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Potential Mechanism of Action of Anti-PD1 and Anti-CTLA4

Genetic ablation of CTLA4 result in massive lympho
proliferation and early death in mice

Khan, Sem in Cancer Biology in press

Genetic ablation of Pdcd1 (encoding PD1) leads to 
autoimmune phenotypes in mice



Spectrum of Toxicity of 
Immune Checkpoint Inhibitors

Champiat, Ann of Oncol 2016



Possible Mechanisms Underlying irAEs

Postow, NEJM 2018



IrAEs according to Organ Categories

De Martin J Hep Reports 2021



Event Nivolumab + Ipilimumab
N=313

Nivolumab
N=313

Ipilimumab
N=311

Any Grade Grade 3-4 Any Grade Grade 3-4 Any Grade Grade 3-4

Rash 93 (30) 10 (30) 72 (23) 1 (<1) 68 (22) 5 (2)

Pruritus 112 (35) 6 (2) 67 (21) 1 (<1) 113 (36) 1 (<1)

Fatigue 119 (38) 13 (4) 114 (36) 3 (1) 89 (29) 3 (1)

Diarrhea 142 (45) 29 (9) 67 (21) 9 (3) 105 (34) 18 (6)

Vomiting 48 (15) 7 (2) 22 (7) 1 (<1) 24 (8) 1 (<1)

Increased AST 51 (16) 19 (6) 14 (4) 3 (1) 12 (4) 2 (1)

Increased ALT 60 (19) 27 (9) 13 (4) 4 (1) 12 (4) 5 (2)

Colitis 40 (13) 26 (8) 7 (2) 3 (1) 35 (11) 24 (8)

Wolchok, NEJM 2017

Prevalence of Hepatic IrAEs



Variability and Unpredictability of Hepatic IrAEs

N=16

Age, years 63 [33-84]

Sex, F 9 (56)

Interval time immunotherapy 
and hepatitis, weeks

5 [1-49]

AST, UI/L 399 [117-2289]

ALT, UI/L 416 [266-3137]

Total Bilirubin, μmol/L 18 [6-324]

GGT, UI/L 317 [39-1252]

ANA ≥ 1:80 8 (50)

IgG, g/L 9 [6-18]
De Martin, J Hepatol 2018

Hepatitis onset 
even after 
immune 
checkpoint 
discontinuation

Characteristics of a population who developed grade ≥3 hepatitis



Hepatic IrAEs in Non HCC Patients

De Martin J Hep Reports 2021



IrAEs in HCC Patients

De Martin J Hep Reports 2021



Acute hepatitis with confluent centrilobular
necrosis and numerous fibrin ring granulomas 
(HES x 100)  

Granulomas: epithelioid cells without giant cell, 
centered by a lipid vacuole surrounded by a fibrin 
ring (HES x 350)

Anti-CTLA4 (Ipilimumab): Fibring Ring Granuloma

Papouin, Ann Pathol 2018



Acute hepatitis with peri-portal inflammatory 
infiltration and moderate necrotico-
inflammatory activity (HES x 100)   

Lobular inflammatory infiltration made by 
histiocytes and lymphocytes (HES x 300)

Anti-PD1 (Nivolumab): Lobular Hepatitis

Papouin, Ann Pathol 2018



Cholangitis due to ImmuneCheckpoint inhibitors

De Martin J Hep Reports 2021



Lesions of central venous endothélialitis with Fibrous deposits

Courtesy Dr A. Laurent-Bellue

Central Venular with intimal
fibrous deposits and 
endothelialitis
(lymphocytes).

PicroSirius, x200



Lesions of central venous endothélialitis with Fibrous deposits

(SOS)

Charvet Ann Oncol 2020Patient with Metastatic melanoma treated with Nivolumab (14 months)



It is not an « autoimmune-like » hepatitis !!!

Zen, Mod Pathol 2018



ICI-Liver Toxicity and Autoimmune Hepatitis?

De Martin 
J Hep 

Reports 
2021



Common Toxicity Criteria for Adverse Events : CTCAE 

AST <1.25 1.25-2.5 >2.5-5.0 >5.0-10 >10

Alkaline

Phosphatase
<1.25 1.25-2.5 >2.5-5.0 >5.0-10 >10

GGT <1.25 1.25-2.5 >2.5-5.0 >5.0-10 >10

Bilirubin Normal >1.0-1.5 >1.5-2.5 >2.5-5 >5

Descriptive terms are also applied to these grades, with Grade 1 indicating mild, Grade 2

moderate, and Grade 3 severe and Grade 4 life-threatening values.  However, it should

be stressed that these terms usually overestimate the severity of drug induced liver

injury, as ALT levels of 5 to 10 times the upper limit of normal (~200 to 400 U/L) without

symptoms or jaundice cannot be considered severe hepatotoxicity, and should instead be

referred to as “Grade 3 ALT elevations”.  The grading of liver test elevations is sometimes

adjusted to baseline values, particularly in patients with underlying liver disease, such as

hepatitis B or C.  In these situations, Grade 0 represents values <1.25, Grade 1, 1.25-

2.5, Grade 2, 2.6-3.5, Grade 3, 3.6-5, and Grade 4, >5 times baseline.  This convention,

however, is not always used.

A similar grading system has been developed by the Cancer Therapy Evalutation Program of the

National Cancer Institute (NCI) of the National Institutes of Health, which is referred to as the

Common Toxicity Criteria for Adverse Events, version 4.0: CTCAEv4.  In this system, the

following levels are used to assess severity, with the values expressed as multiples of the upper

limit of the normal range (ULN).

FEATURE
Grade

0

Grade 

1

Grade

2

Grade

3

Grade

4

ALT Normal >1.0-2.5 >2.5-5.0 >5.0-20 >20

AST Normal >1.0-2.5 >2.5-5.0 >5.0-20 >20

Alkaline

Phosphatase
Normal >1.0-2.5 >2.5-5.0 >5.0-20 >20

GGT Normal >1.0-2.5 >2.5-5.0 >5.0-20 >20

Bilirubin Normal >1.0-1.5 >1.5-3.0 >3.0-10 >10

Descriptive terms are also applied to these grades, with Grade 1 indicating mild, Grade 2

moderate, and Grade 3 severe and Grade 4 life-threatening values.  However, it should

be stressed that these terms usually overestimate the severity of drug induced liver

injury, as ALT levels of 5 to 20 times the upper limit of normal (~400 to 800 U/L) without

symptoms or jaundice cannot be considered severe hepatotoxicity, and should instead be

referred to as “Grade 3 ALT elevations”.  The grading of liver test elevations is sometimes

adjusted to baseline values, particularly in patients with underlying liver disease, such as

hepatitis B or C.  In these situations, Grade 0 represents values <1.00, Grade 1, 1.00-

2.5, Grade 2, 2.6-5.0, Grade 3, 5.0-20, and Grade 4, >20 times baseline.  This

convention, however, is not always used.

 

Thus, the two grading systems have slightly different "cutpoints" to separate the different grades

of injury.  The AIDS Clinical Trials Group requires an enzyme elevation of at least 1.25 times the

ULN to warrant the designation of Grade 1 abnormalities, whereas the NCI system uses any

elevation above the ULN as Grade 1 enzyme abnormalities.  Similarly, Grade 4 abnormalities in

the AIDS CTG system are based on enzyme values above 10 times the ULN, whereas the NCI

system uses 20 times ULN. 

 
A problem with all grading systems using the upper limit of normal as an index is that there is

little consensus on what the ULN should be or how it should be calculated.  Thus, the upper limit

of normal of ALT in different testing laboratories can range from 19 to 77 U/L, and some

laboratories use a different reference range for women than men. Actually, current automated

systems for measuring ALT values yield very similar results and use of common reference limits

is reasonable, particularly in multicenter trials.  In the LiverTox website, the default ULN for ALT

is 40 U/L, alkaline phosphatase 115 U/L and bilirubin 1.2 mg/dL.  Serum bilirubin values are

particularly confusing when using multiples of the upper limit of normal, as the ULN in different

laboratories may be 1.0, 1.2, or 1.5 mg/dL and a Grade 4 elevation may therefore be 10 mg/dL,

12 mg/dL or 15 mg/dL.  

 
Top of page

Cancer Therapy Evalutation Program of the National Cancer 
Institute (NCI) of the National Institutes of Health

Mild Moderate Severe Life-threatening



ALT/AST ULN Steroids Immunotherapy 

Grade 1
ALT/AST≤3

No Continue

Grade 2
3<ALT/AST≤5

0.5-1mg/Kg/day
Start steroid taper over 4–6 weeks 
when G1

Hold 
Continue once resolved to ≤grade 1 
and off steroids

Grade 3
5<ALT/AST≤20

1-2mg/Kg/day
Start steroid taper over 4–6 weeks 
when G2

Hold; rechallenge only at consultant 
discretion 

Grade 4
ALT/AST>20

2 mg/Kg/day 
If no improvement in 2-3 days, add 
additional/alternative immune 
suppressant

Discontinue immunotherapy

Recommendations of European Society of Medical Oncology

Haanen, Ann of Oncology 2018



RUCAM: Roussel-UCLAF Causality Assessment Method



De Martin,  J Hepatol 2018

Immune-Mediated Hepatitis



Spontaneous Improvement of Immune-mediated Hepatitis

De Martin,  J Hepatol 2018Spontaneous improvement: 38%



Pt Age Sex Immuno
therapy  

Time to 
AE onset 
(weeks)

Grade of 
hepatitis 

Steroids

1 65 M Ipilimumab 9.3 3 No

2 38 F Pembrolizumab 14.1 3 No

3 78 M Ipilimumab 10.4 3 No

4 66 M Ipilimumab 6.1 3 No

5 43 F Ipilimumab 8.9 4 Yes

6 36 M Nivolumab 9.4 4 Yes

7 46 M Nivolumab 19.7 3 No

8 80 M Ipi + Nivo 2.9 2 Yes

9 45 M Ipilimumab 13.9 3 Yes

10 74 M Ipilimumab 14.7 3 Yes

Gauci,  J Hepatol 2018

Immune-mediated hepatitis

50% Spontaneous
improvement

More frequent with antiPD1



ICI induced Cholangitis

Takinami Invest New Drugs 2021



Management 
proposition

De Martin,  J Hepatol 2018



Management of ImmuneCheckpoint inhibitors Hepatitis

De Martin J Hep Reports 2021
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Abstract

Lung cancer remains one of the leading causes of cancer related mortality 

worldwide. The approval of the firs t  immune checkpoint inhibitor,  nivolumab, 

for squamous cell carcinoma of the lung has drastically increased the treatment 

options. Unfortunately, checkpoint inhibitor therapy is not innocuous, with hyper-

infla

m

ma t ion a known side effect. While hepatitis has been reported with this 

medication across several different cancer types, fulminant hepatic failure has 

not been reported. We present the case of a patient with metastatic squamous 

cell carcinoma of the lung that developed hepatitis and ultimately fulminant 

hepatic failure after 2 cycles of  ivolumab therapy. Immunosuppressive therapy 

was initiated but was futile. This is the firs t  reported case in the literature. We 

present this case to not only shed light on the inflam ma t or y side effects that 

can develop with this family of biologics, but also help stress the importance of 

prompt recognition so that corticosteroid therapy can be initiated promptly . 

Keywords: Nivolumab; Liver failure; Immunotherapy; Checkpoint inhibitor

fulminant hepatic failure has never been reported for nivolumab 

in the literature. We present the case of a patient with advanced 

squamous cell carcinoma of the lung that developed severe hepatic 

impairment as a result of nivolumab therapy. He showed no response 

to high dose corticosteroids and was not a liver transplant candidate. 

He expired within 5 days of the diagnosis. We believe that his acute 

hepatic failure was a result of his immunotherapy. We present his 

case below. 

Case Presentation

A 59 year old Caucasian male with squamous cell carcinoma 

of the lung, with metastases to the liver, was initially treated with 2 

cycles of carboplatin and gemcitabine. He showed progression of 

disease on PET/CT and was initiated on treatment with nivolumab. 

I ntroduction

Lung cancer is the leading cause of cancer related mortality 

worldwide, with an estimated 221,200 new cases and 158,040 deaths 

in the United States for the year 2015 [1]. Primary prevention via 

reduced smoking prevalence has led to a drop in the annual death 

rate since the 1960’s [2]. 85% of lung cancer cases are non-small cell 

[3] with 21% of these being squamous cell carcinoma [4]. Prognosis 

is contingent on the stage of presentation, with a 2007 study showing 

a median 5 year survival of 2 percent and 17 percent for clinical and 

pathologic stage IV respectively [5]. 

T e development of immune checkpoint inhibitors has changed 

the therapeutic landscape for squamous cell carcinoma. Nivolumab is 

an IgG humanized monoclonal antibody that targets the programmed 

cell death receptor on the surface of T lymphocytes. A pivotal phase 

III study in advanced squamous cell lung cancer patients from Spiegel 

et al. showed that second line nivolumab produced an increase in 

median OS from 6.0 to 9.2 months when compared head to head with 

docetaxel therapy [6]. 

T e excess inf ammation caused by immune checkpoint inhibitors 

is a well-known side ef ect. T is includes dermatitis, colitis, cerebritis, 

pneumonitis, and importantly hepatitis [7]. Hepatotoxicity has been 

reported as less than 5% [8-10] of patients in trials with nivolumab.  

T e time course is generally accepted to be around 6 weeks af er the 

initiation of treatment the liver transaminase begin to elevate [11]. 

Recommended f rst line treatment includes high dose corticosteroids 

with at least 1-2 mg/kg daily. If there is no response to steroids then 

attempts with mycophenylate and inf iximab can be pursued [12]. 

Anti-T ymocyte Globulin has also been tried in one case report [13]. 

While hepatitis is an uncommon but expected side ef ect, 

Case Report

Acute Liver Failure from Anti-PD-1 Antibody Nivolumab 

in a Patient with Metastatic Lung Squamous Cell 

Carcinoma
Sarkissian Sarmen M .D. and Seery Tara M .D.

Department of Hematology/Oncology, University of 

California, Irvine, USA

*Corresponding author :  Sarkissian Sarmen M.D, 

Department of Hematology/Oncology, University of 

California, Irvine, USA

Received: December 18, 2015; Accepted:  March 21, 

2016; Published:  March 23, 2016

Figure 1: This PET scan representing tumor burden. Overall tumor burden 

occupying less than 25% of total liver parenchyma volume. Strongest SUV 

for liver lesions was 6.55. 

Sarmen, Austin Oncol 2016

Bhave, J Hepatol 2018

Wang, JAMA Oncology 2018 

Fulminant hepatitis related death:
- on Vigilyze-Vigibase, the World Health Organization pharmacovigilance

database (31.059 treated patients) : 0.4%

- In a multicenter study (3545 treated patients) : 0.14%

Fulminant hepatitis due to immune checkpoint inhibitors

Case Report



Fulminant Hepatitis Treated with Plasma Exchange 

HE: hepatic encephalopathy 

Riveiro-Barcela,  J Hepatol 2018

• 76-year-old patient with an ovarian
cancer → grade 2 hepatitis on Nivolumab
improved by corticosteroids.

• Introduction of Ipilimumab due to cancer
progression → no response to
2mg/kg/day of steroids + 1.5 g/day of
MMF.

• Development of fulminant hepatitis.

• Resolution with plasma exchange.



Corticosteroid-Resistant Liver Toxicity 
• 60 year-old patient with metastatic melanoma treated with ipilimumab, developed 

a grade 3 hepatitis

• After a first improvement with corticosteroids, he relapsed

• He was successfully treated with the add of MMF and Antithymocyte globulin

Chmiel, J of Clinical Oncol 2011



Liver Toxicity Treated with Triple Immunosuppression
• 50 year-old patient with metastatic melanoma treated with ipilimumab, developed 

a grade 3 hepatitis

• She was started on 2mg/kg/day of methylprednisolone without improvement 

• MMF and Antithymocyte globulin were added with hepatitis resolution

Ahmed, BMJ Case Rep 2015



HCV Reactivation during Immune Checkpoint Inhibitors ? 

ablation in patients with advanced hepatocellular carcinoma. J Hepatol. 2017 

Mar;66(3):545-551. 

 

 

 

Study Type of 

study  

N of patient Immunotherapy  Viral load 

before therapy 

Evolution  

HBV      

Ravi (2014) Case series 5 Anti-CTLA-4 Negative in 2 

patients and 

positive but on 

antiviral 

therapy in 3 

patients 

No reactivation 

or increase of 

viral load or liver 

tests 

Lake (2017)  Case report 1 Anti-PD-1 negative Reactivation on 

immunotherapy 

Resolution on 

tenofovir 

Koksal 

(2017) 

Case report 1 Anti-CTLA-4 

followed by 

Anti-PD-1 

HBsAg+ 

HBV-DNA not 

known 

Reactivation on 

immunotherapy 

Resolution on 

tenofovir 

El-Khoueiry 

(2017) 

Multicenter 

open-label  

phase 1-2 

trial 

15  

(dose escalation) 

51 

(dose expansion) 

 

Anti-PD1 < 100 IU/mL Patients were on 

antiviral therapy. 

No reactivation 

and no AcHbs 

seroconversion 

Duffy (2017) Single center 

prospective 

study  

5 Anti-CTLA-4 4 patients = 

negative  

1 patient = 

positive 

4 patients were 

on antiviral 

therapy and had 

no reactivation; 

1 patient without 

therapy showed 

reduction in viral 

load  

Zhu (2018) Multicenter 

non-

randomized 

open-label 

phase 2 trial 

22 Anti-PD1 < 100 IU/mL Patients were on 

antiviral therapy. 

No reactivation 

Pandey 

(2018) 

Case report 1 Anti-PD-1 Not known Reactivation 

(HBsAg+, anti-

HBc + HBV-

DNA +). 

Improvement 

with tenofovir 

HCV      

Minter (2013) Case report  1 Anti-CTLA-4 Positive  Reduction of viral 

load with a slight 

increase after 

therapy 

discontinuation 

Sangro 

(2013) 

Multicenter 

open-lable 

phase 1b trial 

21 Anti-CTLA-4 Positive Reduction of viral 

load  

Ravi (2014) Case series 4 Anti-CTLA-4 Positive Reduction of viral 

load for 2 patients. 

stabilization in 1 

patient and 

possible drug-

induced hepatitis 

in 1 patient which 

improved with 

corticosteroids 

Davar (2015)  Case report  2 Anti-PD1  

(1 patient) 

Anti-CTLA-4 

(1 patient) 

Positive Both patients with 

HCV 

monoinfection and  

HCV/HIV 

coinfection = 

stability of viral 

load and liver tests.  

El-Khoueiry 

(2017) 

Multicenter 

open-label 

phase 1-2 

trial 

50 Anti-PD1 Positive Transient reduction 

of viral load 

Duffy (2017) Single center 

prospective 

study  

16 Anti-CTLA4 Positive in 14 

patients 

Reduction of viral 

load in most of the 

patients 

Zhu (2018) Multicenter 

non-

randomized 

open-label 

phase 2 trial 

26 Anti-PD1 Positive No flares  

 

• Viral load reduction



HBV Flares during Immune Checkpoint Inhibitors ? 

ablation in patients with advanced hepatocellular carcinoma. J Hepatol. 2017 

Mar;66(3):545-551. 

 

 

 

Study Type of 

study  

N of patient Immunotherapy  Viral load 

before therapy 

Evolution  

HBV      

Ravi (2014) Case series 5 Anti-CTLA-4 Negative in 2 

patients and 

positive but on 

antiviral 

therapy in 3 

patients 

No reactivation 

or increase of 

viral load or liver 

tests 

Lake (2017)  Case report 1 Anti-PD-1 negative Reactivation on 

immunotherapy 

Resolution on 

tenofovir 

Koksal 

(2017) 

Case report 1 Anti-CTLA-4 

followed by 

Anti-PD-1 

HBsAg+ 

HBV-DNA not 

known 

Reactivation on 

immunotherapy 

Resolution on 

tenofovir 

El-Khoueiry 

(2017) 

Multicenter 

open-label  

phase 1-2 

trial 

15  

(dose escalation) 

51 

(dose expansion) 

 

Anti-PD1 < 100 IU/mL Patients were on 

antiviral therapy. 

No reactivation 

and no AcHbs 

seroconversion 

Duffy (2017) Single center 

prospective 

study  

5 Anti-CTLA-4 4 patients = 

negative  

1 patient = 

positive 

4 patients were 

on antiviral 

therapy and had 

no reactivation; 

1 patient without 

therapy showed 

reduction in viral 

load  

Zhu (2018) Multicenter 

non-

randomized 

open-label 

phase 2 trial 

22 Anti-PD1 < 100 IU/mL Patients were on 

antiviral therapy. 

No reactivation 

Pandey 

(2018) 

Case report 1 Anti-PD-1 Not known Reactivation 

(HBsAg+, anti-

• Most of the patients on 
antiviral therapy 

• 2 case reports of reactivation 



X Zhang J Immunotherapy Cancer 2019

Possibility of HBV Reactivation in HBsAg +ve patients on Immunotherapy



Reintroduction of 
a checkpoint inhibitor ? 



Ziemer, J Hepatol 2016

• 73-year-old patient with
metastatic melanoma → grade
3 hepatitis after 2 cycle of
Nivolumab.

• No hepatitis recurrence after
immunotherapy reintroduction
on budesonide prophylaxis.

Evolution of AST, ALT and  GGT

Re-introduction of Immunotherapy after Severe Hepatitis: 
Budesonide Prophylaxis



Safety of Resuming Anti-PD1 after IrAEs with Combination Therapy 
Anti-PD1 + Anti-CTLA4 

Pollack, Ann Oncol 2018

• 80 patients treated with combination
therapy.

• All discontinued immunotherapy due to
irAEs, 29 (36%) for hepatitis, 19 (24%)
grade 3 or 4.

• All patients resumed anti-PD1 therapy and
50% experienced a toxicity.

• 5 (17%) patients had hepatitis recurrence.

Percentage of patients with toxicities with combination 
therapy and after  resuming anti-PD1 



Safety of Resuming Anti-PD1 or Anti-PD-L1 after IrAEs

Simonaggio, JAMA Oncol 2019

17

5

3

3/5 (60%) patients developed an hepatitis after the rechallenge→ irAEs is not systematic 



Rechallenge after ICI-Liver Toxicity

De Martin 
J Hep Reports 2021



Conclusion

• Hepatic irAEs are characterized by an extreme variability.

• In patients with immune-mediated hepatitis liver biopsy helps to confirm the
diagnosis and to evaluate the severity of liver injury.

• Corticosteroid therapy should not be given systematically, even for grade 3-4 toxicity,
but according to the biological and histological severity of hepatitis.

• In patients who experience immune-mediated hepatitis, immunotherapy
reintroduction is possible with risk since predictive factors for hepatitis recurrence or
immune toxicity of another organ are lacking.

• Specific aspects such as viral coinfection and baseline liver function should be taken
into account



RCP ImmunoTox 

17h30 – salle A808 (4e étage) 
1er et 3e Mercredi du Mois 

Une RCP dédiée aux toxicités induites par immunothérapie.  
Inscrire vos cas en envoyant un email à:  RCP.iTOX@gustaveroussy.fr  Multidisciplinary approach 

Oncologist, Immunologist, Pharmacologist, Organ specialists.. 
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