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Figure 1  Response to treatment with infliximab. Following 
development of severe inflammatory polyarthritis, elevated 
CRP at 210 g/L, and the subsequent cessation of nivolumab 
treatment in April 2017, this patient was commenced on high-
dose prednisolone (20–25 mg daily) along with subsequent 
addition of hydroxychloroquine (200 mg daily, shown in light 
green) in may 2017 and then MTX (20 mg Weekly shown in 
green) in August 2017. Following failed attempts to taper 
prednisolone treatment, arthroscopic synovial biopsy and 
synovial biopsy-guided therapy with infliximab (shown in 
dark green) was initiated in quick succession (November 
2017 and December 2017, respectively) in addition to 
holding HCQ. This was followed by a rapid decline in CRP 
simultaneous with effective tapering of prednisolone therapy. 
CRP, C reactive protein; HCQ, hydroxychloroquine; MTX, 
methotrexate.
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Figure 2  Rheumatic irAE recapitulates features of 
rheumatoid arthritis synovitis. (A) Camera-guided 
arthroscopic images show extensive hypervascularization 
and synovial hyperplasia in both irAE and early RA compared 
with the normal synovium. (B) Immunohistochemistry on 
synovial tissue sections (rheumatic irAE; left, RA; right) 
stained with: H&E; CD55 highlighting synovial membrane 
lining fibroblasts; CD68 identifying diffuse infiltration of 
macrophages in irAE compared with subsynovial lining 
localization in RA; CD45RO identifying abundant memory T 
cell infiltration; TNFα and IL-6 labeling showing differential 
proinflammatory cytokine expression in both samples; PD-1 
demonstrating absent labeling in irAE compared with RA; 
and PDL-1 positive labeling in both irAE and RA. Single 
labeled slides were counter stained with Haematoxylin. 
Rheumatoid arthritis synovial tissue section images are 
representative of all 3 RA patients. All images were captured 
at ×20 magnification. IL-6, interleukin-6; irAE, immune-related 
adverse-events; PD-1, programmed cell death protein-1; 
PD-L1, programmed death ligand 1; RA, rheumatoid arthritis; 
TNFα, tumour necrosis factor α.

Case presentation
Clinical presentation
A 62-year-old man with metastatic stage IV squamous 
cell cancer (SCC) and no prior history of autoim-
mune disease was treated with nivolumab every 2 weeks 
(3 mg/kg) from July 2016 to April 2017, resulting in 
complete clinical remission of his SCC. Nivolumab was 
ceased in April 2017, after he developed musculoskel-
etal irAEs with disabling polyarthritis involving shoul-
ders, elbows, proximal interphalangeal joints and right 
knee, classified as a grade 3 irAE. C reactive protein 
(CRP) was markedly elevated at 210 mg/L. Rheumatoid 
factor (RF), anticyclic-citrullinated peptide antibody 
(ACPA) and HLA-B27 were negative, and radiographs 
demonstrated no erosive changes. Despite predniso-
lone (20–25 mg daily), intra-articular corticosteroid 
and sequential hydroxychloroquine (200 mg daily) and 
methotrexate (20 mg weekly; figure  1), his synovitis 
remained active.

Given the lack of definitive therapeutic guidelines 
for rheumatic irAEs, the emergence of synovial biopsy-
guided therapeutic approaches in RA9 10 and following 
our experience with arthroscopic ST biopsies,11 12 the 
patient underwent arthroscopic ST biopsy of his right 
knee in November 2017 (200 days following cessation of 
nivolumab).

Sample acquisition and processing
At arthroscopy, nivolumab-induced synovitis was more 
severe macroscopically than the synovitis in comparator 
treatment-naïve early RA ST, with florid synovial hyper-
plasia and hypervascularization throughout (figure  2A, 
and see online supplementary additional movie file 1). 
Several ST biopsies were undertaken from areas of syno-
vitis within the knee. Matched peripheral blood mono-
nuclear cell (PBMC) and SF samples (Table  1) were 
collected. ST, SF and PBMC samples from this patient 
were compared with samples from three treatment-naïve 
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Table 1  Synovial fluid (knee) preinfliximab and 
postinfliximab therapy

Pre-Infliximab Post-Infliximab

Polymorphonuclear cells 
(x10ˆ6)

2800 3

Red blood cells (x10ˆ6) 70 150

Lymphocytes (x10ˆ6) 310 Not reported

Mononuclear cells (x10ˆ6) Not reported 24

Bacteria and culture Absent; culture 
negative

Absent; culture 
negative

Crystals Negative Negative

patients with RF and/or ACPA-positive early RA (defined 
as within 12 months of onset of symptoms and fulfilling 
the 2010 American College of Rheumatology/European 
League Against Rheumatism classification criteria),13 
from whom samples were collected at the time of diag-
nosis. Additional PBMC and SF samples were collected 
from the irAE patient at the conclusion of 6 months inflix-
imab therapy. All patients gave written informed consent.

ST samples were analyzed using histology, and flow 
cytometry following disaggregation. Histology was 
performed on serial 5m sections from formalin-fixed 
paraffin-embedded ST blocks. Sections were stained with 
H&E or labeled with the following primary antibodies 
for immunohistochemistry (IHC): CD45RO (Dako; 
UCHL1), CD55 (BioRad; C67), CD68 (Dako; KP1), 
TNFα (LifeSpan; C7952), IL-6 (Santa Cruz; 130326), and 
via a National Association of Testing Authorities approved 
protocol with PD-1 (CellMarque; MRQ22), PDL-1 
(Ventana; SP263). Antibody-stained sections were incu-
bated with horseradish peroxidase linked secondary anti-
body, followed by colorimetric visualization with either 
3-amino-9-ethylcarbazole substrate-chromogen (for 
CD45RO, CD55, CD68, TNFα and IL-6) or 3,3′-Diamino-
benzidine (for PD-1 and PDL-1). Nuclear counterstaining 
was performed with Mayer’s haematoxylin. Negative 
controls included the use of IgG isotype controls or omis-
sion of the primary antibody. Whole slide scans were 
captured on an Olympus VSI120 bright-field microscope 
at x20 magnification and sequential regions of interest 
compared for staining intensity. Semiquantative assess-
ment of staining intensity was perfomed by two indepen-
dent assessors using previously described techniques.14

For flow cytometry, fresh ST was dissociated using 
Milytenyi Tumour Dissociation Kit (Milytenyi; 130-095-
929) and the gentleMACS dissociator as per manufac-
turer’s recommendations. Matched SF and whole blood 
was collected for each patient at arthroscopy and for irAE 
only, after 6 months of infliximab treatment. PBMCs were 
purified using Lymphoprep reagent. Cells were washed 
and counted prior to staining for flow cytometry with 
Zombie UV (BioLegend) in serum free PBS, followed by 
washing and staining with CD45RO-UV395 (BD; UCHL1), 
PD1-BV421 (BD; EH12.1), CD3-PerCP/Cy5.5 (BD; SK7), 
CD8-Alexa647 (BD; RPA-T8), CD4-Alexa700 (BD; SK3), 

CD20-APC/H7 (BD; L27) in 2% Fetal calf serum. Cells 
were resuspended in 2% fetal calf serum ready for FACS 
acquisition on a BD FACSAria Fusion flow cytometer. 
Analysis of cytometry data was performed using FlowJo 
10.4

Results and patient progress
Analysis of the IHC inflammatory cell infiltrate pathotype 
revealed lymphoid (follicular) pattern of the patient with 
irAE and a similar pattern in one of the RA controls; of 
the two other RA controls, one had diffuse and the other 
low (or pauci) immune infiltration. IHC of ST from the 
patient with irAE revealed infiltrating memory T-cells 
(CD45RO+) and extensive CD68 expressing macro-
phages (lining and sublining) (figure  2B), and there 
were no detectable B cells; in comparison, two (of the 3) 
RA ST revealed presence of B cells within the lymphoid 
aggregates and slightly less extensive CD68 expressing 
lining/sublining macrophages. The irAE ST displayed 
abundant TNFα, compared with lower levels of IL-6 
labeling (figure  2B). This differential cytokine expres-
sion was similar to that previously observed in a propor-
tion of patients with RA.15 Finally, we detected abundant 
levels of PDL-1 labeling in both RA and irAE ST but there 
was no detectable PD-1 in ST from the patient with irAE 
(figure 2B). In summary, the synovial cellular infiltrate in 
ST was similar to the RA ST and was indicative of TNFα 
dominant RA-like disease. Critically, the presence of 
cellular intense and dominant staining of the proinflam-
matory cytokine TNFα in irAE ST (figure 2B) influenced 
our decision to prescribe Infliximab (an TNF antagonist) 
instead of an alternative bDMARD such as Tocilizumab 
(an IL-6R antagonist) for this irAE.

We then performed multiparameter flow cytometry 
to further characterize infiltrating T-cells in ST, SF and 
PBMCs in response to nivolumab-induced irAE, and, to 
identify changes in peripheral and SF T-cells after inflix-
imab treatment.

CD4 +T cells were gated (online supplementary addi-
tional figure 1) and CD45RO and PD-1 expressing cells 
were identified (figure  3A). Abundant memory T-cell 
infiltration was observed in both ST and SF compart-
ments for RA and irAE samples, with samples from PBMCs 
exhibiting lower memory T-cell frequency. Importantly, 
we detected a reduction in PD-1 labeling on T-cells from 
irAE samples compared with early RA controls. In partic-
ular, prior to commencing infliximab, there was approxi-
mately a 20-fold reduction of PD-1 +memory T cells in the 
SF compartment and 4-fold reduction in the ST compart-
ment when compared with RA (figure 3A). Furthermore, 
while early RA comparators exhibited fewer peripheral 
PD-1 +memory T-cells in PBMCs compared with RA ST 
and SF compartments, we observed complete ablation of 
PD-1 labeling in irAE PBMC memory T-cells (figure 3A).

Commencement of infliximab (5 mg/kg) led to a 
dramatic clinical response (figure  1), coupled with a 
precipitous fall in CRP to 0.36 mg/L. This improvement 
persisted despite weaning of prednisolone to 5 mg/d and 
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Figure 3  Abundant PD-1 +memory T cell infiltration resolved in infliximab treated irAE. (A) Peripheral blood mononuclear 
cells (PBMCs; top row), synovial fluid mononuclear cells (SF cells; middle row) and synovial tissue mononuclear cells (ST cells; 
bottom row) were prepared and labeled with Zombie UV live/dead stain, CD3, CD4, CD8, CD20, CD45RO and PD-1. CD4 +T 
cells were then presented on 2D plots identifying memory (CD45RO+) and PD-1 +memory T cells (PD1 +CD45RO+) in early 
RA (left column), ICI-irAE (middle column) and, infliximab-treated irAE (right column). Early RA plots are representative of all 3 
RA samples. (B) Cumulative data showing the frequency of memory T cells and PD-1 +memory T cells for each sample type. 
2D, two-dimensional; ICI, immune checkpoint inhibitorir; AE, immune-related adverse events; PD-1, programmed cell death 
protein-1; RA, rheumatoid arthritis.
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methotrexate to 10 mg/week (figure  1). Infliximab was 
ceased after 6 months and at last follow-up—18 months 
after nivolumab cessation—he continues to have minimal 
synovitis, well controlled on low-dose methotrexate and 
prednisolone (5 mg daily) and, critically, no recurrence 
of his lung cancer.

Interestingly, in PBMCs and SF collected after 
6 months of infliximab therapy, we identified a near 
restoration (compared with RA) of PD-1 expressing 
CD4 +memory T-cell frequency (figure 3A).

Discussion and conclusions
Checkpoint inhibitors have changed the therapeutic 
landscape for the treatment of metastatic cancers.1 
However, irAEs result in reduced quality of life2 3 and in 
severe cases, cessation of a potentially lifesaving therapy.

While case series have reported success in treating rheu-
matologic irAEs with both corticosteroids and bDMARDs, 
both are thought to compromise ICI-mediated antitumor 
effects with prolonged use16 and long-term usage of corti-
costeroids can result in significant systemic toxicity.2 A 
better understanding of the immunopathogenesis of 
these events will allow greater confidence in selecting 
appropriate therapies. Furthermore, the synovial biopsy-
guided approach we propose could be extrapolated to 
other irAEs including the more commonly seen colitis 
and dermatological complications.

ST research has increased our understanding of RA 
pathogenesis,11 12 17 resulted in the identification of new 
therapeutic targets18 19 and has the potential to stratify 
treatment.9 10 In this study, ST sampling provided a histo-
pathological rationale for the choice of bDMARD to treat 
a severe treatment-refractory rheumatic irAE. irAE ST 
IHC was reminiscent of the RA synovium, demonstrating 
differentially expressed cytokines. This invited the option 
of targeting therapy to the dominant inflammatory cyto-
kine, including TNFα and IL-67 8 for which antibodies 
have already been trialed empirically in irAEs. Abatacept, 
a CTLA-4 fusion protein targeting T-cells, may result 
in a loss of anti-tumor response20 and as a result is not 
routinely considered a treatment option.

Abundant macrophages and CD45RO+memory T-cell 
infiltration were observed in the ST of this patient with 
irAE synovitis. Importantly, while these features recapitu-
lated those of RA, we also observed a noticeable increase 
in TNFα expression and absence of IL-6. Critically, the 
predominance of TNFα suggested that a TNFα inhibitor 
would be a more suitable bDMARD therapy than tocili-
zumab. Two (of the three) RA patients’ ST biopsies were 
positive for IL6, serving as positive control. Interestingly, 
the RA patient whose biopsy had more significantly posi-
tive IL6 also had lymphoid (follicular) pattern of infil-
trate, similar to our patient with irAE.

Histological examinaton of the ST also indicated an 
absence of PD-1 labeling in the nivolumab-treated irAE 
patient compared with the ST from patients with early RA, 
despite significant positive labeling for PDL-1 expressing 

cells (figure  2). PD-1 expressing T-cells are considered 
key players in classic chronic autoimmune diseases like 
RA.21 Interestingly, flow cytometry of the abundant 
T-cells in the inflammatory synovium demonstrated PD-1 
labeling was markedly lower in CD45RO+memory T-cells 
from irAE compared with RA. We hypothesize that this 
is due to sustained occupancy of the PD-1 receptor by 
nivolumab, even at the time of arthroscopy (~200 days 
after cessasion). This is considerably longer than the 
reported serum half-life of 12–20 days for nivolumab,22 23 
and while prolonged occupancy on CD4 +T cells has been 
reported for nivolumab,23 24 this is the first indication of 
prolonged occupancy of PD-1 on CD4 +T cells in inflamed 
tissues in rheumatic irAEs and may influence ST T-cell 
infiltration and chronic inflammation. Indeed, it is plau-
sible that the half-life of ICIs varies in different tissues, 
which may underpin both their antitumor effect as well 
as explaining the variation seen in the time of onset of 
organ-specific irAE.25

Using arthroscopic synovial biopsy, we were able to 
target a bDMARD to the dominant inflammatory cytokine 
resulting in resolution of severe synovitis in this patient. 
The presence of PD-1 staining in memory T-cells in both 
the peripheral blood and SF compartments following 
infliximab treatment is interesting and may indicate the 
natural attrition of nivolumab from the surface of T-cells, 
or indeed, the emergence of a new non-occupied T-cell 
population. It is interesting to speculate what the impli-
cations may be, of the re-emergence of this population of 
cells with respect to possible relapse of his SCC (this has 
not occurred thus far, 30 months following cessation of 
Nivolumab). A recently published26 case report of a syno-
vial biopsy of a patient with irAE presenting as asymmetric 
inflammatory oligoarthritis and enthesitis also revealed a 
lymphoid pattern of infiltration. This patient responded 
only partially to adalimumab (in combination with meth-
otrexate and corticosteroids), presumably owing to the 
fact that treatment was not directed by cytokine/cellular 
dominance; cytokine staining was not performed and the 
authors raise the possibility as to whether the patient may 
have responded better had an IL-6R inhibitor may have 
been used as reported in the study in RA by Dennis et al.10 
In contrast, we believe the marked benefit to infliximab 
in our patient was as a result of dominance of TNF in his 
ST that underpinned this benefit.

A limitation of our study was the lack of interrogation of 
ST using molecular methods; it would have been ideal to 
further evaluate TNF and IL6/IL6R pathways, in partic-
ular. In addition, the reasons for selecting the cytokine/
cellular staining that we did was also pragmatic: biological 
disease-modifying therapies are available (in the context 
of the inflammatory arthritides) against TNF, T-cell 
co-stimulation, IL6 and B-cells (anti-CD20) and hence we 
wished to use the information to specifically direct thera-
peutic choice.

In conclusion, our data indicate absence of PD1 posi-
tivity despite cessation of nivolumab 200 days prior, indi-
cating a sustained tissue response much longer than the 
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serum half-life of this medication. We demonstrate that a 
synovial biopsy-guided therapy approach using ST biopsy 
to inform biologic therapy is feasible, results in rapid 
resolution of disease and provides important information 
about the immunopathogenesis of the process. This syno-
vial biopsy-guided therapy could be reasonably extended 
to other irAEs and may improve response rates over empir-
ical therapy. Future investigations on irAE patients should 
aim to collect cells for single cell RNAseq, which could 
yield cellular information about irAE initiation, confirm 
PD-1 mRNA expression in infiltrating T-cells, and iden-
tify patterns in T-cell clonality that may help elucidate the 
mechanisms of disease and ultimately improve clinical 
outcomes; it is also probable that delineation of inflam-
matory pathways by such methods in future analyses will 
be productive with regards to more accurately identifying 
involved pathways and directing therapeutic choice.
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