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Abstract: Patients with non-small cell lung cancer (NSCLC) harboring anaplastic lymphoma kinase (ALK) gene rearrangements are
treated with crizotinib. However, treatment with crizotinib is often discontinued owing to hepatotoxicity. Herein, we report a case of
crizotinib-induced liver failure that was successfully treated. A 70-year-old woman complained of a cough with blood in her sputum
and presented to our hospital in September 2020. Imaging examination revealed a mass in the middle and lower lobes of the right lung
invading the right pulmonary artery and metastases to the right hilar lymph nodes and pleura. A stage IVa (cT4N1Mla) lung
adenocarcinoma with ALK fusion was diagnosed. The patient received crizotinib, an ALK tyrosine kinase inhibitor and achieved
partial remission. However, she suffered from acute liver failure, which led to the cessation of treatment. The patient was started on
a liver protection treatment, and the liver function subsequently recovered. One year later, crizotinib was readministered at a half-dose
because of disease progression, and the patient achieved stable disease without hepatotoxicity for 9 months. Therefore, the patient
benefited from crizotinib without hepatotoxicity one year after acute liver failure caused by crizotinib.
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Introduction

Tumorigenic rearrangements in anaplastic lymphoma kinase (ALK) account for 3—7% of non-small cell lung cancer
(NSCLC) cases.' Crizotinib, a first-generation ALK inhibitor, is used as a first-line of treatment for ALK-positive tumors.
Crizotinib has been shown to prolong survival, and its efficacy and safety have also been demonstrated.> However,
treatment with crizotinib is associated with several adverse events, of which elevated levels of transaminases are the most
common, which may lead to acute liver failure.** Successful retreatment after acute liver failure is rare. Herein, we
report a case of a 70-year-old woman with crizotinib-induced acute liver who was successfully retreated with crizotinib
without hepatotoxicity one year after treatment cessation.

Case Presentation

A 70-year-old woman presented to our hospital in September 2020 for a cough with bloody sputum. Enhanced chest computed
tomography showed lung cancer in the middle (Figure 1A and B) and lower lobes of the right lung (Figure 1C and D), invading
the right pulmonary artery, with metastasis in the right hilar lymph nodes and the right pleura, accompanied by right pleural
effusion (Figure 1B and D). Double ALK fusions, EML4/ALK and ADCY3/ALK, were identified in biopsy tissues by next-
generation sequencing 10-gene panel profiling. A stage IVa (cT4N1Mla) lung adenocarcinoma with ALK fusion was
diagnosed. The patient was started on the ALK- tyrosine kinase inhibitor (TKI), crizotinib, twice daily (250 mg). After 9
weeks of treatment, the lesions and pleural effusion decreased, and partial response was achieved (Figure 1E-H). However,
treatment with crizotinib had to be interrupted as the patient complained of fatigue, anorexia, nausea, and vomiting and
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Figure 1 Computed tomography scans showing clinical response to treatments. (A—D) Computed tomography scan of lesions and pleural effusion at baseline. (E-H) The
patient achieved partial remission after crizotinib treatment. (I-L) PD with mass enlargement and increased pleural effusion. (M—P) Three months after half-dose crizotinib
treatment, the patient achieved SD, (Q-T) which was maintained for more than 9 months. Blue arrows indicate lesions, and red arrows indicate pleural effusion.
Abbreviations: PR, partial remission; PD, progressive disease; SD, stable disease; m, months.

showed acute liver failure, grade 4 according to the CSH (Chinese Society of Hepatology) guidelines for the diagnosis and
treatment of drug-induced liver injury,” accompanied by abnormal levels of aminotransferases (alanine aminotransferase,
3700 U/L; aspartate aminotransferase, 1049 U/L), alkaline phosphatase (187 U/L), and total bilirubin (179.9 umol/L);
prothrombin time activity (25.2%); and international standardized ratio (2.3) and a moderate amount of ascites (Figure 2).
The results of the ultrasonography of the liver and gallbladder, hepatitis virology, and autoimmune markers were normal. The
patient had no history of alcohol or other drug intake. Therefore, drug-induced liver injury (DILI) caused by crizotinib was
identified by Hy’s Law. The patient was started on a liver protection treatment with magnesium isoglycyrrhizinate, silybin,
ademetionine 1,4-butanedisulfonate, and methylprednisolone, and the liver function recovered completely within 40 days.
Among other ALK-TKIs, alectinib and ceritinib were covered by medical insurance, but their use in local hospitals had not yet
begun. Moreover, the patient could not afford them. She refused further antitumor treatment until she failed to tolerate dyspnea
due to tumor progression one year later. However, she had taken the remaining crizotinib at half-dose for 2 weeks before
hospital without any liver function damage. As the patient had benefited from the first-line treatment of crizotinib, crizotinib
250 mg once daily was continued, deferring to the patient’s wishes. The symptoms improved within a month, and for the next
9 months the patient showed stable disease without hypohepatia (Figure 1Q-T).
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Figure 2 Timeline and trends of liver function. The selected liver function tests (LFTs) were normal at baseline and increased after nine weeks of treatment with crizotinib.
Liver function recovered after treatment interruption and initiation of a liver protection treatment for 40 days. Crizotinib was administered again at a half-dose without liver
injury. Normal values for LFTs at our institution are as follows: ALT, 540 U/L; AST, 5-40 U/L; ALP, 50-136 U/L; and Tbil, 5.1-22 pmol/L.

Abbreviations: LFTs, the selected liver function tests; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; Tbil, total bilirubin.

Discussion

In this study, we report a case of crizotinib-induced acute liver failure (DILI grade 4), which was reversed after treatment
cessation and initiation of a liver protection treatment for 40 days. The patient was administered crizotinib (250 mg, once
daily) one year later and achieved stable disease without liver damage.

Drug-induced liver damage is one of the most common and serious adverse reactions that can lead to acute liver failure and
even death. Although the efficacy and safety of crizotinib for the treatment of patients with metastatic NSCLC with ALK
rearrangements have been demonstrated, > liver toxicity induced by crizotinib should not be underestimated. Increased
transaminase levels accounted for 69.2% (72/104) of any-grade adverse events and 11.5% (12/104) of grade 3 or 4 adverse
events in East Asian patients with NSCLC and ALK.” Most patients with crizotinib-induced DILI recovered after treatment
interruption; however, there were three cases of fatality, and the median duration to the onset of liver enzyme abnormalities was
17 days. Ota et al reported that most crizotinib-induced DILIs are hepatocellular, with no association with the initial prescribed
dose, and the onset of liver enzyme abnormalities in cases of fatality is sooner.®* However, in the presence of hepatocellular
jaundice, the mortality rate of DILI is as high as 10%,” and treatment with systemic corticosteroids is controversial. In our case,
the DILI was hepatocellular, grade 4, and accompanied by jaundice. Treatment with crizotinib was immediately interrupted when
abnormal levels of aminotransferases were first observed, and hepatosis recovered completely after treatment with liver-
protecting drugs and systemic corticosteroids. Treatment with systemic corticosteroids may reduce the inflammatory responses
in hepatocytes. However, the mechanisms underlying crizotinib-induced hepatotoxicity remain unclear. Type 4 and type 1
hypersensitivity reactions may play a role in crizotinib-induced liver injury.® Previous studies have shown that crizotinib activates
the oxidative stress response and stimulates hepatocyte mitochondrial apoptosis through reactive oxygen species (ROS) and the
nuclear factor erythroid 2-related factor 2 (Nrf2) pathway in human hepatocytes'® and that accumulation of ROS promotes
pyroptosis and excessive autophagy.' Further studies are needed to clarify the mechanism of crizotinib-induced hepatotoxicity.

There is still a lack of consensus on developing a follow-up clinical strategy for crizotinib treatment after interruption. Our
patient refused antitumor treatment, including systemic chemotherapy and other ALK-TKIs. A case of successful oral
desensitization with crizotinib after drug-induced hepatitis was reported.® In our case, the patient accepted treatment with
crizotinib at half the initial dose one year after treatment cessation due to disease symptoms, such as dyspnea. The treatment did
not cause liver injury. Moreover, the median progression-free survival (PFS) of crizotinib is 11.1 months as first-line’ and 8.1
months as second-line treatment in Asian patients.'? The patient survived for more than two years even after discontinuing
treatment for a year. Additionally, the hepatotoxicity of crizotinib in our case was not dose-dependent, and it was unclear whether
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the therapeutic effect increased after the dosage increased. As the first-line treatment of the patient reached partial remission,
retreatment with crizotinib may prolong the PFS, increasing the opportunity for the use of more ALK-TKIs in the future, which
may effectively increase overall survival.

Conclusion

Herein, we report a case of stage IVa lung adenocarcinoma with ALK fusions. The patient achieved partial response but
suffered from crizotinib-induced acute liver failure, which was reversed after initiation of a liver protection treatment and
cessation of crizotinib. Owing to disease progression a year later, the patient was restarted on crizotinib at half-dose and
achieved stable disease without liver injury for 9 months. This report of PFS of 9 months after retreatment of crizotinib is rare.
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