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ABSTRACT

Introduction Nimotuzumab, developed in Cuba, is a humanized
monoclonal antibody that targets the epidermal growth factor receptor
(EGFR). It has been evaluated in malignant brain tumors in adults and
children, and shown to be therapeutically safe and effective in terms
of increased survival and improved quality of life.

Objective Describe nimotuzumab’s safety profile and clinical benefits
in terms of disease control and survival in pediatric patients with pro-
gressive or recurrent primary brain tumors who were included in an
expanded access program.

Methods An open, prospective clinical study was designed. Between
December 2005 and December 2007, 22 patients were included, all of
whom had an histological and/or radiological diagnosis of progressive
or recurrent primary brain tumor, classified as high-grade malignant
glioblastoma (n=6), diffuse brain stem glioma (n=6), ependymoblas-
toma (n=5), low-grade glioma (n=4), or thalamic tumor (n=1); life ex-
pectancy of at least 4 weeks; and a Karnofsky or Lansky Performance
Status score of 250. Nimotuzumab was administered on a 100 mg
weekly intravenous infusion schedule for 6 to 8 weeks, followed by
a bi-weekly maintenance phase, as long as there was no deteriora-
tion in the patient’s functional capacity. Therapeutic protocols were

INTRODUCTION

As a group, malignant tumors of the central nervous system
(CNS) are the most frequent solid tumors in children and adoles-
cents, and the second most common type of malignant disease in
these age groups. These tumors include a heterogeneous group
of histological subtypes, predominantly of glial origin.[1,2]

Incidence of this type of tumor in Europe and North America is
3 per 100,000 population aged <15 years.[3] In Cuba, about 30
cases are reported annually for a rate of 1.3 per 100,000 popula-
tion aged <16 years.[4]

High-grade gliomas account for about 15%—-20% of all pediatric
CNS tumors, slightly more frequent in children aged 5-10 years.
[5] They vary in histological characteristics and sites of origin,
and are usually supratentorial in both cerebral hemispheres or
in the brain stem, although they may be found in the cerebellum
and spinal region.[6,7] This group is mainly made up of anaplas-
tic astrocytoma, glioblastoma multiforme and mixed glial tumors
with a predominance of malignant astrocytic elements.[5—7] Their
malignant features are generally varied and may include hyper-
cellularity, cell atypia, mitosis, necrosis, endothelial proliferation
and other anaplastic elements. They are very invasive, with the
worst prognosis corresponding to glioblastoma multiforme.[1,5]

Survival with these tumors varies, depending on factors such
as the patient’'s age, tumor composition, disease stage (newly

followed for administration as monotherapy or in combination with
chemotherapy and/or radiotherapy. All patients received clinical and
imaging follow-up.

Results Nimotuzumab was well tolerated in all therapeutic modalities,
even with prolonged exposure. A minority of patients reported slight
or moderate adverse events, such as vomiting, mucositis and chills,
as classified by the Common Terminology Criteria for Adverse Events
(CTCAE). The disease was controlled in 64% (14/22) of patients;
6-month and 1-year survival rates were 82% and 64%, respectively;
average survival was 20.3 months and median survival, 19 months.
Recovery of neurological functions and improvement in general status
were notable in patients who attained control of the disease.

Conclusions As used in this study, nimotuzumab demonstrated a
broad safety profile, making it acceptable for chronic use, and implied
clinical benefits in terms of increased survival and improved functional
status in these patients, compared to findings described in the literature.
These results indicate further studies of this product are warranted.

Keywords: Central nervous system neoplasms, brain neoplasms,
brain cancer, biological therapy, immunotherapy, monoclonal antibod-
ies, EGF receptor, child mortality, nimotuzumab.

diagnosed or recurrent), and treatment administered (involving
surgery, radiotherapy and chemotherapy as a multimodal treat-
ment).[8-12] In newly-diagnosed patients with low-grade glioma,
chemotherapy (carboplatin and vincristine) has demonstrated a
70% disease-free survival rate.[12] In brain stem tumors, radio-
therapy is the treatment of choice, and chemotherapy offers no
added benefit. However, survival at 18—-24 months after diagnosis
is <10%.[12]

In Cuba, a study on behavior of childhood brain tumors in a pe-
diatric oncology service, conducted from January 1990 to De-
cember 2000, reported that more than half of 62 diagnosed and
treated patients died less than a year after diagnosis, and only
35.5% were alive after 5 years.[4]

Therapeutic options for progressive or recurrent tumors are very
limited. Despite scientific progress in developing new therapies,
none has yet prolonged survival in these cases, which gener-
ally drops dramatically to as low as 3—4 weeks.[11,12] Thus, the
search for new therapies to improve survival is imperative. Sev-
eral clinical trials are underway to evaluate such new therapies
combined with those described above, seeking optimal therapeu-
tic regimens capable of controlling the disease and improving pa-
tients’ quality of life.

Innovative therapeutic strategies, known as targeted therapies,
have been clinically evaluated,[13] including tyrosine kinase
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inhibitors and monoclonal antibodies targeting the epidermal
growth factor and its receptor (EGF/EGFR). This receptor is
highly overexpressed in brain tumors, which is why intervening
in tumor proliferation mechanisms—blocking them and inhibiting
intracellular signals that regulate angiogenesis, invasiveness and
resistance to radio- and chemotherapy—may be a very attractive
strategy.[14]

Nimotuzumab is a humanized monoclonal antibody that targets
the EGFR, developed in Cuba by the Molecular Immunology Cen-
ter (CIM, its Spanish acronym) and marketed by CIMAB.[15,16]
It is an IgG1 isotype immunoglobulin that binds with intermedi-
ate affinity to the EGFR, obtained through genetic engineering by
transplanting the complementarity determining regions (CDR) in
a human immunoglobulin framework.

In 2005, the Government Center for Quality Control of Medicines
(CECMED, its Spanish acronym), the Cuban regulatory agency,
licensed nimotuzumab for treatment of advanced head and neck
tumors, and in 2007 extended the license to treatment of malig-
nant glioma in adults and children.

This antibody has been evaluated in multiple clinical trials in
Cuba[17-20] and other countries, including Germany,[21,22]
Canada,[23,24] China,[25] United States,[26] India,[27—29] Japan
and South Korea,[30] involving more than 1,000 patients with dif-
ferent types of epithelial-origin tumors, fundamentally advanced
head and neck tumors and CNS tumors. In these studies, the
product has been shown to be safe and effective in terms of dis-
ease control and prolonged survival.

However, clinical experience with nimotuzumab in pediatric pa-
tients is very limited. The only results available to us come from
phase Il and phase Il studies carried out in Germany in patients
with brain stem tumors and later published by the American Soci-
ety of Clinical Oncology (ASCO).[21,22] Inspired by the evidence of
safety and efficacy shown in those studies, in 2005 the CIM-CIMAB
community of pediatric oncologists and scientists designed an ongo-
ing phase Il clinical trial in brain stem tumors in Cuba. At the same
time, an expanded access program was developed for patients who
did not meet the inclusion criteria for the clinical trial, but who
were considered likely to benefit from treatment.

Expanded access programs using new products about to be licensed
have been developed in recent years with the approval of the US
Food and Drug Administration (FDA) and the European Medicines
Agency (EMEA).[31-34] These programs are designed for patients
with malignant disease, for whom standard treatment is not effec-
tive or viable, because resulting survival time would be marginal or
because of extreme toxicity. However, access outside the clinical trial
context—such as this type of program applying more flexible criteria
for use of a new product—may have clinical benefits.

The objective of this study is to describe the Cuban experience
using nimotuzumab in children, in terms of safety profile and ther-
apeutic benefit, as a result of the expanded access program for
pediatric patients with brain tumors in Cuban pediatric oncology
services.

METHODS
An open, prospective clinical study was designed for pediatric
patients with a diagnosis of progressive or recurrent primary

brain tumor (confirmed by NMR/CAT or pathology results). This
study covers all pediatric oncology services in Cuba, in coordi-
nation with the National Pediatric Oncology Program, and re-
ported to CECMED.

General patient inclusion criteria were: age 3-18 years, life ex-
pectancy of at least 4 weeks, functional capacity 250 on the Kar-
nofsky or Lansky Performance Scale, and informed consent from
parents or legal guardians. The study was approved by the Ethics
Committees of participating institutions.

Data were collected on the 22 patients with progressive or recur-
rent primary brain tumors included in the study between Decem-
ber 2005 and December 2007 who received at least one dose of
nimotuzumab.

Patients came from three hospitals: 16 from Juan Manuel Marquez
Pediatric Teaching Hospital in Havana; four from Octavio de la
Concepcion y de la Pedraja Hospital in Holguin; one from the
Pediatric Oncology Service of the National Oncology and Radio-
biology Institute (INOR, its Spanish acronym) in Havana; and one
from Pepe Portilla Pediatric Hospital in Pinar del Rio.

Patients’ baseline characteristics before receiving nimotuzumab
treatment are shown in Table 1. Average age was 8 years (range
2-16 years), and the male/female ratio was 2:1 (15 male/7 fe-
male). Patients with recurrent high-grade malignant glioma (in-
cluding anaplastic astrocytoma and glioblastoma multiforme)
were most frequently represented, followed by those with diffuse
brain stem gliomas and ependymoblastomas.

Less frequent were low-grade malignant glioma (including
grade |l fibroblastic astrocytoma and thalamic tumor). Most
patients had been previously treated with surgery (for tumor
resection or biopsy) followed by radiotherapy and/or radio-
chemotherapy regimens. Patients with brain stem or thalamic
tumors for whom surgery was not an option had received only
radiotherapy (one of them had received a suboptimal dose of
1026 cGy). All chemotherapy patients had received at least
one line of treatment.

Treatment with nimotuzumab applied protocols using the mono-
clonal antibody as a single agent (monotherapy), in combination
with radiotherapy, or with concurrent chemotherapy, in accor-
dance with standard treatment.

For the induction phase, a uniform dose (independent of the
patient’s weight or height) of 100 mg of nimotuzumab diluted
in 250 ml of sodium chloride solution was administered as a
30- to 60-minute intravenous infusion once a week for the first
6 weeks. An additional consolidation phase using the same
dose administered every 2 weeks was also allowed, as long as
there was no deterioration in the patient’s functional capacity
nor any severe adverse event or unmanageable intolerance to
the drug.

Toxicity was evaluated by describing adverse events, identified
by physical examination and laboratory tests carried out prior to
treatment and monthly thereafter. Laboratory tests included he-
moglobin and hematocrit, leukocyte and platelet counts, pyruvic
and oxalacetic transaminases (ASAT/ALAT), alkaline phospha-
tase, creatinine and bilirubin.
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Table 1: Nimotuzumab Treatment Regimens and Patient Evolution

Patient Baseline Characteristics T Number Safety Profile Clinical Evolution
. - of Doses Adverse . Best Clinical [ Status at Last| Survival

Diffuse Intrinsic Pontine Glioma (DIPG), 6 patients

M 4 Surgery + RT Monotherapy 3 Deceased (PD) None PD Deceased (PD) 2.0
M  5RT+CT Comb. CT (CPM 21 Hepatitis B None SD  Alive (SD) 19.7
and Procarbazine)
F 15 RT Monotherapy 60 Mucositis Possible SD Alive (SD) 19.9
M 5RT Monotherapy 43 Somnolence Probable CR Alive (CR) 22.3
M 8RT Monotherapy e Probable SD  Alive (SD) 225
reaction
Comb. CT
M 6RT (only 1026 cGy) (Cisplatin, CPM 39 Bone Pain None PR Alive (PR) 26.8

and Procarbazine
+ RT (4400 cGy)

Ependymoblastoma, 5 patients

M 5 Surgery (2 times) + RT Monotherapy 1 Deceased None PD Deceased (PD) 0.4
Comb. CT
0,
M Su.rgery. (100%) *+ RT + CT (Carboplatin and 30 None None SD Deceased 16.6
(Cisplatin and CPM) VP-16)
Surgery (partial resection)  Comb. CT ASAT/ALAT Possible
F 11 + RT + CT (Cisplatin and (Cisplatin and 38 alterations, chills (only chills) SD Deceased (PD) 18.8
CPM) CPM in 6th cycle) and seizures y
Surgery (90%) + CT (2 lines) .
F 5 (Cisplatin and CPM) . . Monotherapy 32 None None SD Alive (SD) 13.5
M g Surgery * RT+CT (Cisplatin \y  iherapy 60 None None CR  Alive (CR) 305

and CPM)

Anaplastic Astrocytoma, 3 patients

Hospitalization
(Surgery),

Possible
Surgery ( 3 times) + Endocrangal (only
F 14 RT + CT (TM2) Monotherapy 22 hypertension. headache and PD Deceased (PD) 9.3
Headache and L
vomiting. ASAT/  VOmMiting)
ALAT alterations
Surgery (partial resection)
M 13 + RT + CT (Cisplatin and Monotherapy 10 None None SD Deceased (PD) 10.5
CFM; TMZ)
M 8 Surgery ( 95%) + RT Monotherapy 10 None None CR Alive (CR) 10.5

Gioblastoma Multiforme (GBM), 3 patients
Comb. CT (VP-16 +

M 2 Surgery VCR + CPM) 12 None None PD Deceased (PD) 5.7
M 6 Surgery + RT Monotherapy 14 None None PD Deceased (PD) 6.9
F 4 Surgery (100%) + RT Monotherapy 20 None None PD Deceased (PD) 9.2
Low-Grade Glioma (LGG), 4 patients
F 9 Surgery (70%) + RT Monotherapy 8 None None PD Deceased (PD) 14.7
Surgery (partial Comb. CT (VCR + .
F 16 resection) + RT Carboplatin) 17 None None SD Alive (SD) 14.7
Comb. RT .
M 6 Surgery (6000 cGy) 28 None None SD Alive (SD) 26.4
Surgery + 2 lines CT
M 7 (Cisplatin and CFM,; Monotherapy 55 None None SD Alive (SD) 33.1

VCR and Carboplatin )
Thalamic tumor, 1 patient
M 8 RT Monotherapy 8 None None PD Deceased (PD) 21

*From date of first treatment until patient’s death or last record of patient examination

CPM: Cyclophosphamide; CR: Complete response; CT: Chemotherapy; F: Female; M: Male; PD: Progressive disease; PR: Partial response; RT: Radiotherapy; SD: Stable
disease; TMZ: Temazolamide; VCR: Vincristine; VP-16: Etoposide.

Source: Case Record Form and patient medical charts.
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Adverse events were classified by intensity according to the US
National Cancer Institute’s Common Terminology Criteria for Ad-
verse Events (CTCAE) toxicity scale, version 3,[35] and by conse-
quences for the patient; life-threatening and fatal events, as well
as those requiring hospitalization, resulting in disability or inva-
lidity, or producing teratogenic effects were classified as severe
adverse events (SAE). In terms of causality, each adverse event
was classified as probably, possibly, or not related to treatment
with nimotuzumab.

Clinical evaluations consisted of clinical examination (evaluation
of functional capacity and neurological functions) and imaging
(CAT/NMR), before initiating nimotuzumab treatment and every
12 weeks after treatment. Results of the follow-up evaluations
were compared with the initial evaluation to determine the ob-
jective clinical response in accordance with WHO'’s antitumor re-
sponse classification.[36]

Disease control is defined as the best response obtained in the
follow-up period, classified as complete response (tumor disap-
pears), partial response (50% decrease in tumor size), and stable
disease or no evidence of progression (no change in tumor size).

Survival was measured as the number of months from the date of
first treatment to the date of death or of the last programmed visit
when information about the patient was available.

Clinical data were obtained from the Case Report Form (CRF)
designed for this study and verified against primary data in indi-
vidual medical charts. CRFs were monitored by the CIM/CIMAB
Medical Board and the National Coordinating Center for Clinical
Trials (CENCEC, its Spanish acronym). Clinical case discussion
workshops were also held to validate information presented by
the physician in charge of each case. A database was created
with the clinical variables mentioned above. Statistical analysis
was performed using the SPSS statistical package, version 11.5
for Windows. Descriptive statistics were used for quantitative vari-
ables (average, median) and percentages were calculated. The
logrank test was used for survival analysis.

RESULTS

Since all patients had recurrent or progressive disease, admin-
istration of nimotuzumab alone was the only alternative in the
majority of cases (15/22 patients). Five patients received com-
bined treatment with second or third lines of chemotherapy; two
patients received nimotuzumab combined with radiotherapy (one
with radiotherapy alone and the other with the concurrent chemo-
radiotherapy combination). All received standard therapeutic dos-
es and schedules defined for their disease in the institution where
they were treated (Table 1).

Most of the patients (20/22) completed the nimotuzumab induc-
tion phase. In two cases treatment was interrupted before 6 weeks
due to disease progression and early death.

Average number of doses received was 26 (range 1-60 dos-
es), with exposure to nimotuzumab ranging between 0.4 and
30.1 months.

Safety Profile Adverse events during treatment were reported in
9 of the 22 patients treated (41%). Adverse events with possible

or probable relation to nimotuzumab included headache and vom-
iting in the same patient, and chills, mucositis, somnolence and
vasovagal reaction in one patient each. Other events, such as
convulsions, endocranial hypertension and bone pain, occurred
in two patients, but it was considered unlikely that these events
were related to the product. All events were classified as CTCAE
grade 1 or 2.[35]

Abnormal laboratory test results, such as increased pyruvic and
oxalacetic transaminases, were reported in three patients. Hepa-
titis B was confirmed in one, and treatment with nimotuzumab
was temporarily suspended for 6 months until that patient’s hepat-
ic profile returned to normal. In the other two patients, the events
were of slight intensity, recovery was complete, and treatment
was not interrupted. None of these metabolic alterations were re-
lated to nimotuzumab, although they occurred in patients receiv-
ing the antibody concurrently with chemotherapy.

Severe adverse events included hospitalization of one patient
for surgery, and death of two patients due to rapid progression
of the disease. None of these events was considered related to
nimotuzumab.

Clinical Response and Survival Analysis Disease control with
prolonged stabilization (>6 months) was achieved in 64% of pa-
tients (14/22). Unexpectedly, three patients receiving nimotu-
zumab as monotherapy achieved complete response: one patient
with a brain stem tumor, one with an ependymoblastoma and one
with anaplastic astrocytoma. These objective responses were re-
vealed during the maintenance phase, months after nimotuzumab
treatment was initiated.

The survival rate was 82% at 6 months and 64% at 1 year; mean
survival was 20.3 months (range 14.9-25.8 months) and me-
dian survival 19 months. Patients with brain stem tumors and
low-grade glioma had the best survival rates, without reaching
the median, since only 1 patient in each of these subgroups
died; 5 of the 6 patients with brain stem tumors, and 3 of the
4 patients with low-grade glioma, were alive after more than 1
year of follow-up. An analysis of survival associated with the dis-
ease control variable showed that in patients with controlled dis-
ease (n=14), mean survival was 28.6 months (range 24.2-33.1
months) without reaching the median (Figure 1), whereas, in
patients who did not attain disease control (n=8), mean survival
was 6.3 months (range 2.3-9.7 months), and median survival
was 5.7 months (range 0-12.4 months) (Figure 2).

The majority of patients who attained control of the disease also
showed notable clinical improvement compared to their condition
before treatment. The 3 patients with brain stem tumors and a KPS
score of 50 associated with cranial nerve paralysis (VI, VI, VIII,
IX and X cranial pairs), one of whom used a gastrostomy tube, re-
covered these neurological functions during the course of nimotu-
zumab treatment, including the digestive function. In the remaining
patients with controlled disease, whose neurological impairment
was less severe (presenting typical symptoms of disease progres-
sion before treatment, such as asthenia, headache and convul-
sions), the intensity and frequency of these symptoms gradually
diminished and finally disappeared. As a result, these patients were
able to resume normal daily life and even attend school or a child
care center.
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Figure 1: Survival Functions in Total Patient Population (n=22)
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Figure 2: Survival Functions by Clinical Evolution
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DISCUSSION

This is the first report in Cuba on the feasibility of using nimo-
tuzumab in a pediatric population with progressive or recurrent
brain tumors, described in terms of the product’'s safety and
therapeutic benefits, with a particular focus on the clinical man-
agement of this new product in an expanded access program.

The safety profile describes events similar in type, intensity and
frequency to those previously reported with nimotuzumab, espe-
cially in clinical trials with pediatric brain tumor patients.[21,22]

An important feature of this product observed in the pres-
ent study was the maintenance of repeated doses over a
prolonged period of time—more than 1 year of treatment—
which were very well tolerated. This was also observed when
nimotuzumab was combined concurrently with radiotherapy
and/or chemotherapy, adding no greater toxicity, facilitating
adherence to treatment, especially with chemotherapy. This

therapeutic modality had not been previously explored in pe-
diatric patients.

Neither skin toxicity nor diarrhea—events infrequently asso-
ciated with nimotuzumab—were reported, reaffirming a dis-
tinctive and favorable feature of its safety profile compared
to other anti-EGFR products, for which skin lesions and diar-
rhea—sometimes very severe—are reported in >70% of pa-
tients exposed.[37]

Although evaluating antitumor response was not the main objec-
tive of the study, unexpected objective responses were found (one
partial response and three complete responses). Three of these
patients received nimotuzumab as monotherapy, confirming the
direct antitumor activity of the product. This activity was previ-
ously described in a phase Il trial that included pediatric patients
with recurrent glial tumors, with a 15.8% objective response rate
(three partial responses in 19 patients), predominantly in patients
with brain stem tumors.[21]

Non-clinical experiments with nimotuzumab show that this anti-
body intervenes in proapoptotic, antiproliferative and antiangio-
genic mechanisms,[38] which may explain the clinically observed
antitumor response.

Attainment of controlled disease in 64% of the 22 patients treated
was especially encouraging. Prolonged radiological stabilization,
without compromising the patient’s general status, and gradual
improvement in neurological functions constituted decisive medi-
cal criteria for continuing nimotuzumab treatment.

Most of the patients who attained stabilization and control of their
disease survived over 1 year, according to patient follow-up. These
variables (disease control and survival) were also associated in
the study mentioned above,[21] in which 15 of 19 patients with
brain stem tumors treated with nimotuzumab monotherapy were
followed-up until their death (78.9%), resulting in a median survival
of 116 days (3.8 months) in a range of 73-284 days.[21] In our
study, this survival benefit was extended to other histological types,
such as ependymoblastoma and low-grade glioma.

Our results suggest that the use of nimotuzumab in progressive
or recurrent pediatric brain tumors—which have a very bad prog-
nosis per se—provides prolonged stabilization. These findings
also demonstrate its capacity to modify the natural evolution of
these tumors—even if the monoclonal antibody does not produce
significant tumor reduction—increasing survival from barely a few
weeks, as reported in the literature,[11,12] to several months,
even over 1 year, mainly in patients with brain stem tumors and
low-grade gliomas.

Recent studies using biological products targeting tumors, such
as bevacizumab, trastuzumab and rituximab, have recommended
that disease stabilization achieved with these therapies—or even
early progression, with no deterioration in the patient’s functional
status or evidence of severe toxicity—not be considered criterion
for interrupting treatment. On the contrary, if treatment is allowed
to continue, it may result in clinical benefits in terms of prolonged
survival and improved quality of life.[39-41]

These observations, which emphasize maintaining treatment
beyond an objective antitumor response, are also applicable to
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nimotuzumab. Thus a new clinical response paradigm, distinct
from that used to manage chemotherapy and radiotherapy, is
reinforced, precisely because of the specificity of these bio-

logical products for the tumors they target, and their generally
lower toxicity.

Due to the limited number of patients in the sample studied, the
heterogeneity of the tumors and variety of regimens used, defini-
tive conclusions about the clinical benefit of this product cannot
be made. However, we consider the findings of this study quite
encouraging for pediatric patients with progressive or recurrent

CONCLUSIONS

brain tumors, a malignant disease with a very low incidence in
Cuba but also with very limited therapeutic options and insufficient
therapeutic efficacy in terms of survival.

Nimotuzumab can be considered a new therapeutic option for pe-

these results. -

diatric patients with progressive or recurrent primary brain tumors.
Its safety profile enables maintained administration, inducing pro-
longed disease control, increased survival, reduced symptoms
and improved neurological functions. Future trials may confirm
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