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Abstract: We performed a systematic search and meta-analysis of available literature to determine
the safety profile of Cerebrolysin in acute ischemic stroke, filling existing safety information gaps
and inconsistent results. We searched EMBASE, PubMed and Cochrane Databases of Systematic
Reviews and Clinical Trials up to the end of February 2021. Data collection and analysis was con-
ducted using methods described in the Cochrane Handbook for Systematic Reviews of Interven-
tions. All safety outcomes were analyzed based on risk ratios (RR) and their 95% confidence inter-
vals. The meta-analysis pooled 2202 patients from twelve randomized clinical trials, registering non-
statistically significant (p>0.05) differences between Cerebrolysin and placebo throughout main and
subgroup analyses. The lowest rate of Serious Adverse Events (SAE), as compared to placebo, was
observed for the highest dose of Cerebrolysin (50 mL), highlighting a moderate reduction (RR = 0.6).
We observed a tendency of superiority of Cerebrolysin regarding SAE in high dose treatment
courses for moderate-severe ischemic stroke, suggesting some effect of the agent against adverse
events. This comprehensive safety meta-analysis confirms the safety profile for patients treated with
Cerebrolysin after acute ischemic stroke, as compared to placebo.
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1. Introduction

Ischemic stroke continues to have overwhelming impact on health of populations
and is expected to maintain its leading contribution to global mortality well into this cen-
tury [1]. Studies have shown that post-stroke patients experience a wide range of adverse
outcomes, such as aphasia, post-stroke anxiety, and depression, among others. Patient-
level health outcomes for acute ischemic stroke have significantly improved in the last
decade primarily because of superior overall case management, availability of tailored
drug interventions, and advances in endovascular procedures. Nevertheless, health sys-
tems face a “care gap” particularly due to the ongoing COVID-19 pandemic, as well as
other factors that hamper provision of quality services [2]. Several factors, including fi-
nancing and infrastructure constraints, limited expertise, and clinical uncertainty, still
prevent adherence to evidence-based clinical guidelines and optimal care pathways [3].

Cerebrolysin is a combination of peptides that mimic the biological effect of neu-
rotrophic factors, and amino acids obtained from highly purified lipid-free porcine brain
proteins that promotes neurotrophic stimulation (survival and maintaining the
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phenotype of highly differentiated cells), neuroprotection against noxious agents, neuro-
modulation (e.g. changes in neuronal and synaptic plasticity), and metabolic regulation
(i.e. against lactic acidosis and an increase in resilience against hypoxic conditions) [4].
Randomized clinical trials have highlighted the efficacy of cerebrolysin in motor and neu-
rological function recovery following AIS [5,6].

Cerebrolysin is recommended in clinical practice guidelines across several continents
[7-9]. Previous meta-analyses on Cerebrolysin safety profile provided inconsistent results.
This applies especially to the two largest most recent meta-analyses: Bornstein et al. 2018,
including 1879 patients from nine randomized-controlled trials (RCTs) [10], and the re-
view of Ziganshina et al. 2020, including 1601 patients from seven RCTs [11]. To resolve
the reported discrepancies, the present meta-analysis aimed to explore the safety profile
of Cerebrolysin, using the maximum amount of evidence available.

2. Materials and Methods
2.1. Study selection and information sources

This systematic review and meta-analysis included randomized, double-blind, pla-
cebo-controlled, clinical studies completed until February 28th, 2021, and assessing effi-
cacy of Cerebrolysin as add-on treatment to standard care of ischemic stroke and pub-
lished as full-text articles were considered as eligible for inclusion in this meta-analysis.
No restrictions were placed on language, publication (year, type, or status), study end-
point (duration, length of follow-up, type of outcome measures) or treatment intervention
(treatment window, dosage, frequency, duration). Studies that did not provide outcome
data or data usable for the meta-analysis as well as studies that did not meet the inclusion
criteria were excluded. Safety parameters were adverse events, serious adverse events,
non-fatal serious adverse events, and death, defined in compliance with current European
Medicines Agency definitions described in the Note for guidance on clinical safety data man-
agement: definitions and standards (CPMP/ICH/377/95).

Information was sourced from Embase, PubMed and the Cochrane Database of Sys-
tematic Reviews up to end of February 2021. To further identify studies for this review,
we also screened major review references and study registries (ClinicalTrials.gov,
https://clinicaltrials.gov/; ISRCTN registry, http://www.isrctn.com/). We contacted au-
thors of unpublished but registered studies and the producer of Cerebrolysin, to provide
additional evidence and references for the meta-analysis. The search term “Cerebrolysin”
was applied to all electronic database searches. The search strategy for Embase was ('cere-
brolysin'/exp OR Cerebrolysin) and for PubMed it was ("cerebrolysin"[Supplementary
Concept] OR "cerebrolysin"[All Fields]). No filters were used. Title, authors, and details
of the periodical of the retrieved records have been listed on an Excel spreadsheet and
screened by two independent researchers to remove identical records. The title and the
abstract (when available) of the remaining records were scrutinized and obviously irrele-
vant reports have been excluded. We arranged for the complete reports of the remaining
references and for professional translation services if published in languages other than
English. After examination of the full text reports potentially relevant studies have been
identified and all related records were promoted to the stage of data extraction. Studies
identified in registries of completed or unknown status were scrutinized for eligibility and
cross-checked with retrieved citation.

If publications were not providing all details necessary for a comprehensive safety
evaluation, supplementary study documents were requested from the original authors
(such as Study Protocols, Clinical Study Reports, etc.). Data from each included publica-
tion was extracted by two reviewers, working independently, and using an extraction
form which was devised for the study. Each included RCT was assessed for selection,
performance, detection, attrition and reporting bias, and other bias that might have been
detected during the review process. Disagreement regarding the extracted elements, clas-
sification of evidence, or assessment of effect size was resolved by consensus; if consensus
was not obtained, a third team member was involved. Inclusion of any supplements for a
specific trial was documented in the footnotes of the RoB table. In addition, individual
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patient data (IPD) were obtained for the following RCTs: Gharagozli et al. 2011, Heiss et
al. 2012, Lang et al. 2012, Muresanu et al. 2016, and Guekht et al. 2015 [5,12-15]. Aggregate
data from publication and individual patient data were cross validated. In case of discrep-
ancies the original authors were contacted for clarification. All discrepancies could be re-
solved and were related to different underlying data sets (safety, ITT, FAS). For one trial
no information on AE and SAE could be retrieved [12]. This study was excluded from the
corresponding analyses.

2.2. Statistical analysis

The safety outcomes were as follows: all-cause deaths, patients with at least one ad-
verse event (AE), patients with at least one serious adverse event (SAE), and patients with
at least one non-fatal serious adverse event (NFSAE). All safety outcomes were analyzed
based on risk ratios (RR) and their 95% confidence intervals (CI). In one study no infor-
mation was available on AE and SAE. This study was omitted from the corresponding
analysis. We applied a random effects model (DerSimonian-Laird), based on the risk ratio
(RR) as effect size for the binary safety criteria. Effect sizes were presented with 95% Cls
and associated P-values. Heterogeneity was assessed by means of the I-squared (I12) pro-
cedure. All meta-analyses were performed using Revman (Version 5.4, The Cochrane Col-
laboration). In addition to the pooled analyses across all included randomized trials, sen-
sitivity analyses were performed using the following stratification categories, including
subsequent pooling across subgroups and formal tests for interaction:

i 20-30mL vs. 50 mL

. 20-30mL < 20 Days vs. 20-30 mL > 20 Days

i 50mL < 20 Days vs. 50 mL > 20 Days

. Treatment Initiation Within 24 Hours vs. Treatment Initiation > 24 Hours

. Studies published independently and available online.

For all subgroup analyses, tests for subgroup interaction and subgroup heterogeneity
were performed based on Chi? test and I2. A significance level of a = 0.05 was used a
threshold for data interpretation. Risk of bias (RoB) assessment for the safety evaluations
was performed using all available data from original publications. In unclear cases, sup-
plementary information was requested from the original authors. Inclusion of any sup-
plements for a specific trial was documented in the footnotes of the RoB table.

3. Results

The systematic search process yielded 1734 results from databases and 20 entries via
other methods described in the study methodology. A flow diagram of the search process
is presented in Figure 1.
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Figure 1. PRISMA flow diagram highlighting study selection process.

Twelve trials met the inclusion criteria, providing safety data for use of Cerebrolysin
for 2202 from a total of 2274 randomized patients in the studies selected for formal analy-

sis (Table 1).

Table 1. Description of studies and populations included in formal analyses.

First author Samole® Cerebrolysin reg- Compara- Initiation win- Endpoint Countries Baseline
and year imen tor dow NIHSS
CNst
Placebo N Austria, 6.91
Ladurner 2005\, _ 146 50ml/day for (0.9% sa- Within24 ~ CNSat Czech Re- 6.7
[16] 121days .I' hours day 21  public, NIHSS
ine) H 5
ungary 9.2
9.6°
Placebo
10 orlsgrg;llday for (0.9% sa-
ays line)
+ 100 mg ASA/day for 10 MRI in-
Skvortsova N = 60 days Within 12 farct vol- Russia, 13.114
2004 [17] - + 250 mg ASA/day for 90 hours ume at day Romania 12.6¢
days 30
+ pentoxifylline (days 1-21:
300 mg, days 22-90: 800
mg/day)
50ml/day for 10 (g'ggggg MRI in-
Shamalov 2010 , _ days " Within 12 farct vol- . 7.7t
[18] N =47 line) hours ume at day Russia 8.6!
+ 100 mg ASA/day for 10 30 '
days
Day 1-7: 30ml/day
Placebo
Gharagozli N = 100 Week 2-4: (0.9% sa-  Within 18  NIHSS at Iran 9.1!
2017 [12] 10ml/day, 5 line) hours day 30 11.11
days/week

+ basic therapy
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Cerebrolysin Placebo China,
30ml/day for 10 (0.9% sa- Composite  Hong
i - )
Heiss 2012 [13] N = 1070 days line) W;]thln 12 of NIHSS, Kor:]g, 92
+100 mg ASA/day for 90 ours mRS, Bl South Ko- 9
davs at day 90 rea, Myan-
Y mar
Cerebrolysin Placebo . Austria,
30ml/day for 10 (0.9% sa- Tgﬁﬂﬁu?{éﬁr Croatia,
_ days line) ] mRSat CzechRe-  12.3!
Lang 2013 [14] N =119 day90 public, 110t
+ rt-PA over 60 minutes ~ Within 3 hours Slovakia,
Slovenia
Cerebrolysin
Amiri-Nikpour _ . 30mliday for 10 Placebo  Within 6 -24 NJ:S?foat an 142
2014 [19] - days hours 68’ % 142
+ 100 mg ASA '
Cerebrolysin .
- Romania, 1
Muresanu 2016 , _ 30ml/day for21  Placebo  Within 24-72 ARAT at ; 9.1
N =208 Ukraine, 1
[5] days hours day 90 9.2
- Poland
+ basic therapy
Cerebrolysin - 1
Guekht 2015 N=240 30ml/day for21 Placebo Within 24-72 ARAT at Russia 7.51
[20] q hours day 90 6.8
ays
Placebo
Chang 2016 _ 30ml/day for 21 o n ANt FMA-T at 8.4
21] N=70 days (O.ﬁrfg)sa Within 7 days day 29 Korea 70t
Cerebrolysin ~_ Placebo NIHSS
- .
Xue 2016 [22] N=ga Somidayforl0 —\pn  Within12 ool cping 133
days hours Dav 30 12.7
+ basic therapy Y
Cerebrolysin -
_ Within 48 NIHSS at . 8.9!
Stan 2017 [6] N =284 30ml/day for Placebo hours Day 30 Romania 7 8t

10 days

1 means (Cerebrolysin vs placebo),

2 medians (Cerebrolysin vs placebo),

3 all randomized groups,

4 50 ml group

5 No NIHSS available, NIHSS derived from CNS using validated conversion model (Nilanont et al. The Canadian Neurological Scale and the NIHSS:

Development and Validation of a Simple Conversion Model. Cerebrovasc Dis 2010;30;120-126.Doi: 10.1159/000314715)

All studies were declared as placebo-controlled, using saline solution. In some
cases, special procedures were implemented to conceal the color of infusion lines. The
baseline characteristics of studies are presented in Table 2.
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Table 2. Baseline characteristics of studies included in the analysis

Variables Age (mean; SD) Male gender (n; %) Baseline clinical assessment
Study Cerebrolysin Placebo Cerebrolysin Placebo Indicator Cerebrolysin Placebo
Ladurner 2005 [1] 65;1.17 65;1.32 47;60.3 38;55.9 CNS - mean; SEM 6.88; 0.09 6.68;0.14
GCS - mean; SEM 14.10; 0.20 14.4;0.16
Skvortsova 2004 ages 45-85 n/a n/a
[2]
Shamalov 2010 [3] ages 45-85 n/a n/a
Gharagozli 2017 69.0; 10.7 66.5; 12.2 27; 54% 26; 52% NIHSS - mean; SD 11.1; 5.0 9.1;4.8
[4] mRS - mean; SD 3.9;1.0 34;1.1
Heiss 2012 [5] 65.0; 12.22 65.6; 11.71 314; 59.6% 326; 60.4% NIHSS - median 9 9
BI - median 30 30
mRS - median 4 4
Lang 2013 [6] 65.6; 11.30 67.0; 10.56 40; 66.7% 37, 62.7% NIHSS, mean; SD 12.3;5.39 11.0;5.44
Amiri-Nikpour 60;9.6 60.1; 10 12;51.2% 10; 47.6%
2014 [7]
Muresanu 2016 [8] 64.9;9.8 63.0; 10.6 70; 67.3% 63;60.6% | ARAT - mean; SD 10.1;15.9 10.7;16.5
NIHSS - mean; SD 9.1;32 92,32
mRS - mean; SD 3.9;0.8 3.9;0.8
BI - mean; SD 35.5;24.9 354;24.6
Guekht 2015 [9] 63.8 59.7% NIHSS - mean 6.8
Chang 2016 [10] 64.7;10.1 63.0; 10.6 29; 82.9% 24;72.7% | NIHSS - mean; SD 84,58 7.0;,4.9
FMA - mean; SD 42.0;24.2 26.7; 20.7
Xue 2016 [11] 66.5; 8.1 684;42 9;45% 10; 50% NIHSS - mean; SD 10.60; 4.74 10.2;3.72
BI ; mean; SD 22.25;7.16 22.00; 6.96
Stan 2017 [12] 62.96; 10.9 65.23;11.1 19; 63.3% 20; 66.5% mRS - mean; SD 4.2;0.82 39,07
3.1. Deaths

Crude pooling of deaths across studies resulted in a total of 45 deaths out of 1101
subjects treated with Cerebrolysin (4.1%), as compared to 55 deaths out of 1101 subjects
treated with placebo (5.0%). Deaths were evaluated by means of the risk ratio (RR). The
combined RR for deaths of all cause was resulting in a small superiority of Cerebrolysin
with risk reduction of deaths by 17%, which was statistically not significant with P = 0.36
(RR=0.83, 95%CI = 0.57 to 1.23, P = 0.36, random effects model, Figure 2).
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Cerebrolysin Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events _ Total Events Total Weight M-H, Random, 95% CI M-H, Rand 95% Cl
Ladurner 2005 6 78 6 68 12.8% 0.87 [0.29, 2.58] S E—
Skvortsova 2004 2 20 3 20 53% 0.67[0.12,3.57] e
Shamalov 2010 1 24 2 23 28% 0.48[0.05,493] —
Gharagozli 2017 1 50 2 50 2.7% 0.50[0.05,5.34] —
Heiss 2012 28 529 32 540 B1.9% 0.89 [0.55, 1.46] —
Lang 2013 4 60 4 59 8.4% 0.98[0.26, 3.75] D
Amiri-Nikpour 2014 1 23 2 23 28% 0.50[0.05,5.14] I
Muresanu 2016 0 104 4 104  1.8% 0.11[0.01, 2.04] *
Guekht 2015 2 120 0 120 1.6% 5.00[0.24, 103.06]
Chang 2016 0 35 0 35 Not estimable
Xue 2016 0 28 0 29 Not estimable
Stan 2017 0 30 0 30 Not estimahle
Total (95% CI) 1101 1101 100.0% 0.83[0.57, 1.23] L 3
Total events 45 55
Heterogeneity: Tau® = 0.00; Chi*= 3.99, df=8 (P = 0.86), F= 0% =D 0 01'1 150 1DD=

Testfor overall effect: 2= 0.92 (P = 0.36) Favours Cerebrolysin Favours Control

Figure 2. Deaths (All-cause); Comparison of Cerebrolysin versus Placebo, Safety Population, Ran-
dom Effects, M-H, Risk Ratio (RR).

3.2. Serious adverse events (SAE)

SAE were reported in a total of 85 out of 1078 subjects treated with Cerebrolysin
(7.9%), as compared to 85 out of 1076 subjects treated with placebo (7.9%). The combined
RR for patients with at least one SAE showed no difference between the groups (RR=0.99,
95%CI =0.74 to 1.32, P = 0.95, random effects model, Figure 3).

Cerebrolysin Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Rand 95% CI M-H, 95% CI
Ladurner 2005 ] 78 768 77% 0.75[0.26,2.12)
Skvortsova 2004 2 20 30200 29% 0.67 [0.12, 3.57)
Shamalov 2010 3 24 4 23 43% 0.72[0.18, 2.87]
Gharagozli 2017 3 50 4 50 4.0% 0.75[0.18,3.18]
Heiss 2012 40 529 36 540 440% 1.13[0.73,1.75) ——
Lang 2013 12 60 7 59 11.2% 1.69[0.71,3.98]
Muresanu 2016 3 104 7104 47% 0.43[0.11, 1.61]
Guekht 2015 8 120 4 120 6.0% 2.00[0.62, 6.46)
Chang 2016 1 35 1 33 11% 0.94[0.06, 14.47]
Xue 2016 7 28 1 29 132% 0.66 [0.30, 1.46]
Stan 2017 0 30 1 30 08% 0.33[0.01,7.87]
Total (95% CI) 1078 1076 100.0% 0.99 [0.74, 1.32] <
Total events 85 a5
Heterogeneity: Tau*= 0.00; Chi*=7.07,df=10 (P=0.72); F=0% ?um 051 170 100:

Test for overall effect Z=0.06 (P = 0.85) Favours Cerebrolysin Favours Placebo

Figure 3. Serious adverse events (patients with at least one SAE), Comparison of Cerebrolysin ver-
sus Placebo in the Safety Population, Random Effects, M-H, Risk Ratio (RR).

3.3. Adverse events (AE)

AE were reported in a total of 472 out of 1078 subjects treated with Cerebrolysin
(43.8%), as compared to 470 out of 1078 subjects treated with placebo (43.6%). The com-
bined RR for patients with at least one AE showed no difference between the groups (RR
=0.98, 95%CI =0.88 to 1.09, P = 0.73, random effects model, Figure 4).

Cerebrolysin Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, 95% CI M-H, 95% Cl
Ladurner 2005 13 78 7 68 1.6% 1.62(0.69,3.82] =
Skvortsova 2004 9 20 7 20 20% 1.29(0.60,2.77] 1T
Shamalov 2010 6 24 14 23 20% 0.41[0.19,0.88) e
Gharagozli 2017 12 50 14 50 26% 0.86 [0.44,1.66] T
Heiss 2012 242 529 243 540 257% 1.02[0.89,1.16] *
Lang 2013 53 60 57 59 29.8% 0.91(0.82,1.01] L
Muresanu 2016 72 104 74 104 198% 0.97 [0.81,1.16] -+
Guekht 2015 31 120 19 120 4.2% 163[0.988, 2.72] —
Chang 2016 1 35 1 35 0.2% 1.00[0.07,15.36]
Xue 2016 12 28 12 29 3.0% 1.04 [0.56,1.90] .
Stan 2017 n 30 22 30 93% 0.95[0.69,1.31] -1
Total (95% CI) 1078 1078 100.0% 0.98 [0.88, 1.09] [
Total events 472 470
Heterogeneity: Tau®=0.01; Chi*=14.29, df=10 (P = 0.16); F= 30% =[| 01 I]}1 1?“ 1D|]=

Testfor overall effect: 2= 0.35 (P =0.73) Favours Cerebrolysin  Favours Placebo

Figure 4. Adverse events (patients with at least one AE), Comparison of Cerebrolysin versus Placebo
in the Safety Population, Random Effects, M-H, Risk Ratio (RR).


https://doi.org/10.20944/preprints202109.0446.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 November 2021 d0i:10.20944/preprints202109.0446.v2

3.4. Non-fatal serious adverse events (NF-SAE)

NF-SAE were reported in a total of 41 out of 1078 subjects treated with Cerebroly-
sin (3.8%), as compared to 32 out of 1078 subjects treated with placebo (3.0%). The com-
bined RR for patients with at least one NF-SAE showed a slightly higher rate in the Cere-
brolysin group, which was statistically not significant with P = 0.46 (RR = 1.18, 95%CI =
0.75 to 1.86, P = 0.46, random effects model, Figure 5).

Cerebrolysin Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI M-H, 95% ClI
Ladurner 2005 0 78 1 68 2.0% 0.29[0.01,7.03)
Skvortsova 2004 o 20 1] 20 Not estimable
Shamalov 2010 2 24 223 58% 0.96 [0.15, 6.25] e
Gharagozli 2017 2 50 2 50 5.5% 1.00[0.15,6.82)  E—
Heiss 2012 12 529 4 540 16.0% 3.06[0.99,9.43] —
Lang 2013 8 60 3 59 124% 2.62[0.73,9.41] o
Muresanu 2016 3 104 3 104 81% 1.00[0.21, 4.84] S —
Guekht 2015 B 120 4 120 132% 1.50([0.43,518] I e —
Chang 2016 1 35 1 3% 27% 1.00[0.07,15.36)
Xue 2016 7 28 " 29 322% 0.66 [0.30, 1.46] —
Stan 2017 0 30 1 30 2.0% 0.33[0.01,7.87]
Total (95% CI) 1078 1078 100.0% 1.18 [0.75, 1.86]
Total events 41 32

Heterogeneity. Tau®= 0.00; Chi*=8.08, df=8 (F=0.53),F=0%

Testfor overall effect Z= 0.73 (P = 0.46) 0.1 o1 ! 10 100

Favours Cerebrolysin Favours Placebo

Figure 5. Non-fatal serious adverse events (patients with at least one NF-SAE), Comparison of Cere-
brolysin versus Placebo in the Safety Population, Random Effects, M-H, Risk Ratio (RR).

3.5. Sensitivity analyses

All single subgroup results, as well as all formally combined subgroup results, were
statistically not significant, well supporting the results of the crude pooling of all included
randomized trials. Results from these analyses are present in Table 3. Effects for the 50ml
subgroup treated for 20 days or more could not be estimated based on identified data.

Table 3. Results of subgroup sensitivity analyses. Effect estimates risk ratios are computed using
the Mantel-Haenszel method (M-H, random, 95% Confidence Interval).

Cerebrolysin dose:

Sal‘flple/ All‘stud- Cerebrolysin dose: 20-30ml 50ml Initiation Studies aYail-
Indicator —ies Al <20days >=20days All  <20days <-24h >24p  °Cieonline
Deaths
No. studies 12 9 5 3 3 3 8 4 11
Sample size 2202 1969 1351 518 233 233 1624 578 1962
Effect esti- 0.83[0.57, 086 0.88 [0.56, 0.73 [0.02, 075 0.75[0.32, 084 073 0.81[0.55,
mate 1.23] 10.25, 1.39] 30.67] (032, 1.76] 0.7, [0.02, 1.20]
1.33] 1.76] 125]  30.67]
SAE
No. studies 11 8 4 3 3 3 7 4 10
Sample size 2154 1923 1305 518 233 233 1578 578 1914
Effect esti- 0.99 [0.74, 105 1.07[0.75, 0.98 [0.34, 072 0.72[0.34, 1.00 092 0.95[0.70,
mate 1.32] 1077, 1.54] 2.87] (034, 1.52] [0.73,[0.38, 1.28]
1.43] 1.52] 1.36]  2.23]
AE
No. studies 11 8 4 3 3 3 7 4 10
Sample size 2156 1923 1305 518 233 233 1578 578 1916
Effect esti- 0.98[0.88, 097 0.95[0.88, 1.18[0.74, 094 0.94[0.40, 096 L.05 0.96 [0.89,
mate 1.09] (089, 1.03] 1.86] (040, 2.17] (083, (084, 1.03]
1.05] 2.17] 1.10] 1.31]
NF-SAE
No. studies 11 8 4 3 3 3 7 4 10
Sample size 2156 1923 1305 518 233 233 1578 578 1916
Effect esti- 1.18 [0.75, 125 1.4110.52, 1.25[0.50, 071 0.71[0.14, 1.28 113 1.14[0.70,
mate 1.86] (077, 3.81] 3.13] (0.1, 3.55] (064, [047, 1.85]
2.03] 3.55] 2.57] 2.72]
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4. Discussion

To resolve the reported discrepancies between studies evaluating the safety of Cere-
brolysin after acute ischemic stroke, the present meta-analysis aimed (1) to include a max-
imum number of RCTs and patients, and (2) to fill existing safety information gaps by
following-up with primary source references and requesting supplementary material
from original authors and Ever Neuro Pharma, the producer of Cerebrolysin. Our pooled
analysis of 2202 patients highlighted no indication for safety issues of Cerebrolysin. This
was consistently observed throughout the pooled analyses of 12 RCTs, as well as through-
out all subgroup analyses (p-values >0.05). The least SAE rates as compared to placebo
were found for the highest Cerebrolysin dose (50 mL), showing a moderate reduction of
SAE as compared to placebo. Besides, there was a tendency for overall reduction of all-
cause deaths. It is interesting to note that the least SAE and non-fatal SAE rates were found
for the highest Cerebrolysin dose with > 25% risk reduction as compared to placebo.

The causes of SAE may be split into deaths and others, but these events are both SAE.
Ziganshina et al. 2020 evaluated 6 studies for all-cause death (RR 0.9) [11]. However, for
SAE and non-fatal SAE, they included only 4 studies. For the fatal SAE the above cited
study included only three trials, even though information for fatal SAE was available in a
total of six trials, and SAE was available for four studies. Gharagozli 2017 was evaluated
for non-fatal SAE but not for fatal SAE (despite having 1 Cerebrolysin death and 2 placebo
deaths) [12]. The reason for this approach may lie in the PICO of the review, namely that
"all of the deaths occurred within the seven-day acute-phase post-stroke period, owing to
the severity of stroke". Gharagozli et al. writes in the article "three patients died in the
acute phase due to stroke severity". For consistency, exclusion of such patients from fatal
SAE analysis, usually warrants a similar approach for non-fatal SAE. We therefore assert
that the Ziganshina 2020 et al. fatal vs non-fatal SAE evaluation faces two key limitations
which both are not formally addressed in the review: (1) reduction of fatal SAE analysis
to studies with non-fatal SAE information only, and (2) the exclusion of one trial from fatal
SAE analysis without specifying a general rule to so or to describe the selection as a special
subset from the total fatal SAE population.

In our safety-meta, we include 12 studies who provide details on SAE. For all studies,
fatal and non-fatal SAE are explicitly reported as such in primary sources. Some trials had
only few deaths but no other SAE (non-fatal = 0). One trial had no information on SAE
[19]. The definition of SAE is not related to the presumed cause of the adverse event (e.g.
"prolongation of existing hospitalization" is acknowledged as SAE regardless of causal
relationship with the underlying disease). Additionally, the time of occurrence plays no
role in SAE classification, except in cases where the event occurred within the timespan of
the human drug trial. As part of the limiting factors of this meta-analysis, there was a large
heterogeneity of the trials with respect to baseline stroke severity: NIHSS trial medians
were reaching from 7 to 14. A stratified analysis on studies with mild (NIHSS < 8) versus
moderate-severe (NIHSS > 8) stroke provided no indication for impact on safety results
(all interaction P > 0.8), with one exception: for mild vs. moderate-severe stroke the test
for subgroup differences regarding patients with at least one AE indicated moderate het-
erogeneity (I12 = 63.6%, P = 0.10), with lower risk ratios favoring Cerebrolysin in the mod-
erate-severe subgroup (RR 0.95, P = 0.33), as compared to higher risk ratios in the mild
subgroup (RR 1.26, P = 0.16). Another limitation is the restricted information on study
conduct from some of the included trials despite special requests for provision of addi-
tional information, as well as absence of more prolonged longitudinal safety observations
(6 months, 1 year), which were not available from randomized clinical trials. These should
be considered within the framework of future study designs.

A strength of the current paper is the inclusion of the largest number of studies on
Cerebrolysin after stroke so far, comprising a total of 12 randomized double-blind trials.
An important advantage is the inclusion of supplementary material, requested from the
original authors if publications with summarized safety sections were not providing
enough data for all safety outcomes of interest, a problem many such studies are con-
fronted with. Therefore, a maximum of safety-related data could be obtained. Another
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strength is the homogeneity of the safety results across all sensitivity analyses, supporting
the main result and demonstrating the robustness of the safety results across all analysis
pathways.

This comprehensive safety meta-analysis shows a very good safety profile for pa-
tients treated with Cerebrolysin after acute ischemic stroke as compared to placebo. While
none of the analyses provided evidence for safety issues, there was a tendency to superi-
ority of Cerebrolysin regarding serious adverse events in high dose treatments and in
moderate-severe stroke. Further randomized clinical trials are required to provide suffi-
cient evidence also after discharge (day 90) and with longer, repetitive treatment cycles.

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1, Table S1:
Risk of Bias across studies included in the safety meta-analysis.
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