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ABSTRACT

Immune-related adverse events (irAE) may affect
almost any organ system and occur at any point during
treatment with immune checkpoint inhibitors (ICI). We
present a patient with advanced lung cancer receiving
antiprogrammed death 1 checkpoint inhibitor who
developed a delayed-onset visual irAE treated with
corticosteroids. Through assessment of longitudinal
biospecimens, we analyzed serial autoantibodies,
cytokines, and cellular populations. Months after ICl
initiation and preceding clinical toxicity, the patient
developed broad increases in cytokines (most notably
interleukin-6 (IL-6), interferon-y (IFNvy), C-X-C motif
chemokine ligand 2 (CXCL2), and C—C motif chemokine
ligand 17 (CCL17)), autoantibodies (including anti-
angiotensin receptor, o-actin, and amyloid), CD8 T cells,
and plasmablasts. Such changes were not observed in
healthy controls and ICl-treated patients without irAE.
Administration of corticosteroids resulted in immediate
and profound decreases in cytokines, autoantibodies,
and inflammatory cells. This case highlights the potential
for late-onset changes in humoral and cellular immunity
in patients receiving ICI. It also demonstrates the
biologic effects of corticosteroids on these parameters.
Application of humoral and cellular immune biomarkers
across ICI populations may inform toxicity monitoring and
management.

While immune checkpoint inhibitors (ICI)
have revolutionized the treatment of cancer,
associated toxicities termed immune-related
adverse events (irAE) occur in a substantial
proportion of patients. These autoimmune
events may affect almost any organ system.
Although irAE tend to occur within the first
3 months of ICI therapy, they may occur at
almost any point during treatment.'  When
irAE occur, the dose and duration of corti-
costeroids and other immunosuppressants
remain somewhat arbitrary.

We present a case of late-onset visual irAE.
Serial assessment of humoral and cellular
immune parameters identifies potential

explanations for irAE timing as well as biologic
effects of steroids.

PATIENT, MATERIALS, AND METHODS
Clinical data and sample collection
The patient was enrolled in a prospective
biospecimen collection protocol approved
by the UT Southwestern IRB (#STU
082015-053). The patient provided written,
informed consent for additional data
collection, presentation, and publication.
Clinical, radiographic, and laboratory data
were collected from the Epic electronic
health record (Epic, Verona, Wisconsin).
Peripheral blood samples were examined
from the patient and two cases without
irAE (no toxicity (NT)) at pre-ICI baseline,
2weeks, 6weeks, 3months, every 3months
thereafter, and after initiation of steroids
for irAE treatment. We also examined
serial samples (baseline, 2weeks) from two
healthy controls. Samples were centrifuged
at 3000rpm at 4°C for 15min to obtain
plasma. Peripheral blood mononuclear
cells (PBMCs) were isolated from samples
using density gradient centrifugation in
Ficoll-Paque Plus Media (Fisher Scientific,
Waltham, Massachusetts).

Cytokine/chemokine analysis

As previously described, monitoring of cyto-
kine and chemokine levels was performed
using Bio-Plex Pro Human Chemokine
40-plex Panel (Bio-Rad Laboratories,
Hercules, California) using a Luminex 200
System. Bio-Plex Manager 6.1 software was
used for data analysis. Concentrations of
cytokines and chemokines (pg/mL) were
determined on the basis of the fit of a stan-
dard curve for mean fluorescence intensity
versus pg/mL. These cytokines are stable
over time in healthy controls not receiving
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ICI.> Heatmaps were generated using Genesis cluster
analysis of microarray data.*

Autoantigen array analysis

As we have described previously, serum autoantibody
profiling was performed using a custom protein array
panel of 124 autoantigens, including nuclear antigens,
cytosolic/matrix antigens, and tissue/organ-specific
antigens.” ° Data analysis included the following prepro-
cessing steps: (1) background subtraction and averaging
of duplicated spots; (2) normalization of the signal inten-
sity of each Ag using internal controls across all samples;
and (3) normalized signal intensity (NSI) for each Ag
(Ab) completed per sample. NSI files were processed for
downstream analysis using the Cluster and Treeview algo-
rithm. Heatmaps were generated using Genesis cluster
analysis of microarray data.

Cytometry by time of flight (CyTOF)

Cryopreserved PBMCs were thawed and stained with a
panel of 36 antibodies (metal isotope-labeled conjugates,
Maxpar Direct Immune Profiling Assay Panel by Flui-
digm). Cells were analyzed on a Helios mass cytometer
(Fluidigm). Data were normalized and analyzed with
gating on CD45+ cells using a cloud-based computational
platform OMIQ.ai (Omiq, Santa Clara, California). Equal
sampling of 7669 events per sample (lowest common
denominator across samples) and a total of 176387
events across all 23 samples were analyzed using uniform
manifold approximation and projection (UMAP) clus-
tering. We analyzed distribution and expression char-
acteristics of phenotypic markers using EdgR at OMIQ
on the abundance of the 41 clusters between the patient
and the control samples. We identified cluster immune
phenotypes following standard immunophenotyping for
the Human Immunology Project.7

RESULTS
Clinical case
A b6-year-old woman with a 30 pack-year smoking history
presented with hemoptysis. She had a history of chronic
obstructive pulmonary disease, hypertension, and dyslip-
idemia, but no autoimmune, vascular, or neurologic
disease. Imaging demonstrated a 1.7cm right middle
lobe mass, a subcentimeter left parietal brain metastasis,
and multiple pleural deposits. Biopsy demonstrated
poorly differentiated squamous cell carcinoma with
programmed death-ligand 1 staining greater than 50%.
The patient received single-agent pembrolizumab,
which was tolerated well and resulted in prolonged
disease control. Almost 1year after treatment initiation,
she developed blurry vision in the left eye without head-
ache or temporal artery tenderness. On examination, she
had 20/200 vision in the left eye and 20/20 vision in the
right, an afferent pupillary defect, and severe left optic
disc edema. Laboratory analysis was remarkable for C
reactive protein of 88 mg/L (reference range<b mg/L).

MRI of the orbits showed no enhancement of orbits or
optic nerves. Temporal artery biopsy did not demonstrate
active or healed arteritis.

The patient received methylprednisolone 1 g intrave-
nous daily for presumed arteritic ischemic optic neurop-
athy, with mild subjective improvement in vision, then
discharged with a slow prednisone taper starting at 60 mg
orally daily. More than lyear after the event, the patient
remained off any systemic cancer therapy with ongoing
disease control but only modest improvement was
observed in visual acuity (online supplemental figure 1).

Immune parameters

Figure 1A,B displays serial cytokine and autoantibody
determinations. In general, levels of selected cytokines
demonstrated modest increases at the 3-month and
6-month timepoints, but substantial changes did not
occur until 9months after ICI initiation. In particular,
proinflammatory cytokines and chemokines such as IL-6,
IL-1B, TNFo, IFNy, CXCL2, and CCL17 exhibited clear
increases at that timepoint in the patient but not in the
NT patients treated with ICI. We previously demonstrated
longitudinal stability of these parameters in the healthy
control patients.3 Similarly, autoantibody levels broadly
increased after initiation of ICI. Antibodies against angio-
tensin receptor (AGTR), o-actin, Ul-snRNP A, amyloid,
and collagen II exhibited the greatest increases in the
patient in comparison to the NT cases. Following initia-
tion of high-dose corticosteroids (12-month timepoint),
levels of cytokines and autoantibodies broadly and
promptly decreased.

We compared longitudinal immune cell profiling in
peripheral blood samples from the patient (seven time-
points), two NT cases (seven timepoints), and two healthy
controls (two timepoints) using high-dimensional mass
cytometry (CyTOF). We identified 41 clusters repre-
senting B cells, CD4/CD8 T cells, monocytes, and NK
cells (figure 2A,B). We identified 13 distinctive clusters
with statistical significance (q<0.01) between patient and
control samples (figure 2Cand D). Compared with healthy
controls, patients with cancer had significantly lower
naive and memory B cells (figure 2D and E). Compared
with other cases, the patient had significantly lower naive
CD4, CD8, and gamma-delta T cells (figure 2D and F,
online supplemental figure 2). At later timepoints (3,
6, and 9 months; figure 2D), we noted increased subsets
of effector memory and terminal effector CD8 T cells,
plasmablasts, and CD14+CD27-B cells in the patient
compared with the NT cases and healthy controls.

DISCUSSION

Despite years of research and ICI clinical trials, the
optimal approach to monitoring and treating irAE
remains unknown. Ocular toxicity, which developed in
the presented case almost 1year after ICI initiation, is an
established but rare (<1%) event associated with ICI. The
blood-retinal barrier, lack of efferent lymphatics, and
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Figure 1

Heatmaps of cytokines (A) and antibodies (B) across timepoints with comparison to the no toxicity (NT) cases. Both

full panels (upper) and elevated panels specific to the patient (bottom) are shown. Heatmaps from healthy controls have been

previously published.® BL, baseline.

upregulation of cytokines such as Fas-L. and TNFJ render
the orbit an immune privileged structure.® Among these
cases, uveitis, episcleritis, and blepharitis are the most
common manifestations.” '’ To our knowledge, the
present case represents the first description of apparent
ICl-associated arteritic ischemic optic neuropathy. While
late irAE occur less frequently than early toxicities, they
are relatively common in long-term responders such as
the patient described here.?

Our analysis of systemic immune parameters revealed
a broad but modest increase shortly after ICI initiation.
A more profound change occurred 9months after treat-
ment initiation, an event that may explain the delayed-
onset irAE. Among cytokines, IL6, IL1B3, TNFo, CXCL2,
IFNY, and CCL17, which are involved in the proinflamma-
tory cascade, demonstrated particular increases. Prior to
onset of patient’s visual symptoms, numerous antibodies

increased substantially, including AGTR, which is
expressed on endothelial cells and pericytes, is associated
with vasoconstriction, and may be implicated in neurovas-
cular ophthalmic disorders."'

Accompanying these cytokine and autoantibody
derangements, we observed significant increases in
terminal effector CD8 T cells, plasmablasts, and CD14+
B cells in the patient compared with the NT and healthy
controls, particularly after 3 months of ICI therapy.
Immune cell populations were relatively stable over time
in the healthy and NT controls, although we recognize
the limitations of examining only a 2-week interval in the
healthy controls. Additionally, we noted that—compared
with healthy controls—the patients with cancer in this
analysis were deficient in both CD8+ T cells and B cells.
Whether this reflects effects of malignancy, prior cancer
treatment, or a chance finding requires further study.
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Immune cell profiles of the patient, no toxicity (NT) cases, and healthy controls in peripheral blood by cytometry by

time of flight. (A) A total 41 clusters were identified in all 23 files corresponding to B cells, CD4 T cells, CD8 T cells, monocytes,
and NK cells. Colored dots in UMAP plot represent cell events. (B) Heatmap of surface marker expression in each cluster

on patient baseline sample. The median antigen expression is shown in the heatmap. (C) Volcano plot shows clusters with
significant differences between the patient, NT cases, and healthy controls (CTRL) by EdgR statistical analysis. Significant
clusters are shown in green, g<0.01. (D) Heatmap of clusters with changes among all timepoints from patient, NT cases, and
healthy controls. The abundance of cell events per cluster is shown. Box charts show differences in clusters between patients
with cancer (with and without irAE) and healthy controls (E) and differences between the patient and NT cases+healthy controls
(F). The percentage of the total event count per cluster is shown. Solid lines designate median; dotted lines designate mean.
Bars represent maximum and minimum values. Dots adjacent to boxes represent individual samples. irAE, immune-related
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The treatment of irAE is largely empirical. For clini-
cally significant events, expert guidelines often recom-
mend initiating relatively high-dose corticosteroids
with slow tapers.'* Despite this aggressive (and poten-
tially toxic) approach, some patients have refractory
or recurrent irAE, eventually requiring alternative
immunosuppressive agents. Conversely, other patients
might benefit from far lower doses and shorter
tapers. Laboratory parameters indicating near-term

physiologic effects in patients receiving steroids for
irAE treatment might allow a more personalized
approach to toxicity management. With serial biospe-
cimens from before and after steroid initiation in the
present case, we were able to observe immediate and
profound suppression across all immune parameters.
Determining whether such changes correlate with the
degree and duration of clinical benefit will require
further study.
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