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Liver failure resolved via corticosteroids plus plasma exchange
in a patient with hepatocellular carcinoma receiving nivolumab
immunotherapy: case report

Yurong Gu'*, Yufeng Zhang'*, Yuehua Huang"’, Yanhua Bi’, Zhengran Li’, Jianyun Zhu'

'Department of Infectious Diseases, the Third Affiliated Hospital of Sun Yat-sen University, Guangzhou, China; *‘Guangdong Provincial Key
Laboratory of Liver Disease Research, the Third Affiliated Hospital of Sun Yat-sen University, Guangzhou, China; *Department of Interventional
Radiology, the Third Affiliated Hospital of Sun Yat-sen University, Guangzhou, China

"These authors contributed equally to this work and should be considered as co-first authors.

Correspondence to: Jianyun Zhu. Department of Infectious Diseases, the Third Affiliated Hospital of Sun Yat-sen University, Guangzhou, China.
Email: 13719366255@139.com; Zhengran Li. Department of Interventional Radiology, the Third Affiliated Hospital of Sun Yat-sen University,

Guangzhou, China. Email: andyreede@msn.com.

Background: Therapy with immune checkpoint inhibitors (ICIs) is an option for advanced hepatocellular
carcinoma (HCC). Prednisone is recommended for immune-mediated hepatotoxicity (IMH) induced by ICIs
in guidelines. However, liver failure is a severe and fetal IMH of ICIs, and little is known about the combined
therapy of corticosteroids and plasma exchange (PE) for this IMH.

Case Description: Herein, we present a case of liver failure induced by the anti-PD-1 antibody nivolumab
in a patient with advanced hepatitis B virus infection (HBV)-related HCC. This patient developed fulminate
liver failure 2 weeks later after the nivolumab treatment besides receiving twice transcatheter arterial
chemoembolization (TACE) therapy. Cell immunity in peripheral blood and serum inflammatory cytokine
levels were evaluated by flowcytometry and enzyme linked immunosorbent assay. The combined treatment
of corticosteroid and PE at the early stage of liver failure in this patient successfully led to a rapid recovery.
Elevated levels of interleukin (IL)-10 and tumor necrosis factor o (TNF-0) in serum, a lower proportion of
CDS8" T cells and an increased CD4"/CD8" ratio were also found.

Conclusions: Our case report suggested that corticosteroid combined with PE might be a feasible
treatment option for nivolumab induced liver failure in HBV-related HCC, and early detection and

prevention of liver failure were also necessary during ICIs therapy.
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Introduction which has been approved to be used alone or together with

Immune checkpoint inhibitors (ICIs) are a remarkable other drugs to treat HCC (2).

breakthrough in the immunotherapy of many malignancies,
from metastatic melanoma and now also to advanced
hepatocellular carcinoma (HCC). There have been several
approved checkpoint inhibitors, such as programmed cell
death receptor 1 (PD-1), programmed death ligand 1 (PD-
L1), and cytotoxic T-lymphocyte associated protein 4
(CTLA-4) (1). Nivolumab is one type of PD-1 inhibitor,
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However, treatment with ICIs may induce various
immune-related adverse events (irAEs) in many organs,
which are thought to be caused by blocking immune
checkpoint and activating nonspecific immunity. irAEs
of ICIs often affect the skin, lung, gastrointestinal tract,
endocrine, nervous, and musculoskeletal systems. ICI-

induced immune-mediated hepatotoxicity (IMH) is an
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Figure 1 Images of CT scan during disease process. (A) Multi-slice CT scan showing representative massive lesions in the right lobe of

liver and extensive cancerous emboli in the portal vein and its branches. (B,C) Dynamic changes of CT Images after therapy. CT, computed

tomography.

important irAE, and the incidence of reported IMH varies
from 0.7-16%, depending on dosage, class of ICIs and
whether mono-therapy or combination therapy of ICIs
was used. The incidence of IMH of any grade caused by
PD-1 is lower (0.7-2.1%) but it is higher in combined
CTLA-4/PD-1 (13%) and high dose of CTLA-4 therapies
(16%). The incidence of grade 3 and 4 induced by ICIs
was up to 11% (3), notably, fulminant liver failure cases of
IMH were few (0.1-0.2%) (4,5). The onset of IMH could
typically occur during 2 to 12 weeks, or after 1 to 3 doses
of ICIs administration. ICI-induced fulminate liver failure
is severe, fatal, and with poor prognosis. Corticosteroids is
recommended in treatment guidelines of IMH in HCC (6).
Other non-corticosteroid treatment methods were still
attempted in studies and new strategies are needed to be
explored in this liver failure. However, little is known
about the combined therapy of corticosteroids and plasma
exchange (PE) in IMH, especially in fulminate liver
failure induced by nivolumab. Herein, we report a case of
nivolumab-induced liver failure in HCC successfully treated
with corticosteroid plus PE, who had an excellent and rapid
recovery. We present the following case in accordance with
the CARE reporting checklist (available at https://aob.
amegroups.com/article/view/10.21037/aob-21-65/rc).

Case presentation

A 47-year-old male patient with a history of chronic
hepatitis B (CHB) came to the outpatient department of
intervention in our hospital with a feeling of fullness in
the right upper abdomen on 17 January 2020, he did not
get regular physical check-ups and receive any therapy on
CHB before. He was examined by ultrasound scan and a
large heterogeneous irregular mass was reported in the
right hepatic lobe. Subsequently, the multi-slice enhanced
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computed tomography (CT) scan confirmed this mass as
a large primary HCC in the liver. Moreover, extensive
cancerous emboli were also found in the main trunk, left
and right branches of portal vein, superior mesenteric
vein and its branches, Figure 14. Dynamic representative
images of the CT scan are shown in Figure 14-1C. The
level of serum alpha-fetoprotein (AFP) was 112,522 ng/mL
at that time, and the dynamic changes in serum AFP
over time are shown in Figure 24. Because of the typical
characteristics of HCC in CT images (hyper-enhancement
in arterial phase and early wash-out in venous phase), the
tumor biopsy was not performed. He was admitted on 19
January 2020, and further routine tests showed that he had
positive HBsAg, HBeAg, and HBcAb, and a minor elevation
of liver function [alanine aminotransferase (ALT): 40 U/L,
aspartate aminotransferase (AST): 69 U/L]. His HBV
DNA load was 2.35E+6 IU/mL and anti-HBV therapy with
tenofovir alafenamide fumarate (TAF) was initiated. The
patient was diagnosed as HCC, cirrhosis, with a Child-Pugh
score of 5, and without ascites and hepatic encephalopathy.
Therefore, according to the Barcelona Clinic Liver Cancer
(BCLC) classification, the tumor stage of BCLC-C was
assigned. He underwent the first transcatheter arterial
chemoembolization (TACE) treatment for the tumor in the
left hepatic lobe with lobaplatin (50 mg) and pirarubicin
hydrochloride (40 mg) plus Hepasphere on 20 January
2020, and he started on sorafenib on 22 January 2020. The
patient experienced only mild side effects involving the skin
(peeling) that did not affect the activities of daily life and
sorafenib was not interrupted.

The levels of AFP decreased significantly and it was
25,984 ng/mL on 11 March 2020 (Figure 24). The images
of multi-slice CT scan showed a dramatic reduction in HCC
burden (Figure 1B). By 13 March 2020, he received the
second TACE with the same chemotherapy drugs as the first
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Figure 2 Evolution of clinical features. Dynamic changes of the levels of (A) serum AFP, (B) liver function (AST, ALT and bilirubin), (C)
coagulation function values, (D) ALB and GLB, (E) GGT and ALP, over time. AFP, alpha-fetoprotein; AST, aspartate aminotransferase;

ALT, alanine aminotransferase; TBIL, total bilirubin; PT, prothrombin time; INR, international normalized ratio; Fib, fibrinogen; ALB,

albumin; GLB, globulin; GGT, gamma-glutamyltransferase; ALP, alkaline phosphatase.

treatment of TACE. On 17 March 2020, a dose of nivolumab
(140 mg) was intravenously administered as a single injection
in addition to daily sorafenib, and at that time the Child-
Pugh score of the patient was still 5. Approximately 2 weeks
later after the nivolumab treatment, the patient gradually
presented dark urine, and general discomfort including
fatigue and skin yellowing from 1 April 2020 at home,
without fever, clay-colored stools, and itchy skin. However,
he did not return to our hospital until 13 April 2020. At the
outpatient clinic, the patient was cooperative, conscious,
and calm during physical examination, with no objective
disorientation. Except for hepatomegaly, skin and scleral
jaundice, his body temperature, blood pressure and cardiac
frequency were normal and other significant alterations were
not found. The results of blood tests indicated total bilirubin
(TBIL) 399.4 pmol/L [upper limit of normal (ULN):
23.9 ymol/L], AST: 1,731 U/L (ULN: 35 U/L), ALT:

© Annals of Blood. All rights reserved.

2,042 U/L (ULN: 35 U/L), gamma-glutamyltransferase
(GGT): 158 U/L (ULN: 40 U/L), prothrombin activity
(PTA): 40%, prothrombin time (PT)/international
normalized ratio (INR): 1.9, fibrinogen (Fib) concentration:
2.11 g/L. Changes in these features over time are shown in
Figure 2B-2E.

The patient was hospitalized into the intervention
department immediately on 13 April 2020. Liver failure
was diagnosed initially and sorafenib was stopped at the
same time. Serologic evaluation, namely Epstein Barr
virus (EBV) DNA, cytomegalovirus (CMV) DNA, human
immunodeficiency virus (HIV), hepatitis A and hepatitis
C virus were all negative. Although the HEV-1gG was
positive, both HEV-IgM, and HEV-RNA were negative.
Further investigations of autoimmune liver disease and
Wilson disease were performed and these were all excluded.
A more obvious reduction of tumor burden was shown
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Figure 3 Therapy strategy, dynamic changes of PLT count and timeline during the disease process. (A) Timeline of administration of

different therapies. (B) Dynamic changes of PLT counts following the use of nivolumab. (C) Timeline of the disease process. CT, computed

tomography; TACE, transcatheter arterial chemoembolization; PLT, platelet.

by multi-slice CT scan than that obtained on 9 March
2020 (Figure 1C). However, the levels of TBIL continually
increased to 406 pmol/L on 15 April 2020, and the patient
was transferred to our liver disease department.

Nivolumab-induced fulminate liver failure, an important
irAE of ICIs, was diagnosed on the first day in the liver
disease department, and therapy with 120 mg intravenous
methylprednisolone (2 mg/kg) was started immediately.
The PE was performed on the second day and subsequently,
a rapid alleviation of liver injury was observed (ALT
decreased to 313 U/L and TBIL dropped to 210.8 pmol/L).
In order to enhance the efficacy of the above combination
treatment, the second PE treatment was administrated on
20 April 2020. His liver function recovered in further (ALT
decreased to 98 U/L and TBIL declined to 60.7 pmol/L).
Therefore, the dose of methylprednisolone was gradually
reduced to 80 and 60 mg/day with progressive tapering, and
the therapeutic approaches are shown in Figure 3A4.

After almost 10 days of corticosteroid therapy combined
with twice PE treatments, the liver function of the patient

© Annals of Blood. All rights reserved.

was obviously recovered (ALT decreased to 62.0 U/L, TBIL
decreased to 62.3 pmol/L, PTA: 46%). Then the dosage of
oral prednisolone was continuously reduced and lasted for
31 days in total. However, we noticed that the platelet (PLT)
count of the patient decreased dramatically from 103x10°/L
to 25x10°/L on 29 April, Figure 3B. However, the D-dimer
and 3P tests were normal, both of his hemoglobin (HGB)
and white blood cells (WBC) were within the normal levels,
and the patient showed no signs of bleeding. The result
of bone marrow puncture showed that the maturation
of megakaryocytes was impaired, although its number
increased. The patient received subcutaneous injection of
recombinant human thrombogenin daily for 2 weeks, and
the count of PLT increased to 50x10’/L and remained stable
at this level. On the 20 May 2020, the patient felt better and
complained no obvious discomfort after above combined
treatment. And he was discharged under the following
conditions: ALT" 35 U/L, TBIL 43.1 pmol/L, and PTA 71%.
The timeline of the disease process is shown in Figure 3C.
Cellular immunity and serum cytokine levels were
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Figure 4 The frequencies of immune cells. The frequency of (A) CD3°CD19" B cells, (B) CD3°CD56"/CD16" NK cells, (C) CD3°*CD4" T
cells and (D) CD3"CD8" T cells on the day of administration tested by flow cytometry. NK, natural killer.

evaluated by flow cytometry and ELISA test on the first day
of the patients transferring to the liver disease department.
The results showed that the proportions of CD3°CD19"
B cells and CD3°CD56/CD16" NK cells were normal,
at 7% and 27%, respectively. Although the frequency of
CD4" T cells was normal (47%), the frequency of CD8"
T cells decreased (13%) and the ratio of CD4" to CD8" T
cells increased (3.62). The results of flow cytometry analysis
are shown in Figure 4. The level of serum TNF-a was
10.9 pg/mL (ULN: 8.1 pg/mL), serum interleukin (IL)-6
was 6.4 pg/mL (ULN: 7.0 pg/mL), and serum IL-10 was
10.10 pg/mL (ULN: 9.1 pg/mL).

The patient received another three times TACE
treatments after discharge. He is still on follow-up every
month until 2021 July 21th, and his liver function [ALT,
TBIL and albumin (ALB)] kept normal during outpatient
visits. The CT scan showed that the size of the tumor in

© Annals of Blood. All rights reserved.

liver decreased to 66 mm x 56 mm, with AFP 1,573 ng/mL.

All procedures performed in this study were in
accordance with the ethical standards of the institutional
and/or national research committee(s) and with the Helsinki
Declaration (as revised in 2013). Written informed consent
was obtained from the patient for publication of this case
report. A copy of the written consent is available for review
by the editorial office of this journal.

Discussion

Currently, ICIs are widely used in tumor treatment,
including nivolumab for advanced HCC (2). IMH is a well-
known irAEs associated with ICI therapy, of which fulminant
liver failure is sever and fatal (4). The case presented herein
is noteworthy as the patient rapidly developed liver failure
after the nivolumab treatment. However, early recognition
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and combined therapy of PE and the recommended
corticosteroid got a success in treating this case.

The mechanism of IMH induced by ICIs is not well
understood. It is already known that ICIs could reverse the
dysfunction of immune cells by blocking the interaction
between immune checkpoint molecules and their ligands,
breaking the exhaustion status of immune cells and
enhancing the defense capacity of immune system (7). In
animal models, ICIs were shown to be able to promote the
activation and infiltration of T cells in the liver, suggesting
that increased autoimmune inflammation to hepatocytes
induced by ICI-induced T cell activation might be one
of the mechanisms involved in IMH (8,9). In addition,
genetic factors may also have an important role in the
occurrence of IMH during ICIs treatment (10). Currently,
several biomarkers were reported to be associated with the
development of IMH, such as IL-6, soluble CD163, and
CXCLS5 (11). Honjo ez al. (12) reported a severe syndrome
caused by cytokine release in a patient with pleomorphic
carcinoma of the lung, which resulted in fulminant purpura
despite a successful response to nivolumab therapy, but
elevated serum IL-1p, IL-6, IL-10, TNF-a, IFN-y, and
G-CSF levels were found. In our case, although the serum
levels of IL.-6 were normal, the levels of I1.-10 and TNF-a
were significantly elevated, indicating the increase of
immune inflammation induced by nivolumab therapy in this
patient, which might partly contribute to the liver injury
and decreased PLT" counts. Studies found that infiltrating
lymphocytes in the injured liver tissue of IMH induced by
ICIs were mainly CD8" T cells, which was consistent with
the proposed mechanism that the restored cytotoxic effects
of CD8" T cells drive IMH immune reactions (9,13). In
this patient, we also examined the phenotype of peripheral
blood immune cells, as shown in Figure 4, and the result
showed there was a lower proportion of CD8" T cells and
an increased CD4°/CD8" ratio, which is contrary to the
above studies, which warrants further evaluation.

The guidelines of ICI-induced irAEs recommends
oral prednisone 0.5-1.0 mg/kg/day for grade 2 IMH, and
intravenous methylprednisone 1-2 mg/kg/day for grade 3
and 4 IMH (6). Non-corticosteroid immunosuppressive
therapies, such as mycophenolate mofetil (13), cyclosporine
and antithymocyte globulin (AT'G) (14), have been reported
in cases of steroid-refractory IMH. Although most of the
IMHs induced by ICIs could recover, liver failure is still
a fatal irAEs with very poor prognosis. Therefore, new
strategies are urgently needed.

PE is a treatment option for immune-related diseases,

© Annals of Blood. All rights reserved.
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as it has the ability to remove toxic and inflammatory
molecules from the serum (15-18). Studies have also
found that PE could improve acute liver failure survival
by attenuating innate immune activation and increasing
the proportion of Treg cells (19). There have been many
reports about PE therapy for organ toxicity induced by
ICIs, such as bullous pemphigoid, myasthenia, myositis,
encephalitis, and thrombotic thrombocytopenic purpura
(20-24). However, few liver failure cases induced by ICIs
have been reported that were treated using PE. The
exception is Riveiro-Barciela et /. (25), who reported a
success therapy using immunosuppressant drugs plus PE
for treating a melanoma patient with liver failure induced
by nivolumab. Further, nivolumab is an ideal target of PE
(molecular weight 143,597 Da). Nonetheless, combined
steroid and PE therapy for nivolumab-induced liver failure
has never been reported in HCC patients with a history of
chronic liver disease or cirrhosis. Therefore, we performed
PE for this patient during the early hospitalization with
2,000 mL of fresh plasma and his liver function showed a
rapid improvement, which might due to the above benefit
of PE. In addition, combination treatment might mitigate
other problems caused by HCC, for example, reducing
inflammatory cytokine production by HCC tissue and
serum endotoxin levels, which may aggravate liver injury.
Our current liver failure case induced by nivolumab reached
a rapid recovery using this treatment strategy, which added
the effect of corticosteroids and PE. This treatment may be
of certain clinical significance for patients at the early stage
of liver failure induced by nivolumab in HBV-related HCC,
and might provide some information on cell immunity and
cytokines in these patients.

In conclusion, our case raises an important issue for
the application of corticosteroids plus PE to rapidly block
liver failure progression induced by ICls and promote
liver recovery, suggesting that PE may be a feasible
treatment option for nivolumab-induced liver failure in
HCC. However, we only describe one successful case and
examined simple immune features in this patient, more
studies are needed to confirm this therapeutic strategy
and explore the dynamic immunity change. Moreover,
much more attention needed to be paid to the liver failure
caused by ICIs, and early detection and prevention are also
necessary to avoid liver failure occurrence.

Patient perspective

I experienced a great relief of dark urine and skin yellowing,
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and my appetite became very good. The fatigue disappeared
and my strength is recovered.
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