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This study investigated the potential of immune checkpoint inhibitors (ICIs) combined with chemotherapy as a promising treatment approach for malignancies. This report focuses on a patient with drug-induced liver injury (DILI) following the administration of chemotherapy and ICIs. A 63-year-old patient with non-small cell lung adenocarcinoma (NSCLC) initially underwent γ-knife treatment and subsequently received a combination of chemotherapy comprising bevacizumab and camrelizumab. Due to liver abnormalities, both chemotherapy and ICIs were stopped on day 21. The patient’s liver function improved within a month after methylprednisolone treatment. Subsequently, the patient received carboplatin, pemetrexed, and bevacizumab without complications. This finding supported the notion that DILI was likely triggered by the ICI. This case series details a complex instance of DILI resulting from the use of ICIs and pemetrexed/carboplatin. The alignment of the pathological findings and clinical presentation strongly suggested ICI-induced DILI, which was further supported by the definitive response to steroid treatment. This information is important for clinicians, as it emphasizes the importance of closely monitoring liver function and being aware of potential adverse effects associated with ICIs. Such insights contribute to more effective patient care.
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INTRODUCTION
Immune checkpoint inhibitors (ICIs) are currently being extensively utilized in the treatment of malignancies and have yielded promising outcomes (Benitez et al., 2020). ICIs are at the forefront of pharmacological intervention for non-small cell lung carcinoma (NSCLC) treatment (Santoni et al., 2023) owing to the promising potential of immunotherapy for achieving complete remission. The effectiveness of ICIs, however, could be influenced by various factors, including acidic microenvironments (Rizzo et al., 2022) and/or gender (Santoni et al., 2022). In addition, the effectiveness of ICIs is sometimes compromised because of the occurrence of severe immune-related adverse events (irAEs) (Sosa et al., 2018), such as those involving the skin, gastrointestinal system, thyroid, and liver. Among these irAEs, liver injury is one of the most common types of injury, accounting for nearly 16% of cancer patients receiving ICI treatment (Peeraphatdit et al., 2020). Furthermore, drug-induced liver injury (DILI) can be induced by various agents used against cancer (Bahirwani and Reddy, 2014), including ICIs (Zen and Yeh, 2018) and chemotherapy (Bahirwani and Reddy, 2014). However, ICI-induced DILI is strongly correlated with obesity in patients (Lou et al., 2023), supporting findings concerning sex hormone levels (Santoni et al., 2022) because obesity has the potential to disrupt proper functioning of the endocrine system. Furthermore, DILI can also be induced by cancer chemotherapeutic agents. In the present report, we describe a case in which a patient with NSCLC experienced DILI while receiving a concurrent regimen of chemotherapy and ICIs. However, it remains unclear whether the development of DILI was a consequence of ICIs and/or combined chemotherapy and ICI treatment, complicating diagnosis and subsequent management.
CASE
A 63-year-old male patient with NSCLC exhibited neurological dysfunction stemming from NSCLC metastasis to the central nervous system, showing slurred speech and decreased memory.
Contrast-enhanced chest computed tomography (CT) confirmed primary cancer in the upper lobe of the left lung, with a maximum length of 7.8 cm × 7.5 cm (Figure 1). MRI demonstrated metastatic lesions in the brain (pons, bilateral cerebellum, bilateral frontal and parietal lobes; multiple lesions in the left temporal lobe with peritumoral oedema); and multiple metastatic lesions in the liver.
[image: Figure 1]FIGURE 1 | Enhanced CT scan of the chest.
Histopathological analysis of the pleural effusion drainage fluid was performed, confirming the presence of NSCLC. Additionally, immunohistochemistry (IHC) of the cells from the drainage fluid revealed a 20% positive expression rate of PD-L1.
Pathology of the NSCLC specimen revealed that the TNM stage was T4, Nx, or M1c, and the differentiation was IVB. In addition, a 20% PD-L1 tumour proportion was coupled with an Exon 2 KRAS (Kirsten rat sarcoma viral oncogene homolog) mutation. No EGFR (epidermal growth factor receptor) or ALK (anaplastic lymphoma kinase) rearrangements were detected.
Chemotherapy and bevacizumab were initiated 23 days after second γ-knife treatment. The patient had camrelizumab on the next day of chemotherapy, and underwent just one round of such ICI and chemotherapy within 2 weeks. On day 1, the treatment plan included chemotherapy, involving carboplatin (550 mg) and pemetrexed (1,000 mg), along with the administration of bevacizumab [a monoclonal antibody targeting VEGF (vascular endothelial growth factor)] (600 mg) and camrelizumab (an anti-PD-1 monoclonal antibody) (200 mg) on day 2. The patient developed a maculopapular rash on the chest accompanied by itching, as well as tongue ulcers, during the course of treatment on day 3. Fortunately, these symptoms spontaneously resolved by day 6.
On day 13, however, abnormal liver function was identified, characterized by elevated alanine transaminase (ALT), aspartate transaminase (AST), alkaline phosphatase (ALP), and gamma-glutamyl transferase (GGT), measuring 268 IU/L, 280 IU/L, 259 IU/L, and 344 IU/L, respectively. Total and direct bilirubin levels were initially within the normal range at 12.7 and 3.9 μmol/L, respectively (Figure 2). An investigation was initiated to determine the cause of the abnormal liver function. Viral hepatitis, autoimmune liver disease, and space-occupying lesions were ruled out because no viral presence or autoantibodies were detected and because the liver and bile duct structure appeared normal. However, the specific cause of this liver injury has remained unclear. If DILI was the underlying cause, it was unclear which specific medication(s) was responsible. Consequently, both the ICIs and chemotherapy were discontinued.
[image: Figure 2]FIGURE 2 | The kinetics of biochemical parameters reflecting liver function before and after withdrawal of ICIs and chemotherapy over the entire period are shown, with indicators for every approach.
On day 32, histopathological examination of the liver biopsy sample revealed the presence of focal necrosis, acidophilic bodies, mild steatosis and cholestasis (Figure 3). A lymphocytic infiltration was noted within the sinusoids and was found to be abundant within the portal area (Figures 3A,B). Despite these findings, the fundamental histopathology could not definitively establish a diagnosis. Subsequent immunohistochemical analysis revealed that the majority of infiltrating leukocytes were CD4+ and CD8+ lymphocytes that were equally abundant in the portal area, while CD20+ B lymphocytes were notably absent. No noticeable damage to the bile duct was evident following CK19 immunostaining. Furthermore, tests for hepatitis B surface antigen (HBsAg), hepatitis B core antigen (HbcAg), copper, and Pearls blue detection returned negative results. Notably, a genetic variant that may have an association with DILI, RS72631567, was found in this patient (Nicoletti et al., 2017). The RS72631567 variant has a RUCAM (Roussel Uclaf Causality Assessment Method) score at 6 (probable association).
[image: Figure 3]FIGURE 3 | Liver biopsy revealed patchy focal necrosis (A), and infiltrating inflammatory cells, mainly lymphocytes in the portal area (B), and enrichment of CD4+ (C) and CD8+ (D) in the portal area.
Notwithstanding these supplementary investigations, a conclusive diagnosis has remained elusive; nonetheless, a suspicion of ICI-induced DILI persisted based on the observed histopathology and immunohistochemistry results.
Consequently, on day 37, a multidisciplinary team (MDT) involving oncologists, radiologists, pathologists, hepatologists, and pharmacologists was convened. According to the MDT, the most plausible explanation for liver injury was ICI-induced immune-related hepatotoxicity, which was categorized at level 3 according to the Common Adverse Reaction Toxicity Criteria (CTCAE 5.0, 2017 version) from the National Cancer Institute (US National Cancer Institute, 2017).
On day 38, given the intricacy of this case, a second pathological consultation was sought from an external specialized hepatology unit. This consultation strongly substantiated the diagnosis of ICI-induced DILI. On day 39, diagnostic treatment involving the administration of methylprednisolone was initiated, starting from intravenous injection of methylprednisolone 40 mg twice a day for 3 days. The dose of methylprednisolone was increased to 60 mg twice a day for 4 days due to poor alleviation of liver injury. The dose of intravenous methylprednisolone was reduced to 40 mg twice a day due to the decline of liver enzymes. After 2 weeks of intravenous maintenance, the patient’s liver function further improved. Intravenous methylprednisolone was replaced by prednisone 10 mg once a day orally. The dose was reduced to prednisone 5 mg once a day orally 11 days later. Glucocorticoids therapy lasts 42 days in total. On day 71, his liver function had almost fully recovered, evident through the nearly normalized levels of ALT, AST, ALP, and GGT by the time of discharge (Figure 2).
On day 124 after discharge, the patient tolerated a subsequent round of chemotherapy (consisting of carboplatin and pemetrexed) combined with administration of bevacizumab, excluding the use of ICIs. Remarkably, this course of treatment was devoid of any adverse events.
DISCUSSION
The primary manifestation of ICI-induced DILI involves an abnormal increase in AST and ALT levels (De Martin et al., 2018). A cholestatic hepatitis pattern of injury is observed in more than 50% of cases (Mizuno et al., 2020), followed by a mixed liver injury pattern, while hepatocellular liver injury represents the least common pattern (Imoto et al., 2019).
In the present case, the patient developed DILI following the administration of a combination of pemetrexed and carboplatin (chemotherapy) along with camrelizumab (ICIs). Consequently, pinpointing the exact cause of this DILI proved to be quite challenging. However, the patient’s presentation, characterized by precordial pruritic maculopapular rash and tongue ulceration, aligned more closely with ICI-induced liver injury. This finding aligns consistently with the observed abnormal liver function and the pathological findings from the liver biopsy.
We should consider that the condition of this patient was ICI-induced DILI during the treatment of NSCLC because of the ongoing debate surrounding whether ICIs represent the optimal choice for initial drug therapy in NSCLC (Rizzo, 2022). Chemotherapy, as a potential cause of DILI, typically correlates with more severe histopathological hepatic damage, involving both hepatic necrosis and damage to the epithelial cells lining the bile ducts (Zen et al., 2020). In contrast, our examination revealed an abundance of CD3+/CD8+ lymphocytes, hepatocyte patch necrosis, and an inflammatory response within the portal area without evident damage to the hepatic or bile ducts. Thus, the histological and immunohistochemical characteristics were more consistent with ICIs being the likely culprits for DILI in these patients (De Martin et al., 2018).
While the MDT assessment did not yield a definitive conclusion based on the amalgamation of clinical presentation and pathological findings, the diagnosis leaned toward ICIs as the probable cause of DILI in this patient. This finding aligns well with previously published data on ICI-induced DILI (Zen et al., 2020), which indicate that infiltrating lymphocytes in the portal vein region consist of CD4+ helper T cells and/or CD8+ cytotoxic T cells, while those within the lobules are predominantly CD8+ cytotoxic T cells (De Martin et al., 2018).
Subsequently, diagnostic treatment with methylprednisolone confirmed the causative link, with liver function showing almost complete recovery within 1 month. The patient exhibited successful tolerance to subsequent carboplatin, pemetrexed, and bevacizumab therapy, further reinforcing the hypothesis that the DILI in this patient was indeed attributed to ICI exposure.
There are several limitations of the current study. First, the initiation of steroids was substantially delayed by 4 weeks, and the withdrawal of ICIs and chemotherapy was stopped after 2 weeks due to inexperience with such scenarios at the time of ICI therapy and/or chemotherapy-induced DILI. This case emphasizes the significance of recognizing ICI-related hepatitis as a potential form of DILI in patients who exhibit elevated ALT levels indicative of grade 4 ICI-related hepatitis risk, in line with the 2022 National Comprehensive Cancer Network (NCCN) guidelines (Thompson et al., 2022). The guidelines propose prompt steroid therapy initiation along with temporary discontinuation of ICI therapy for such patients.
Second, this led to challenges in pinpointing and confirming the agent(s) responsible for the DILI, whether it was the ICI, the chemotherapy, or their combined application. Nonetheless, the comprehensive documentation of this unique case presented here provides valuable insights for clinicians managing cancer patients, particularly when confronted with adverse reactions stemming from concurrent ICI and chemotherapy usage.
Furthermore, the lack of experience in managing such patients at that time led to our failure to recognize that the chemical agents used (carboplatin and pemetrexed) generally posed a low to moderate risk of transaminitis, typically without causing substantial liver injury or jaundice (Pemetrexed and carboplatin, 2024). This case provides valuable insight into the potential hepatotoxicity induced by ICIs, offering instructive information for fellow clinicians.
Although this patient was diagnosed with ICI-induced DILI, it remains unexplored whether there was a synergistic effect between ICIs and other chemotherapeutic agents. This synergy might induce significant necrosis/apoptosis of malignant cells and further escalate inflammation within the microenvironment, potentially complicating disease progression compared to the normal course (Bahirwani and Reddy, 2014). Unfortunately, we cannot exclude the possibility of synergistic liver injury resulting from the combined administration of ICIs and chemotherapy, primarily due to the impracticality of establishing a suitable control group for both ethical and technical reasons.
To conclude, we present a complex case involving DILI following the administration of ICIs. The alignment of pathological findings with clinical presentation strongly suggested ICI-induced DILI, a hypothesis further substantiated by the subsequent conclusive diagnostic response to steroids. However, we can’t rule out if the patient could recover smoothly without methylprednisolone. This case study provides crucial insights for clinicians, underscoring the necessity of vigilance concerning the potential adverse effects of ICIs and highlighting the importance of a more effective patient management approach, with particular emphasis on meticulous monitoring of liver function.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
The studies involving humans were approved by the Human Ethics Committee of Ruijin Hospital, Shanghai Jiao Tong University School of Medicine. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
SL: Data curation, Writing–original draft. XW: Writing–review and editing. FY: Conceptualization, Writing–review and editing. GZ: Writing–review and editing. MF: Writing–review and editing. YD: Writing–review and editing. LL: Writing–review and editing. KL: Writing–review and editing. XW: Writing–review and editing. WC: Writing–review and editing. HW: Conceptualization, Writing–review and editing.
FUNDING
The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Bahirwani, R., and Reddy, K. R. (2014). Drug-induced liver injury due to cancer chemotherapeutic agents. Semin. Liver Dis. 34 (2), 162–171. doi:10.1055/s-0034-1375957
 Benitez, J. C., Remon, J., and Besse, B. (2020). Current panorama and challenges for neoadjuvant cancer immunotherapy. Clin. Cancer Res. 26 (19), 5068–5077. doi:10.1158/1078-0432.Ccr-19-3255
 De Martin, E., Michot, J. M., Papouin, B., Champiat, S., Mateus, C., Lambotte, O., et al. (2018). Characterization of liver injury induced by cancer immunotherapy using immune checkpoint inhibitors. J. Hepatol. 68 (6), 1181–1190. doi:10.1016/j.jhep.2018.01.033
 Imoto, K., Kohjima, M., Hioki, T., Kurashige, T., Kurokawa, M., Tashiro, S., et al. (2019). Clinical features of liver injury induced by immune checkpoint inhibitors in Japanese patients. Can. J. Gastroenterol. Hepatol. 2019, 6391712. doi:10.1155/2019/6391712
 Lou, S., Cao, Z., Chi, W., Wang, X., Feng, M., Lin, L., et al. (2023). The safety concerns regarding immune checkpoint inhibitors in liver cancer patients rising mainly from CHB. Front. Pharmacol. 14, 1164309. doi:10.3389/fphar.2023.1164309
 Mizuno, K., Ito, T., Ishigami, M., Ishizu, Y., Kuzuya, T., Honda, T., et al. (2020). Real world data of liver injury induced by immune checkpoint inhibitors in Japanese patients with advanced malignancies. J. Gastroenterol. 55 (6), 653–661. doi:10.1007/s00535-020-01677-9
 Nicoletti, P., Aithal, G. P., Bjornsson, E. S., Andrade, R. J., Sawle, A., Arrese, M., et al. (2017). Association of liver injury from specific drugs, or groups of drugs, with polymorphisms in HLA and other genes in a genome-wide association study. Gastroenterology 152 (5), 1078–1089. doi:10.1053/j.gastro.2016.12.016
 Peeraphatdit, T. B., Wang, J., Odenwald, M. A., Hu, S., Hart, J., and Charlton, M. R. (2020). Hepatotoxicity from immune checkpoint inhibitors: a systematic review and management recommendation. Hepatology 72 (1), 315–329. doi:10.1002/hep.31227
 Pemetrexed and carboplatin (2024). Pemetrexed and carboplatin. UK: Cancer Research UK. 
 Rizzo, A., Cusmai, A., Giovannelli, F., Acquafredda, S., Rinaldi, L., Misino, A., et al. (2022). Impact of proton pump inhibitors and histamine-2-receptor antagonists on non-small cell lung cancer immunotherapy: a systematic review and meta-analysis. Cancers (Basel) 14 (6), 1404. doi:10.3390/cancers14061404
 Rizzo, A. (2022). Identifying optimal first-line treatment for advanced non-small cell lung carcinoma with high PD-L1 expression: a matter of debate. Br. J. Cancer 127 (8), 1381–1382. doi:10.1038/s41416-022-01929-w
 Santoni, M., Rizzo, A., Kucharz, J., Mollica, V., Rosellini, M., Marchetti, A., et al. (2023). Complete remissions following immunotherapy or immuno-oncology combinations in cancer patients: the MOUSEION-03 meta-analysis. Cancer Immunol. Immunother. 72 (6), 1365–1379. doi:10.1007/s00262-022-03349-4
 Santoni, M., Rizzo, A., Mollica, V., Matrana, M. R., Rosellini, M., Faloppi, L., et al. (2022). The impact of gender on the efficacy of immune checkpoint inhibitors in cancer patients: the MOUSEION-01 study. Crit. Rev. Oncol. Hematol. 170, 103596. doi:10.1016/j.critrevonc.2022.103596
 Sosa, A., Lopez Cadena, E., Simon Olive, C., Karachaliou, N., and Rosell, R. (2018). Clinical assessment of immune-related adverse events. Ther. Adv. Med. Oncol. 10, 1758835918764628. doi:10.1177/1758835918764628
 Thompson, J. A., Schneider, B. J., Brahmer, J., Achufusi, A., Armand, P., Berkenstock, M. K., et al. (2022). Management of immunotherapy-related toxicities, version 1.2022, NCCN clinical practice guidelines in oncology. J. Natl. Compr. Canc Netw. 20 (4), 387–405. doi:10.6004/jnccn.2022.0020
 US National Cancer Institute (2017). Common terminology Criteria for adverse events (CTCAE) v5.0. US department of Health and Human Services, National Institutes of Health, National Cancer institute. https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc.htm
 Zen, Y., Chen, Y. Y., Jeng, Y. M., Tsai, H. W., and Yeh, M. M. (2020). Immune-related adverse reactions in the hepatobiliary system: second-generation check-point inhibitors highlight diverse histological changes. Histopathology 76 (3), 470–480. doi:10.1111/his.14000
 Zen, Y., and Yeh, M. M. (2018). Hepatotoxicity of immune checkpoint inhibitors: a histology study of seven cases in comparison with autoimmune hepatitis and idiosyncratic drug-induced liver injury. Mod. Pathol. 31 (6), 965–973. doi:10.1038/s41379-018-0013-y
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2024 Lou, Wang, Yuan, Zhao, Feng, Ding, Lin, Liu, Wang, Chi and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-15-1453595-g003.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Difficulty in differentiating liver injury from an immune checkpoint inhibitor from chemotherapy		Introduction

		Case

		Discussion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Publisher’s note

		References









OPS/images/cover.jpg
’ frontiers | Frontiersin Pharmacology

Difficulty in differentiating liver
injury from an immune
checkpoint inhibitor from

chemotherapy





OPS/images/fphar-15-1453595-g001.gif





OPS/images/fphar-15-1453595-g002.gif
8
5
5
5
7
5
2
5










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





