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Abstract

Background—Inflammatory and immune responses triggered by brain ischemia worsen clinical
outcomes of stroke and contribute to hemorrhagic transformation, massive edema and reperfusion
injury associated with intravenous alteplase. We assessed whether a combination of the immune-
modulator fingolimod and alteplase is safe and effective in attenuating reperfusion injury in
patients with acute ischemic stroke (AIS) treated within the first 4.5 hours of symptom onset.

Methods and Results—In this multi-center trial, we randomly assigned 25 eligible patients
with hemispheric ischemic stroke stemming from anterior or middle cerebral arterial occlusion to
receive alteplase alone or 22 patients to receive alteplase plus oral fingolimod 0.5 mg daily for
three consecutive days within 4.5 hours of the onset of ischemic stroke. Compared with patients
who received alteplase alone or patients who received combination of fingolimod with alteplase
exhibited lower circulating lymphocytes, smaller lesion volumes (10.1 vs 34.3 ml, P = 0.04), less
hemorrhage (1.2 vs 4.4 ml, p = 0.01) and attenuated neurodeficits in National Institute of Health
Stroke Scales (4 vs 2, P =0.02) at day 1. Furthermore, restrained lesion growth from day 1 to day 7
(2.3 vs 12.1 ml, P < 0.01) with a better recovery at day 90 (modified Rankin Scale 0-1, 73% vs
32%, P < 0.01) was evident in patients given fingolimod and alteplase. No serious adverse events
were recorded in all patients.
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Conclusions—In this pilot study, combination therapy of fingolimod and alteplase was well
tolerated, attenuated reperfusion injury and improved clinical outcomes in AIS patients. These
findings need to be tested in further clinical trials.
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Introduction

Ischemic stroke is a major cause of death and disability. Alteplase, a recombinant tissue
plasminogen activator(rtPA) , is still the only approved medication for administration within
3to 4.5 hours for patients undergoing an acute ischemic stroke (AIS).1 However,
reperfusion injury, including hemorrhagic transformation or massive edema can accompany
alteplase administration; 23 therefore, the use of this thrombolytic therapy can become a
dilemma, particularly for patients with large infarct.

The high incidence of spontaneous hemorrhagic transformation in AIS patients has been
documented, ranging from 38% to 71% in autopsy studies and from 13% to 43% in clinical
trials.* Notably, alteplase-treated stroke patients have a 10-fold higher risk of suffering an
intracranial hemorrhage than untreated patients.3 Hemorrhagic transformation after
thrombolysis is generally an early event (<24 hours), as documented in the NINDS rtPA
trial, in which all fatal parenchymal hemorrhages occurred in this time period, with 80%
occurring within 12 hours of treatment delivery.3 In addition, the patients’ brain water
content also rises due to vasogenic edema that occurs within 1 to 4 hours of stroke onset,
peaks between day 3 to 8 and vanishes at day 30.5% Such edema enlarges lesion volume in
10% of ischemic strokes, evoking the malignant middle cerebral artery occlusion syndrome.
Severe edema and mass effect are associated with an up to an 80% mortality rate in
malignant middle cerebral artery occlusion. 10

Brain ischemia and reperfusion activate the immune system. This abrupt and massive influx
of lymphocytes from the periphery into the ischemic region orchestrates a focal
inflammatory response, further disrupts the blood-brain barrier (BBB) and worsens the
clinical outcomes of these patients. Early BBB disruption and pronounced inflammatory
response elicited by ischemia and cell death play a critical role in lesion enlargement,
hemorrhagic transformation and vasogenic edema.’”11 In addition, inflammation promotes
hemorrhagic transformation and vasogenic edema as well as worsening reperfusion injury
associated with the use of alteplase within 4.5 hours after ischemic stroke begins. 12-14
Therefore, we hypothesize that suppression of inflammation might not only attenuate
immune-mediated brain damage as a monotherapy, but also would be a fitting complement
to reperfusion thrombolytic therapy. Fingolimod is a sphingosine analog that acts on
sphingosine-1-phosphate receptors. It was approved by the FDA in 2010 as the first oral
disease-modifying therapy for the relapsing-remitting form of multiple sclerosis.1®
Fingolimod inhibits the egress of lymphocytes from lymph nodes and limits their
recirculation.1® Additional effects on the integrity of BBB and direct action on neurons and
glia that bear S1PR may also contribute to its beneficial attributes in multiple sclerosis.17-19
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Recently, the safety and efficacy of fingolimod in both intracerebral hemorrhage (ICH) and
AlS patients have been investigated in proof-of-concept trials.20-21 In ICH, fingolimod
treatment for 72 hours produced short term and long term clinical benefits as well as limiting
the expansion of perihematomal edema. 20 In patients with acute anterior circulation
occlusion, who are later than 4.5 hours after disease onset and otherwise ineligible for
alteplase, fingolimod significantly improved the clinical outcome, reduced secondary lesion
growth and decreased microvascular permeability.2! However, the safety and efficacy of
early treatment with fingolimod in AIS patients eligible for alteplase (<4.5 hours after initial
onset) are not known. The aim of this study was to investigate the safety and preliminary
impact of co-administration of fingolimod with alteplase on clinical outcomes, hemorrhagic
transformation and magnitude of edema in AlS patients.

Study design and patients

This randomized, open-label, evaluator-blind, multicenter pilot trial was performed between
2013 and 2015 at three stroke centers in Tianjin, China. Enrollment included 47 patients
with first-ever hemispheric ischemic stroke, ages 18-80 and > 5 on NIHSS score. Exclusion
criteria were patients with (1) standard contraindications to alteplase; (2) evidence of other
diseases of the CNS; (3) pre-existing neurologic disability (a score greater than 2 on the
modified Rankin Scale -mRS); (4) swallowing difficulties (defined by bedside dysphagia
evaluation); (5) patients with any history of bradyarrhythmia or atrioventricular blocks; (6)
concomitant use of antineoplastic, immunosuppressive or immune- modulating therapies;
(7) macular edema. In addition, we used specific selection criteria for this trial that were
based on the results of MRI imaging. The MRA inclusion criterion was the presence of
intracranial occlusion in the anterior cerebral or middle cerebral artery. Patients with
internal-carotid-artery and vertebrobasilar artery occlusions were excluded due to safety and
variability concern.

Patients were randomly assigned in a 1:1 ratio to receive either the standard dose of alteplase
(0.9 mg per kg, the first 10% administered as an initial bolus and the remainder over a 1-
hour period, with a maximum dose of 90 mg) or the standard dose of alteplase plus
fingolimod (Gilenya, Novartis). Each patient in the fingolimod plus alteplase group was
given 0.5 mg of fingolimod orally once daily, for three consecutive days, with the first dose
being given before alteplase administration (Figure 1). Randomization was performed by
means of a coin toss by the clinicians who administrated fingolimod for the eligible patients
(Z.Z.,D.T.and Y. D.). The treating clinician was aware of the treatment assignments.
Written informed consent was provided by the patients or their health care proxies. The
study protocol and informed consent procedures were approved by the institutional review
board at each participating center. This study is registered with ClinicalTrials.gov, number:
NCT02002390.
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Procedures

FACS assessments

The kinetics of lymphocyte subset alteration were monitored in whole-blood samples from
all fingolimod- treated patients at the baseline, which preceded the first dose, and at day 1,
day 7 and day 90 after the first dose for comparison with untreated patients at the same time
points. Mononuclear cells were isolated from the whole-blood specimens and stained with
antibodies to CD4-FITC, CD8-PE, CD19-PerCP, CD56-PE (BD Biosciences, Franklin
Lakes, NJ, USA). Data were acquired using a FACSCalibur (Becton Dickinson
Immunocytometry Systems, San Jose, CA, USA) and analyzed with Flow Jo software (Tree
Star, Ashland, OR, USA).

Clinical assessments

Patients’ demographics and risk-factor characteristics were recorded. Hypertension was
defined as systolic blood pressure greater than 140 mm Hg and/or diastolic blood pressure
greater than 90 mm Hg; diabetes was defined as a fasting plasma glucose greater than or
equal to 7.0 mmol/L and/or plasma glucose two hours after a meal greater than or equal to
11.1 mmol/L. Hyperlipidemia was defined as a serum total cholesterol levels greater than
5.72 mmol/L and/or triglycerides more than 1.7 mmol/L. Clinical assessments were
performed by neurologists (X. X., Y. F. and N. S.) upon patients’ enrollment, at the time
points when alteplase was given and on days 1, 7, 14 and 90 afterward in an evaluator-
blinded fashion (Figure 1). The extent of neurologic deficit was evaluated by NIHSS.
Recovery outcomes at 90 days were assessed with mRS.

Imaging protocol

Noncontrast CT imaging was performed to exclude cerebral hemorrhage in patients prior
enrollment. For MRIs, 1.5 or 3 T scanners were used on day 1 and day 7, with a
comprehensive acute stroke MRI protocol adopted by all three study centers. These include
diffusion weighted imaging (DWI1), perfusion weighted imaging (PWI), gradient-echo
imaging (GRE), as well as MRA, the mean time for scanning is 15 minutes. Reviews of
MRI images were performed at a clinical imaging workstation with the use of instrument-
specific proprietary software. The image analysis was performed by the treating stroke
neurologists, all of whom had experience in the evaluation of MRIs. Paired baseline and 24
hour MRA were graded using adapted Thrombolysis in Myocardial Infarction (TIMI)
criteria, 22 with vessel occlusion status classified as complete, minimal flow, partial flow, or
normal. Recanalization was defined as normal flow or improvement in flow on day 1, no
recanalization was defined as no improvement in flow. Each baseline site of occlusion was
also recorded, with middle cerebral artery occlusions being sub-classified according to the
most proximal segment occluded (terminal internal carotid artery, proximal-first segment,
mid-first segment, distal-first segment, or second segment).

With regard to the type of hemorrhage, such transformation can be divided into hemorrhagic
infarction and parenchymal hematoma defined as signal loss on GRE imaging. Petechial
hemorrhagic transformation was defined as punctate areas of signal loss within the stroke
bed on GRE imaging without any significant mass effect or intraventricular extension.
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Parenchymal hematoma was defined as a homogeneous, confluent area of signal loss with
mass effect and/or intraventricular extension.23 Symptomatic intracranial hemorrhage was
defined as a large parenchymal hematoma combined with a significant clinical deterioration
of =4 points on the NIHSS.

Changes of lesion volume were measured on DWI (baseline) and Flair (day 1, day 7), and
hemorrhage volume was measured on GRE (day 1). Measurements were performed
independently by two blinded neuroradiologists (W.H. and Y.F.) using MIPAV software.
Lesion volume and hemorrhage volume were manually outlined on the DWI, Flair and GRE
slices and then automatically calculated for each slice from the measured area and
corresponding slice thickness.

The primary outcomes were changes in lesion volume from baseline (DWI) to day 1 (Flair),
the hemorrhage volume (GRE) at day 1 and extent of clinical improvement at day 1, as
measured by the changes on the NIHSS score from baseline to day 1. Secondary outcomes
were the extent of lesion volume growth from day 1 to day 7, extent of clinical improvement
from day 1 to day 7 and the probability of excellent recovery at day 90 (defined as a score of
0 or 1 on the mRS).

Statistical analysis

Results

Before the completion of the study, a biostatistician developed the statistical analysis plan to
test the prespecified trial hypotheses defined in the protocol. The primary hypothesis was
that a comparison between the alteplase group and the fingolimod plus alteplase group
would show the superiority of fingolimod plus alteplase with respect to one or more primary
outcomes (change in lesion volume at day 1, hemorrhage volume at day 1 or NIHSS change
at day 1). An alpha level of 0.05 was prespecified for each of the three primary end points.
We calculated the sample size for the current study on the basis of our pilot study,?! with the
power set at 80% and an assumption of superiority with respect to one of the three primary
outcomes, at an alpha level of 0.05.

SPSS for Windows version 17.0 software (SPSS, Inc, Chicago, IL, USA) was used for the
analysis. For continuous variables such as age and lesion volumes, descriptive statistics were
calculated and reported as means + SE. All continuous variables for the fingolimod plus
alteplase group were compared with the alteplase-only group using the t-test. The
parameters which were non-normally distributed or discontinuous variables (e. g., NIHSS,
mRS) were reported as median (range) and compared as groups using a Mann-Whitney test.
Categorical variables were compared for the groups using the Chi-squared test (Fisher's
exact test when the expected value is < 5).

Baseline characteristics of patients

Figure 1 shows the screening profile of the trial. Between 2013 and 2015, a total of 620
patients potentially eligible for intravenous thrombolysis underwent screening within 4.5
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hours after symptom onset. Of these patients, 47 (8%) were enrolled in the study. Patients
with internal-carotid-artery occlusion, basilar-artery occlusion, an absence of intracranial
vessel occlusion or dysphagia were excluded from the study. The median (range) NIHSS
score at baseline for all enrolled patients was 12 (6-22). Of the 47 enrolled patients, 25 were
randomly assigned to the alteplase group (treated with alteplase only) and 22 were assigned
to the fingolimod plus alteplase group (treated with alteplase plus fingolimod). Most
baseline clinical characteristics were well matched among the two groups, except the
fingolimod plus alteplase group included more persons who had atrial fibrillation (P =
0.030; Table 1). Patients in the control group received treatment at a mean of 3.0 hours, as
compared with 3.1 hours for those in the fingolimod-treated groups (P = 0.73). There were
no significant differences in the sites of occlusion at baseline (P = 0.29) or infarct volumes
(P = 0.90) at baseline among the groups.

Alteration of lymphocytes after oral fingolimod

We used circulating lymphocyte counts to confirm the biological activity of fingolimod at a
dosage of 0.5mg. At baseline, the numbers of CD4* T, CD8* T, CD19* B and CD56*
natural killer (NK) cells in fingolimod-treated patients were similar to those of controls.
Variable but steady reductions of these cell counts were recorded on day 1 after fingolimod
administration, these were 54% (P < 0.01), 61% (P < 0.01), 59% (P < 0.01) and 58% (P <
0.01) decreases from baseline in CD4™ T cells, CD8* T cells, CD19* B cells and NK cells,
respectively (Figure 2). The swift action of fingolimod on blood lymphocytes makes it
potentially feasible to combine fingolimod (0.5mg) with alteplase treatment in acute
ischemia. On the subsequent day 7 analyses, lymphopenia was consistently seen in
fingolimod-treated patients. On the day 90 follow up, the total lymphocyte counts returned
to baseline levels.

Clinical and MRI outcomes in patients receiving alteplase alone or combined with

fingolimod

For all 47 patients, baseline and follow-up DWI, FLAIR, GRE and MRA images were
available for analysis. There was no difference in the recanalization rates between groups on
day 1 (P =0.77); 14 (64%) patients in the fingolimod plus alteplase group and 17(68%)
patients in alteplase group experienced recanalization.

Compared to patients who received alteplase only, the addition of fingolimod appeared to be
associated with better outcomes on all three primary end points adopted by the study (Figure
3 A-C): remarkable restraint of infarct volume expansion (10.1 + 1.2 vs 34.3+10.4ml, P =
0.04), smaller hemorrhage volume (1.2 £ 0.4 vs 4.4 £ 1.1ml, P = 0.01) and greater clinical
improvement (4 (0-8) vs 2 (-2-8), P =0.02) on day 1. The magnitude of hemorrhagic
transformation was significantly milder in patients who received the combination of
fingolimod with alteplase vs patients who received alteplase alone (P < 0.01) (Figure 3D).
One patient in the alteplase group with malignant middle cerebral artery occlusion received
craniotomy treatment on day 1, but no patient treated with fingolimod plus alteplase
underwent craniotomy. No patients in these two groups had symptomatic intracranial
hemorrhage at day 1.
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Fingolimod was also beneficial with respect to secondary outcomes (Figure 4). In
comparison with patients who received alteplase only, patients who received the
combination of fingolimod and alteplase exhibited a significant reduction of lesion volume
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growth (-2.3 £2.7 vs 12.1 £ 3.7 ml, P < 0.01), and decreased NIHSS scores (2.5 (0-7) vs 1
(-4-5), P < 0.01) from day 1 to day 7; a higher proportion of these patients experienced
good recovery (mRS 0-1) by day 90 (73% vs 32%, P = 0.01).

These results indicate that the addition of fingolimod was probably responsible for inhibiting

hemorrhagic transformation and edema at early time points (less than 24 hours) and
restrained the extension of lesion volume at later time points (from day 1 to day 7) as
representative MRIs showed in Figure 5.

Suspected lung infection and urinary tract infection occurred in 14% and 9% of the
fingolimod plus alteplase- treated patients and in 12% and 8% of alteplase-only patients,
respectively (Table 2). Infection signs in fingolimod plus alteplase-treated patients were
relatively mild and resolved after a brief course of antibiotics. No recipient of fingolimod
complained of chest discomfort. ECG monitoring found no cardiac arrhythmia or
atrioventricular blocks. In addition, blood pressure, heart rate and routine laboratory
investigations before and after the treatment showed no obvious fluctuations (Table s-1,
Figure s-1).

Discussion

In this study, we found that fingolimod plus alteplase was superior to alteplase alone with
respect to lesion volume enlargement, hemorrhage volume and clinical improvement at 24
hours after acute ischemic stroke. It is conventional in studies of acute stroke to use a
primary outcome that assesses disability status at 90 days.1-3 However, hemorrhagic
transformation after thrombolysis is generally an early event (<24 hours), and mass edema
occurs within 1 to 4 hours of stroke onset.3: 711 Additionally, reperfusion injury must be
measured at a shorter interval after early reperfusion to assess the biologic efficacy of
fingolimod. Therefore, we adopted a primary clinical outcome that was most likely to be
sensitive to reperfusion injury. A longer-term clinical benefit was also evident; that is, a
higher probability patients will recover well (MRS 0-1) was seen in the fingolimod-treated

group.

Clinical factors such as a high initial NIHSS, delayed treatment time, high blood pressure,
atrial fibrillation, cerebral embolism, hyperglycemia and recanalization status are well
known to increase the incidence of hemorrhagic transformation.? In this trial, there was no
difference between the two groups of patients in terms of these predictors except that more
patients had atrial fibrillation in the fingolimod plus alteplase group (8 / 22 vs 2 / 25). At the
baseline, patients enrolled in the fingolimod plus alteplase group were expected to be more
prone to bleeding compared with the patients in the alteplase group on the basis of the
former's higher rate of atrial fibrillation. To the contrary, however, no increase in the
probability of bleeding or severity of hemorrhagic transformation was identified in this

Circulation. Author manuscript; available in PMC 2016 September 22.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhu et al.

Page 8

group of patients who received the combination therapy of fingolimod and alteplase. Thus,
our findings suggest that fingolimod was effective in preventing hemorrhagic transformation
associated with alteplase administration.

Abnormal permeability of the BBB resulting from ischemic endothelial dysfunction of
capillaries and strong inflammatory reaction underlies both brain edema and hemorrhagic
transformation of ischemic brain tissue at the earlier time after alteplase treatment.”11 In
addition, alteplase may degrade the integrity of the extracellular matrix and increase the risk
of hemorrhagic transformation.24 We showed that fingolimod combined with alteplase
reduced lesion volume expansion, mainly derived from vasogenic edema, and hemorrhage
volume within 24 hours.

Our study suggests the possibility that fingolimod limits the lesion expansion, at least in
part, via suppression of reperfusion injury. However the reduced infarct expansion and
hemorrhagic transformation after fingolimod treatment may not solely result from its
restriction of reperfusion injury. In addition to reducing cell homing to the brain,
preservation of the endothelial integrity of the BBB as well as non-immunological effects on
the CNS, such as preventing neuronal death, inhibiting the upregulation of adhesive
molecules in endothelial cells, attenuating reactive astrogliosis and reducing microvascular
thrombosis?-19. 21, 25-28 may also contribute to the observed beneficial effects of
fingolimod. In support of this notion, alleviated BBB injury and reduced risk of brain
hemorrhage have been reported in a mouse model of thromboembolic stroke after treatment
with alteplase plus fingolimod.2> Between the acute and subacute stage in stroke, vasogenic
edema increases the lesion volume visible on MRI, peaking between 3 to 8 days after ictus,
after which that volume begins to subside, presumably from the resolution of edema, and
lesion volume then remains stable until edema vanishes on day 30.° A local inflammatory
response after acute stroke can contribute to secondary vasogenic edema with lesion growth
and impede clinical recovery.829 Injured and dying cells, after cessation of blood flow,
activate the innate and adaptive immune systems and lead to a massive migration of
peripheral leukocytes into the brain, such as neutrophils and macrophage, NK cells, CD4*
T, CD8* T cell subpopulations.30-32 Such cells become intimately involved in all stages of
the post-ischemic inflammation cascade.?: 13 On day 7, brain lesion results from the
ischemic injury and the secondary inflammation damage. Post-ischemia inflammation injury
is the main target of fingolimod. For that reason, we quantified the changes of lesion size
from day 1 to day 7, which we deem to be a secondary outcome. A remarkable restriction in
lesion growth between day 1 and day 7 was observed in patients who received the
combination of fingolimod and alteplase, as compared to that in patients who received
alteplase only (-2.3 vs 12.1ml). These findings confirmed the previous results that
fingolimod limits the extent of lesion enlargement when fingolimod was administrated at a
later time point, a mean of 20 hours after onset?l. Further, it is important to note that the
limitation of lesion expansion was more pronounced in the current study when fingolimod
was administered at a mean time of 3.1 hours after disease onset. Thus, the current results
imply that early immune modulation using fingolimod, with or without i.v. thrombolysis,
appears to provide a beneficial impact on clinical and radiographic outcome in these
patients, and an added-on effect in patients receiving thrombolytic therapy plus fingolimod.
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Limitations of this study include the small sample size that precludes the power of the study,
suboptimal randomization method and the lack of a parallel arm of patients treated with
fingolimod only within 4.5 hours of disease onset to differentiate the effect of fingolimod
alone. However, it is unethical to administer fingolimod alone to patients with acute
ischemic stroke who are eligible for i.v. alteplase. The advantageous oral formulation of
fingolimod for multiple sclerosis might be suboptimal for patients with stroke due to
difficulty in swallowing and dysfunction of the gastrointestinal tract in some patients with
stroke. The effects of fingolimod alone in preventing spontaneous hemorrhagic
transformation or reducing its incidence when in combination with alteplase might be better
visualized in patients with larger infarct volume. The narrow time window for managing
patients with acute ischemic stroke and conducting sophisticated neuroimaging and other
assessments poses a significant technical challenge. Nevertheless, the present data show that
fingolimod was well tolerated and appeared to be safe when administered with alteplase
within 4.5 hours of acute ischemic stroke. The safety and efficacy of immune modulation
and non-immunological effects on the CNS imposed by fingolimod during the acute phase
of ischemic stroke urges further evaluation by large scale clinical trials.

Supplementary Material
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Study enrollment
968 patients were assessed

onset

intravenous thrombolysis

thrombolysis plus fingolimod

47 underwent randomization

Procedure

Multimodal MRI

FACS

Clinical Evaluation

within 4.5 hours after symptom

620 were potentially eligible for

307 were potentially eligible for

Standard
fingolim:

348 were not eligible on the basis of standard contraindications to alteplase:

315 had intracranial hemorrhage on noncontrast CT
23 had INR >1.5;
10 had undergone surgery recently.

313 were luded on the basis of iti ion criteria:
66 had internal-carotid-artery occlusion;

80 had basilar-artery occlusion;

110 did not have occlusion on MRA;

57 had poor-quality MRI or MRI contraindication.

260 did not underge randomization:

80 were treated with alteplase outside trial due to decline to participate;
67 with history of brad arrhythmia and atrioventricular blocks;

100 with swallowing difficulties;

13 concomitant use with immunosuppressive therapies.

25 received alteplase treatment

22 received alteplase plus oral fingolimod treatment
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Figure 1.

Page 12

Study flow chart. A total of 968 patients with stroke-like symptoms underwent screening
within 4.5 hours after symptom onset. The 620 patients potentially eligible for intravenous
thrombolysis were further screened for participation in the study. 47 patients were randomly

assigned in a 1:1 ratio to the standard dose of alteplase (0.9 mg per kg, the first 10%

administered as an initial bolus and the remainder over a 1-hour period, with a maximum
dose of 90 mg); or to the standard dose of alteplase immediately following the 15! dose of
oral fingolimod (0.5 mg of FTY720 (Gilenya, Novartis). Fingolimod was administered once
daily, for three consecutive days. Counts of circulating lymphocyte subsets were monitored
by flow cytometry. Clinical assessments (NIHSS, mRS) were conducted at the indicated

time points. Alterations of MRA status, lesion volume and hemorrhage volume were

measured on MRI at the indicated time points.
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Figure2.
Lymphocyte subset counts decreased after one day of fingolimod treatment. Blood was

drawn from patients at the baseline (3.1 hours) and at day 1 after the first dose of alteplase
with or without fingolimod (grey horizontal square depicts pooled data from patients who
received alteplase only; lines with patient numbers depict those who received alteplase with
fingolimod. Mononuclear cells were purified and stained with antibodies to individual cell
types. Percentages of CD4* T cells (A), CD8* T cells (B),CD19" B cells (C) and CD56* NK
cells (D) were determined by flow cytometry; absolute numbers were calculated, and are
displayed as x 10%/ml of blood from patients. Each patient's mean + SE is shown.
Comparisons were performed with paired sample t-tests.
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Figure 3.

Legsion volume growth, hemorrhage volume and clinical status at day 1. Panel A: Lesion
volume growth at day 1; lesion growth = lesion volume measured on Flair (day 1) minus
lesion volumes measured on DWI (baseline); values are mean + SE; comparisons were
performed with independent t-tests. Panel B: Hemorrhage volume stemming from
hemorrhagic transformation at day 1. Lesion volumes were measured on GRE at day 1;
comparisons were performed using the Mann-Whitney test. Panel C: Changes in the NIHSS
score at 24 hours. The horizontal line inside each box indicates the median, and the top and
bottom of the box indicate the interquartile range. The error bars indicate the 5th and 95th
percentiles. Comparisons were performed using the Mann-Whitney test. NIHSS = National
Institutes of Health Stroke Scale. Panel D: Distribution of the type of hemorrhagic
transformation at day 1; Chi-square test. HT = hemorrhagic transformation, HI =
hemorrhagic infarction, PH = parenchymal hematoma, no-HT = no hemorrhagic
transformation, Fin = fingolimod.
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Figure 4.
Lesion volume growth and clinical improvement from day 1 to day 7, as well as the

probability of excellent recovery at 90 days. Panel A: Lesion volume growth from day 1 to
day 7; lesion growth = Lesion volumes measured on Flair (day 7) minus Lesion volumes
measured on Flair (day 1). Values are mean + SE; comparisons were performed with
independent t-tests. Panel B: Changes in the NIHSS score from day 1 to day 7; the
horizontal line inside each box indicates the median, the top and bottom of the box indicate
the interquartile range, the I bars indicate the 5th and 95th percentiles; comparisons were
performed using the Mann-Whitney test; NIHSS = National Institutes of Health Stroke
Scale. Pand C: Distribution of the degree of disability at day 90; comparisons were
performed with Chi-squared test; mRS = modified Rankin Scale, Fin = fingolimod.
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Figureb.
Representative MRI scans of a patient treated with alteplase plus fingolimod and a patient

treated with only alteplase. Representative MRI scans show an acute left hemisphere infarct
with the complete distal-first segment of middle cerebral artery occlusions in control (upper
panel) and an acute left hemisphere infarct with complete mid-first segment of middle
cerebral artery occlusions in fingolimod-treated patient (lower panel). At day 1, although the
recanalization status of all their vessels was the same, striking differences were evident. The
infarct volume was enlarged in the control patient on Flair imaging, and hemorrhagic
transformation occurred with hypointense signaling on GRE. In contrast, the progression of
infarct volume was restrained in our fingolimod-treated patient. At day 7, lesion volume in
the control patients still increased, but to the contrary, lesion volume decreased in the
fingolimod-treated patient. Fin = fingolimod.
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Table 1
Characteristics of the Patients at Baseline

Characteristic Alteplase (N =25) Fingolimod + Alteplase (N =22) P value
Age, year 50.0+16 60.0+25 0.66
Male sex, n (%) 17 (68) 13 (59) 0.56
Hypertension, n (%) 13 (52) 11(50) 1.00
Diabetes mellitus, n (%) 2(8) 1(5) 1.00
Blood glucose, mmol/L 6.5+0.6 7.0x0.7 0.59
Hyperlipidemia, n (%) 12 (48) 8 (36) 0.56
Atrial fibrillation, n (%) 2(8) 8 (36) 0.03
Current smoking, n (%) 16 (64) 11 (50) 0.39
Antiplatelet agent, n (%) 6 (24) 8 (36) 0.52
Anticoagulant, n (%) 1(4) 1(5) 1.00
INR 1.0+0.1 1.0+0.1 0.66
BP systolic, mm Hg 144 + 4 139+6 0.49
Timeto treatment, hour 3.0+£0.2 3.1+£0.2 0.75
NIHSS score at baseline, median( range) 11(6-20) 12 (6-22) 0.39
Volume of infarct, ml 20.0+£ 3.0 23.0+£4.0 0.90
Occlusion site, n (%) 0.29

Anterior cerebral artery 2(8) 0 (0)

Proximal section of first segment of middle cerebral artery 1 (4) 2(9)

Midsection of first segment of middle cerebral artery 4 (16) 2(9)

Distal section of first segment of middle cerebral artery 2(8) 4 (18)

Second segment of middle cerebral artery 14 (56) 8 (36)

Terminal internal carotid artery 2(8) 6 (28)

Page 17

Plus—minus values are means + SE. NIHSS =National Institutes of Health Stroke Scale, range from 0 to 42; higher scores indicate more severe
neurologic deficits. BP = blood pressure. INR = International normalized ratio. Hypertension = Systolic blood pressure >140 mm Hg and/or
diastolic blood pressure> 90 mm Hg; Diabetes = Fasting plasma glucose = 7.0 millimoles per liter and/or plasma glucose after a meal for two hours
2 11.1 millimoles per liter. Hyperlipidemia = Serum total cholesterol levels >5.72 millimoles per liter and/or triglycerides > 1.7 millimoles per liter.
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*
Complications and adverse events

Table 2

Alteplase (N =25) Fingolimod + Alteplase (N =22) P value
Complications
Deaths 0 (0) 0 (0)
Myocardial infarctions 0(0) 0(0)
Recurrent strokes 0 (0) 0(0)
Cerebral hernia 1(4) 0 (0) 1.00
Hemorrhage of digestive tract 3(12) 1(5) 0.61
Fever (>38 °C) 5 (20) 5 (23) 1.00
Event
All events
At least one adverse event 8(32) 6 (27) 0.76
Any adverse event leading to discontinuation 0 (0) 0 (0)
Any serious adverse event 0(0) 0(0)
Frequent or special-interest adver se events
Suspected lung infection 3(12) 3(14) 1.00
Urinary tract infection 2(8) 2(9) 1.00
Herpes virus infection 0 (0) 0(0)
Abnormal laboratory liver-function test 0 (0) 0 (0)
Gastrointestinal disorders 0(0) 0(0)
Leukopenia 0 (0) 0(0)
Lymphopenia 0 (0) 0 (0)
Bradycardia 0(0) 0(0)
Atrioventricular block 0 (0) 0(0)
Macular edema 0 (0) 0 (0)

*
Data are n (%).
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