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 Our perception of vision is largely as a result of the signals conveyed from the eye to 
the brain via the retino-thalamo-cortical pathway. Visual signals within this pathway originate 
from three cone photoreceptors (responsible for day vision) and one scotopic receptor, the rods. 
The cones are classified according to their spectral sensitivity peaks as Long(L), Medium(M) 
and Short(S) wavelength sensitive cones. Our chromatic perception is dependent upon how the 
brain processes variations in the activity among these photoreceptors. Chromatic signals are 
generally thought to be processed by two parallel streams, the red-green system by the parvo-
cellular system1,2 and the blue-yellow system by the koniocellular system.3,4 A large body of 
work has already been documented to identify these streams within the retina and the main tha-
lamic visual nucleus, the Lateral Geniculate Nucleus (LGN). However, our knowledge about 
the processing of the chromatic signal within the visual brain, particularly the pathways taken 
by the blue-yellow colour signals within the brain is at its infancy.

 Majority of relay cells within the LGN project to the primary Visual cortex (V1) 
and hence is considered vital for our visual perception. However, in some clinical cases, even 
after extensive damage to V1, patients have some residual vision. This phenomenon is called 
“blind sight”.5,6 The patients usually exhibit little or no awareness of visual stimuli, however 
can perform tasks that seemingly needs vision such as navigation. Most common hypothesis 
that has been postulated explaining this phenomenon is that blindsight is mediated by inputs 
to middle temporal area or area MT that bypass V1.7,8 Area MT remains active even after com-
plete ablation9 or reversible inactivation10 of V1, suggesting that there are alternative pathways 
that bypass V1 to reach MT. Experiments with inactivation of the superior colliculus showed 
that one such pathway exists via the colliculus.11 Whether there is any evidence that blindsight 
is made up of chromatic signals is still unresolved. The perception of colour is usually associ-
ated with the “what” pathway as evident from area V412 often considered to be the area that 
processes color information and for being the gateway to the ventral pathway. Area MT, an 
extrastriate visual area is considered to be part of the “ where” pathway and until recently was 
not considered to receive any colour signals but see Conway13 for a review of color signals in 
the dorsal and ventral pathways. However, more recent studies14,15 have shown that this area 
receives robust chromatic signal not only via V1 but also bypassing V1.15 Other studies16 have 
also shown that in subjects with blindsight found that within the hemianopic field, S-cone 
modulating stimuli were very effective in eliciting visual performance, and in fact in one pa-
tient presentation of narrow band blue stimuli (427 nm) led to excellent performance but not 
red stimuli (peaking at 630 nm). Thus, there is increasing evidence that S-cone signals reach 
area MT via a more direct route that bypasses V1 and providing an alternate explanation of 
blindsight in humans.
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ABSTRACT

 Group A Streptococcus pyogenes meningitis rarely results in central nervous system 
complication. Chronic hydrocephalus is a well-known complication of bacterial meningitis. To 
date, no reports have focused on acute central nervous system complications and neurological 
outcome of Group A Streptococcus pyogenes meningitis. An unusual association of acute hy-
drocephalus requiring emergent neurosurgical intervention in a 6-year-old girl with Group 
A Streptococcus meningitis is presented. Based on reported cases since 1966, authors present 
the results of a comprehensive acute neurological complication and outcome. Our report high-
lights a need for vigilance and timely needed emergent surgical intervention in minimizing 
acute hydrocephalus in children with Group A Streptococcus meningitis.

KEYWORDS: Streptococcus pyogenes meningitis; Central Nervous System complication; Acute 
hydrocephalus; Surgical intervention; Children.

ABBREVIATIONS: CNS: Central Nervous System; CSF: Cerebrospinal fluid; CT: Computer-
ized Tomography.

INTRODUCTION

 Streptococcal infections are common in children. Unlike Group B Streptococci 
septicemia,1 Group A Streptococcus (S. pyogenes) typically affects children beyond the neona-
tal period. Occasionally, this causes acute meningitis, glomerulonephritis, or rheumatic heart 
disease.2 Group A Streptococcus infection is a rare cause of bacterial meningitis. Hydrocepha-
lus is a relatively rare complication of acute bacterial meningitis in children. Nonetheless, it has 
been reported in 20% of infants and children. Acute Central Nervous System (CNS) complica-
tions including hydrocephalus are not unique to Stretococcus pyogenes causing meningitis. 
They have been reported in children with viral and other bacterial meningitis.3

 We report an unusual association of acute hydrocephalus in a 6-year-old girl with 
Group A Streptococcal meningitis and provide the results of a comprehensive literature re-
view on acute CNS complications and neurological outcome in children 17years and under.
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CASE REPORT

 A 6-year-old girl presented to the Emergency De-
partment with vomiting and neck pain for 24 hours. She had 
headache for five days and intermittent fever and sore throat 
for the past two weeks. She had no seizures and had received 
no antibiotics. A non-contrast Computerized Tomography 
(CT) scan of the brain prior to the lumbar puncture was nor-
mal. Treatment with intravenous vancomycin and ceftriaxone 
was initiated.

 On admission to the Pediatric Intensive Care Unit, 
her vital signs were stable and temperature was 37.6 degree 
C. Her throat was red and congested but the tympanic mem-
branes were normal. Her skin had no lesions. She had de-
creased alertness and her neck was hyper-extended in a fixed 
position. Pupils were 4 mm and reactive to light. Fundoscopic 
examination revealed no papilledema. Deep tendon reflexes 
were hyperreflexic and on plantar stimulation, her toes were 
up going.

 The Cerebrospinal fluid (CSF) studies revealed an 
elevated intracranial pressure, a white blood cell count of 
7644 mm3, red blood cells 10,000 mm3, protein 440 mg/dl 
and glucose 20 mg/dl. Serum glucose was 102 mg/dl. CSF 
smears revealed Gram-positive cocci in pairs and chains. The 
blood and CSF culture yielded S. pyogenes. Genotyping for 
the streptococcal isolates was not obtained. The CSF poly-
merase chain reaction for herpes simplex virus type 1 and 2 
DNA for both, was negative.

Hospital Course

 Ten hours after admission, she had an acute increase 
in heart rate from 80 to 133 beats per minute and blood pres-
sure from 124/69 to 156/47 mm Hg. Her pupils became asym-
metric and reacted sluggishly to light. Her Glasgow Coma 
Scale score declined from 13 to 9. Following endotracheal 
intubation, mechanical ventilation, and administration of 1 
gram/kilogram of mannitol, a contrast-enhanced brain CT 
scan was performed which revealed communicating hydro-
cephalus with no herniation or abscess (Figure 1A). An ur-
gent frontal external ventricular drain was placed. A follow 
up brain CT scan revealed relief of the hydrocephalus (Figure 
1B). 

 The ventriculostomy tube was clamped on day 12 
and was removed on day 15. Intravenous ceftriaxone was 
continued for 21 days. She received physical, occupational, 
and speech therapies throughout the hospitalization. She was 
discharged on the 23rd day of admission with no focal motor, 
cerebellar, or sensory deficits. 

DISCUSSION

 Increased intracranial pressure caused by commu-
nicating hydrocephalus may be the result of long standing 
hydrocephalus, increased CSF production, decreased CSF 
absorption, or tonsillar herniation. Streptococcal infection 
produces many virulence factors and toxins.4

 A clinical and epidemiologic study for the last 45 
years reported the incidence of GAS meningitis in pediatric 
population 0.06 cases per 100,000 children per year. The case 
fatality rate was 43%. Neonatal age and the presence of an as-
sociated toxic shock syndrome were identified as risk factors 
for death. A distant focus of infection was present 36% in the 
Brazilian case series which were more than half of the pa-
tients in the literature. No single virulence determinant could 
be associated with death.5 

Literature Search and the Results

 We performed PubMed online search for English 
literature for Streptococcal pyogenes meningitis in children 
0-17 years and under. We used terms “Group A Streptococcal 
meningitis”, “Streptococcal pyogenes meningitis”, “with and 
without” and “CNS complications” and “acute and chronic 
hydrocephalus” with a variable combination. Bibliography of 
the reports was searched for additional information. 

 The results of our literature search with CNS compli-
cations are shown in Table 1.

Clinical Demography

 With the exception of 7 neonates, the mean age for 
children with CNS complications was 6.1 years. Of 44 chil-
dren, 30 (68%) children had a known focus of infection. In 
fourteen (32%) children the focus of infection was unknown 

Figure 1: An axial Computerized Tomography (CT) of the brain at the fourth ventricle level 
shows communicating hydrocephalus, figure A was obtained before and figure B was after 
surgical placement of a ventricular drain which is not seen at this level. 
A. Contrasted CT scan of the brain 10 hours after initiating parenteral antibiotics shows a glob-
al enlargement of the ventricular system. Note the complete effacement of the basal cisterns.
B. A follow up non-contrasted CT scan of the brain 8 hours after surgical placement of a 
ventricular drain shows a decrease in ventricular size, reappearance of basal cisterns (arrows 
heads), and also the disappearance of the left parietal hypodensity suggesting no parietal 
infarction.
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Case # Age/ Sex Infection Focus Central Nervous System Complication Year [Reference]

Acute Chronic or Outcome

1 6 d/M Erysipelas Seizures No sequellae 19666 

2 8 d/M Unknown Seizures Death 19677

3 13 d/F Cellulitis of both 
feet

Focal Seizures Death 19848

4 14 d/F Cystic gingival 
lesion

Seizures, No sequellae 19839 

5 24 d/F Unknown Seizures, Brain Ab-
scesses

Death 200010 

6 26 d/M Paronychia Seizures, Communicat-
ing Hydrocephalus

No sequellae 19848

7 28 d/M Unknown Seizures and 
Brain Abscess

No sequellae 200811

8 1 m/F Unknown Seizures Death 19677

9 1 m/F Unknown Meningitis and Multiple 
Brain Abscess 

NAa 198812

10 1.5 m/M Otitis Media Seizures Severe Motor Deficits 197913

11 NA/NA Unknown NA Hydrocephalus, Poren-
cephalic cyst

198614

12 2 m/M Tonsillitis Seizures and Subdural 
effusions

Moderate Motor Deficit, 
Cystic Hygroma

199815

13 2 m/NA Ulcerated and 
Infected heman-
gioma

Infantile spasm and 
Seizures

Encephalomalacia, 
Infantile spasms,Profound 
Developmental Delay

200416

14 2.5 m/M None Seizures and SIADH Seizure Disorder, Optic 
atrophy, Microcephaly, 
Psychomotor Retardation

19839

15 2.5 m/F Infected heman-
gioma

Seizures Psychomotor Retardation 198717

16 2.5 m/M Pharyngitis Focal Seizures Hearing loss 198818

17 3 m/M Infected BCG 
cscar

Generalized Seizures No sequelae 200019

18 3 m/F Chicken pox Hydrocephalus No sequelae 200320

19 7 m/F None Seizures Death 199221

20 11 m/NA Unknown NA Bilateral Subdural Hy-
groma

197622

21 17 m/M Otitis media Generalized Seizure, 
Brain Abscess

No sequelae 200623

22 18 m/M Dermal sinus of 
nose and Otitis 
Media

Recurrent Meningitis No sequelae 197624
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23 2.5 yr/M None Seizures and Increased 
intracranial pressure

Death 200125

24 3 yr/M Otitis media Seizures Partial blindness, Deaf-
ness, Mental Retardation

198426

25 3.5 yr/M Pharyngitis and 
Mastoiditis

Cerebral Abscess Left sensorineural hearing 
Loss

201227

26 4 yr/M Otitis media SIADH No sequelae 19839 

27 4.5 yr/NA Cochlear implan-
tation

Hearing Loss Language Delay 200528

28 5 yr/NA Right Mastoiditis Right Facial Nerve 
Palsy

No sequelae 200729

29 6 yr/NA Unknown NA Cranial Nerve IV Palsy 197622

30 6 yr/F Pharyngitis Communicating hydro-
cephalus

No sequelae Present

31 8 yr/M Otitis media, 
Pneumonia

Seizures Neuropsychological deficit 198130 

32 8 yr/M Sore throat Seizures No sequelae 19839 

33 8 yr/F Unknown Coma No sequelae 19839

34 8 yr/F Unknown (Toxic Shock-Like Syn-
drome)

Death 199431

35 8 yr/M Otitis Media, 
Pharyngitis

Subdural effusion, 
Hemiparesis, and
Seizures

Headaches and Attention 
Deficit Disorder

201032

36 10 yr/M Unspecified ill-
ness

Brain Abscess No sequelae (abscess re-
quired surgical drainage )

200133

37 11 yr/NA Multiple Otitis 
media

Cranial Nerve III 
Palsy 

Cranial Nerve III Palsy, 
Subdural Hygroma

200134

38 12 yr/F Pharyngitis, 
Otitis media

Coma and 
Hemianopia

Persistent
Hemianopia

19839 

39 12 yr/F None Brain Abscess No sequelae 198835

40 13 yr/F Sinusitis Seizures Moderate Motor Deficit 199236

41 14 yr/NA Posttraumatic 
meningitis

Cerebrospinal fluid leak Severe Psychomotor 
Retardation

199037

42 15 yr/M Occipital Fracture Cerebrospinal fluid leak No sequelae 199938

43 15 yr/F Tonsillitis Seizures and Cerebral 
abscess

No sequelae 201032

44 17 yr/M Pharyngitis, 
sinusitis

Cavernous Sinus
Thrombosis

No sequelae 199938

Table 1: Lists increasing age-based case Reports of central nervous system (CNS) complicationsin children with Group A Streptococcal meningitis since 1966 [6-38].

d: days; M: male; F: female; m: month; yr: year ; 
aNA, data not available; bSIADH, Syndrome of Inappropriate Anti-Diuretic Hormone; 
cBCG, Bacillus Calmette–Guérin

The table is based on the results of our search on PubMed for English literature for children age 17years and under with central nervous system complications caused 
by Streptococcal A meningitis. Our search identified 40 studies with 43 children, excluding the current report (Case # 30). Twenty seven (68%) studies were isolated 
case reports. Six reports reference number 7, 9, 22, 32, 38 and 8, had 2 cases each. The study number 8 included 6 cases. The children who presented with menigeal 
manifestations of headache, photophobia, and neck stiffness, but no CNS complications were excluded from this report.
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or was not described. Amongst children with known focus, 
13 (43%) had otitis media and/or pharyngitis. Tonsillitis, in-
fected hemangioma, cellulitis, or erysipelas, and 1 patient had 
sore throat. Other minor but significant foci of infection in-
cluded skull fracture, infected dermal sinus, and mastoiditis.

Central nervous system complication
 
 The most common acute CNS complication second-
ary to Streptococcal meningitis was seizure 24/44 (55%) fol-
lowed by brain abscess 8/44 (18%). Other acute complica-
tions included hydrocephalus, CSF leak, meningitis, cranial 
nerve palsy and subdural effusion, except one case, the com-
plication was unknown. 

Neurological Outcome

 Regarding outcome, 18/44 (41%) patients including 
ours had no sequelae. 10/44 (23%) cases developed a slow-
ing of speech or physical movement with or without a de-
creased cognitive ability, 3/44 (7%) cases with hearing loss, 
2/44 (4.5%) cases with cranial nerve palsy, 2/44 (4.5%) cases 
developed partial or complete blindness, only 1/44 (2.3%) de-
veloped chronic hydrocephalus. In one case the outcome was 
unknown (See Bar Graph). 

 In addition, 7/44 (16%) children died from compli-
cations of Group A Streptococcus meningitis, secondary to 
cardio respiratory insufficiency, Waterhouse Friderichsen 
syndrome, and Toxic shock-like syndrome. It is unclear why 
previously healthy children with Group A streptococcus men-
ingitis developed significant CNS complications?

 In contrast to our case, two previous cases of acute 
hydrocephalus were reported during early infancy. Acute on-
set hydrocephalus in our case was likely due to the combined 
effect of untreated prolonged pharyngitis, and initial delay 
in diagnosis and treatment. We suggest that a high CSF pro-
tein together with pleocytosis impeded absorption of CSF by 
arachnoid villi at the superior sagittal sinus. Such functional 
blockage causing chronic hydrocephalus has been reported in 
the presence of proteinaceous and cellular debris in CSF39 and 
also after intracranial hemorrhage.40 
 
 Alternatively, the term “communicating hydrocepha-
lus” which could be acute or chronic is defined to mean that 
the CSF within the ventricles communicating with subarach-
noid space CSF. But the CT scan panel A shows CSF within 
the ventricles and an obliterated subarachnoid space. Argu-
ably, there is no evidence that the ventricles and subarachnoid 
space are in communication with each other (a broader defini-
tion of obstructive hydrocephalus), and therefore, this is not 
“communicating hydrocephalus”. Additionally, hydrocepha-
lus is not caused by increased CSF production or by tonsillar 
herniation. Instead, in our case, the non-communicating hy-
drocephalus is caused by ventriculitis resulting in obstruction 
to the outflow of CSF through the fourth ventricle. 

CONCLUSION

 Our case illustrates that Group A Streptococcal men-
ingitis induced acute hydrocephalus is rare. A timely insti-
tuted surgical intervention may prevent other CNS compli-
cation. The review of published cases reveals that central 
nervous system complications including hydrocephalus are 

Others complications reported were meningitis, subdural effusions, infantile spasms, Syndrome of Inappropriate Antidiuretic Hormone secretion (SIADH), 
increased intracranial pressure, hearing loss, third and forth cranial nerve palsies, coma, and cavernous sinus thrombosis.
Seizure, the most common CNS complication, occurred between births to 12 months. Hydrocephalus and cerebral abscess occurred between births to 
10 years. Cerebrospinal fluid leak exclusively occurred between 10 to17 years of age. There were no reports of intracranial hemorrhage secondary to 
Group A w.

Bar Graph: The bar graph shows age-based CNS complications of Group A Streptococcal meningitis in children age 0-17 years.
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rare. Since prompt antibiotic therapy can minimize risk for 
acute CNS complications, prompt identification and emergent 
medical and neurosurgical interventions should be undertak-
en for an optimum outcome in children with Group A Strepto-
coccal meningitis. 
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ABSTRACT

 Stroke is a leading cause of adult disability in the United States. However, limited 
number of molecularly targeted therapy exists for stroke. Recent studies have shown that Li-
pocalin-2 (LCN2) is an acute phase protein mediating neuroinflammation after ischemic and 
hemorrhagic strokes. This review is an attempt to summarize some LCN2-related research find-
ings and discuss its role in stroke.

KEYWORDS: Lipocalin-2; NGAL; 24p3; Stroke; Reperfusion injury; Neutrophil; PKC; Phos-
phorylation; Biomarker.

ABBREVIATIONS: LCN2: Lipocalin-2; tPA: tissue Plasminogen Activator; SAH: Subarachnoid 
hemorrhage; MMP: Matrix metalloproteinase; ROS: Reactive Oxygen Species; NGAL: Neu-
trophil gelatinase-associated lipocalin; tMCAO: transient Middle Cerebral Artery Occlusion; 
BBB: Blood-brain barrier.

INTRODUCTION

 Stroke is a sudden loss of neurological function due to ischemia or hemorrhage in 
the brain.1 It is the fifth leading cause of death and a major cause of long-term disability in the 
United States.2 There are two main types of stroke: ischemic and hemorrhagic strokes. Isch-
emic stroke accounts for approximately 87% of all strokes and results from blockage of blood 
flow into the brain by thrombus or embolus. Hemorrhagic stroke, caused by rupture of cerebral 
blood vessels, is less common (13%) than ischemic stroke but accounts for 50% of stroke 
death.3-6 Currently, there is no proven medical or surgical treatment for hemorrhagic stroke.

 Thrombolysis with fibrinolytic agents such as tissue Plasminogen Activator (tPA) is 
the only FDA approved therapy to reverse ischemic stroke.7 However, only 5% of patients 
receive the treatment because tPA must be given within 3 to 4.5 hours after the occurrence of 
stroke. Delayed treatment may increase the risk of serious side effects such as hemorrhagic 
transformation and reperfusion injury.8 Ischemia initiates cerebral infarction during ischemic 
stroke, but reperfusion after recanalization may promote secondary injury and worsen neuro-
logical outcomes.8,9 Reperfusion injury includes a series of inflammatory events with activa-
tion and infiltration of circulating neutrophils, macrophages, and T-cells into infarcted brain 
tissue.10,11 Post-stroke inflammation has detrimental effects, but may be needed for repairing 
processes.11 In order to reduce stroke-reperfusion injury and develop effective and balanced 
therapeutic methods, it is important to identify neurotoxic and neuroprotective molecules of 
post-stroke inflammation. In the acute stage of stroke (within 24 hours), infiltrating immune 
cells release proinflammatory cytokines (IL-1β, IL-6, TNF-α), chemokines (MCP-1, MIP-1α, 
IL-8), reactive oxygen species (ROS), and matrix metalloproteinase (MMP) (mainly MMP-9), 
which amplify neuroinflammatory responses and lead to brain edema, neuronal death, and dis-
ruption of blood-brain barrier (BBB).8,9,11 However, some of these molecules have a differ-
ent role in the later stage of stroke (after 24 hours). For example, MMP-9 enhances ischemic 
brain injury, BBB leakage, and hemorrhagic transformation in the acute stage, but facilitates 
regeneration and remodelling of brain tissues in the later stage of stroke.12 Therefore, detailed 
mechanistic studies of post-stroke inflammation are needed.
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LIPOCALIN-2 (LCN2) IN ISCHEMIC STROKE 

 Lipocalin-2 (LCN2), also known as 24p3 or neutrophil 
gelatinase-associated lipocalin (NGAL), is a 25 kDa protein se-
creted from activated neutrophils.13 Using a chemical-genetics 
approach, LCN2 was identified as one of PKCδ phosphoryla-
tion substrates in neutrophils.14-16 PKCδ directly phosphorylates 
LCN2 at Thr-115, and mediates the secretion of LCN2 from ac-
tivated neutrophils in vitro and after cerebral ischemia in vivo.16

 Plasma level of LCN2 is elevated at 1-3 days in pa-
tients with ischemic stroke.17-19 LCN2 is acutely induced after 
transient middle cerebral artery occlusion (tMCAO) in rodents 
(a model of ischemic stroke).20-23 LCN2 appears in mouse sera as 
early as one hour, peaks at 23 hours, and diminishes by 48 to 72 
hours after tMCAO.23 Due to the short time window for effective 
thrombolytic therapy, it is of great interest to diagnose stroke 
early and reduce the risk of cerebral hemorrhage.24,25 The early 
induction of LCN2 suggests the possibility of using LCN2 as an 
early blood biomarker to detect stroke.

 In addition to blood plasma, LCN2 is also induced in 
the penumbra of ipsilateral hemispheres after tMCAO.21-23,26 The 
induction of LCN2 in mouse brain initiates at 6 hours, reaches 
a peak at 24 hours, and reduces at 48 hours after reperfusion. 
Induced LCN2 protein is identified in a subset of reactivated 
astrocytes, cerebral endothelial cells, and infiltrated neutrophils 
after tMCAO.21,23,26 Cerebral infarction, neurological deficits, in-
filtration of immune cells, BBB permeability, proinflammatory 
cytokines, chemokines, and adhesion molecules are reduced af-
ter tMCAO in LCN2 null mice.21,23 Recombinant LCN2 protein 
is able to stimulate neutrophil migration as well as promote cell 
death in primary neurons but not in astrocytes, microglia and 
oligodendrocytes.21,23,27,28 These results suggest that LCN2 is a 
proinflammatory mediator during the acute stage of ischemic 
stroke. Therefore, LCN2 inhibitors or anti-LCN2 antibodies 
may prove useful to reduce post-stroke inflammation and brain 
injury. At later time point (3 days) after ischemic stroke in rats 
and humans, LCN2 is expressed in injured neurons and may be 
released as a “help me signal” to condition microglia and as-
trocytes for recovery.22 These studies demonstrate the diverse 
functions of LCN2 during the acute and later stages of ischemic 
stroke.

LIPOCALIN-2 (LCN2) IN HEMORRHAGIC STROKE

 Hemorrhagic stroke is a devastating form of stroke 
with high mortality.3-6 There are two major types of hemorrhagic 
stroke: intracerebral hemorrhage (ICH) and subarachnoid hem-
orrhage (SAH). ICH is associated with bleeding in the brain 
parenchyma.4-6 SAH is often caused by intracranial aneurysm 
with blood leakage in subarachnoid space.3 LCN2 is induced 
mainly in astrocytes after rodent models of ICH and SAH.29,30 
LCN2 induction was detected in the ipsilateral hemispheres at 1, 
3, 7 days after ICH in rats and 24 hours after SAH in mice.29,30 
Iron overload after ICH induces perihematoma edema and 

brain injury.4-6 LCN2 is capable of transporting irons through 
siderophore.31-33 Injection of iron upregulates the expression of 
LCN2 in the brain, while systemic treatment of an iron chelator 
(deferoxamine) reduces ICH-induced LCN2 upregulation.29 The 
results suggest that LCN2 may function as an important regula-
tor of iron homeostasis after ICH. White matter injury and mark-
ers for axonal damage and myelin degradation are increased af-
ter SAH in wild type mice, but scarcely developed in LCN2 null 
mice.30 The result suggests that LCN2 may facilitate the devel-
opment of white matter injury after SAH.

 Several studies we summarized in this review suggest 
that LCN2 promotes brain injury as a proinflammatory molecule 
in the acute stage of stroke.16,21,23,26,29,30 Interestingly, LCN2 may 
also support the neurovascular recovery by enhancing angio-
genesis and serving as a “help me signal” in the later stage of 
stroke.22,34 Therefore, a comprehensive understanding of time-
dependent functions of LCN2 is a prerequisite for developing 
effective therapeutic interventions for the treatment of ischemic 
and hemorrhagic strokes.

CONCLUSION

 LCN2 has been identified as an important mediator of 
stroke-reperfusion injury and white matter injury after ischemic 
and hemorrhagic strokes. Future studies are needed to reveal the 
detailed mechanisms of LCN2-mediated signaling and to devel-
op potential LCN2-based therapy.
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 Without homeostatic control of feeding behavior, energy balance will be disturbed 
towards either energy surfeit or deficit, respectively, leading to obesity or wasting. Anorexia 
Nervosa (AN) is a disorder characterized with food restriction and weight loss1,2 due to intense 
fear of gaining weight and a distorted perception of body weight. The individuals with anorexia 
believe they are fat and seek to prevent weight gain by restricting the amount of energy in-
take even when they are starvation. Anorexia and its associated disorders impose a huge burden 
to our society, so treating and reversing anorexia are of paramount importance. However, the 
underlying mechanisms of anorexia are poorly understood, and there is a lack of effective treat-
ments.

 The nervous system consists of two classes of cells, neurons and glia. Thus, it is 
important to define the integrative processes of neurons and glial cells in the brain regions that 
control food intake. It is well recognized that neurons play critical roles in controlling feed-
ing behavior and appetite, while little is known about glial influences on feeding. Astrocytes, 
the most abundant glial cells in the brain, are closely associated with neuronal synapses to 
scale synaptic strength and modulate neural circuits,3-9 as well as with cerebral blood vessels 
to adjust blood supply.10,11 Emerging evidence demonstrates the functional role of astrocytes in 
complex behaviors.12,13 Interestingly, in response to high-fat diet (HFD) feeding, astrocytes in 
the ARC proliferate and express functional receptors for leptin,14 adipocyte-derived anorexi-
genic peptide.15,16 These studies strongly suggest the involvement of astrocytes in the regulation 
of appetite.

 In the hypothalamic arcuate nucleus, AgRP (Agouti-related peptide) neurons are nec-
essary and sufficient to rapidly evoke food intake while POMC (Pro-opiomelanocortin) neu-
rons inhibit feeding.17,18 The electrical activities of the neurons are critical for them to regulate 
food intake.17,18 Prior studies demonstrate that both of the two types of neurons in the ARC 
receive synaptic inputs,19,20 and glutamatergic excitatory synaptic inputs are crucial for neu-
ronal firing.19 We thus propose that astrocytes in the ARC could serve as surveyors of hunger 
states and in turn modulate feeding by rewiring the appetite control circuits in the ARC. In 
anorexic mice, astrocytes may negatively regulate feeding by reducing synaptic strength at and 
the firing rate of orexigenic AgRP neuron through release of the inhibitory gliotransmitter(s), 
such as adenosine. Adenosine in turn inhibits synapse transmission and neuron firing rate 
by acting on A1 receptors in both pre- and post-synaptic neurons.21-24 Collectively, we 
propose that glial cells may actively participate in regulating energy balance by modulating 
appetite control circuits. It is well recognized that hypothalamic arcuate nucleus is a key brain 
region that control energy intake and energy expenditure.25-27 In our recent studies, we find that 
food intake is also under the control of astrocytes. For instance, we find that the food intake is 
reduced by selective chemogenetic activation of astrocytes localized in the mediobasal hypo-
thalamus in mice.28

 Collectively, these results indicate that glial cells may also, at least in part, con-
tribute to the development of anorexia nervosa. Furthermore, emerging evidence indicates that 
appetite is also under the control of “higher level” brain structures, such as cortex and hip-
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pocampus, well- recognized brain regions implicated in emotion 
and cognition.29 For instance, lesion of ventral hippocampus re-
duces appetite, indicating that ventral hippocampus exerts tonic 
inhibition on food intake. To fully understand the control of 
food intake and seek effective clinical therapeutics to treat ap-
petite disorders, such as anorexia nervosa, it is of importance to 
consider both neuronal and glial processes localized in multiple 
brain regions.
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ABSTRACT

Background: Brainstem gliomas (BSG) are Central Nervous System (CNS) tumors with a me-
dian survival time of approximately 9 months. Up to now chemotherapy has not shown to im-
prove survival in these patients. The outcome of Radiation Therapy (RT) in combination with 
Nimotuzumab is shown in the present report. 
Material and Methods: 28 children and adolescents were included between Jan/2009 and 
Dec/2012 with the diagnosis of BSG and follow-up till January 2015. All patients had Diffuse 
infiltrative Pontine Gliomas (DIPG) and were irradiated with a dose ranging from 54 to 59.6 
Gy at the National Oncology and Radiobiology Institute in Havana, Cuba. Three patients were 
planned with IMRT and 25 with 3D Conformal RT. Nimotuzumab was indicated at the dose of 
150 mg/m2 weekly during the time of RT treatment, then every 15 days during 8 weeks and fi-
nally monthly for 1 year. Univariate and multivariate Cox regression models and Kaplan Meier 
survival were analyzed to evaluate the survival. 
Results: Median age at diagnosis was 7 years (range 3-18 years old), median overall survival 
was 17.3 months (95% CI 14.0-20.5 ) since the beginning of the treatment and the accumulated 
survival at 5 years of treatment was 42,9%. There was balance in sex, age and dosage of RT in 
the population. Addition of Nimotuzumab to RT was safe. 
Conclusions: The combination of Radiotherapy and Nimotuzumab were well tolerated in this 
brainstem tumours patient’s series.

KEYWORDS: Radiotherapy; Nimotuzumab; Brainstem tumors children adolescents.

ABBREVIATIONS: BSG: Brainstem gliomas; CNS: Central Nervous System; RT: Radiation 
therapy; DIPG: Diffuse infiltrative Pontine Gliomas; ChT: Chemotherapy; INOR: National On-
cology and Radiobiology Institute; CTV: Clinical Target Volume; GTV: Gross Tumour Volume; 
PTV: Planning Target Volume.

INTRODUCTION 

 The brainstem is defined as the midbrain, pons and medulla; brainstem gliomas are 
generally diffuse intrinsic tumors involving the pons, with defined clinical presentation and 
characteristic appearance in imaging findings and do not require pathological confirmation;1-4 
it can extend along neural tracts to adjacent regions of the brain, so it has been defined as fatal 
disease. Radiation treatment response rates show low degrees of efficacy, with short-term re-
sponses and a median overall survival less than one year;2-8 Diffusely infiltrating pontine glio-
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mas must be distinguished from other subsets of diffuse intrinsic 
pontinegliomas, such as focal tumors, which are described with 
better prognosis and longer term survival.5,9

 The association of Chemotherapy (ChT) and radiother-
apy (RT) have not improved survival1,6-8,10,11 and now biologics 
are combined with RT in clinical trials.9,12,13 

 We investigated the association of RT with Nimo-
tuzumab, a humanized monoclonal antibody developed at the 
Center of Molecular Immunology, Havana, Cuba and testing the 
hypothesis that this combination will improve survival in these 
tumors. The antibody was obtained by humanization of the mu-
rine antibody EGF/R3.14 Because Nimotuzumab has a 10 fold 
lower affinity to the EGFR, as compared to cetuximab, its capac-
ity to bind EGFR is heavily dictated by cell receptor density.15 
Nimotuzumab preclinical and clinical characterizations have 
been summarized before.16-18

 A distinguishing feature of Nimotuzumab compared to 
other mAbs of the EGFR class is the lack of severe skin toxicity 
and the possibility to be used beyond progression.16,19

MATERIAL AND METHODS

 We conducted a prospective, non-randomized clinical 
study, with a treatment group of 28 children and adolescents 
(range 3 to 18 years) with the diagnosis of diffuse intrinsic pon-
tine glioma (DIPG ) documented by imaging (MRI, CT scan.) 
Biopsy and histology confirmation were not a requirement of this 
study. This study covers a sequential period between Jan/2009 
and Dec/2012. Follow-up continued to September 2014. Patients 
with focal lesion of the brainstem were not eligible for the study, 
because these are described with a better prognosis.5,9 Also ex-
cluded were those who had received prior chemotherapy or ra-
diotherapy.

 The study was approved by the Ethical Institution 
Committee at the National Oncology and Radiobiology Insti-
tute (INOR), Havana and informed consent obtained from the 
patients’ parents. All patients were irradiated at INOR, and re-
ceived the monoclonal antibody Nimotuzumab at INOR or at 
the Pediatric Hospital “Juan Manuel Marques”, also in Havana. 
Male patients: 14, and female: 14.
 
 No surgical treatment was feasible, and in 3 there were 
pathologic results by biopsy. In all patients tumor was extended 
to the pons.

 Linear Accelerator was used for a radiation treatment: 
Gross Tumour Volume (GTV) was defined as the visible tumor, 
either by MRI or CT; Clinical Target Volume (CTV) accounted 
for subclinical microscopic disease and unappreciated tumor ex-
tension, generally 1.5 cm from the GTV, and Planning Target 
Volume (PTV) was 0.3-0.5 cm and could vary according to the 
Organ at Risk.4,20 RT doses range from 54 to 59.8 Gy, with dose 

per fraction 1,8 Gy. Three patients were planned with IMRT and 
the rest with 3D CT. In all patients a thermoplastic mask was fit-
ted.

 Nimotuzumab was administered at a dose of 150 mg/
m2 (IV), weekly during the term of RT, then every 2 weeks for 8 
doses, then monthly for one year. In the last patients included it 
was prolonged for 2 years.

 Twenty four patients (85.7%) received the complete 
Nimotuzumab schema, in 4 there were minor interruptions of 
the dosage because patients did not concur with the treatment 
option in a timely manner. Characters of the series are in Table 1.

 

 Univariate and multivariate Cox regression models 
were fitted in order to identify possible predictors of survival 
and Kaplan Meier survival was calculated for all cases.

RESULTS 
 
 Median age of the cases at diagnosis was 7 years (range 
between 3 and 18 years old). Twenty eight cases were DIGP, but 
in all cases tumor extended to pons, and in one case also to 4th 
ventricle, cerebellum and hypothalamus.

 The diagnosis was made by clinical and imaging find-
ings except in 3 cases where pathological examination was also 
done, one with astrocytoma grade II and the 2 others with as-
trocytoma grade III, all alive. Median overall survival from the 
beginning of treatment was 17,3 months, 95% CI (14.1-20.7) 
and Kaplan Meier survival accumulated was 42,9% at 2 years, 
established till 5 years of RT treatment. At present, (January 

Median age at diagnosis……………….. 7 years old ( range 3-18 years ) 

Male/female ratio………………………… 1:1 

Type of tumor:……………………………DIPG:28 

Localization……………………………………Mid brain and pons: 15

                                                                      Pons:6 

Cerebello-pontine: 4 

Not specified: 3 

Pathology…………………………………………Grade II Astrocytoma:2 

                                                                          Grade III Astrocytoma: 1 

Not biopsied: 25 

Radiotherapy dose received……………………………54-57 Gy : 4 patients 

                                                                                    57-59 Gy: 15 patients 

                                                                                     59, 8 Gy: 9 patients 

Nimotuzumab treatment…………………………….Completed: 24 

                                                                                 Not completed: 4

Table 1: Charts of the series of brainstem gliomas in children and adolescents.
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2015) 12 of the patients are alive (2 less than 2 years, 3 between 
2-3 years, 5 between 4-5 years and 2 with more than 5 years of 
follow-up). Therapeutic results were compared with a previous 
case series of 22 children and adolescents with BSG treated with 
the same mode of irradiation, but without Nimotuzumab during 
1992-2008 at the same institution (Instituto Nacional de Onco-
logia y Radiobiologia in Havana.) (Figure 1)

Sex 

 14 female patients had a 44.0% survival at 2 years and 
counting, and 14 male patients a 33.3 % survival. (Figure 2)

 Five patients received a dose between 54-57 Gy, with 
a survival rate of 60% at 2 years and counting; 16 patients with 
a dose between 57-59 Gy with a survival rate of 41,2 % at 2 
years plus, and 7 patients received 59.8 Gy with a survival rate 
of 22.2% at 2 years plus. Radiation dose was increased in those 
patients where DIPG tumor size exceeded the mean. (Figure 3)

By Age Group

 6 patients in the group up to 4 years old (21.5%) with 
a survival rate of 25% at 2 years plus; 15 patients between 5-9 
years old (53.6%) with a survival rate of 37.5% at 2 years plus; 
4 patients between 10-14 years old (14.4%) with a survival rate 
of 67%; and 3 patients with 15-18 years old age (10.7%) with a 
survival rate of 50% at 2 years plus (Figure 4).

 

 

NIMO

Median

Estimate
95% Confidence Interval

LowerBound UpperBound

RT + NIMOTUZUMAB 17,333 14,068 20,599

RT 10,000 7,422 12,578

Overall 15,833 12,380 19,286

Figure 1: Survival according to treatment: a) 28 patients treated with Radiotherapy (RT) and 
Nimotuzumab, with a median overall survival of 17,3 months (95% CI 14.0-20.5) and accu-
mulated survival of 42,9% at 5 years. b) Previous serie of 22 patients trated only with RT, with 
a median overall survival of 10 months (95% CI 7.4-12.5), with no survival accumulated at 5 
years. P=0,001.

Figure 2: Survival function according to gender. 14 female patients, 44% survival at two 
years; 14 male patients patients, 33,3% survival at two years. No differences p=0.74.

Figure 3: Survival functions according to Radiotherapy (RT) doses: 5 patients received 
dose between 54-57 Gy with a survival rate of 60%; 16 patients with dose between 57-
59 Gy with a survival rate of 41,2%, and 7 patients received 59,8 Gy with a survival of 
22.2%; p=0254.

Figure 4: Survivalo according to age group: 6 patients up to 4 years old with a survival 
rate of 25 %; 15 between 5-9 years old with a survival rate of 37,5%; 4 patients between 
10-14 years old with a survival of 68% and 3 with 15-18 years old and a survival rate of 
50%; p=0.777.
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 Multivariate analysis showed no significant differences 
according to sex, age and dose of irradiation received, nor with 
the dosage of Nimotuzumab, with a tendency for best survival in 
age group 10-18 years old and with the dose at 54-57 Gy.

 Treatment was well tolerated and no grade III or 
higher grade toxicity was observed. The most frequent adverse 
event was alopecia in irradiation fields, observed in 27 patients 
(96.4%). Other reported adverse events were vomiting, head-
ache, fever, tremor and nausea, in less than 40% of patients (Ta-
ble 2).

 

 At the end of irradiation there was a clinical response 
in 27 patients (96.4 %), only one patient had no response to RT 
treatment.

DISCUSSION

 Brainstem gliomas are a heterogeneous group of tu-
mors that occur predominately in children, have a characteris-
tic appearance in MRI and CT and do not require pathological 
confirmation: clinical and imaging are considered sufficient for 
diagnosis;1-4,21 they have a bad prognosis despite initial response 
to irradiation, which has been the ideal treatment, with a median 
survival of one year or less.1-3,5,12,21 Radiation dose escalation in-
creases toxicity but does not improve outcome; neither chemo-
therapy nor hypofractionation4,21-24 have improved therapeutic 
ratio.

 Brainstem gliomas could be diffuse intrinsic pontine 
gliomas (DIPG) and comprise an entity defined by imaging in-
volving pons. Pontine localization was found to be a negative 
prognostic factor.5 Two more recent studies did not demonstrate 
similar findings;25,26 these studies included adult patients, possi-
bly confounding results. In our series, we found pontine infiltra-
tion in all patients. 

 Our series of 28 children and adolescents with pro-
longed treatments involving Nimotuzumab in conjunction with 
RT showed a median overall survival of 17.3 months and a 
survival rate at 2 years of 39.7%, exceeding those of earlier re-
ports,2,24,27 and of more recent ones.1,3,5,12,28-34 In a previous case 
series of patients treated only with RT during the period 1992-
2008 in the same Institution (National Oncology and Radiobiol-

ogy Institute, in Havana), median survival time was 10.0 months 
and the survival rate at 2 years was 15%. We know that the use 
of retrospective case series as control groups have limitations, 
but there are facts that are relevant: all cases were irradiated in 
the same Institution, so there could not exist center-effects that 
could bias patient groups.

 It is remarkable that in our series there is a preliminary 
benefit to survival in older ages; it contrasts with reports that 
young age may predict a better outcome for children with diffuse 
pontinegliomas.34 Best results were obtained in the group that 
received 54-57 Gy of RT dosage; increasing RT dosage did not 
yield better results, consistent with.22,30 

 The prolonged use of Nimotuzumab for one year or 
more was well tolerated: adverse events such as alopecia and 
dermatitis were related to irradiation. Cutaneous rash was also 
reported but not related; other minor adverse events could be 
related in part with the clinical evolution of the tumor and the 
radiation treatment. Nimotuzumab is a humanized monoclonal 
antibody that recognizes the EGF external domain with interme-
diate affinity (kd=10-8 )35 that has shown a benefit in addition to 
RT in different studies.35-37 In children it has been reported with 
good results and safely associates to RT in CNS and Head and 
Neck tumors.2,31-44

CONCLUSION

 The association of focal RT and Nimotuzumab in the 
treatment of brainstem tumors in children and adolescents was a 
therapeutic option in order to increase overall survival and sup-
port the possibility of new trials with this combination. Radia-
tion dose over 57 Gy did not increase possibilities of survival in 
our series.

CONFLICTS OF INTEREST

No potential conflict of interest exists.

REFERENCES

1. Bailey S, Howman A, Whealtey K, et al. Diffuse intrinsic 
pontineglioma treated with prolonged Temozolomide and Ra-
diotherapy. Results of a United Kingdom phase II trial (CNS 
2007 04). Eur. J. Cancer. 2013; 49: 3856-3862. doi: 10.1016/j.
ejca.2013.08.006
 
2. Blaney S, Kun L, Hunter J, et al. Tumor of the Central Ner-
vous System. In: Pizzo P, Poplack, ed. Principles and Practice 
of Pediatric Oncology. 5th. Ed. Lippincott Williams & Wilkins, 
Philadelphia, USA, 2006; 786-864.

3. Wolff JE, Rytling M, Vats T, et al. Induction treatment for 
diffuse intrinsic pontineglioma. Experience of M.D. Anderson 

Table 2: Severity grade goes from 1 (less severe) 
to 4 (most severe).

Page 48

Most frequent related adverse events

Severity grade: 1 2 3 4

Vomiting 5 3 0 0

Headache 3 1 0 0

Fever 3 0 0 0

Tremor 0 2 0 0

Nausea 2 0 0 0

http://www.ncbi.nlm.nih.gov/pubmed/24011536
http://www.ncbi.nlm.nih.gov/pubmed/24011536


                              neuro

Open Journal
http://dx.doi.org/10.17140/NOJ-2-111

Neuro Open J

ISSN 2377-1607

Cancer Center. Anticancer Res. 2011; 31: 2265-2270.

4. Marcus K, Dutton SH, Barnes P, et al. A phase I trial of Etani-
dazole and hyperfractionated radiotherapy in children with dif-
fuse brainstem gliomas. Int J Radiat Oncol Biol Phys. 2013; 55: 
1182-1185. doi: 10.1016/S0360-3016(02)04391-2 

5. Fried I, Hawkins C, Scheinemann K, et al. Favorable out-
come with conservative treatment for children with low-grade 
braistem tumors. Pediatr Blood & Cancer. 2012; 58: 556-560. 
doi: 10.1002/pbc.23200 

6. Hargrave D, Bartels V, Bouffet E. Diffuse brainstem gliomas 
in children: critical review of clinical trial. Lancet Oncol. 2006; 
7: 241-248. doi: 10.1016/S1470-2045(06)70615-5 

7. Jansen MH, van Vuurden DG, Vandertop WP, et al. Diffuse 
intrinsic pontinegliomas: a systematic update on clinical trials 
and biology. Cancer Treat Rev. 2012; 38: 27-35. doi: 10.1016/j.
ctrv.2011.06.007 

8. Frazier JL, Lee J, Thomale UW, et al. Treatment of diffuse 
intrinsic brainstem gliomas. Failed approaches and future strat-
egies. J Neurosurg. 2009; 3: 259-269. doi: 10.3171/2008.11.
PEDS08281
 
9. Minturn JE, Fisher MJ. Gliomas in children. Current Treat 
Options Neurol. 2013; 15: 316-327.

10. Chassot A, Canale S, Varlet P. Radiotherapy with concurrent 
and adjuvant Temozolamide in children with newly diagnosed 
intrinsic pontinegliomas. J Neuroncol. 2012; 106: 399-407. doi: 
10.1007/s11060-011-0681-7
 
11. Cohen KJ, Heideman RL, Zhou T. Temozolamide in the 
treatment of children with newly diagnosed diffuse intrinsic 
pontinegliomas: a report from the Children’s Oncology Group. 
Neuroncol. 2011; 13: 410-416. doi: 10.1093/neuonc/noq205 

12. Janssens G, Jansen M, Launers G, et al. Hypofractionations 
conventional radiation therapy for newly diagnosed diffuse in-
trinsic poutine gliomas: a matched cohort analysis. Int. J Radia-
tion Oncol Biol Phys. 2013. doi: 10.1016/j.ijrobp.2012.04.006 

13. Solomon MT, Selva JC, Figueredo J, et al. Radiotherapy plus 
Nimotuzumab or placebo in the treatment of high grade glioma 
patients: results from a randomized, double blind trial. BMC 
Cancer. 2013: 299. doi: 10.1186/1471-2407-13.299 

14. Fernandez A, Spitze E, Perez R, et al. A new monoclonal an-
tibody for detection of EGF receptors in western blots and paraf-
fin-embebed tissue sections. J Cell Biochm. 1992; 49: 152-165.

15. Garrido G, Tikhomitov IA, Rabasa A, et al. Bivalent bind-
ing by intermediate affinity of Nimotuzumab: a contribution to 
explain antibody clinical profile. Cancer Biol Ther. 2011; 11: 

373-382.

16. Boland WK, Bebb G. Expert opinion, nimotuzumab, a novel 
anti-EGFR monoclonal antibody that retains anti-EGFR activity 
while minimizing skin toxicity. Expert Opin Biol Ther. 2009; 9: 
1199-1206. doi: 10.1517/14712590903110709 

17. Lam C, Bouffet F, Bartels U. Nimotuzumab in pediatric glio-
ma. Future Oncol. 2009; 5: 1349-1361. doi: 10.2217/fon.09.119 

18. Massimino M, Bode U, Bassani V, et al. Nimotuzumab for 
pediatric diffuse intrinsic pontinegliomas. Expert Opin Biol 
Ther. 2011; 11: 247-256. doi: 10.1517/14712598.2011.546341 

19. Rivera F, Vega-Villegas ME, Lopez-Brea MF, et al. 
Current situation of Pantumumab, Matuzumab, Nimotu-
zumab and Zalutumumab. ActaOncol. 2008; 47: 9-19. doi: 
10.1080/02841860701704724 

20. Chon I, Chi D, Alert J, et al. Transition from 2D to 3D Con-
formal Radiotherapy in high grade gliomas: our experience in 
Cuba. ICARO, Vienna April 2009. Book of extended synopsis. 
38-39, IAEA-CN-170-2009.

21. Jallo GI, Biser-Rohrbaugh A, Freed D. Brainstem gliomas. 
Chids Nerv Syst. 2004; 20: 143-153.

22. Freeman CR, Krischer JP, Sanford RA. Final results of a 
study of escalating doses of hyperfractionated radiotherapy 
in brainstem tumors in children: a Pediatric Oncology Group 
Study. Int J Radiat Oncol Biol Phys. 1993; 27: 197-206. doi: 
10.1016/0360-3016(93)90228-N 

23. Fangusard J. Pediatric high-grade gliomas and Difusse In-
trinsic Pontine Gliomas (DIPG). J Child Neurol. 2009; 24: 1409-
1417. doi: 10.1177/0883073809338960 

24. Negretti L, Bouchireb K, Levy-Piedbois C, et al. Hypo-
fractionated radiotherapy in the treatment of diffuse intrinsic 
pontinegliomas in children: a single institution’s experience. J 
Neuro-oncol. 2011; 104:773-777.

25. Ueoka DL, Nogueira J, Campos JC, et al. Brainstem gli-
omas-retrospective analysis of 86 patients. J NeurolSci. 2009; 
281: 20-23. doi: 10.1016/j.jns.2009.03.009 

26. Combs SE, Steck I, Schulz-Ertner D, et al. Long-term out-
come of high-precision radiotherapy in patients with brainstem 
gliomas. Results from a difficult-to-treat population using frac-
tionated stereotactic radiotherapy. Radiother Oncol. 2009; 91: 
60-66. doi: 10.1016/j.radonc.2009.02.012 

27. Freeman CR, Suissa S. Brainstem tumors in children: results 
of a survey of 62 patients treated with radiotherapy. Int J Ra-
diat Oncol Biol Phys. 1986; 12: 1823-1828. doi: 10.1016/0360-
3016(86)90325-1

Page 49

http://www.sciencedirect.com/science/article/pii/S0360301602043912
http://www.ncbi.nlm.nih.gov/pubmed/21618421
http://www.thelancet.com/journals/lanonc/article/PIIS1470-2045%2806%2970615-5/abstract
http://www.ncbi.nlm.nih.gov/pubmed/21764221
http://www.ncbi.nlm.nih.gov/pubmed/21764221
http://www.ncbi.nlm.nih.gov/pubmed/19338403
http://www.ncbi.nlm.nih.gov/pubmed/19338403
http://www.ncbi.nlm.nih.gov/pubmed/21858607
http://www.ncbi.nlm.nih.gov/pubmed/21345842
http://www.ncbi.nlm.nih.gov/pubmed/22682807
http://www.biomedcentral.com/1471-2407/13/299
http://informahealthcare.com/doi/abs/10.1517/14712590903110709
http://www.ncbi.nlm.nih.gov/pubmed/19903064
http://www.ncbi.nlm.nih.gov/pubmed/21171927
http://informahealthcare.com/doi/abs/10.1080/02841860701704724
http://www.redjournal.org/article/0360-3016%2893%2990228-N/abstract
http://jcn.sagepub.com/content/24/11/1409.abstract
http://www.ncbi.nlm.nih.gov/pubmed/19345380
http://www.ncbi.nlm.nih.gov/pubmed/19285356
http://www.sciencedirect.com/science/article/pii/0360301686903251
http://www.sciencedirect.com/science/article/pii/0360301686903251


                              neuro

Open Journal
http://dx.doi.org/10.17140/NOJ-2-111

Neuro Open J

ISSN 2377-1607

28. Kabudi R, Cafir FB, Agauglu FY, et al. Pediatric diffuse in-
trinsic pontineglioma patients from a single center. Childs Nerv 
Syst. 2013; 29: 583-588. doi: 10.1007/s00381-012-1986-3 

29. Kabudi R, Cafir FB. Management of diffuse pontineglioma 
in children: recent development. Paediatr Drugs. 3013; 5: 351-
362. doi: 10.1007/s40272-013-0033-5 

30. Panoff JE, Koru-Sengul T, Khatib Z. The role of Radiation 
Therapy technique and dose for pediatric patients with diffuse 
intrinsic pontineglioma. Int J Radiat Oncol Biol Phys. 2013; 87: 
S594-S595.

31. Kabudi R, Cafir FB, Agaoglis D. Diffuse Intrinsic Pontine 
Gliomas (DIPG) in children: results from a single center. Neu-
rooncol. 2012; 14: 29.

32. Zapotocky M, Churackova M, Malinova B, et al. Chemo-
therapy added to Radiotherapy failed to improve dismist out-
come of children with DIPG: single institution experience. Neu-
ro-oncol. 2012; 14: 30.

33. Nolre L, Vasconcelos F, Lima F, et al. Pediatric brainstem 
glioma: experience of one Brazilian Institution. Neuro-oncol. 
2012; 14: 16.

34. Broniscer A, Laningham FH, Sanders RP, et al. Young age 
may predict a better outcome for diffuse pontineglioma. Cancer. 
2008; 113: 566-572. doi: 10.1002/cncr.23584
 
35. Osorio M, Cruz T, del Castillo R, et al. Nimotuzumab plus 
Radiotherapy for unresectable squamous-cell carcinoma of the 
Head and Neck. Cancer Biol & Ther. 2010; 9: 343-349.

36. Ramos Suzarte M, Lorenzo Luaces P, Lazo N, et al. Treat-
ment of malignant, non-resectable epithelial origen esophageal 
tumors with the humanized antiepidermal growth factor anti-
body Nimotuzumab combined with radiation therapy and che-
motherapy. Cancer Biol & Ther. 2012; 13: 1-6.

37. Liang J, Mingzam E, Gang W, et al. Nimotuzumab combined 
with radiation therapy on esophageal cáncer. Preliminary study 
of Phase 2 Clinical Trial. Int J Radiat Oncol Biol Phys. 2013; 87: 
S292. doi: 10.1016/j.ijrobp.2013.06.765 

38. Cabanas R, Suarez G, Crombet T, et al. Safety and effica-
cy results of children and adolescents Central Nervous System 
Tumor. Nimotuzumab expanded access program. Ped Blood & 
Cancer. 2011; 57: 705-897. 

39. Crombet T, Cabanas R, Alert J. et al. Nimotuzumab and Ra-
diotherapy in children and adolescents with brainstem gliomas: 
preliminary results from a phase II Study. European J Cancer. 
2009; 7: 4974.

40. Cabanas R, Crombet T, Alert J, et al. Nimotuzumab in chil-
dren and adolescents with brainstem tumors: a Phase II study. 
Ped Blood & Cancer. 2009; 59: 830-831.

41. Alert J, Reno J, Garcia D, et al. Three dimensional Confor-
mal Radiotherapy concurrent with chemotherapy plus Nimotu-
zumab in the treatment of Head and Neck cancer in children 
and adolescents: experience in a single institution. Ped Blood & 
Cancer. 2012; 59: 94.

42. Bude U, Buchen S, Warmouth-Metz, et al. Final report of 
phase II trial of Nimotuzumab in the treatment of refractory and 
relapsed high grade gliomas in children and adolescents. ASCO 
Meeting. J ClinOncol. 2007; 25.

43. Massimino M, Biassoiri V, Gandola I, et al. Nimotuzumab 
and Vinoralbine concomitantly to radiation and as a maintenance 
for diffuse pontineglioma in childhood: results from a serie of 12 
patients. J Clin Oncol. 2011; 26: 9577.

44. Cabanas R, Saurez G, Alert J, et al. Prolonged use of nimo-
tuzumab in children with central nervous system tumors: safety 
and feasibility. Biother Radiopharm. 2014; 29: 173-178.

Page 50

http://www.ncbi.nlm.nih.gov/pubmed/23224361
http://www.ncbi.nlm.nih.gov/pubmed/23719782
http://www.ncbi.nlm.nih.gov/pubmed/18484645
https://www.infona.pl/resource/bwmeta1.element.elsevier-35c8c08c-ef32-33bc-baa9-a7e4d2dfe428

