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Abstract: Camrelizumab (SHR-1210), a humanmonoclonal
antibody against programmed death receptor 1 (PD-1),
blocks the binding of PD-1 to PD-L1, consequently inhi-
biting immune system evasion by tumor cells. A 65-year-
old man underwent radical esophagectomy 5 months ago
following the diagnosis of esophageal cancer by gastro-
scopy. Approximately 40 days later, capecitabine was
administered at a dosage of 1.5 g Po bid for 14 days, and
anti-PD-1 (camrelizumab 200mg) was administered twice.
Around 20 days later, abnormal liver function was detected.
He received a diagnosis of drug-induced liver injury. Chest
computed tomography scanning revealed interstitial inflam-
matory lesions in both lower lungs. Liver biopsy revealed
immune injury with ductopenia. Therefore, the diagnosis
was revised as immune-related pneumonia and hepatitis
associated with camrelizumab. The treatment regimen of
methylprednisolone was adjusted to 40mg/day and gradu-
ally increased to 80mg/day. Mycophenolate mofetil was
administered at a dose of 2 g/day. Consequently, chest tight-
ness and shortness of breath resolved, and pulmonary
inflammation improved. However, jaundice did not improve
and continued to exacerbate. The last measured pro-
thrombin time was 41 s, prothrombin activity was 19%,
and the international normalized ratio was 4.03. The cause
of death was diagnosed as liver failure, cardiopulmonary
failure, and septic shock.
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1 Introduction

Programmed death receptor 1 (PD-1), also known as
CD279, is an important immunosuppressive molecule. It
regulates the immune system and promotes self-toler-
ance by downregulating the response of the immune
system to human cells and inhibiting T cell inflammatory
activity. Immunomodulation via targeting PD-1 is of great
significance in tumors, infections, and autoimmune dis-
eases as well as organ transplantation survival. PD-1/PD-
L1 antibody has been widely used in a variety of tumors
and demonstrates very good clinical effects. However, in
recent years, immune-related adverse events (irAEs) asso-
ciated with anti-PD-1 or anti-PD-L1 agents have been
reported, indicating that the immune system is over-acti-
vated. With the widespread application of immune check-
point inhibitors (ICIs), clinicians encounter an increasing
number of patients with irAEs. Hepatitis, pneumonia, colon
cancer, heart inflammation, and nervous system inflamma-
tion are the common irAEs. There is no effective treatment
for immune myocarditis, and the mortality rate is as high as
46% [1]. De Martin et al. reported that liver injury due to
immunotherapy is uncommon, and severe liver injury is rare
in patients undergoing immunotherapy [2].

Camrelizumab (SHR-1210), a human monoclonal anti-
body against PD-1, blocks the binding of PD-1 to PD-L1, thus
inhibiting immune system evasion by tumor cells. It shows a
high affinity for PD-1 (KD = 3.31 nmol/L) and a high occu-
pancy rate on circulating T lymphocytes (85% at a dose of
200mg) [3]. Phase I clinical studies of camrelizumab have
shown very good safety [4,5]. Camrelizumab showed good
activity and completeness in advanced hepatocellular carci-
noma and gastrointestinal cancer [6,7]. In addition, it is an
effective drug for second-line tumor treatment [8]. Here, we
report for the first time a case of fatal immune-related
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hepatitis with intrahepatic cholestasis, ductopenia, and
pneumonia associated with camrelizumab that finally pro-
gressed into liver failure complicated with cardiopulmonary
failure, resulting in death.

2 Case report

A 65-year-old man underwent radical esophagectomy 5
months ago following the diagnosis of esophageal cancer
by gastroscopy. The postoperative pathology was well-
differentiated squamous cell carcinoma of the esophagus,
involving the adventitia and local foci around the eso-
phagus. Approximately 40 days later, mediastinal lymph
node metastasis was observed. Capecitabine was admi-
nistered at a dosage of 1.5 g per os, twice daily for 14 days.
At that time, the patient’s liver and kidney function tests
were normal, and 1 week later, an anti-programmed
death-ligand 1 agent (camrelizumab 200mg) was admi-
nistered twice with a 2-week interval between each dose.
Around 20 days later, abnormal liver function was detected:
total bilirubin (TBIL), 52.2 µmol/L; direct bilirubin (DBIL),
38.8 µmol/L; alanine aminotransferase (ALT), 176.7 U/L;
aspartate aminotransferase (AST), 250.5 U/L; alkaline phos-
phatase (ALP), 336 U/L; and γ-glutamyl transpeptidase
(GGT), 638U/L. He received a diagnosis of drug-induced
liver injury (DILI). Approximately 1 week later, his ALT
and AST levels decreased rapidly, and TBIL continued to
deteriorate (Figure 1). Considering the possibility of intrahe-
patic cholestasis, the physician added ursodeoxycholic acid
(25mg/kg/day) and methylprednisolone (20mg/day). How-
ever, the cholestasis did not improve notably. Then, plasma
exchange (PE) and a double plasma molecular absorption
system (DPMAS) for blood purification were added, and
cholestasis improved within a short time (Figure 1). During
this period, except for yellow skin and dark urine, the

patient had no other symptoms. Nonetheless, chest tightness
and shortness of breath developed after 1 month of hospita-
lization. Chest computed tomography (CT) scanning
revealed interstitial inflammatory lesions in both lower lungs
(Figure 2). Liver biopsy revealed nonspecific immune injury
(Figure 3). The doctor revised the diagnosis as immune-
related pneumonia and hepatitis associated with camreli-
zumab. The treatment regimen of methylprednisolone
was adjusted to 40 mg/day and gradually increased to
80 mg/day and mycophenolate mofetil 2 g/day was also
added. Consequently, chest tightness and shortness of
breath resolved, and pulmonary inflammation improved
(Figure 2). Nevertheless, jaundice did not improve and con-
tinued to exacerbate. During the last 2 weeks of hospitaliza-
tion, the patient showed symptoms such as high fever,
decreased appetite, vomiting, and diarrhea. He was treated
with human serum albumin (0.5–1.0 g/day), human hemo-
globin (1.0–1.5 g/day), cefoperazone sulbactam (2 g, q12h),
and caspofungin (50mg). The last measured prothrombin
time was 41 s, prothrombin activity was 19%, and the inter-
national normalized ratio was 4.03. The cause of death was
diagnosed as liver failure, cardiopulmonary failure, and
septic shock. The serummarkers of hepatitis A–Ewere nega-
tive; nuclear antibody, mitochondrial antibody, liver, and
kidney microsomal antibody, and anti-liver soluble antigen-
antibody were negative; and immunoglobulin G value was
8.93 g/L (<16 g/L). Obstructive jaundicewas excluded bymul-
tiple imaging examinations. Contrast-enhanced abdominal
CT showed heterogeneous enhancement of liver density
(Figure 4).

3 Discussion

The toxic effects caused by ICIs can affect all human
organs. The underlying mechanism involves the

Figure 1: Liver function changes and treatment flow chart.
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activation of self-reactive T cells, which damage human
tissues. The common organs affected by ICIs include
the colon, liver, lung, and pituitary. Colon injury mainly
results in diarrhea and abdominal pain, liver injury causes
abnormal liver function, and lung injury leads to interstitial
pneumonia. Although the pituitary, heart, and other organs
are often not damaged, damage to these organs results in a
very high mortality rate. The mortality rate of immune myo-
carditis is as high as 46% [1].

In a meta-analysis performed by searching the VigiBase
database (http://www.vigiaccess.org/) [9], a total of 613
cases of fatal toxicity events related to ICIs were collected
from 2009 to January 2018, of which 124 cases had hepatitis
manifestations: 31 cases (31/193) caused by ipilimumab;
74 cases (74/333) caused by anti-PD-1/PD-L1; and 19 cases
(19/22) caused by the mixture of two drugs.

In a study by De Martin et al., of the 536 patients
treated with anti-PD-1/PD-L1 or CTLA-4 immunothera-
peutics [2], 16 patients developed grade ≥3 hepatitis.

Nine patients were treated with anti-PD-1/PD-L1. Liver
tissue injury associated with CTLA-4 mAb was characteri-
zed by granulomatous hepatitis, fibrosis, and central
venous dermatitis. The liver histological damage asso-
ciated with anti-PD-1/PD-L1 treatment was characterized
by inflammatory injury dominated by lobulitis. Six patients
recovered spontaneously. Seven patients received methyl-
prednisolone 0.5–1 mg/kg/day, two patients received
0.2mg/kg/day, and one patient received 2.5mg/kg/day of
immunosuppressive drugs. Liver failure did not occur in
any patient. Three of them were treated again because of
the recurrence of hepatitis. De Martin et al. reported that
immune-related hepatitis damage caused by ICIs is rare
(3.5%). Liver biopsy helped identify whether the damage
was caused by anti-PD-1/PD-L1 or CTLA-4 mAb. The liver
damage improved spontaneously in some patients, while in
some patients corticosteroid treatment was required. These
findings indicate that a biopsy could help confirm liver
damage and severity.

Figure 2: Changes in lung computed tomography scan. (a) At the beginning of the disease, the two lower lungs showed mild inflammation
and exudation. (b) One month later, lung exudation aggravated; the clinical symptoms were chest tightness and shortness of breath.
(c) Two weeks after treatment with methylprednisolone (1 mg/kg/day), the lesions were markedly absorbed, and the symptoms disap-
peared. (d) In the last week, pulmonary inflammation exacerbated, and mediastinal pneumothorax (arrow) appeared.

Figure 3: Pathological changes in a liver puncture. (a) Histological features of the liver were mainly lobular inflammation (arrow), with
ductopenia, cholestasis of the capillary bile duct, and no obvious liver fibrosis (100, hematoxylin-eosin staining). (b) Panlobular hepatitis
with lymphoplasmacytic infiltration (white arrow), hemorrhage of sinus endothelium (arrow), and cholestasis of capillary bile duct
(red arrow) (200, hematoxylin-eosin staining).

Fatal immune-related hepatitis with intrahepatic cholestasis and pneumonia  555

http://www.vigiaccess.org/


The currently available pathological descriptions of
liver injury induced by ICIs are based on the findings
from case reports [10–13]. Nonspecific immune injury is
the main feature of liver injury due to ICIs, and the main
lesion area is lobules rather than the portal area. Clinico-
pathological findings of ipilimumab-associated hepatitis
were severe panlobular hepatitis and perivenular infil-
trate with endothelialitis in two cases – in one case, it
was mainly bile ductular proliferation, with mixed portal
infiltrate around the bile ducts [14]. The pathological fea-
tures in our patient were lobulitis with lymphoplasma-
cytic infiltration, hemorrhage of sinus endothelium, and
obvious inflammation.

In a parallel-group, randomized, phase 2 trial of cam-
relizumab performed in patients with advanced hepato-
cellular carcinoma, 12 patients developed abnormal liver
function, of which six (3%) had grade 1–2; five (2%) had
grade 3, and one had grade 4 and died [8].

Regarding the management of immune-related hepa-
titis injury due to ICIs, most patients with grade 1–2 AEs
can recover by themselves after withdrawal of the drug.
Immunosuppressants are required for the management of
liver injury above grade 3. Methylprednisolone at a dose
of 0.5–2.0 kg/day is recommended for grade ≥3 liver
injury, and cytoinhibitors are added according to the
patient’s condition [13,15].

Our patient was initially diagnosedwith DILI. Interstitial
inflammation of the lungs and immune inflammation of the
liver were themainmanifestations. The diagnosis wasmodi-
fied as immune injury related to ICIs. The obvious abnorm-
ality in our patient’s liver function was hyperbilirubinemia,
accompanied by an increase in the choledochal enzymes,
alkaline phosphatase, and gamma-glutamyl transferase, which
are manifestations of intrahepatic cholestasis. Treatment
with ursodeoxycholic acid did not result in any obvious

improvements. The combination of double plasma mole-
cular adsorption system and plasma exchange treatment
can improve hyperbilirubinemia through physical adsorp-
tion and plasma exchange [16]. This method is widely
used in China [17,18]. Patients who undergo this treatment
show a marked improvement in their hyperbilirubinemia.
However, liver pathology has shown that non-specific
immune injury to the liver is accompanied by ductopenia
(which is a possible characteristic of immune checkpoint
inhibitors) that determines whether the jaundice is difficult
to manage. Corticosteroids and immunosuppressants are
measures that are used to control severe liver injury; how-
ever, their effects are often unsatisfactory [19]. Although
increasing the use of immunosuppressants improved pul-
monary inflammatory lesions for a certain time, opportu-
nistic infection gradually appeared. Sepsis developed into
liver failure, cardiopulmonary failure, septic shock, and
multiple organ failure. Based on these findings, it can be
suggested that there is no specific treatment for immune
injury related to ICIs.

In conclusion, we reported on a case of immune-
associated liver injury and immunological pneumonia
that was mainly characterized by intrahepatic cholestasis
and pathologically indicated intrahepatic bile duct defi-
ciency. A variety of treatments did not stop the disease
progression and the patient still developed multiple organ
failures and, ultimately, died.

Author contributions: Y. W. Tan and Y. Ye designed the
research; L. Chen collected and analyzed the data, and
drafted the manuscript; Y. W. Tan and Y. Ye wrote
and revised the manuscript; all authors have read and
approved the final version to be published.

Funding information: No funding was received.

Conflict of interest: The authors declare that they have no
conflict of interest.

Data availability statement: The data of the study are
available from the corresponding author on reasonable
request.

References

[1] Moslehi JJ, Salem JE, Sosman JA, Lebrun-Vignes B, Johnson DB.
Increased reporting of fatal immune checkpoint inhibitor-
associated myocarditis. Lancet. 2018;391(10124):933.

[2] De Martin E, Michot JM, Papouin B, Champiat S, Mateus C,
Lambotte O, et al. Characterization of liver injury induced by

Figure 4: Contrast-enhanced abdominal computed tomography
showing heterogeneous enhancement of liver density.

556  Youwen Tan et al.



cancer immunotherapy using immune checkpoint inhibitors.
J Hepatol. 2018;68(6):1181–90.

[3] Markham A, Keam SJ. Camrelizumab: first global approval.
Drugs. 2019;79(12):1355–61.

[4] Mo H, Huang J, Xu J, Chen X, Wu D, Qu D, et al. Safety, anti-
tumour activity, and pharmacokinetics of fixed-dose SHR-
1210, an anti-PD-1 antibody in advanced solid tumours:
a dose-escalation, phase 1 study. Br J Cancer.
2018;119(5):538–45.

[5] Fang W, Yang Y, Ma Y, Hong S, Lin L, He X, et al. Camrelizumab
(SHR-1210) alone or in combination with gemcitabine plus
cisplatin for nasopharyngeal carcinoma: results from two
single-arm, phase 1 trials. Lancet Oncol. 2018;19(10):1338–50.

[6] Huang J, Xu B, Mo H, Zhang W, Chen X, Wu D, et al. Safety,
activity, and biomarkers of SHR-1210, an Anti-PD-1 antibody,
for patients with advanced esophageal carcinoma. Clin Cancer
Res. 2018;24(6):1296–304.

[7] Xu J, Zhang Y, Jia R, Yue C, Chang L, Liu R, et al. Anti-PD-1
antibody SHR-1210 combined with apatinib for advanced
hepatocellular carcinoma, gastric, or esophagogastric
junction cancer: an open-label, dose escalation and
expansion study. Clin Cancer Res. 2019;25(2):515–23.

[8] Qin S, Ren Z, Meng Z, Chen Z, Chai X, Xiong J, et al.
Camrelizumab in patients with previously treated advanced
hepatocellular carcinoma: a multicentre, open-label, parallel-
group, randomised, phase 2 trial. Lancet Oncol.
2020;21(4):571–80.

[9] Wang DY, Salem JE, Cohen JV, Chandra S, Menzer C, Ye F, et al.
Fatal toxic effects associated with immune checkpoint inhibi-
tors: a systematic review and meta-analysis. JAMA Oncol.
2018;4(12):1721–8.

[10] Karamchandani DM, Chetty R. Immune checkpoint inhibitor-
induced gastrointestinal and hepatic injury: pathologists’
perspective. J Clin Pathol. 2018;71(8):665–71.

[11] Zen Y, Yeh MM. Hepatotoxicity of immune checkpoint inhibi-
tors: a histology study of seven cases in comparison with
autoimmune hepatitis and idiosyncratic drug-induced liver
injury. Mod Pathol. 2018;31(6):965–73.

[12] Aivazian K, Long GV, Sinclair EC, Kench JG, McKenzie CA.
Histopathology of pembrolizumab-induced hepatitis: a case
report. Pathology. 2017;49(7):789–92.

[13] Simonelli M, Di Tommaso L, Baretti M, Santoro A. Pathological
characterization of nivolumab-related liver injury in
a patient with glioblastoma. Immunotherapy.
2016;8(12):1363–9.

[14] Kim KW, Ramaiya NH, Krajewski KM, Jagannathan JP,
Tirumani SH, Srivastava A, et al. Ipilimumab associated
hepatitis: imaging and clinicopathologic findings. Invest N
Drugs. 2013;31(4):1071–7.

[15] Spain L, Diem S, Larkin J. Management of toxicities of immune
checkpoint inhibitors. Cancer Treat Rev. 2016;44:51–60.

[16] Yao J, Li S, Zhou L, Luo L, Yuan L, Duan Z, et al. Therapeutic
effect of double plasma molecular adsorption system and
sequential half-dose plasma exchange in patients with
HBV-related acute-on-chronic liver failure. J Clin Apher.
2019;34(4):392–8.

[17] Guo X, Wu F, Guo W, Zhang J, Yang Y, Lu Y, et al. Comparison of
plasma exchange, double plasma molecular adsorption
system, and their combination in treating acute-on-chronic
liver failure. J Int Med Res. 2020;48(6):300060520932053.

[18] Zhang J, Luo H, Han Y, Zhou X. Sequential versus mono double
plasma molecular adsorption system in acute-on-chronic liver
failures: a propensity-score matched study. Int J Artif Organs.
2021;44(1):391398820987565.

[19] Peeraphatdit TB, Wang J, Odenwald MA, Hu S, Hart J,
Charlton MR. Hepatotoxicity from immune checkpoint inhibi-
tors: a systematic review and management recommendation.
Hepatology. 2020;72(1):315–29.

Fatal immune-related hepatitis with intrahepatic cholestasis and pneumonia  557


	1 Introduction
	2 Case report
	3 Discussion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU <FEFF0056006500720073006900740061002000410064006f00620065002000440069007300740069006c006c00650072002000530065007400740069006e0067007300200066006f0072002000410064006f006200650020004100630072006f006200610074002000760036>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


