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Prognosis of immune checkpoint inhibitors-induced myocarditis: a case series

Background

Immune checkpoint inhibitors (ICI) have transformed cancer treatment over the last decade. Alongside this therapeutic improvement, a new variety of side effects has emerged, called immune-related adverse events (irAEs), potentially affecting any organ. Among these irAEs, myocarditis is rare but life-threatening.

Methods

We conducted a multicenter cross-sectional retrospective study with the aim of better characterizing ICI-related myocarditis. Myocarditis diagnosis was based on the recent consensus statement of the International Cardio-Oncology Society.

Results

Twenty-nine patients were identified, from six different referral centers. Most patients (55%) were treated using anti-programmed-death 1, rather than ICI combination (35%) or antiprogrammed-death-ligand1 (10%). Transthoracic echocardiography was abnormal in 52% of them, and cardiac magnetic resonance showed abnormal features in 14/24 patients (58%). Eleven patients (38%) were classified as severe. Compared with other patients, they had more frequently pre-existing systemic autoimmune disease (45% vs 6%, p=0.018), higher troponin level on admission (42-fold the upper limit vs 3.55-fold, p=0.001), and exhibited antiacetylcholine receptor autoantibodies (p=0.001). Seven patients (24%) had myocarditisrelated death, and eight more patients died from cancer progression during follow-up. Twenty-eight patients received glucocorticoids, 10 underwent plasma exchanges, 8 received intravenous immunoglobulins, and 5 other immunosuppressants. ICI rechallenge was performed in six patients, with only one myocarditis relapse.

Discussion

The management of ICI-related myocarditis may be challenging and requires a multidisciplinary approach. Prognostic features are herein described and may help to allow ICI rechallenge for some patients with smoldering presentation, after an accurate evaluation of benefit-risk balance.

BACKGROUND

Cancer therapy has profoundly evolved over the past decades, with harnessing of antitumor immunity as a new tool in the treatment landscape. Ipilimumab was the first approved immune checkpoint inhibitor (ICI) in 2011, and since, seven drugs have been Food and Drug Administration approved, targeting cytotoxic T-lymphocyte-associated antigen-4 or programmed-cell death (ligand)-1 (PD(L)-1).1 Outcomes of patients improved in different types of cancer, and the indications for these drugs are extending fast.1 2 Yet, they are responsible for multiple side effects, driven by unregulated immune system activation, commonly termed as 'immune-related adverse events' (irAEs). Some are frequent and have been well characterized such as colitis, hepatitis, or thyroiditis. 3 4 In that context, cardiovascular adverse events are rare, but of rising concern, especially myocarditis. 5 6 More and more cases are described in the literature, with a mortality rate up to 50%. [START_REF] Salem | Cardiovascular toxicities associated with immune checkpoint inhibitors: an observational, retrospective, Pharmacovigilance study[END_REF] The difficulties are numerous, including the diagnosis of such irAE, as the gold-standard is still endomyocardial biopsy, which may be difficult to perform. Moreover, international guidelines on ICI-related myocarditis management remain vague: beyond ICI discontinuation and the use of steroids, data are limited. Plus, ICI discontinuation can be a loss of chance for the patient, and we lack data about ICI rechallenge.7 This multicenter case series describes the clinical manifestations, management, and outcomes of patients with ICI-related myocarditis

PATIENTS AND METHODS

We conducted a multicenter retrospective cross-sectional study. We identified consecutive patients in Montpellier University Hospital and Montpellier Institute of Cancer from July 2019 to November 2020 through a regional specific network dedicated to ICI-related Toxicities (ToxImmun referral center), led by internists, oncologists, and pharmacovigilance department. This network allows a rather comprehensive identification of cases together with accurate data collection. We also identified cases from four other reference centers (ie, Gustave Roussy Institute, Kremlin-Bicêtre University Hospital, Bordeaux University Hospital and Poitiers University Hospital) by a call for observations through national networks. In the context of ICI therapy, myocarditis definition was based on the recent consensus statement published by the International Cardio-Oncology Society (IC-OS) 8 (online supplemental table S1). Patients were further classified as possible/probable/confirmed myocarditis like proposed by Bonaca et al9 (online supplemental table S1). Alternate diagnosis for troponin elevation (pulmonary embolism, myocardial infarction, pericarditis, …) were excluded. Medical records were reviewed for demographic data, personal medical history, previous oncologic and non-oncologic treatments, clinical data (signs and symptoms, time to myocarditis occurrence), laboratory and imaging data (ECG, high-sensitivity (HS) troponin (T or I), transthoracic echocardiography (TTE), cardiac magnetic resonance (CMR) and endomyocardial biopsies (EMB)). For the sake of standardization, HS-troponin values were normalized according to each laboratory upper limit reference. CMR diagnosis was based on modified Lake Louise criteria.10 Day 0 was assigned as the day when the myocarditis was suspected (first clinical or paraclinical sign). Myocarditis severity was graded according to Common Toxicity Criteria for Adverse Events (CTCAE V.5.0) and IC-OS consensus statement on cardiovascular toxicities of cancer therapies (online supplemental table S1).

Quantitative variables were reported as medians (range) and compared using Mann-Whitney non-parametric tests. Qualitative variables were expressed as percentage and compared with Fisher's exact test. A receiver operating characteristic (ROC) curve was performed to assess troponin diagnostic abilities to distinguish severe presentations. Statistical differences were considered significant if p<0.05. All statistical analysis was made using Prism 8.0.2 (GraphPad Software, San Diego, California, USA).

RESULTS

We included 29 patients from six different care referral centers including 12 definite, 10 probable, and 7 possible myocarditis, with a median age of 68 (32-83) years (see online supplemental figure S1: flow-chart, table 1, and online supplemental table S2 for individual details) . Twenty-four patients (83%) had at least one cardiovascular risk factor, and 13 (45%) had pre-existing underlying autoimmunity (defined autoimmune condition or isolated autoantibodies). Ten patients (34%) received ICI for the treatment of non-small cell lung cancer, 8 (28%) for melanoma, 4 (14%) for renal or bladder carcinoma. Twenty-four out of 29 patients (83%) were at metastatic stage and 26 out of 29 (90%) had previous cancer treatment. Nineteen patients (65%) were treated with anti-PD-(L)1 monotherapy, others with combitherapy. Myocarditis occurred in a median time of 39 days (IQR 39.5 days) (figure 1). Patients presented with cardiac symptoms most of the time (83%), mainly dyspnea (table 1). Median admission troponin was 5.35-fold (range: 1.57-456) the upper limit. The ECG was abnormal in 20 (69%) patients (nine arrhythmia; nine repolarization abnormalities; six conduction trouble). TTE showed decreased left ventricular ejection fraction (LVEF) in 10 out of 27 (37%) patients. Global longitudinal strain was assessed in eight patients with normal LVEF and altered in four of them (50%). Twenty-five patients underwent CMR, 16 (55%) of them showing late gadolinium enhancement. T2 Short Tau Inversion Recovery (STIR) edema was positive in 7/22 (32%), whereas T1-mapping and T2-mapping were positive in respectively 8/13 (62%) and 6/10 (60%) patients. Eighteen patients had suggestive CMR (ie, isolated T1 or T2 criterion, wall motion abnormality and/or pericarditis) and 10 out of 25 fulfilled modified Lake Louise criteria for myocarditis (table 1, online supplemental table S2 and figure 2 for CMR illustration). Fourteen (48%) patients underwent coronarography for initial alternative diagnosis. EMB was obtained in six patients and showed lymphocyte infiltration in five of them, all with prominent T CD8 cells, and PD(L)-1 expression. Among associated toxicities, there was a median of two other irAE (range: 0-5), with the most frequent being musculoskeletal myositis (13 of 29, 45%). Eleven patients (38%) had sicca syndrome, including two cases fulfilling Sjögren's syndrome criteria.

Twenty-six patients were screened for autoantibodies at the time of myocarditis occurrence, 10 (38%) revealing antinuclear antibodies (ANA), including two patients who had preexisting ANA. Specific autoantibodies included anti-myocardium in one patient, antiacetylcholine receptor autoantibodies (AChRAb) in 5 out of 15 patients tested (all presenting myasthenia gravis (MG) symptoms), anti-striated muscle in two patients, anti-PL7 and anti-Scl70 for one patient each.

When we compared the most severe patients (n=11) versus non-severe patients (n=18) (table 2), they presented more pre-existent systemic autoimmune disease (45% vs 6%, p=0.018), lower exposure to anti-vascular endothelial growth factor (VEGF) (0/11 vs 7/18, p=0.025), higher heart rate (median of 113 /min vs 79.5 /min, p=0.001)), more conduction trouble on ECG (45% vs 6%, p=0.018), a higher incidence of AChRAb positivity (5/6 vs 0/9, p=0.001), and higher troponin levels on admission (median of 42-fold the upper limit vs 3.55-fold, p=0.001). There was no difference between the two groups in terms of age, renal clearance, creatine kinase and C-reactive protein levels. Concerning troponin values among these two groups, the ROC analysis showed an area under curve (AUC) of 0.84 (95% CI: 0.69 to 0.98, p=0.002) (figure 3). When choosing a cut-off value of 4.89-fold the laboratory upper limit, we found a sensitivity of 90.9% and a specificity of 66.7%, with a likelihood ratio of 2.727.

Concerning myocarditis management (table 1), almost all patients (28 of 29, 97%) received glucocorticoids, mainly with initial intravenous pulses of 500-1000 mg (19 of 28, 68%). Other modalities of treatment included plasmapheresis, intravenous immunoglobulins, and immunosuppressants, with seven patients receiving combined treatments beyond glucocorticoids. Ten patients were admitted in the resuscitation ward, and six were admitted in cardiac intensive care unit.

An assessment of cancer response at the time of myocarditis occurrence was available for 21 patients, with only 1 patient exhibiting disease progression, others presenting partial response (13 of 21, 61%), complete response (6 of 21, 29%), or stable disease (1 patient). We had a median treatment-free interval of 3.4 (range: 0-22) months, with a median follow-up of 4 (range: 0-28, IQR=8.6) months. Throughout the follow-up, eight additional patients died of cancer progression.

Six patients (four initially treated with combi-therapy) underwent rechallenge with an ICI in monotherapy (table 3). Initial myocarditis was classified as possible in three, probable in two, and definite in one (the latter with severe presentation, the other considered as clinically significant). After rechallenge, and a median follow-up of 566 (183-830) days, only one patient (first classified as CTCAE grade 3 possible myocarditis) suffered from grade 3 myocarditis relapse requiring ICI discontinuation and glucocorticoids, and eventually died of cancer progression.

DISCUSSION

Here we reported on a novel series of 29 cases of myocarditis in patients treated by ICI, with a lower mortality rate than initially described.6 This may stem from earlier detection using systematic screening on ECG and troponin, as recently reported. 11 12 If EMB is considered as the gold-standard technique for myocarditis diagnosis, it may be difficult to proceed outside referral centers, it is not free of adverse events, and may be false negative. In five of our patients, EMB showed pre-eminent CD8 T-lymphocyte infiltration within the myocardium, like cellular rejection following heart transplantation. The latter patient did not have lymphocytic infiltration, although it may be important to bear in mind that 10-20% of cardiac allograft rejection are biopsy-negative. [START_REF] Fishbein | Biopsy-negative cardiac transplant rejection: Etiology, diagnosis, and therapy[END_REF] In the absence of histology, new CMR procedures such as T1-mapping or T2-mapping seem promising.14 One challenge in this analysis is the assessment of myocarditis severity, since clinical presentation may vary from smoldering to fulminant events.5 15 We found some prognostic factors, such as higher heart rate and troponin values on admission, that were correlated with severity (according to the recent definition of the IC-OS8 or by CTCAE classification grade 4-5), congruent with literature. [START_REF] Mahmood | Myocarditis in patients treated with immune checkpoint inhibitors[END_REF] We also found in the most severe group a higher proportion of pre-existing systemic autoimmune disease, patients that had been first excluded from clinical trials, but now treated when the benefit/risk balance seems positive. In the same way, our findings confirm that AChRAb positivity is related to the severity of myocarditis, which was previously described ('3M syndrome': MG associated with myocarditis and myositis).6 17 Concerning associated toxicities, Sjögren-like syndromes under ICI have been described before, and the onset of sicca syndrome in patients treated with ICI may be a signal for multitoxicity or severe toxicities. [START_REF] Ramos-Casals | Sicca/ Sjögren's syndrome triggered by PD-1/ PD-L1 checkpoint inhibitors. Data from the International Immunocancer Registry (ICIR)[END_REF] We did not find any correlation either between combi-therapy and myocarditis severity, or with shorter delay for myocarditis (35 days vs 43 for monotherapy, p=0232), although literature seems to identify higher fatality rate during ICI combi-therapy. 6 However, this discrepancy may be linked with the strengthened monitoring of patients under combi-therapy. Unexpectedly, patients previously treated with anti-VEGF were more frequently in the non-severe group, suggesting an unintuitive protective role, although VEGF have been identified to have immunomodulatory effect by reducing CD8 recruitment. [START_REF] Nykänen | Targeting Lymphatic vessel activation and CCL21 production by vascular endothelial growth factor Receptor-3 inhibition has novel immunomodulatory and Antiarteriosclerotic effects in cardiac Allografts[END_REF] Ongoing studies with VEGF-directed therapies and ICI should be examined to validate-or not-the protective role seen in this case series.

Concerning myocarditis management itself, some patients underwent plasma exchanges (four severe cases and six non-severe cases). We did not find any significant difference in outcomes in terms of cardiac function or troponin measurements (data not shown), but we demonstrate the feasibility of this approach. Although studies have to be conducted, we may suggest to propose early plasmapheresis on a case-by-case basis in patients who may be considered at risk for grade 4-5 myocarditis (ie, previous autoimmunity, high troponin level, concomitant myositis or MG). Plasma exchange may also aim at withdrawing the monoclonal antibody when myocarditis occurrence is close to the last infusion. Herein, admission troponin cut-off value of 4.89-fold the upper limit may be used as an early screening tool. It emphasizes the need for early management, supported by a trained network.

Eventually, once the irAE is efficiently managed, current guidelines recommend definitive contraindication if the grade is ≥24, which is quite always the case. However, immunotherapy may be the last option for these patients, leading to a predicament. Detection of smoldering presentations of myocarditis with better outcome outlines the need to reconsider definitive contraindication especially in those that had been first treated by combi-therapy. A pharmacovigilance study found a recurrence rate of 28.8% of the same irAE after ICI rechallenge,7 with no relapse for the three myocarditis cases described, and only one in our series. In our study, rechallenge was also associated with further oncological response although half of the patients finally died from cancer progression with a median follow-up of 566 days.

There are some limitations to our work, mainly the retrospective and declarative design. CMR was performed locally, with heterogeneous protocols. Half of our patients did not undergo coronarography, and EMB was performed in only six of them, while reflecting a real life framework with often unstable patients.

CONCLUSION

Myocarditis may exhibit various clinical presentations from smoldering to fulminant forms. We found that life-threatening events more frequently occurred in patients with underlying autoimmunity and were associated with a higher heart rate and troponin level at admission, and the presence of anti-acetylcholine receptor autoantibodies. Apart from ICI discontinuation and early steroid administration, plasma exchanges are feasible in this context, while their benefits remain to be demonstrated. In smoldering myocarditis with initial favorable course, ICI rechallenge may be considered after an accurate evaluation of the benefit/risk balance. Further studies are needed to evaluate the value of troponin follow-up, specific risk factors and assess the benefit/risk balance of ICI rechallenge.
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