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ABSTRACT

Immune-checkpoint inhibitors (ICl) have revolutionized
cancer therapy but are associated with infrequent but
lethal myocarditis, for which management remains
uncertain. Abatacept, a CTLA-4 fusion protein targeting
CD86 on antigen presenting cells and leading to

global T-cell anergy, has been described as a potential
treatment in individual reports. Yet, abatacept treatment
dosage, schedule and optimal combination with other
immunosuppressive therapies are unclear. We describe
a 25-year-old man who developed pembrolizumab (anti-
PD1)-induced myocarditis 14 days after first injection for
thymoma treatment, which deteriorated into cardiogenic
shock, with sustained ventricular arrhythmia, requiring
urgent extracorporeal life support implantation, despite
prompt initiation of corticosteroids and mycophenolate-
mofetil. Using a strategy of serial measurement ensuring
with a target of >80% CD86 receptor occupancy on
circulating monocytes, abatacept dose was adjusted

and combined with ruxolitinib and methylprednisolone.
This strategy resulted in high-dose of abatacept: 60 mg/
kg in three doses (20 mg/kg each) within the first 10
days, followed by two doses. Clinical improvement
occurred within 7 days, with resolution of systolic cardiac
dysfunction, and ventricular arrhythmias resulting in
successful discharge from hospital. We reversed a case
of nearly lethal ICI-myocarditis, using specific patient-
dose adjusted abatacept, which may serve as basis for
personalized treatment of patients with severe ICl-adverse
events. Trial registration number: NCT04294771.

BACKGROUND

Immune-checkpoint inhibitors (ICIs) are
indicated for a growing number of cancer
types." ICIs are antibodies targeting the
programmed cell-death-protein-1 (PDI), its
ligand (PDLI), or cytotoxic-T-lymphocyte-
associated-protein-4 (CTLA4) and restore
Tecell cytotoxicity against cancer cells.'
However, ICI therapies may be hampered by
fulminant myocarditis, which is often fatal
and results from T-cells and macrophages
infiltration into the myocardium.?

," Marie Bretagne,? Jennifer Arrondeau,® Noel Zahr,*
,° Baptiste Abbar,® Bruno Pinna,? Yves Allenbach,’
Jean-Paul Mira,® Javid Moslehi,® Michelle Rosenzwajg,'® Joe-Elie Salem

2

Salem et al have recently shown that abata-
cept, a CTLA4 immunoglobulin fusion
protein, is a promising treatment strategy
for life-threatening glucocorticoid-refractory
ICl-myocarditis in a case report.” * These
findings were supported using a genetic
mouse model which recapitulates clinical
and pathological features of ICI-myocarditis.*
In this model, CTLA4 and PD1 functionally
interact for myocarditis development and
intervention with CTLA4-Ig (abatacept)
attenuates myocarditis." However, optimal
abatacept dosing scheme and combination
with other synergistic immunosuppressants
for glucocorticoid-refractory ICI-myocarditis
is unknown. By binding CD80/CD86,
CTLA4 agonists (abatacept, belatacept)
act on antigen-presenting-cells (eg, macro-
phages) and lead to global T-cell anergy with
limited off-target effects and reverse path-
ways activated by ICL' * In their approved
indications (rheumatic arthritis for abata-
cept, kidney graft rejection prophylaxis for
belatacept), the circulating monocytes CD86
receptor occupancy (CD86RO, ie, CTLA4
agonists receptors), is a relevant pharmaco-
dynamic biomarker of their clinical activity,
with CD86RO 280% as a target for full effi-
cacy.” ® However, such measurements have
not been made with abatacept during use for
ICI-myocarditis.

Here, we detail the management of a
patient with thymoma treated by pembroli-
zumab (anti-PD1) who developed fulminant
corticosteroid and mycophenolate mofetil-
resistant myocarditis requiring circulatory
mechanical support. This event was reversed
using high-dose abatacept guided by CD86RO
immune-monitoring and abatacept circu-
lating levels. Additionally, ruxolitinib, a JAK
(Janus-Kinase) inhibitor which impairs T-cell
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activation via blockade of pro-inflammatory cytokines and
is used to treat graft vs host disease (a condition in which
donor T-cells attack host tissue), was also administrated,7
given its expected rapid synergistic effect with abatacept
(acting downstream in the immunological synapse) and
the severity of initial presentation.'

METHODS FOR IMMUNE MONITORING

Blood samples were collected in EDTA tubes. Mono-
cytes and T-lymphocytes were analyzed by flow cytom-
etry using monoclonal antibodies(mAb) as previously
described®: CD45-PacificBlue, CD14-APC Alexafluor700,
CD86-Phycoerythrin, or an  isotype  control-
Phycoerythrin (all Beckman-Coulter) and CD279(PD1)-
BrilliantViolet510 (Biolegend). Monocytes were identified
as CD45°CD14"cells, CD86 mean fluorescent intensity
(MFI) was analyzed on gated monocytes and compared
with labeling with an isotypic control (online supple-
mental figure 1). CD86RO was calculated as follows: (1)
MFL-MFI =AMFI, where MFI is MFI of the Phycoerythrin-
labeled anti-CD86 mAb; MFI  is the non-specific MFI
with an isotype control; AMFI is the difference between
these two values, representing a relative measurement
of specific binding and (2) CD86RO at each timepoint
was calculated using: [1-(AMFIﬁmepmt/ AMFI_ . )] where
AMFI, . "is calculated from a sample extracted within
1 hour of first abatacept dose (online supplemental figure
1).°° For PD1 expression, the gating strategy is described
in online supplemental figure 2; CD3"T-lymphocytes were
gated in lymphocytes, followed by CD4" and CD8 T-cells
gating within CD3"T-cells. The % of PD1 cells were then
analyzed in each population.® Methods for assessment of
abatacept and pembrolizumab circulating levels are in
online supplemental data.

CASE-REPORT

A 25-year-old man was admitted to the intensive care unit
(ICU) with fulminant ICI-myocarditis. Six months earlier,
he was diagnosed with non-operable thymoma extending
to lung and pleura (figure 1). Firstline chemotherapy
included cyclophosphamide, doxorubicin, and cisplatin,
with partial response; but still unsuitable for surgical
removal. Thymoma-cells expressed high levels of PDLI,
prompting pembrolizumab treatment after expert panel
consultation. Baseline troponin levels were normal and
echocardiography showed normal left ventricular ejec-
tion fraction (LVEF:65%).

Two weeks after pembrolizumab initiation, the patient
presented with chest pain, subtle myalgia and was admitted
to cardiology (index event, day 0 (DO0)). Coronary angiog-
raphy was normal with cardiac MRI showing decreased
LVEF, mild pericardial effusion, edema on T2-mapping
affecting LV inferior wall and junctional late gadolinium
enhancement; and LV endomyocardial biopsy identifying
a pathological inflammatory infiltrate mainly composed
of CD3" T-cells (20/mm?) and CD68" macrophages (7/
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Figure 1 Timechart of the evolution of tumor size,
PD1 +T cells and pembrolizumab plasma concentration
after injection, and through the myocarditis event. Thoracic
CT-scanner images showing the thymoma 48 days before
myocarditis (ie, 34 days before pembrolizumab) and 1-
year follow-up after pembrolizumab (maximal tumor size in
mm) with the different anticancer treatment’s subsequent
sequences. Evolution over time of pembrolizumab circulating
levels associated with proportion of T-cells expression PD1
(%) is also represented.

mm?) compatible with ICI-myocarditis. Muscular biopsy
confirmed the concurrent ICI-myositis with dense focal
inflammatory infiltrates also mainly composed of T-cells
and macrophages with necrotic myofibers on pathology.
Troponin-T and creatine-kinase rose, respectively, to
3000ng/L (upper-limit-normal-value:14ng/L) and
37141U/L (upperlimitnormal- value <190IU/L), while
LVEF deteriorated to <10%, despite prompt administra-
tion of intravenous boluses of methylprednisolone(1g/
day)x3 doses and addition of mycophenolate-mofetil
(figure 2). He was transferred to ICU on day 8, with
cardiogenic shock, persistent ventricular tachycardia, and
severe intraventricular conduction blockade, requiring
implantations of an extracorporeal life support (ECLS)
(figure 2).

Baseline level of CD86 expression on circulating mono-
cytes were evaluated to allow for subsequent immune-
monitoring on abatacept to reach CD86RO280%
(figure 2) % This threshold has been demonstrated to be
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Figure 2

ICI-myocarditis case report evolution on immunossupressant drugs. Timechart evolution of the patient (103kg)

with the main clinical events, treatments received and abatacept immune-monitoring results (circulating levels and CD86RO).
CD86RO, CD86 receptor occupancy on circulating monocytes; (C) ICU, (cardiac). 99th percentile normal upper value of
troponin-T was 14 ng/L; Hemodynamic support included extracorporeal life support associated with norepinephrine for the
first 48hours. *For graphical representation, negative values of CD86RO were represented as null (see the Methods section for
CD86RO value computation). ICI, immune checkpoint inhibitor; ICU, intensive care unit; LVEF, left ventricular ejection fraction;

MMF, mycophenolate mofetil.

relevant in current indications of CTLA4 fusion proteins,
particularly belatacept.' > ® This strategy resulted in a
loading dose of intravenous abatacept 20mg/kg (similar
to belatacept loading dose equivalent given in graft rejec-
tion prophylaxis),’ in combination with oral ruxolitinib
15mg two times daily and intravenous methylpredniso-
lone 2mg/kg starting on day 8. Within a week, ventricular
arrhythmias resolved, LVEF recovered to 35%-40%, and
troponin progressively decreased to ~1000ng/L. CDS86RO
increased near 80% after each abatacept injection, but
monitoring showed initially (the first three doses) very
fast consumption of abatacept with maximal abatacept
plasma concentration dropping from ~300to ~150pg/
mL (50% clearance) consistent with maximal CD86RO
decreasing from ~80%to below 40% in ~2-3days vs
a known halflife of ~13days' (figure 2). All decisions
regarding timing and dosage of abatacept injections were
made on CD86RO assessment, clinical (including ECG
with ventricular patterns, online supplemental figure 3),
LVEF and biological evolution (troponin-T). Patient was
successfully weaned from inotropes within 48 hours and
from ECLS within 7 days after abatacept/ruxolitinib start.
After ECLS weaning, the only significant recurrences in
sustained ventricular arrhythmia occurred on day 17 and
was concomitant with a negative CD86RO, prompting

an additional abatacept dosing. Corticosteroids and
ruxolitinib were progressively stopped over a month.
The patient ultimately required 5 injections of abatacept
20mg/kg (day 8, day 11, day 18, day 25, and day 32).

On day 40, the patient fully recovered clinically, with
LVEF restoring to 60%. A wearable defibrillator showed
no significant arrhythmic events to day 106. Ramipril and
beta blockers were started on day 18-day 20 and were
maintained after discharge. Pembrolizumab was perma-
nently discontinued. Further CT-scan assessment showed
tumor shrinkage compatible with a surgical procedure;
however, the patient refused surgery. 4 months after
pembrolizumab dosing, the tumor relapsed, concomi-
tant to restoration of lymphocytes expressing PD1 (15%
vs. <1%just after pembrolizumab), correlating with
pembrolizumab circulating levels being undetectable
(figure 1). The patient was then treated with combination
of carboplatin and paclitaxel.

DISCUSSION

This case shows the potential of reversal of a fulminant
ICI-myocarditis using receptor occupancy guided and
tailored dosing of abatacept, combined with ruxolitinib
and corticosteroids. Abatacept (a CTLA4 fusion-protein),
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antagonizes the activation of ICI pathways by inhibiting
the upstream antigen-presenting-cells (monocytes);
meanwhile, the association with corticosteroids and
ruxolitinib, a JAK inhibitor, inhibits T-cell signals either
directly (corticosteroids), or indirectly through cytokine
pathways inhibition (ruxolitinib).' ? As T-cells and macro-
phages are critical in the development of ICI-myocarditis,
specifically targeting them is important for treating this
condition."**

Abatacept dosing was assessed using threshold chosen
for CDS86RO (CD86RO>80%) similar to those used in
allograft rejection with belatacept and in rheumatoid
arthritis with abatacept.' ®® Using this strategy, abatacept
dose used to reach CD86RO>80% in our case was 4—6
times compared with dose used in RA within the two first
weeks (three doses of 20mg/kg herein vs 10mg/kg in
RA) and similar to that used for allograft rejection (three
doses of belatacept 10 mg/kg within 2 weeks in rejection,
with belatacept being twice more potent than abatacept
in term of CD86RO).!

Frequent immune-profiling revealed association
between CD86RO and evolution of bio-clinical pheno-
types (troponin-T, ECG, figure 2). We observed recur-
rences in sustained ventricular arrhythmias in the early
management phases when CD86RO was <40%, empha-
sizing the link between CD86RO and cardiac arrhyth-
mias, a hallmark of ICI-myocarditis.'” Assessing CD86RO
helped to precisely time the injections and dose of abata-
cept. Yet, numerous questions remain such as potential
interacting elements altering abatacept-CD86RO rela-
tionship in ICI-myocarditis including concomitant intake
of ipilimumab (anti-CTLA4) and remain to be deter-
mined in a future trial (NCT05195645).

Lastly, a major challenge to consider while treating
patient with severe immune-related adverse events is how
to mitigate the potential lethality associated with this side
effect while preserving antitumor beneficial effects. Most
immunossupressant have been flagged with a potential
risk for protumorigenicity particularly when used chron-
ically for years."'" In our case, use of abatacept and ruxoli-
tinib was the shortest possible and limited to less than a
month; though associated with high-dose corticosteroids.
We did observe a relapse of thymoma ~4 months after last
anti-PD1 dose; and ~3 months after last abatacept/ruxoli-
tinib dosing. This relapse was concurrent with re-expres-
sion of PD1 on T-cells and pembrolizumab blood level
being undetectable suggesting a progressive vanish of ICI
effect; but it is unclear to which extent the various immu-
nossupressant drugs used to treat the ICI-myocarditis
have contributed to this observation. Further research
is indeed required to assess the question of the optimal
drug mix, dosage and duration to be used to preserve
ICI therapeutic effect while treating a severe ICI-related
adverse event.

CONCLUSION
We present a case of quick reversal of pembrolizumab-
induced fulminant life-threatening myocarditis, using

personalized dose adapted immunosuppression based on
abatacept, ruxolitinib and corticosteroids.
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Open access Correction

Correction: Reversal of immune-checkpoint inhibitor
fulminant myocarditis using personalized-dose-adjusted
abatacept and ruxolitinib: proof of concept

Nguyen LS, Bretagne M, Arrondeau J, et al. Reversal of immune-checkpoint inhibitor
fulminant myocarditis using personalized-dose-adjusted abatacept and ruxolitinib:
proof of concept. [ ImmunoTher Cancer 2022;10:¢004699. doi: 10.1136/jitc-2022-004699.

This article has been corrected since it was first published online. In the ‘Case-report’
section, the dosage for intravenous abatacept in combination with oral ruxolitinib has
been corrected to ‘15 mg two times daily’.
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