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Immune-mediated hepatotoxicity (IMH) is not-so-rare complication during treatment with immune checkpoint
inhibitors (ICls). The majority of cases of IMH are asymptomatic and only a few patients may have clinical
conditions. The severity of IMH is usually stratified according to Common Terminology for Clinical Adverse Events
(CTCAE) criteria, but these scores may overestimate the clinical severity of IMH compared to the Drug-Induced
Liver Injury Network (DILIN) scale. The differential diagnosis of IMH is challenging because the elevated liver
enzymes can be due to a number of etiologies such as viral infection, autoimmune and metabolic diseases, liver
metastases, biliary diseases, and other drugs. The cornerstones of IMH management are represented by

withholding or delaying ICI administration and starting immunosuppressive therapy.

hepatitis immune checkpoint inhibitors immune-related adverse events (irAEs) CD8+ T cells

NAFLD drug-induced liver injury (DILI)

| 1. Diagnosis
1.1. Clinical Presentation

The majority of immune-mediated hepatotoxicits (IMHs) are asymptomatic and only a few patients may have
clinical conditions such as fatigue, abdominal discomfort, fever, rash, and jaundice [Xl. Fever is more prevalent in
IMHs induced by anti-CTLA-4 inhibitors [&. The liver imaging in mild to moderate IMH is usually normal, while mild
portal lymphadenopathy, periportal edema, and hepatomegaly may be seen in severe IMH El. The severity of IMH
is usually stratified according to the Common Terminology for Clinical Adverse Events (CTCAE) criteria, but these
scores may overestimate the clinical severity of IMH compared to the Drug-Induced Liver Injury Network (DILIN)

criteria 4!,

The classification of the severity of liver damage should be considered beyond ALT elevation, as should the
impairment of the International Normalized Ratio as occurs in the DILIN system which also considers symptoms
and other organ failure indexes 2. However, researchers do not have an explicit criterion for IMH grading different
from elevated liver function tests and researchers do not know which of them is more useful in predicting the

prognosis of IMH. (Table 1).
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Table 1. Grading assessment of immune-mediated hepatitis according to the Common Terminology Criteria of
Adverse Events (CTCAE) and Drug-Induced Liver Injury Network (DILIN) criteria.

DILIN CTCAE Grade
Elevated serum ALT and/or ALP; TBil < 2.5 mg/dL; INR < 1.5; with or ALT/AST < 3x ULN;
without symptoms (fatigue, weakness, nausea, anorexia, right upper ALP/GGT > 1-2.5x ULN; 1
abdominal pain, jaundice, pruritus, rash, or weight loss) TBIli < 1.5x ULN

Elevated serum ALT and/or ALP; TBil = 2.5 mg/dL or INR = 1.5 without Ll e

S ALP/GGT > 2.5-5x ULN; 2
elevated TBil; symptoms may be aggravated TBili 2-3% ULN
Elevated serum ALT and/or ALP; TBil = 5 mg/dL with or without INR > AST/ALT 5-20x ULN;
1.5; symptoms are further aggravated; indication for hospitalization or ALP/GGT > 5-20x ULN; 3
prolonged hospitalization TBiIli > 3x ULN
Elevated serum ALT and/or ALP; TBil = 10 mg/dL or daily elevation > AST/ALT > 20x ULN;
1.0 mg/dL; INR = 1.5 with ascites, encephalopathy, or other organ ALP/GGT > 20x ULN; TBili > 4
dysfunction 10x ULN
Death Death due to hepatotoxicity )

The differential diagnosis of IMH is challenging because the elevated liver enzymes can be due to many etiologies
ALT, alani inotransf . AST, r inotransferase; ALP, alkaline pf. ; TBIl | bilirubin;
stch A8Vial ?rrw?ec%to%, %S{&Sn?mur%’a%s %ga%g Sie d?ste%sseg, Tver met’ag!ages,e @Fé’r?}o Q%[gggés, ahc}oéiahet? cwubgsf

R, international naormalized ratio; N, upper limit of narmal. .
]Hmfe?ore, it 1S mandatory 1o rule ou {’he ollﬁrér causes &Oilver injury (6],

Firstly, researchers should exclude hepatic virus infection such as HAV, HBV, HCV, HEV CMV, EBV, and HSV
using the related bioumoral tests (anti-HAV IgM, HBsAg, anti-HBc IgG, anti-HBc IgM, HBV DNA, anti-HCV, HCV
RNA, anti-HEV IgG, anti-HEV IgM, HEV RNA, anti-CMV IgM, CMV DNA, anti-EBV IgM, EBV DNA, anti-HSV IgM,
and HSV DNA). The research of anti-tissue antibodies (ANA, ASMA, anti-LKM-1, anti-LC-1, anti-SLA/LP, pANCA,

and serum IgG, IgM, IgA) is recommended to rule out autoimmune diseases.

The differential diagnosis between ICI-induced hepatitis and drug-induced autoimmune liver disease is particularly

challenging because there are at least seven phenotypes of this form.

The first one, AIH with DILI occurs in patients with known quiescent AIH, and the drug acts as a trigger of the
autoimmune liver disorder. In this case, histology may show advanced fibrosis. The second is drug-induced—AIH
that affects patients with a low-grade misdiagnosed disease where a drug produces an immune reaction leading to
a chronic process and permanent need for immunosuppressive therapy. Other less common forms are IM-DILI,
due to autoimmune hypersensitivity frequently presenting with systemic symptoms, indistinguishable from true AlH
and responding to IS treatment, mixed autoimmune type, often associated with other autoimmune disorders, and
DILI-positive autoantibodies.

Hepatic imaging (ultrasonography, CT scan, and MRI) can be useful to exclude the progression of cancer. The

medication history can help to evaluate chemotherapeutic drugs that may also cause liver injury (dacarbazine,
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carboplatin, and complementary and herbal medication, or alcohol abuse). NAFLD is due to lipid accumulation in
liver cells and tissue inflammation with cytokine release [Z. It can be a potential risk factor for IMH but also a

differential diagnosis &,
Finally, myocarditis, myositis, Wilson’s disease, and bone metastasis have to be excluded 2!,

1.3. Histological Diagnosis

IMH is typically a clinical diagnosis and a liver biopsy is required only in the case of absence of response to
steroids. The pathological features of IMH are scarce. There are clinicopathologic features that support the idea
that IMH is a distinct entity from autoimmune hepatitis. IMH rarely presents autoantibodies and/or IgG elevations
and the histological patterns are different from those seen in classical autoimmune hepatitis. The typical patterns
include acute hepatitis with spotty or confluent necrosis in the centrilobular zone, and granulomatous hepatitis 19
(L1 There may be acute hepatitis with lobular inflammation and acidophil bodies 12, Lobular hepatitis has the
same features as autoimmune hepatitis and with patterns of zone 3 panlobular inflammation. IMH inflammatory
infiltrate differs from that of autoimmune hepatitis because it is predominantly composed of activated CD3+ and
CD8+ T lymphocytes while CD20+ and CD4+ are characteristic of autoimmune forms 1223l |n IMH caused by
anti-CTLA-4, a pattern of granulomatous hepatitis, with fibrin-ring granulomas and central-vein endothelitis is found

2, Mild portal fibrosis seems to suggest a trend of acute hepatitis towards chronicity 2.

The guidelines of the European Society of Medical Oncology recommend liver biopsy for patients with IMH and

poor or slow response to steroids 241, Liver biopsy may be useful in different settings:

To exclude pre-existing diseases;

» To confirm the presence of a pattern consistent with liver injury in the case of ring granulomas and/or

endothelitis observed in patients treated with anti-CTLA-4;

» To look for the distinctive picture of liver toxicity related to anti-PD-1/PD-L1 and anti-CTLA4;

» To estimate the degree of liver injury;

» To distinguish IMH from AIH with an atypical clinical pattern;

» To assess a possible evolution to a chronic form of liver damage;

» Liver biopsy has also several limitations, such as cost and the possibility of adverse events, thus should be

considered only if it may change the management of patients.

Li and colleagues conducted a retrospective analysis of liver biopsy in a cohort of 213 patients who developed

IMH. Patients with ICI hepatitis undergoing a liver biopsy showed longer median (IQR) time to ALT normalization
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(42 [LI[][41[E1I6][7Z][BI[Q1[10][11][12][13][14][15][16][17][18][19][20][21][22][23][24] ;5. 33 [LI[31[15][16][17][18][19][25][26][27][28][29] days; p =
0.01) and to ALT levels of 100 U/L or less (21 [BQ31I32I[33][341[35][36[37I[38I[39] /5 15 [BL4AMALMA2] gays: p = 0.01).

These data underline that performing a liver biopsy in this setting may delay the initiation of corticosteroids and in

the resolution of liver inflammation 22,

Parlati et al. conducted a retrospective monocenter study to explore the impact of liver biopsy on the clinical
management of IMH. The time for normalization of transaminases was 49 days in those patients who did not

undergo liver biopsy and 60 days in the group of patients who did (p = 0.205) [21],

| 2. Management
2.1. General Recommendations

IMH is caused by an excessive immune response against liver tissue. Therefore, the cornerstones of IMH
management are represented by withholding or delaying ICl administration and starting immunosuppressive
therapy 22, A multidisciplinary team, including oncologists, hepatologists, internists, and emergency medicine
physicians, is essential for the management of IMH. The international guidelines recommend specialist
gastroenterology/hepatology consultation in patients with high-grade IMH. The European Association for the Study
of the Liver (EASL) suggests that a multidisciplinary team with a hepatologist should manage all “sufficiently
severe” IMHs 23], Patients with ICI-related hepatitis should be managed by a team including a hepatologist as
suggested by the American Gastroenterological Association (AGA) 24 ASCO 43, and ESMO 24, and, above all, in
cases of grade > 3 liver enzyme elevation (AGA and high-grade hepatitis (ASCO)) ESMO suggests to refer to

hepatologists only if the patient did not respond to a second line immunosuppressive agent.

Li and colleagues reported that early gastroenterology/hepatology consultation in patients with steroid-refractory
disease was associated with faster ALT normalization (hazard ratio [HR], 1.89; 95% CI, 1.12-3.19; p = 5.017) and
ALT improvement to <100 U/L (HR, 1.72; 95% CI, 1.04-2.84; p = 5.034). This beneficial effect was not evident in
patients with steroid-responsive hepatitis (HR, 1.12; 95%, 0.83-1.51; p = 5.453) [24],

2.2. When to Start Corticosteroids?

Patients with any degree of ALT elevation should be screened with a full workup for other causes of viral

involvement. Once ruled out other causes of liver diseases, management is according to the CTCAE (Table 1).

Grade 1 hepatitis can be managed with close monitoring of liver-associated enzymes while the patient continues
ICIs. The Society for Immunotherapy of Cancer (SITC) recommends testing liver enzymes 2 while ASCO

suggests checking liver enzymes twice a week [43],

Grade 2 hepatitis requires the withdrawal of ICls. Liver enzymes should be monitored closely until they return to
grade 1 level or normalize completely and if there is no improvement and/or increase upon repeat testing, oral

corticosteroids (starting at 0.5-1 mg/kg/day of prednisone or an equivalent corticosteroid) can be given [14143]145]
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ICIs can be resumed once improvement is noticed, and corticosteroid reduction should occur slowly over time (4—
12 weeks).

Grade 3 hepatitis imposes the permanent discontinuation of ICIs. Treatment with corticosteroids at higher doses
(1-2 mg/kg/day (methyl)prednisolone) is recommended. If no improvement is seen in 3 days, physicians should

consider adding a secondary agent such as mycophenolate mofetil [24143]145]

Grade 4 hepatitis imposes the permanent discontinuation of ICIs with the start of corticosteroids at higher doses IV
(2 mg/kg/day methylprednisolone) and the possibility of hospitalization. Intravenous steroids should be switched to

an oral schedule and weaned in 4 weeks once ALT improves to grade 2 or less 141, (Table 1).

Table 1. Management algorithm for IMH.

Continue ICI; Check LT 1-2 Times Week Grade 1
Hold ICI; check LT every 3 days; consider liver biopsy; if no improvement start steroid therapy (0.5-1  Grade
mg/kg/day of prednisone) 2

Hold ICI; check LT every 2 days; consider liver biopsy; if no improvement start steroid therapy (1-2 Grade

mg/kg/day of prednisone) 3
Hold ICI; check LT every 1 day; consider liver biopsy; if no improvement start steroid therapy (2 Grade
mg/kg/day of prednisone) 4

ICI: immune checkpoint inhibitors; LT: liver test.
If patients have to receive high-dose steroids for four weeks or longer, they are at risk of opportunistic infections
(i.e., Pneumocystis jiroveci) and/or reactivation of chronic hepatitis B, so the expert panel agrees on the need to
initiate prophylaxis 1443l To reduce the risk of infection, budesonide, a drug with 90% hepatic clearance and
metabolism, may be evaluated in the case of IMH without liver failure. This type of corticosteroid has fewer side
effects and could be maintained in the event of a resumption of ICls to limit the recurrence of hepatitis and there is

no need for dose tapering in order to reinitiate immunotherapy (48147,

2.3. Refractory IMH to Steroid

Infliximab, a mouse—human chimeric monoclonal antibody anti-TNFa, should not be given to patients with hepatitis
because infliximab carries a risk of hepatotoxicity 1. If there is no improvement after high-dose steroids, a second
immunomodulating agent (i.e., mycophenolate mofetil at the dosage of 500-1000 mg twice daily [&: azathioprine
1-2 mgl/kg/day 8! or tacrolimus with blood levels 8-10 ng/mL 2l should be considered. The American
Association for the Study of Liver Diseases (AASLD) guidelines recommend azathioprine as the first choice in case
IMH is refractory to steroids, and mycophenolate mofetil in the case of a failure to respond to azathioprine B2, No
data demonstrate that azathioprine is superior to azathioprine in this setting B, Tacrolimus is a calcineurin inhibitor
and can be used as a third-line option in patients not improving with mycophenolate mofetil 2., Recently, plasma

exchange has been used in patients with IMH non-responsive to steroids. Riveiro-Barciela and colleagues have
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reported clinical success in a woman after the failure of steroids and mycophenolate mofetil 23!, Tocilizumab is an

anti-interleukin-6 and has been demonstrated to induce clinical improvement with just a single dose 241,

2.4. When to Rechallenge?

Current guidelines recommend permanent discontinuation of ICIs in the case of grade 4 IMH 14143 Several
retrospective and few prospective studies described the risk of recurrence of irAEs after rechallenge. The
rechallenge with ICIs may depend on the indication, the efficacy of the causative drug, the alternative therapeutic

options, and the type and severity of IMH. There are three scenarios:
(i) A class switch scenario from anti-PD-(L)1 to anti-CTLA-4 therapy or vice versa;
(i) A rechallenge scenario with reintroduction of the same molecule after resolution of IMH;

(iiA rechallenge scenario with the reintroduction of the same molecule concomitantly with immunosuppressive

therapy.

A multicenter, retrospective cohort study at the Dana-Farber/Brigham and Women’'s Cancer Center and the
Massachusetts General Hospital Cancer Center evaluated the hepatitis recurrence after rechallenge. Of the 31
patients who resumed ICI therapy after IMH, six patients (19.4%) developed a new irAE. In particular, 4 patients
(12.9%) developed recurrent IMH, 1 patient (3.2%) developed grade 2 pneumonitis, and 1 patient (3.2%)
developed grade 3 hypophysitis 22,

Simonaggio and colleagues evaluated the safety of the rechallenge with anti-PD-1 or anti-PD-L1 after an irAE (17
patients have had hepatitis grades 2 to 4 [18%]). Three patients reported the same irAE after rechallenge, but the
second irAE was not more severe than the initial IMH B8l Pollack et al. described 29 patients with IMH (19 with

>grade 3). Five of these 29 patients (17%) developed an irAE of >grade 3 after resuming therapy with anti-PD-1
15,

The risk of liver injury after rechallenge depends on the class of ICIs. The reintroduction of an anti-CTLA-4 antibody
in a patient with previous IMH due to an anti-PD-1 treatment is associated with the development of fulminant

hepatitis, while the vice versa does not seem to be true (8],
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