, a combination
of chemotherapy (carboplatin plus nab-paclitaxel) and immune checkpoint inhibitor (pembrolizumab) was performed
with expectation of further improving response and progression-free survival. On day 8, he had a marked elevation in
liver enzyme levels and was urgently hospitalized. His consciousness was clear without jaundice. Laboratory examina-
tions revealed the following: aspartate aminotransferase (AST) 3803 U/L, alanine transaminase (ALT) 2385 U/L, alkaline
phosphatase (ALP) 652 U/L, gamma-glutamyl transpeptidase (γ-GTP) 242 U/L, total bilirubin 0.6 mg/mL, and interna-
tional normalized ratio of prothrombin time (PT-INR) 1.56. These values were within the normal range before fourth-line
therapy. Infectious etiologies (including hepatitis B, hepatitis C, cytomegalovirus, Epstein-Barr virus, Herpes simplex
virus, Varicella Zoster virus) and autoantibody screening (including antinuclear, antimitochondrial) were negative. He
had not consumed alcohol and there were no recent medication changes except for pembrolizumab, carboplatin, and nab-
paclitaxel. Chest X-ray showed a mass shadow in the left upper lung field (Figure 1A). Enhanced abdominal computed
tomography (CT) showed periportal collar signs and a heterogeneous contrast effect on the liver in the early contrast
phase (Figure 1B and C). These findings were consistent with acute drug-induced hepatitis caused by the combination of
pembrolizumab, carboplatin, and nab-paclitaxel. A liver biopsy was immediately performed on the day of admission to
confirm the pathological features of hepatitis. The chemotherapy was discontinued and intravenous prednisolone 40 mg
daily (0.6 mg/kg) was initiated. Histopathology of the liver revealed focal necrosis in the liver parenchyma and
lymphocytic infiltration around the central vein. Immunohistopathological staining showed that the number of CD3 or
CD8 positive lymphocytes was markedly higher than that of CD20 positive lymphocytes (Figure 2). These pathological
findings suggested hepatocellular liver injury, and we diagnosed him with grade 4 hepatotoxicity according to the
Common Terminology Criteria for Adverse Events (CTCAE v5.0). Based on these results, steroids were planned to be
tapered and terminated as soon as possible. After starting steroids, the patient improved to AST 34 U/L and ALT 224 on
the tenth day. The amount of steroids was gradually tapered to 30, 20, 10, 5, and 0 mg daily every 7–10 days without any
recurrence of liver injury (Figure 3). The best response of fourth-line combination immunotherapy was stable disease.
Four months after steroid treatment, his lung cancer showed no growth. There was no sudden increase in KL-6 or SP-D
and HRCT showed no worsening of interstitial pneumonia before or after the fourth-line treatment. No irAEs other than
liver injury were observed during the treatment of hepatotoxicity.
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Figure 1 Chest X ray, enhanced abdominal CTon the admission. (A) Chest X ray showing a mass shadow in the left upper lung field. (B) Enhanced abdominal CT showing
periportal collar signs. (C) Enhanced abdominal CT showing a heterogeneous contrast effect on the liver in the early contrast phase.

Figure 2 Results of liver biopsy. (A) Histopathology of the liver shows focal necrosis in the liver parenchyma and lymphocytic infiltration around the central vein. (B) Many
CD3 positive lymphocytes and (C) CD8 positive lymphocytes are present. (D) Few CD20 positive lymphocytes were present.
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Discussion and Conclusions
We experienced a case of grade 4 liver injury caused by pembrolizumab plus chemotherapy as fourth-line treatment for
squamous-cell lung carcinoma, which was diagnosed by liver biopsy and improved with the short-term administration of
steroids.

In the KEYNOTE-407 Clinical Trials, hepatitis was observed in 5 of 278 patients (1.8%), and grade 3 or higher was
observed in 5 patients.6 For a diagnosis of drug-induced hepatitis including irAEs, it is necessary to exclude viral, other
autoimmune diseases, and other drug-induced causes.7

Drug-induced hepatitis including irAEs is often clinically diagnosed without liver biopsy, and the histological features
are not well known.8 Liver biopsy is not often performed but it is important to allow the exclusion of other causes of liver
diseases, confirming the diagnosis, and evaluating the histologic severity.9 Drug-induced liver injury can be classified as
a hepatocellular type or cholestatic type injury.10 Hepatotoxicity caused by PD-1 inhibitors was reported in hepatocellular
and cholestatic type injury.11–13 There is often a higher infiltration of CD3 or CD8 positive cells and a significantly lower
infiltration of CD20 and CD4 positive cells than in autoimmune hepatocellular hepatitis or other drug-induced liver
disorders.11 Cholestatic liver injury is more resistant to immunosuppressive therapy containing corticosteroids than
hepatocellular injury and a prolonged clinical course has been reported.12,13 We judged this patient to have a hepatocel-
lular type injury because of the presence of lobular hepatitis, which was mainly due to the infiltration of CD3 and CD8
positive lymphocytes. The high infiltration of CD3 and CD8 positive cells was consistent with the characteristics of
hepatic irAEs. However, to the best of our knowledge, no case reports of hepatotoxicity caused by pembrolizumab,
carboplatin, and nab-paclitaxel have been reported in PubMed, and the pathological features of the combination therapy
are unknown. Hepatotoxicity due to chemotherapy (carboplatin and nab-paclitaxel) is considered to be rare and mild. We
determined severe liver dysfunction in this case was unlikely to be chemotherapy-induced hepatotoxicity based on the
clinical course and pathological findings of the low numbers of CD20 positive lymphocytes infiltration. It was not
considered to be viral hepatitis or alcoholic liver disease because infectious etiologies and autoantibody screening were
negative and he had not consumed alcohol. Furthermore, from the pathological findings, autoimmune hepatitis and acute
ischemic hepatitis were unlikely. Therefore, this case could be considered as hepatotoxicity caused by pembrolizumab
alone or hepatotoxicity caused by the combination of pembrolizumab, carboplatin, and nab-paclitaxel.

Clinical guidelines recommend the discontinuation of immunotherapy and administration of corticosteroids (1–2 mg/
kg) for high-grade liver injury.14,15 However, this patient was administered a lower dose of steroids than that recom-
mended and showed an improvement in liver damage. De Martin et al reported that six patients with grade 3 or higher

Figure 3 Clinical course of the patient. Decreases in AST and ALTwere observed after the administration of steroids.
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hepatotoxicity who did not meet the severity criteria of elevated bilirubin, coagulation disorders, and histological findings
were followed without corticosteroids and all showed an improvement in liver enzymes.7 In another report on the
characteristics of drug-induced liver injury caused by immune checkpoint inhibitors, several grade 3–4 cases were mildly
relieved without steroid treatment, or even improved with prednisolone less than 1.0 mg/kg (0.6 mg/kg).16 This suggests
it may be possible to avoid corticosteroid use or to treat patients with corticosteroids at doses lower than those
recommended in the guidelines for hepatocellular injury, even with high-grade AEs. Based on these reports, we
diagnosed this patient with hepatocellular liver injury by liver biopsy, and were able to reduce the steroid dose at an
early stage.

In summary, we experienced a case of severe hepatocellular liver injury induced by pembrolizumab, carboplatin, and
nab-paclitaxel in a patient with advanced squamous-cell lung carcinoma that was successfully treated with short-term
steroids at a dose lower than that recommended on the basis of our pathological findings. This case suggests that the
accurate identification of liver injury type by biopsy is important for the decisions of initial dose and the successful early
discontinuation of steroid therapy.

Ethical Approval
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