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ABSTRACT

Immune checkpoint inhibitors (ICl) predispose patients to immune-related adverse events (irAEs).
Although hepatitis is a potentially lethal toxicity, the timing and outcomes have not been well described.
In this retrospective study, patients from six international institutions were included if they were treated
with ICls and developed immune-related hepatitis. Patient and tumor characteristics, and hepatitis
management and outcomes were evaluated. Of the 164 patients included, most were male (53.7%)
with a median age of 63.0 years. Most patients had melanoma (83.5%) and stage IV disease (86.0%).
Median follow-up was 585 days; median OS and PFS were not reached. The initial grade of hepatitis was
most often grade 2 (30.5%) or 3 (45.7%) with a median time to onset of 61 days. Patients were most
commonly asymptomatic (46.2%), but flu-like symptoms, including fatigue/anorexia (17.1%), nausea/
emesis (14.0%), abdominal/back pain (11.6%), and arthralgias/myalgias (8.5%) occurred. Most patients
received glucocorticoids (92.1%); the median time to improvement by one grade was 13.0 days, and the
median time to complete resolution was 52.0 days. Second-line immunosuppression was required in 37
patients (22.6%), and steroid-dose re-escalation in 45 patients (27.4%). Five patients (3%) died of ICI-
hepatitis or complications of hepatitis treatment. Ninety-one patients (58.6%) did not resume ICl; of 66
patients (40 grade 1/2, 26 grade 3/4) that were rechallenged, only 25.8% (n = 17) had recurrence. In this
multi-institutional cohort, immune-related hepatitis was associated with excellent outcomes but fre-
quently required therapy discontinuation, high-dose steroids, and second-line immunosuppression.
Rechallenge was associated with a modest rate of hepatitis recurrence.
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Introduction
Immune checkpoint inhibitors (ICI) have revolutionized detailing incidence, risk factors, outcomes, and
cancer management and are now approved in many differ- management.> "’

ent cancer types as single agents and in combination regi-
mens. ICI treatment may be complicated by immune-
related adverse events (irAEs), with increased frequency
when used in combination. These irAEs can virtually affect
any organ system, but usually present acutely and resolve
with glucocorticoids."”> However, irAEs can be severe and
lead to treatment cessation, hospitalization, long-term
symptoms, and even death.>® Given the wide range of
manifestations and organs impacted by ICIs, prior studies
have characterized severe irAEs to help guide diagnosis and
management decisions. As an example, pneumonitis, colitis,
and myocarditis have been well described with large studies

Hepatitis is a relatively common, clinically significant irAE
defined by elevations in alanine transaminase (ALT), aspar-
tate transaminase (AST), and bilirubin.'"*? Severe presenta-
tions requiring prolonged immunosuppressants,
hospitalization, and treatment discontinuation may occur.
To date, however, many aspects of immune-related hepatitis
have not been thoroughly characterized. Specifically, the clin-
ical presentation, course, outcomes, and management of
patients developing hepatitis on ICIs are not well described.
We herein sought to analyze a large international, multi-
institutional cohort of patients that developed hepatitis
while treated with IClIs.
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Table 1. Patient, tumor, and treatment characteristics.

Characteristic Number of patients (n = 164) % of total

Age (median) 63 (range = 72)

Cancer type

Lung 12 7.32%
Melanoma 138 83.54%
Renal Cell 5 3.05%
Squamous Cell 2 1.22%
Other* 7 4.27%
Treatment type

Ipilimumab 7 4.27%
Ipilimumab + nivolumab 97 59.15
Ipilimumab + pembrolizumab 3 1.83%
Nivolumab 19 11.59%
Pembrolizumab 34 20.73
Other anti-PD-1/PD-L1** 4 2.44%
Prior therapies

Targeted 37 22.56%
Chemotherapy 9 5.49%
No prior therapy 116 70.73%
Other*** 9 5.49%
Liver specific comorbidities at ICI start

Cysts 1 0.61%
Fatty liver 3 1.83%
Hemangioma 3 1.83%
Hemochromatosis 1 0.61%
Prior hepatitis A 1 0.61%
Hepatitis B 1 0.61%
Hepatitis C 3 1.83%
Hepatocellular carcinoma 1 0.61%
Liver metastases at start 42 25.61%
Stage at ICl start

1] 22 13.41%
|xxxx 141 85.98%
Unknown 1 0.61%
Extrahepatic irAEs

Any Extrahepatic irAE 108 65.85%
Grade 1-2 83 50.61%
Grade 3-4 34 20.73%
Required steroids 61 37.20%
Required steroids and additional immunosuppressants 1 6.71%
Best response to ICI

CR 45 27.44%
PR 56 34.15%
SD 28 17.07%
PD 24 14.63%
Progression on ICl during follow up 58 35.37%
ECOG at last f/u

0 65 39.63%
1 42 25.61%
2-4 8 4.88%
5 31 18.90%
Unknown 3 2.44%
Alive at last f/u 130 79.27%
Death from hepatitis 4 2.44%
Duration of follow-up (median, days) 585

(Continued)
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Table 1. (Continued).

Characteristic Number of patients (n = 164) % of total

*QOther cancers include adrenal (n = 1), breast (n = 1), gastric (n = 1), hepatocellular (n = 1), Merkel cell (n = 1), pancreatic (n = 1), urethral (n = 1)
**QOther treatments include Atezolizumab (n = 2), Avelumab (n = 1), Cemiplimab (n = 1)
***Qther prior therapies include autologous vaccine (n = 2), CAVATAK + pembrolizumab (n = 2), IMCgp100 (n = 1), DLI + IL-2 + IL-15, (n = 1), Pembrolizumab +
GITR (n = 1), Dendritic cell vaccine (n = 1), pembrolizumab + SD-101 (n = 1)
**¥¥ 34 patients with brain metastases at ICl start
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Figure 1. PFS of the full.

Table 2. Hepatitis characteristics.

Characteristic Number of patients (n = 164) % of total
Time to onset (median days) 61 (range 5-1189 days, IQR for combination therapy = 51 days, IQR for monotherapy = 132 days)
Initial hepatitis grade
1 16 9.76%
2 50 30.49%
3 75 45.73%
4 23 14.02%
Symptoms
Asymptomatic 76 46.34%
Abdominal/back pain 19 11.59%
Abdominal distension 4 2.44%
Arthralgias/myalgias 14 8.54%
Chills 7 4.27%
Dark urine 3 1.83%
Diarrhea 9 5.49%
Fatigue/anorexia 28 17.07%
Fever 23 14.02%
Headache 7 4.27%
Jaundice 6 3.66%
Nausea/Emesis 23 14.02%
Neurologic (AMS, numbness, weakness) 4 2.44%
Pruritis 6 3.66%
Rash 7 4.27%
Other* 7 4.27%
Workup
Biopsy performed 32 19.51%
Imaging performed 73 44.51%
Management
Required steroids as initial treatment** 150 91.46%
Initially required low dose steroids (<50 mg 20 12.20%
daily or <1 mg/kg)
Required high dose steroids 129 78.66%

(Continued)
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Table 2. (Continued).

Characteristic Number of patients (n = 164) % of total
Required oral steroids 102 62.20%
Required IV steroids 48 29.27%
Treated with prednisone or 147 89.63%
methylprednisolone
Treated with dexamethasone 1 0.61%
Treated with hydrocortisone 2 1.22%
Additional immunosuppressants required*** 37 22.56%
Additional steroids required 45 27.44%
Time from hepatitis onset to any 8
improvement (median days)
Time to hepatitis improvement by one grade 13
(median days)
Time to complete hepatitis resolution 52
(median days)
Side effects to treatment for hepatitis
Adrenal insufficiency 2 1.22%
Bacterial infection (cellulitis and respiratory 3 1.83%
tract infection)
Fungal infection 4 2.44%
Gastrointestinal 3 1.83%
Hyperglycemia/diabetes 22 13.41%
Insomnia 7 4.27%
Mood changes 7 427%
Muscle weakness/myalgias 3 1.83%
Osteoporosis 2 1.22%
Weight gain 3 1.83%
Other**** 6 3.66%
ICI re-challenged after hepatitis
ICl permanently discontinued due to 98 59.76%
hepatitis
ICI rechallenged***** 66 40.24%
ICI restarted: no hepatitis 39 62.12%
ICl restarted: hepatitis recurred 17 25.76%
ICl restarted: other toxicity developed 9 13.64%
Required steroids for recurrent hepatitis 14 21.21%
Required steroids and mycophenolate for 2 3.03%
recurrent hepatitis
Death from recurrent hepatitis 0
Time between resolution and ICl re- 14
challenge (median days)
Time between ICl start and recurrence 320
(median)
Grade of recurrent hepatitis (% out of those that recurred)
1-2 10 58.82%
3 6 35.29%
4 1 5.88%

*Other symptoms include gastric reflux (n = 2), altered taste (n = 1), dysphagia (n = 1), dyspnea (n = 1), hypotension/tachycardia (n = 1), visual changes (n = 1)

** 2 patients with unknown dose

***Mycophenolate (n = 30), mycophenolate + tacrolimus (n = 3), mycophenolate + abatacept (n
****QOther side effects include edema (n = 4), fatigue (n = 2), hypertension (n = 1), tremors (n = 1
**¥¥% 1 patient lost to f/u and rechallenge data unknown

1) infliximab (n = 1)




Methods

Study design
Institutional review board approval was obtained. Data were

collected from electronic medical records in patients treated
with ICIs at Vanderbilt University Medical Center,
Massachusetts General Hospital, Northwestern Memorial
Hospital, Duke University Medical Center, Rutgers
University Hospital, and Melanoma Institute Australia.
Patients were included if they were treated with ICIs (as mono-
therapy or combination therapy) and developed immune-
related hepatitis, regardless of tumor type, treatment setting
(standard of care vs. clinical trial), or dose. Included ICIs were
monoclonal antibodies to programmed death-1/ligand-1 (PD-
1/PD-L1) and cytotoxic T lymphocyte antigen-4 (CTLA-4).
Patients who had received prior therapies or had preexisting
liver-related comorbidities were also included. Patients with
elevated liver function testing attributed to other causes by the
investigator (e.g., disease-progression, other medications, liver
hypoperfusion) were not included.

Data collection

Survival outcomes were assessed with overall survival (OS),
progression-free survival (PFS), and follow-up time. Patient
and tumor characteristics, liver-specific comorbidities, and
extrahepatic toxicities to ICIs were collected. To characterize
the clinical picture of hepatitis, initial grade (CTCAE version
5.0 as judged by elevations in alanine aminotransferase [ALT]
and/or aspartate aminotransferase [AST]), symptoms, biopsy
results, and imaging results were collected. For patients with
liver biopsies available, the hepatic injury was characterized by
the following pathologic patterns: necroinflammatory (acute,
chronic), zonal necrosis (with or without other injuries), and
cholestatic as judged by a gastrointestinal pathologist. To eval-
uate the change over time and response to treatment, the
following were tracked: time to hepatitis onset, time to any
improvement (defined as a decrease by ALT or AST), time to
improvement by one grade, and time to complete resolution
(reflected by the decrease of liver function tests to normal or
baseline). Treatment regimens were also characterized based
on steroid dose (approximately >1 mg/kg vs. <1 mg/kg) and
the need for second-line immunosuppressants (e.g., mycophe-
nolate mofetil). After hepatitis resolution, side-effects to treat-
ment, and outcomes to ICI rechallenge were also analyzed.

Statistical analysis

Categorical and continuous variables were analyzed with
descriptive statistics. Chi-square and Mann-Whitney analyses
were used to determine predictors of severe hepatitis, need for
second-line immunosuppressants, hepatitis recurrence with
ICI rechallenge, and time to hepatitis resolution. A p-value of
<0.05 was considered statistically significant. The Kaplan-
Meier method was used to visualize OS and PFS. All statistics
were analyzed using Graph Pad Prism version 8.2.1.

Discussion

Herein, we present the largest multicenter characterization of
immune-related hepatitis from ICI therapy. Most cases were
severe (grade 3-4), and approximately 23% and 27% required
escalation to second-line immunosuppression or increased
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glucocorticoid dosing. The median time to resolution was
52 days and most patients permanently discontinued ICI ther-
apy. Four patients died directly from immune-related hepatitis
and one patient died of complications of prolonged immuno-
suppression. Thus, hepatitis significantly impacted patients’
treatment courses.

Despite this, the overall cohort had excellent clinical out-
comes with a 62% response rate and 80% of the cohort alive at
last follow-up (median 585 days) despite most patients perma-
nently discontinuing therapy. These findings are in agreement
with prior studies that have suggested the development of
irAEs correlate with improved survival outcomes.'”™"> The
presence of liver metastases, which are generally associated
with a poor prognosis, did not preclude a response.
Conversely, liver metastases did not correlate with improved
response, thus not suggesting an obvious mechanism for this
association (e.g., cross-reactive T cells to both normal and
neoplastic tissue in the liver).'®'” We observed that most
patients presented asymptomatically, highlighting the impor-
tance of long-term liver enzyme monitoring (one case was 1000
+ days after ICI initiation). Interestingly, most symptomatic
patients had fairly nonspecific, flu-like symptoms (not gener-
ally associated with other forms of hepatitis), highlighting the
importance of assessing liver enzymes in patients with these
symptoms. Additionally, our results indicate that mild hepatitis
(grade 1-2) is associated with a significantly faster time to
resolution, further highlighting the importance of early
detection.

Once hepatitis is suspected through laboratory evaluations,
liver biopsy can confirm the diagnosis and further characterize
the pattern of injury."®'> Among 32 patients who underwent
biopsies, the only treatment-related deaths were among the 10
patients with zonal necrosis or cholestatic liver injury (2 of 10)
compared with none (of 22) patients with the necroinflamma-
tory disorder. However, CT or ultrasound imaging did not
reveal any specific findings characteristic of ICI-related hepa-
titis. Therefore, these adjunctive tests are primarily useful for
confirming the diagnosis (biopsy) or ruling out other causes
(imaging).

We also assessed for predictors of high-grade hepatitis or
the need for second-line immunosuppressants. Age, time to
hepatitis onset, or the presence of liver-related comorbidities
were not predictors of severe clinical outcomes. We observed a
higher rate of severe (21%) extrahepatic toxicities than pre-
viously described.””*! While combination therapy with CTLA-
4 inhibitors has been known to increase the risk of severe
irAEs, we found that combination therapy did not predict
hepatitis severity, the need for second-line immunosuppres-
sants, or time to resolution. However, the presence of any-
grade extrahepatic irAEs was a predictor for mild (grade 1-2)
hepatitis compared to severe (grade 3-5). The exact mechan-
ism behind this finding is unclear but is perhaps related to
immunosuppressant treatment for extrahepatic irAEs blunting
the severity of subsequent hepatitis onset.

A subset of our cohort (66 patients) were subsequently
rechallenged with an ICI. Previous studies have assessed out-
comes to rechallenge following irAEs and found relatively high
rates of recurrent or new irAEs (~20-50%).>*">* Our results
were similar with 26% developing subsequent hepatitis, which
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was particularly common in combination CTLA-4/PD-1
blockade rechallenge (60%), uncommon with the resumption
of PD-1 blockade after combination-induced hepatitis (9%),
and intermediate risk following monotherapy hepatitis with
monotherapy rechallenge (32%). Most recurrent cases were
mild grade 1-2 (58%) and only 2 patients required second-
line immunosuppressants. Providers should thus weigh the
risk of recurrence and expected benefit from additional ICI
therapy (which may be questionable in a patient with a long-
standing complete response or, conversely, early disease pro-
gression) when considering management options.

This study has several limitations, mainly related to the
multi-institutional retrospective design. First, there is potential
for recall bias, as patients with mild, non-clinical (grade 1)
hepatitis may not have been routinely captured. Additionally,
while the standardized CTCAE grading system was used, var-
iations among institutions may exist in the characterization of
hepatitis severity and management protocols. For time to reso-
lution analyses, unless the patient was hospitalized, labs were
often only collected on a weekly or bimonthly basis. Therefore,
conclusions for time to improvement and resolution may be
limited. Further, it is difficult to conclusively exclude other
contributors or causes for hepatitis outside ICI, although
each case was judged by investigators as due to ICI. Finally,
most patients had stage IV melanoma, but there was a small
subset of patients with stage III disease and other types of
primary cancer. Therefore, while all patients were treated
with an ICI, there is potential that disease-specific clinical
factors may impact outcomes in this cohort.

To date, this is the largest characterization of hepatitis
related to ICI therapy. While this cohort did display a favorable
long-term response and survival, the rate of early treatment
disruption, permanent discontinuation, and even death due to
hepatitis was significant. Therefore, physicians should routi-
nely monitor for hepatitis through both clinical and laboratory
assessments, particularly in the first months of treatment. This
study should inform future studies in determining the long-
term impacts of immune-related hepatitis on survival out-
comes, hepatic function, and quality of life.

Results

Of the 164 patients included, most were male (53.7%) with a
median age of 63.0 years. Most patients had melanoma (83.5%)
or lung cancer (7.3%) and were treated with ipilimumab and
nivolumab (59.2%), pembrolizumab (20.7%), or nivolumab
(11.6%) monotherapy. At ICI initiation, most patients had
stage IV disease (86.0%) and the most common liver-specific
comorbidity was liver metastases (25.6%). Extrahepatic irAEs
developed in 65.9% of the cohort, with 20.7% being severe
(grade 3-4), and 37.2% requiring glucocorticoids. The
response rate was 61.6% (27.4% complete response and 34.1%
partial response); only 14.6% had primary disease progression.
During available follow-up, 35.4% of the patients experienced
disease progression. Response rates were high both in patients
with liver metastases at baseline (25/42; 59.5%) and those with
metastatic disease but without liver metastases (74/119; 62.2%).
At last follow-up, 130 patients (79.3%) were alive, with an
ECOG of 0 (n = 65, 50%) or 1 (n = 42, 32%). The median

duration of follow-up after ICI initiation was 585 days, and
median OS and PFS were not reached (Table 1, Figure 1).
There was no difference in OS or PFS based on the initial
grade of hepatitis (grade 1-2 vs. grade 3-4).

The initial grade of hepatitis at presentation was 2 in 50
(30.5%), 3 in 75 (45.7%), and 4 in 23 (14.0%) (Table 2). The
median time to onset was 61 days after starting therapy. At
presentation, patients were most often asymptomatic (46.3%),
but flu-like symptoms, including fatigue/anorexia (17.1%),
nausea/emesis (14.0%), abdominal/back pain (11.6%), arthral-
gias/myalgias (8.5%), and rarely jaundice (3.7%) occurred.
Imaging (with ultrasound and/or computed tomography) was
performed in 73 (44.5%) patients. Imaging was unremarkable
in essentially all patients, frequently revealing preexisting and/
or incidental imaging findings including concurrent liver
metastases, cysts, or hemangiomas; there were no characteristic
findings of immune-related hepatitis. Of 32 patients who
underwent liver biopsy, 22 (68.8%) displayed a necroinflam-
matory pattern (acute or chronic), while cholestatic (n = 5,
15.6%), cholestatic and zonal necrosis (n = 3, 9.4%) and zonal
necrosis (n = 2, 6.3%) alone were also observed. Patients that
were biopsied had a higher chance of receiving second-line
immunosuppressants (62.5% vs 12.9%, p < .001), had a longer
time to complete resolution (90 days vs 50 days, p =.019), and
had marginally higher grades of initial hepatitis presentation
(p = .06). None of the 22 patients with necroinflammatory
pattern died of hepatitis, whereas 1/5, 0/3, and 1/2 patients
with cholestatic, mixed cholestatic and zonal necrosis, and pure
zonal necrosis died.

Patients were initially managed with glucocorticoids in
90.9% of cases while 7.9% resolved with observation alone;
two additional patients who were initially observed ultimately
were treated with corticosteroids. Of patients initially treated
with glucocorticoids, 56.4% were treated with high-dose oral
(at least approximately 1 mg/kg), 12.8% were treated with low-
dose oral (<1 mg/kg), and 30.9% were treated with intravenous
steroids. Due to lack of response to glucocorticoids, 37 patients
(22.6%) were given additional immunosuppressants (myco-
phenolate mofetil [MMF] alone n = 31; MMF + tacrolimus
n = 3; MMF + tacrolimus + IVIG n = 1; MMF + abatacept
n = 1; infliximab n = 1) and 45 (27.4%) required an escalation
of their initial glucocorticoid dose.
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