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SUMMARY
A 69- year- old retired miner with stage 4 non- small- 
cell lung cancer presented with a 2- month history of 
obstructive liver function tests following nivolumab 
immunotherapy. His case had not responded 
to high dose prednisolone or mycophenolate 
and he was admitted for investigation. MR 
cholangiopancreatography demonstrated areas of 
intrahepatic biliary tree beading and stricturing, in 
keeping with sclerosing cholangitis. Prednisolone and 
mycophenolate were stopped and ursodeoxycholic acid 
commenced with subsequent partial improvement of the 
patient’s liver function tests.

BACKGROUND
Programmed cell death-1 (PD-1) inhibitors are 
a relatively novel class of immune checkpoint 
inhibitors (CPIs) that have been hailed as ‘wonder 
drugs’ in the field of oncology. CPIs were initially 
used in the treatment of metastatic melanoma, but 
their application has been broadened to other solid 
organ tumours including non- small- cell lung cancer 
(NSCLC), renal cell, colorectal and urothelial carci-
noma.1 Nivolumab was the first CPI to receive Scot-
tish Medicines Consortium (SMC) approval for use 
in stage 4 NSCLC as a second line therapy in 2016.2

The PD-1 receptor is present on CD28+ cyto-
toxic T- cells. In normal physiology, it binds to 
programmed cell death ligand-1, which induces 
programmed death of the T- cell. When the PD-1 
receptor is blocked via drugs such as nivolumab this 
leads to T- cell proliferation and migration to the 
tumour site to perform a cytotoxic role.1

CPI medications are well known to cause a spec-
trum of so- called immune- related adverse events 
(irAEs). PD-1 inhibitors are particularly associated 
with irAEs such as hypophysitis, colitis and hepatic 
injury.1 3 PD-1 inhibitor- associated hepatic injury 
may occur via several mechanisms. Most often the 
histological findings are of a lobular hepatitis with 
patchy necrosis; while less commonly the pattern of 
injury may be purely cholestatic.1 4 Importantly, the 
former tends to respond well to high- dose steroid 
therapy, with or without mycophenolate mofetil, 
and cessation of the PD-1 inhibitor, whereas these 
therapies are at least ineffective and at worst may in 
fact be harmful in the latter cholestatic form.4 Scle-
rosing cholangitis, a distinct, emerging variant of 
PD-1 inhibitor- induced hepatic injury, is the focus 
of this case report.

Sclerosing cholangitis is a pattern of cholestatic 
liver injury characterised by biliary tract stricturing 
and dilatation, that is, classified as either primary or 

secondary in aetiology. Primary sclerosing cholan-
gitis (PSC) tends to present in the 3rd–4th decade, 
and approximately 80% of patients with PSC are 
also diagnosed with inflammatory bowel disease 
(IBD), predominantly ulcerative colitis (UC). While 
PSC alone occurs equally commonly in men and 
women, female sex has been shown to confer a 
more favourable prognosis, and concurrent IBD is 
less likely in female patients with PSC.5 6 The aeti-
ology of PSC remains uncertain but an interaction 
between a genetic predisposition and environmental 
factors such as gut microbiota appears likely.7 The 
biliary tract damage seen in PSC is predominantly 
caused by T- cells, although again the precise mech-
anism is unclear.7 Patients may have positive auto-
antibodies, but none are specific for PSC.8 Liver 
biopsy may show characteristic periductal ‘onion 
skin’ fibrosis and imaging of the biliary system 
shows multifocal beading due to intrahepatic and 
extrahepatic strictures, or non- specific evidence 
of cholestasis.9 PSC is complicated by recurrent 
cholangitis, development of dominant strictures, 
cholangiocarcinoma and progression to cirrhosis. 
In addition to supportive care, monitoring for and 
managing complications, ursodeoxycholic acid 
(UDCA) is frequently used at a low dose (10–15 mg/
kg/day). This appears to improve liver function tests 
(LFTs), but has not been shown to improve clin-
ical outcomes as measured by need for liver trans-
plantation, death or development of hepatobiliary 
malignancy. There is no role for immunosuppres-
sive therapy in PSC.10

CASE PRESENTATION
A 69- year- old retired coal miner presented with a 
2- month history of deranged LFTs following seven 
cycles of nivolumab which were not improving with 
high dose oral steroids (2 mg/kg/day).

The patient had a history of T4 N3 M1a squa-
mous cell carcinoma of the lung for which he had 
previously received palliative chemotherapy with 
carboplatin and paclitaxel. He had also completed 
his seventh cycle of nivolumab 4 months prior to 
the onset of his deranged LFTs. Following his last 
cycle of nivolumab, the patient developed grade 
2 immune related colitis for which he received a 
tapering course of prednisolone. During this time, 
he developed steroid induced diabetes for which he 
was started on gliclazide.

His other medical history included moderate 
chronic obstructive pulmonary disease, hyperten-
sion and peripheral vascular disease. His Eastern 
Cooperative Oncology Group (ECOG) perfor-
mance status was 0 at the time of presentation with 
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deranged LFTs. He was a current smoker and previously drank 
alcohol to excess. Three years previously, he had been referred 
to the gastroenterology clinic with alcohol excess and mildly 
elevated alanine aminotransferase (ALT). At this time, a chronic 
liver disease screen was negative and fibroscan was normal 
(5.9 kPa), suggesting no significant liver fibrosis.

On admission, he was clinically well with normal vital 
signs, and on review of systems his only complaint was of 
fatigue and chronic cough. There were no features of hepatic 
decompensation.

INVESTIGATIONS
Prior to admission the patient had been having his LFTs moni-
tored in the community under review of the oncology team. 
These are shown in table 1. As can be seen, there was a steady 
worsening of LFTs over the course of 2 months before the patient 
was admitted to our unit.

Portal venous phase CT abdomen was performed to exclude 
biliary obstruction and showed mild intrahepatic biliary dila-
tation, with no obstructing lesion identified. This was a new 
finding since the CT 3 months previously. There was no extrahe-
patic biliary dilatation or evidence of hepatic metastases.

At the time of admission, LFTs were as follows: bilirubin 
14 mmol/L (0–20), ALT 443 U/L (5 – 55), aspartate aminotrans-
ferase 158 U/L (5 – 45), alkaline phosphatase (ALP) 857 U/L 
(35 – 135), albumin 30 g/L (35 – 50). A coagulation screen on 
admission was normal. A panel of investigations for chronic liver 
disease and acute hepatitis did not reveal the aetiology of his 
abnormal LFTs. These are summarised in table 2. Liver biopsy 
was not performed in this case, nor were any further fibroscan 
measurements of liver stiffness.

During the admission, MR cholangiopancratography (MRCP) 
was performed (figure 1). This demonstrated an irregular intra-
hepatic biliary tree with focal areas of beading and stricturing 
consistent with sclerosing cholangitis. The common bile duct 
(CBD) was not significantly dilated but was slightly irregular 
just above ampulla. There were no focal hepatic lesions, ductal 
calculi or abnormalities of the gallbladder, pancreatic duct or 
pancreas.

DIFFERENTIAL DIAGNOSIS
Based on the primarily cholestatic LFTs and appearances of the 
biliary tree on MRCP, a diagnosis of sclerosing cholangitis was 
made. There was nothing in his previous history, LFTs or imaging 
to suggest a diagnosis of PSC, and specifically he did not have 
any personal or family history of IBD or liver disease. Causes of 
secondary sclerosing cholangitis were therefore considered.8–12 
These are summarised in table 3.

Table 1 Chart of liver function tests (LFTs) over time in relation to administration of cycle 7 of nivolumab, with key medication changes 
highlighted

Time relative to cycle
7 of nivolumab 0 weeks +14 weeks +20 weeks +22 weeks +23 weeks +27 weeks

Key medications and 
timepoints

Cycle 7 Nivolumab Abnormal LFTs 
identified

Commencement of 
high- dose steroids

Admission to hospital Discharge from 
hospital

1- month post discharge

  Prednisolone – – 140 mg daily 60 mg daily 20 mg daily 10 mg

  Mycophenolate mofetil – – – 1 g two times per day – -

  Ursodeoxycholic acid – – – – 250 mg three times 
per day

250 mg three times per 
day

Investigation (reference range)

  Bilirubin (<20 µmol/L) 3 7 13 14 16 17

  ALT (<50 U/L) 19 121 381 443 187 50

  AST (<40 U/L) 22 49 144 158 48 –

  ALK P (30–130 U/L) 95 258 826 857 544 251

  Albumin (35–50 g/L) 36 30 28 30 25 24

  PT (9–13 s) 10 10 14 14 – –

ALK P, alkaline phosphatas; ALT, alanine aminotransferase; AST, aspartate aminotransferase; PT, prothrombin time.

Table 2 Investigations for chronic liver disease and acute hepatitis, 
performed on admission to hospital

Investigation (units) Result (reference range)

Immunology

  Immunoglobulin G (g/L) 3.2 (6.0–16.0)

  Immunoglobulin A (g/L) 2.1 (0.8–4.0)

  Immunoglobulin M (g/L) 0.2 (0.4–2.4)

  Immunoglobulin G-4 (g/L) 0.2 (0.0–1.3)

  Antinuclear antibody Negative

  Anti- mitochondrial antibody Negative

  Smooth muscle antibody Negative

  Gastric parietal antibody Negative

  Liver kidney microsomal antibody Negative

  Liver cytosol one antibody Negative

  Nuclear antibody Negative

Biochemistry

  Alpha-1- antitrypsin (g/L) 1.4 (1.1–2.1)

  Caeruloplasmin (g/L) 0.32 (0.16–0.47)

  Ferritin (g/L) 373 (20–300)

  Thyroid stimulating hormone (mU/L) 1.5 (0.3–5.0)

  Free T4 (pmol/L) 12.4 (9.0–21.0)

  Alfa fetoprotein (kU/L) 6 (<6)

Virology

  Glandular fever screening test Negative

  Hepatitis A virus IgM Negative

  Hepatitis B virus surface antigen Negative

  Hepatitis C virus IgM Negative

  Hepatitis E virus IgM Negative

  HIV antigen Negative
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The most likely culprit in this case was felt to be nivolumab 
given that the patient tested negative for HIV, IgG4 levels were 
normal, and there was no history of recent changes to other medi-
cations, clinical or biochemical evidence of infection, previous 
hepatobiliary surgery or intercurrent critical illness. A panel of 
investigations for chronic liver disease and acute hepatitis, were 
normal on admission to our unit; however, it is important to 
note that the patient had already been commenced on high- dose 
immunosuppression prior to this which does limit the diagnostic 
utility of some of these investigations. These investigations are 
shown in table 2.

TREATMENT
Before admission, the patient had been treated presumptively 
for immune related hepatitis, being commenced on predniso-
lone 40 mg once daily. Following deterioration in his LFTs, this 
was escalated to 140 mg (2 mg/kg) oral prednisolone once daily, 
with a view to tapering the dose down if LFTs improved. Myco-
phenolate mofetil 1 g two times per day was added to facilitate 
reduction of his steroid dose.

On admission, the patient was taking 60 mg oral prednisolone 
once daily and 1 g oral mycophenolate mofetil two times per 
day. This was continued initially while further investigations 
were performed.

Once the diagnosis of nivolumab induced sclerosing cholan-
gitis was established, it was decided that mycophenolate should 
be stopped immediately, and prednisolone gradually withdrawn 
over the following weeks in the community, under supervision of 
the endocrine team. UDCA was commenced at a dose of 250 mg 
three times per day (12 mg/kg/day based on a weight of 62 kg).

OUTCOME AND FOLLOW-UP
The patient in this case was discharged from our unit shortly 
after adjustment of his medications, once a decline in his liver 
enzymes was seen. These continued to be monitored in the 
community by his general practitioner. His steroid dose was 
reduced under the supervision of the endocrine team due to 
concerns of steroid induced adrenal suppression and possible 
undiagnosed hypophysitis due to nivolumab and the possibility 
of secondary adrenal insufficiency. There was a marked decrease 
in ALP and ALT on introduction of UDCA and the levels of these 
stabilised at around one- third of peak values (table 1) on a dose 
of 10 mg oral prednisolone once daily. In keeping with previous 
studies, this was classified as a moderate response to treatment 
(ie, improvement but not normalisation of LFTs).

The patient’s steroid induced diabetes was better controlled 
following reduction in the prednisolone dose and gliclazide 
therapy was able to be titrated down in dose. Clinically, the 
patient was more frail on discharge from hospital and was 
ECOG performance status 2. He was seen by the oncology team 
who discussed further chemotherapy for his progressive lung 
cancer which the patient declined. The patient died approxi-
mately 2 months after discharge from hospital with the primary 
cause of death recorded by his general practitioner as ‘squamous 
cell carcinoma of the lung’.

DISCUSSION
Sclerosing cholangitis is a rarely reported irAE of PD-1 inhibitors 
whose exact features, clinical course and optimal treatment are 
not yet agreed on. The disease was first reported by Gelsomino 
et al following treatment of NSCLC with nivolumab.13 In a 
subsequent case series, Kawakami et al identified three cases 
of nivolumab related SC out of 91 patients with recurrent or 
metastatic NSCLC who received nivolumab, generating an esti-
mated incidence of 3.3% in these patients.14 Cases have since 
been reported following treatment with other PD-1 inhibitors 
including pembrolizumab.15–23 There have been efforts to define 
diagnostic criteria and optimal management, but no consensus 
has been reached due to the emerging variety in presenta-
tion, imaging and histological findings and response to steroid 
therapy.23

The pathophysiology of PD-1 inhibitor- related sclerosing 
cholangitis is not known although it is generally felt to be a cyto-
toxic T- cell- mediated reaction against biliary epithelium driven 
by anti- PD-1 monoclonal antibodies.14 There appears to be a 
predominance of CD8 +T cell infiltration in PD-1 inhibitor- 
related hepatobiliary disease, including a significant proportion 
of sclerosing cholangitis; however, this is absent in approxi-
mately half of reported cases.15 23 Other findings on histology 
include lobular hepatitis and predominance of other inflamma-
tory cell lines. In our case, liver biopsy was not performed as the 
benefits of a pathology sample in helping to confirm the diag-
nosis was not felt to outweigh the potential risks, and the patient 
was treated empirically.

Although not the primary focus of this report, it is inter-
esting to note that this patient also suffered previously with 
nivolumab related colitis, given the strong association between 

Figure 1 Coronal T2- weighted maximum intensity projection MR 
cholangiopancreatography showing beading and stricturing of the 
intrahepatic biliary system, with only mild extrahepatic irregularity at 
the common bile duct.

Table 3 Differential diagnosis for secondary sclerosing cholangitis

Secondary causes of 
sclerosing cholangitis Description

Infection Ascending cholangitis, recurrent pyogenic 
cholangitis, echinococcosis, HIV cholangiopathy

Ischaemia Iatrogenic, critical illness, transplant related

Drug induced Ketamine, non- steroidal anti- inflammatory 
drugs, sevoflurane, trans- arterial chemotherapy, 
coamoxiclav, amiodarone, infliximab, venlafaxine, 
atorvastatin, green tea extract

Chronic obstruction Choledocholithiasis, gallbladder/pancreatic 
adenocarcinoma, portal biliopathy, hilar 
lymphadenopathy

Inflammatory IgG4 disease, eosinophilic cholangitis, sarcoidosis, 
Behçet’s disease, systemic mastocytosis
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PSC and IBD. PD-1 inhibitor related colitis demonstrates a 
number of histopathological features that may also be seen in 
UC, Crohn’s disease and microscopic colitis: crypt abscesses, 
cryptitis and lymphoplasmacytic infiltrate of the lamina 
propria; granuloma formation; and lymphocytic or more 
rarely collagenous colitis, respectively.24 Current data do not 
support the same degree of association between PD-1 inhib-
itor related sclerosing cholangitis and colitis as is seen between 
PSC and IBD. However, as the damage in PSC is primarily 
mediated by T- cells, which are upregulated in PD-1 inhibitor 
therapies, further investigation may yield important discov-
eries about any shared pathogenesis of PD-1 inhibitor iRAEs, 
PSC and IBD, which may in turn guide diagnosis and manage-
ment of each condition.

In a recent systematic review by Onoyama et al, the most 
common finding on imaging of the biliary tract was of biliary 
dilatation and diffuse hypertrophy.23 Interestingly, 10% of 
patients had intrahepatic disease only, which the author relates 
to a suggestion by Gelsomino et al that there may be distinct 
phenotypes of PD-1 inhibitor related cholangitis.13 If this 
were shown to be the case, then it may provide an explana-
tion for the observed variations in clinical course and response 
to treatment. In the case of our patient, MRCP demonstrated 
classical features of PSC with beading and stricturing involving 
the intrahepatic ducts and an irregular CBD.

There have been no controlled comparisons of the manage-
ment of PD-1 inhibitor- related sclerosing cholangitis, and the 
regimens described in the literature have been initiated on a 
case- by- case basis. In all cases, PD-1 inhibitor therapy was with-
held following presentation with cholangitis, and the majority 
of cases were treated initially with steroids. Other immuno-
suppressants including mycophenolate and tacrolimus have 
been used at variable doses, though outcomes are persistently 
poor.23 A key feature of early cases of PD-1 inhibitor related 
sclerosing cholangitis appeared to be a moderate to poor 
response to steroids, which has been further demonstrated 
by systematic review of subsequent cases. Indeed, as many as 
30% of patients appear to show no response to steroids, while 
only 11.5% of patients in the review by Onoyama et al had 
normalisation of LFTs with steroid therapy.23 This differen-
tiates the disease from other immune- mediated hepatobiliary 
disease, including IgG4 disease and autoimmune hepatitis, 
which tend to be more steroid responsive.25 26 Importantly 
however, as with PSC, immunosuppressive therapy has no role 
in the management of, and can in fact be harmful in patients 
with predominantly cholestatic hepatitis, which as mentioned 
previously, is a rare manifestation of PD-1 inhibitor- related 
hepatic injury. Hence, accurate diagnosis is crucial in patients 
presenting with hepatic injury as a consequence of PD-1 inhib-
itor therapy in order to guide treatment and avoid potentially 
harmful complications of steroid therapy.4

UDCA (10–15 mg/kg) has been shown to be of benefit in 
improving liver biochemistry in PSC, although clinical and 
histological outcomes are not significantly improved, and 
is of use in limiting progression and improving outcomes in 
PBC.10 27 UDCA, either alone or in combination with steroids, 
was used in 42% of cases reviewed by Onoyama et al. A 
moderate response (defined as improvement of LFTs but not 
normalisation) to UDCA monotherapy was seen in two cases. 
Moderate response was also seen in three cases which had not 
responded to steroid monotherapy following the addition of 
UDCA.23

Our patient had received a total of 95 days of high- dose 
prednisolone (2 mg/kg/day) and 21 days of mycophenolate 

mofetil (1 g two times per day) by the time of admission to 
hospital. Despite this his ALP continued to rise and he was 
suffering from steroid induced diabetes mellitus. As such, the 
decision was made to withdraw immunosuppressive therapy 
with careful monitoring and commence UDCA.

There are many features in our case that are in keeping 
with previously reported PD-1- related sclerosing cholangitis, 
including: LFTs derangement with predominantly elevated 
ALP/GGT; MRCP findings of beading/stricturing of intrahe-
patic ducts and irregular CBD; absence of clinical or laboratory 
evidence of alternative aetiology; poor response to steroids 
and moderate response to UDCA and reduced dose steroids. 
The diagnostic certainty in this case is limited however by lack 
of liver biopsy or autoantibody and immunoglobulin levels 
prior to the commencement of high- dose steroids and myco-
phenolate. Of particular note, normal IgG4 levels under any 
circumstances do not exclude IgG4 disease, and this is further 
confounded by use of steroids at the time of measurement. 
The absence of extrahepatic findings on MRCP in this case 
are interesting, and in keeping with a subset of previous cases. 
The possibility of an intrahepatic phenotype of disease and the 
implications of this on treatment warrants further investiga-
tion. PD-1 inhibitor- related sclerosing cholangitis is certainly a 
diagnosis of exclusion at present, although early use of MRCP 
in suspected cases may guide diagnosis and avoid the ineffec-
tive and potentially harmful use of high- dose steroid therapy.

Learning points

 ► Sclerosing cholangitis is an important emerging form of 
hepatic injury resulting from treatment with programmed cell 
death-1 (PD-1) inhibitors, and is likely underdiagnosed.

 ► Diagnosis is primarily based on history, imaging findings in 
keeping with sclerosing cholangitis, exclusion of alternative 
causes of sclerosing cholangitis, and histology if felt clinically 
appropriate.

 ► Response to treatment is variable and corticosteroids appear 
not to be effective in the majority of cases although different 
subsets of patients may be more steroid responsive. In this 
case, liver function tests showed partial response with low- 
dose ursodeoxycholic acid (12 mg/kg) and reduced dose 
prednisolone.

 ► Early MR cholangiopancratography imaging in a patient 
with cholestatic liver injury following PD-1 inhibitors should 
be performed to appropriately guide therapy and avoid the 
harmful effects of high- dose steroids.

 ► Further research is needed to determine optimal 
investigation, stratification and management of this emerging 
disease.
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