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Abstract
Immunological checkpoint inhibitors (ICIs) have revolutionized therapy of many different malignanices. Concomitant immune-mediated adverse effects are common and can affect many organs such as the skin, lungs, gastrointestinal and endocrine organs as well as the liver. Liver injury has been reported in 3%-8% of patients with grade III-IV hepatitis in retrospective studies. The liver injury is characterized by hepatocellular injury resembling autoimmune hepatitis biochemically but not immunologically as patients with ICI induced hepatoxicity rarely have auto-antibodies or IgG elevation. The role for liver biopsy (LB) in patients with suspected liver injury due to ICIs is controversial and it is not clear whether results of a LB will change clinical management. LB can be helpful when there is diagnostic uncertainty and pre-existing liver disease is suspected. Although there are no distinctive histological features, the finding of granulomas and endothelitis may suggest a specific type of hepatitis induced by ICIs. The natural history of hepatotoxicity of ICI therapy is not well known. Recent studies have demonstrated that 33%-50% of patients improve spontaneously with discontinuation of ICIs. In patients with jaundice and/or coagulopathy corticosteroids are used. The high doses of corticosteroids with 1-2 mg/kg/d of methylprednisolone recommended by the oncological societies are controversial. Recently it has shown that initial treatment with 1 mg/kg/d provided similar liver tests improvement which was also associated with a reduced risk of steroid-induced adverse effects in comparison with higher-dose regimens. Secondary immunosuppression mostly with mycophenolate mofetil has been reported to be helpful.
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Core Tip: Liver injury associated with immunological checkpoint inhibitors (ICIs) has been reported in 3%-8% of patients with grade III-IV hepatitis in retrospective studies. Although there are no distinctive histological features, the finding of granulomas and endothelitis may suggest a specific type of hepatitis induced by ICIs. Recent studies have demonstrated that 33-50% of patients improve spontaneously with discontinuation of ICIs. The high doses of corticosteroids with 1-2 mg/kg/d of methylprednisolone recommended by the oncological societies are controversial. Patients with ICI induced hepatoxicity without jaundice and/or coagulopathy should be monitored. 

INTRODUCTION
Immunotherapy has revolutionized the treatment of oncological diseases. Within this large type of compounds, immunological checkpoint inhibitors (ICIs) are increasingly used due to their therapeutic efficacy. These agents exert important beneficial effects on tumor regression and patient survival[1].
ICIs are a large family of co-stimulatory immunotherapy drugs with strong effects that modulate the immune response. They regulate the signaling transduction downstream of T-cell receptors via protein-kinase-mediated cascades. Major components of these immune checkpoint molecules are cytotoxic T lymphocyte-associated antigen-4 (CTLA4), programmed cell death-ligand-1, and programmed cell death protein-1 (PD1)[2]. ICIs block these proteins and disable their inhibitory effects, thus evoking an immune response leading to both activation and proliferation of T cells, which results in the killing of tumor cells. CTLA4- and PD1-mediated T-cell inhibition is involved in immunological tolerance to self-antigens as well, and the consequent immune-mediated damage can affect virtually all organs and systems, including the liver[3].
The reported incidence of drug-induced liver injury (DILI) associated with ICIs varies between 0%-30% and depends on the severity, grade, type and drug dose[4]. The occurrence of hepatitis associated with these agents is usually high, and ranges from 3-9% and 1%-2% for anti-CTLA4 and anti-PD1 drugs, respectively. Hepatotoxicity occurs more frequently if combined ICIs schemes are used (up to 17% increased risk) compared to monotherapy[5].
Due to the relatively short period since this type of drugs were approved, many aspects regarding the diagnosis and management of adverse effects are unknown. Besides typical clinical and analytical presentation, different histological findings have been associated with ICIs-induced liver damage (i.e. ring granuloma, endothelitis and cholangitis)[6-9]. The role of liver histology and the main controversies in the management of liver toxicity induced by ICIs will be discussed in this editorial.

ROLE OF LIVER BIOPSY
Although liver biopsy (LB) is not always required to establish the diagnosis of DILI, it can be helpful in in patients with suspected ICIs- induced hepatotoxicity. LB is particularly indicated when there are diagnostic uncertainties despite noninvasive investigations, in patients presenting with atypical features and in those who fail to respond to conventional therapies[8]. It can also be very useful in patients with potential pre-existing liver disease that cannot be confirmed by imaging or serological tests.
Even though these compounds usually do not trigger a classical autoimmune hepatitis, there is a strong suspicion that liver injury is related to an immune-mediated mechanism[9]. In addition, there are clinicopathologic differences supporting the notion that ICIs –induced DILI is a distinct entity from autoimmune hepatitis. Hepatotoxicity due to ICIs are very rarely associated with autoantibodies and/or IgG elevations and the histological changes are different from those seen in classical autoimmune hepatis[9].
However, differentiating drug-induced autoimmune hepatitis (DIAIH) from a classical autoimmune hepatitis (AIH) is a complex issue for pathologists[10,11]. Interestingly, the histologic pattern most frequently associated with ICIs is commonly described as immune-related hepatitis to differentiate it from classical AIH. Whether liver injury caused by ICIs can be considered a DILI or a DIAIH is controversial[12]. 
The most conspicuous findings linked to DILI-induced by ICIs is the presence of centrilobular necrosis and acute hepatitis with lobular inflammation associated with acidophil bodies[9,12,13]. Lobular hepatitis indistinguishable from autoimmune hepatitis is one of the most reported patterns usually associated with panlobular inflammation that may be limited to zone 3[13]. Ductal damage has also been described[10] (Figure 1). Inflammatory infiltrates in ICI-induced DILI are predominantly composed of both activated CD3+ and CD8+ T lymphocytes[12]. In contrast to this pattern, autoimmune hepatitis shows higher numbers of both CD20+ and CD4+ T lymphocytes. ICIs-induced DILI may be associated with immune-mediated hepatocellular injury and do not appear to be triggered by T-helper lymphocyte activation or increased immunoglobulin production[12].
De Martin et al[9] analyzed 16 patients with liver injury associated with these drugs. A typical pattern of granulomatous hepatitis, characterized by the presence of fibrin-ring granulomas in addition to central-vein endothelitis, were found in patients treated with anti-CTLA-4 monoclonal antibodies (mAbs). Histology findings were considered useful for decision-making regarding therapy. Mild portal fibrosis was found in 50% of patients suggesting a possible trend of acute hepatitis towards chronicity. Fibrin-ring granulomas and central-vein endothelitis were also documented in patients treated with a therapeutic schema combining CTLA-4 with anti-PD-mAbs. These authors emphasized that acute hepatitis associated with immunotherapy agents for cancer treatment is not a frequent clinical event, since it is found in no more than 3.5% of treated patients[9].
Interestingly, they highlight the key role of LB stating that it provides to the clinician with valuable information about the severity of liver injury and helps them to select an appropriate treatment, sometimes avoiding the unnecessary indication of corticosteroids[9]. 
In a study from Barcelona, 28 cases of severe hepatitis-induced by ICIs were compared with classical AIH[14]. Histological parameters differed between the two conditions. Most patients with AIH underwent a liver biopsy in contrast to only two out of 28 cases (7%) of irH (immune-related Hepatitis) linked to a low response to immunosupression. The authors suggested that liver biopsy should be restricted to patients presenting with irH associated with poor or slow response to corticosteroids[14]. This is in line with guidelines from the European Society of Medical Oncology[15]. In addition, a consultation by a hepatologist and consideration of LB in steroid and mycophenolate-refractory cases is also recommended[15] 
On the other hand, Peeraphatdit et al[8] analyzed 107 cases in a recent systematic review on management recommendations of DILI-induced by ICIs. They found 83 (78%) patients had grade 3-4 of liver injury. The authors stated that establishing causality for liver damage induced by ICIs can be challenging and a LB should be considered only in cases with at least liver injury grade 2.
Few studies have critically analyzed the predictive value of LB. A recent retrospective study analyzing 60 patients with suspected liver injury due to ICIs showed a pattern of lobular inflammation and injury, endothelitis and the presence of granulomas. The histological findings did not predict the need for corticosteroids, therapy duration, or the need for secondary immunosuppression[16]. The authors questioned the value of LB in the management of patients with typical features of ICI-induced liver injury.
Li et al[17] retrospectively analyzed a cohort of 213 patients who developed grade 3 or higher grade of hepatitis linked to ICIs therapy. The most common pattern of DILI was panlobular hepatitis. Patients who underwent a LB had a significatly longer median time to normalization of ALT vs those who did not undergo LB (42 vs 33 d respectively; P < 0.01). This study suggested that LB in patients treated with ICIs and developing grade 3 or higher liver injury presented a delay in the initiation of corticosteroid therapy and not associated with a faster resolution of liver inflammation. These authors also stated that LB can provide valuable information in patients who do not improve despite the indication of corticosteroids before another immunosuppressant is prescribed[17].
A new pattern of cholestasis induced by ICIs displaying imaging and laboratory features similar to those observed in primary eslerosing cholangitis has been recently described[18]. This type of secondary sclerosing cholangitis (SSC) has also been reported in patients with other types of DILI[19,20]. SSC induced by ICIs is characterized by diffuse dilatation and thickening of intrahepatic bile ducts[18]. The absence of biliary obstruction was demonstrated in almost 80% of the cases showing bile duct dilatation[21]. A diffuse hypertrophy in the wall of these biliary ducts was documented in most of them.
Cohen et al[16] described a predominantly cholangitic pattern in 16 patients, associated with portal-based inflammation. This histological feature was more likely to be linked to bile duct dilatation or narrowing on cholangiography. Although the biliary involvement induced by ICIs has been well documented to date, its long-term clinical consequences are unknown. 
In conclusion, the use of LB is still debatable. Clinicians are faced with pros and cons considering that the final decision should be taken individually for each patient (Table 1)
Regarding the benefits, we should consider the usefulness of liver biopsy in different setting as follow: To rule out pre-existing diseases such as metastases or NASH. To confirm the diagnosis of liver injury especially if ring granulomas and endothelitis are observed in patients who are on anti-CTLA4. To investigate the presence of distinctive features of liver toxicity induced by anti-PD1/PD L1 and anti-CTLA4 (ring granulomas and endothelitis). To establish the severity of liver injury. To confirm diagnosis when clinical presentation is associated with features of not typical idiopathic AIH. To assess liver histology in patients with a possible trend from acute hepatitis towards chronicity.
Among the limitations, the cost and invasiveness of LB should always be taken into account and whether the results will change management of the patient. Thus, frequently LB does not show pathognomonic histologic findings and, accordingly, some authors propose that is unlikely to influence patient management. Unfortunately, it is unclear if a liver biopsy is helpful in the decision if another Check point inhibitor can be tried if hepatotoxicity has occurred with the first line Check point inhibitor. A proposed algorithm on the role of liver biopsy in the management of DILI-induced by ICIs is shown in Figure 2.
Finally, a magnetic resonance cholangiopancreatography is recommended when secondary sclerosing cholangitis is suspected and to rule out biliary obstruction.

MANAGEMENT
The management of liver injury considered to be due to ICIs and the role of corticosteroids as therapy for this adverse effect is not evidence based. Randomized controlled studies are lacking in this context and recommendations based on expert opinion in the guidelines of the oncological societies[15,22,23]. According to these guidelines, general advice is probably not controversial. If liver injury is mild, or < 3 × ULN in ALT, the therapy with ICIs is not interrupted and liver tests only monitored. If ALT is 3-5 × ULN, ICIs can be temporarily discontinued and if levels of elevated ALT return to baseline within a week, ICI therapy can be resumed and/or oral corticosteroids can be given. Experience from observational studies support only to monitor patients without corticosteroids in these relatively mild cases[9,24,25].
If ALT levels are > 5 × ULN, classified as grade III hepatitis by the oncological societies, which is > 5 × ULN-20 × ULN and bilirubin > 3 × ULN (15, 21-22), the patients should be monitored and patients given corticosteroids if there is no improvement in liver tests. If the levels of ALT are > 10 × ULN (grade IV hepatitis) and/or if the ALT > 5 × ULN is accompanied by rise in serum bilirubin, ICI therapy should be permanently interrupted[15,22,23]. However, in observational studies a relatively large proportion of patients of these patients have shown spontaneous improvement in liver tests without the use of corticosteroids[9,24,25]. In a study from France, 37% with > grade III hepatitis improved spontaneously and 50% in the study by Gauci et al[24] and in a recent study from Texas, 33% of patients were found not to require corticosteroids[25]. There is though no doubt that liver injury can be severe and have severe consequences. In a study from Barcelona, among 28 patients with severe hepatitis (> grade III), two patients developed acute liver failure (ALF) and one of these died from ALF[14]. Two other well characterized patients have been reported who died from hepatotoxicity[24,25]. All of these patients were treated with high dose of methylprednisolon 2mg/kg combined with mycophenolate mofetil[14,25,26]. Thus, it seems that not all cases with hepatotoxicity due to ICIs are steroid responsive. A study analyzing data from World Health Organization pharmacovigilance database (Vigilyze) also reported mortality due to hepatotoxicity[27]. Among adverse effects associated with fatality 22% were due to hepatotoxicity but this is perhaps not completely reliable data as it seems that a formal causality assessment has not been undertaken[27]. However, mortality from hepatotoxicity can occur and it is understandable that mortality from adverse effects in a patient who is in remission from the malignancy is a nightmare for the oncologist. Thus, it is understandable that they want to do everything in their power to reverse the hepatotoxicity. 
High doses of corticosteroids are recommended by the oncological societies: 1 mg/kg/d for grade III hepatitis and even 2 mg/kg/d for grade IV hepatitis[15,22,23]. As pointed out earlier, these doses are not evidence based. Although high doses of corticosteroids have been used observational studies these have not always been helpful. In a study from the UK only 50% with hepatotoxicity due to ICIs responded to corticosteroids[28]. Two Japanese studies have similarly shown responsiveness between 33 and 50%[29,30]. In a recent study from France, important experience was reported on the clinical management of patients with liver injury due to ICIs[31]. In more than 300 patients with advanced melanoma, 21 had hepatotoxicity and 13/21 (62%) were treated with steroids, whereas 8 were not. Time to resolution of liver tests and survival was not statistically between the groups[31]. The authors suggested that patients with prothrombin levels > 50% and bilirubin < 50 mmol/L should be monitored and not treated with corticosteroids but ICI therapy discontinued until < 5 × ULN, whereas those with prothrombin level < 50% and bilirubin > 50, should be treated with corticosteroids 0.5-1 mg/kg/d. Riveiro-Barciela et al[14] found only 2-3 mo of corticosteroid therapy necessary. In a recent study, it was demonstrated that initial treatment with 1 mg/kg/d provided similar liver tests improvement as doses > 1.5 mg/kg/d, which was also associated with a reduced risk of steroid-induced adverse effects in comparison with higher-dose regimens[32].
In patients with worsening jaundice despite high doses of corticosteroids mycophenolate mofetil is most often used because it is probably better tolerated than tacrolimus due to potential nephrotoxicity. However, the use of secondary immunosuppression in patients is not evidence based and relies on small cases series and case reports. There is no data to guide us in patients with pre-existing liver disease.

CONCLUSION
The role for LB in the setting of DILI induced by ICIs is controversial and not yet defined. LB can be helpful when there is diagnostic uncertainty and pre-existing liver disease is suspected. Although there are no distinctive histological features, the finding of granulomas and endothelitis may suggest a specific type of hepatitis induced by ICIs. Recent data suggest that liver histology did not predict the need for corticosteroids, therapy duration, or the need for secondary immunosuppression. Patients with ICI induced hepatoxicity without jaundice and/or coagulopathy should be monitored as a large proportion of patients will recover spontaneously with discontinuation of the ICIs. Patients who develop worsening of liver tests with jaundice and/or coagulopathy despite discontinuation of ICIs should be treated with corticosteroids. Recent data suggests that 1mg/kg/d of methylprednisolon are as efficacious as higher doses but it is not clear if doses of 40-60 mg of prednisolon are less efficacious. Secondary immunosuppression mostly with mycophenolate mofetil has been reported to be helpful.
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Figure Legends
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Figure 1 Pathological changes of drug-induced liver injury -induced by atezolizumab used for treatment of hepatocellular carcinoma (H&E 40×). A: Portal inflammation and interfase hepatitis; B: Focal lobular necrosis; C: Frequent lobular acidophilic bodies; D: Ductal damage and migration of inflammatory cells into ductal epithelium; E: Hepatocyte rosettes as a result of liver regeneration; F: Hepatocanalicular cholestasis and biliary plugs.
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Figure 2 Proposal algorithm on the role of liver biopsy in immunological checkpoint inhibitors –induced drug-induced liver injury. ICIs: Immunological checkpoint inhibitors.


Table 1 Pros and cons on the indication for liver biopsy in clinical practice
	Benefits
	Limitations

	To rule out pre-existing liver diseases
	Invasiveness

	To confirm diagnosis (i.e.; granulomas)
	Cost

	Differentiate anti-PD1/PD-L1 from anti-CTLA4- induced DILI
	Pathognomic histological features are lacking

	To establish the severity of liver injury.
	Unclear influence on patient management

	To discriminate ICIs-induced DILI from typical seronegative classical AIH
	Biochemical features might be sufficient

	To assess a possible chronicity evolution
	


AIH: Autoimmune hepatitis; DILI: Drug-induced liver injury; ICIs: Immunological checkpoint inhibitors; PD1: Programmed cell death protein-1.
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