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Abstract 

Background Dysembryoplastic neuroepithelial tumors are rare benign supratentotrial epilepsy‑associated glioneu‑
ronal tumors of children and young adults. Patients have a long history of seizures.  Proper surgical resection achieves 
long term seizure control. We describe the clinicopathological features of dysembryoplastic neuroepithelial tumor 
cases reported in our practice and review the published literature.

Methods All cases of Pakistani ethnicity were diagnosed between 2015 and 2021 were included. Slides were 
reviewed and clinicopathological features were recorded. Follow‑up was obtained. Extensive literature review 
was conducted.

Results Fourteen cases were reported. There were 12 males and 2 females. Age range was 9–45 years (mean 
19 years). Majority were located in the temporal and frontal lobes. Duration of seizures prior to resection ranged 
from 2 months to 9 years with mean and median duration of 3.2 and 3 years, respectively. Histologically, all cases 
demonstrated a multinodular pattern, specific glioneuronal component, and floating neurons. Simple and complex 
forms comprised seven cases each. No significant nuclear atypia, mitotic activity, or necrosis was seen. Ki‑67 prolifera‑
tive index was very low. Cortical dysplasia was noted in adjacent glial tissue in four cases. Follow‑up ranged from 20 
to 94 months. Seizures continued following resection in all but one case but were reduced in frequency and intensity. 
In one case, seizures stopped completely following surgery.

Conclusion Clinicopathological features were similar to those in published literature. However, a marked male 
predominance was noted in our series. Seizures continued following resection in all but one case but were reduced 
in frequency and intensity. This series will help raise awareness among clinicians and pathologists in our part 
of the world about this seizure‑associated tumor of children and young adults.
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Introduction
In developing countries such as Pakistan, many neu-
rosurgeons, neurooncologists, and neuropatholo-
gists are unaware of these epilepsy-associated tumors. 
Absence of and lack of access to proper pediatric and 
adult epilepsy surgery programs and centers results in 
delay in the detection and proper treatment of these 
tumors. Dysembryoplastic neuroepithelial tumors 
(DNTs) are rare benign mixed glioneuronal epilepsy-
associated tumors occurring in children and young 
adults [1]. DNTs comprise 1.2% and 0.2% of all cen-
tral nervous system (CNS) tumors in patients under 
20 and above 20  years of age, respectively [2]. DNTs 
are mostly located in the supratentorial cortex. Over 
67% are located in the temporal lobe with preferential 
involvement of mesial structures. The frontal lobe is 
the second most common location [3]. Patients typi-
cally present with drug-resistant focal epilepsy, usu-
ally without any neurological deficits. Seizures may 
become generalized in the long term. In a study of 
epilepsy-associated tumors, DNTs comprised 23.4% 
and 17.8% of long-term epilepsy-associated tumors in 
children and adults, respectively [4]. The spectrum of 
long-term low-grade epilepsy-associated brain tumors 
is expanding rapidly and, in addition to DNTs, includes 
diffuse astrocytoma MYB or MYBL1-altered polymor-
phous low-grade neuroepithelial tumor of the young 
(PLNTY), diffuse low-grade glioma, MAPK pathway-
altered tumor, and so on [5]. In almost 90% of DNTs, 
the first seizure occurs before 20  years of age. Age of 
seizure onset ranges from 3  weeks to 38  years, mean 
age at seizure onset is 15 years [6]. Mean age at epilepsy 
surgery and histopathological diagnosis is 25.8  years 
[7]. Mean duration of seizures prior to surgical inter-
vention is 10.8  years [1]. Magnetic resonance imaging 
(MRI) is the best modality to detect these lesions in 
children and young adults who present with focal epi-
lepsy so that early surgical interventions can be per-
formed to achieve long term seizure control [5, 8–10].

On imaging, these lesions usually encompass the thick-
ness of cerebral cortex. No mass effect or significant 
tumoral edema are seen, which are important criteria in 
differentiating DNTs from diffuse gliomas [1]. On MRI, 
most tumors present as T2 hyperintense single or mul-
tiple pseudocysts [3]. Minimal or no enhancement is 
noted in these lesions, which is also an important dis-
tinguishing feature from ganglioglioma, which shows 
strong enhancement [53]. In fluid-attenuated inversion 
recovery (FLAIR) images these lesions appear as mixed 
signal intensity with bright rim sign, which is a specific 
sign [54]. In one third of cases, calcifications may be seen 
in DNT, which are best seen on computed tomography 
(CT).

DNTs usually have a multinodular architecture. His-
tologically, DNTs demonstrate a specific glioneuronal 
element characterized by columns made up of bundles 
of axons oriented perpendicular to the cortical surface 
and lined by oligodendrocyte-like cells embedded in a 
mucoid matrix. Interspersed floating neurons are charac-
teristic. Simple and complex forms are recognized. In the 
former, only the unique glioneuronal element is seen. In 
the latter, glial nodules are seen together with the unique 
glioneuronal element and give DNTs their characteristic 
multinodular architecture. Glial nodules may resemble 
diffuse glioma (astrocytoma or oligodendroglioma) or 
mimic pilocytic astrocytoma [1]. Ishizawa et al. reported 
a case that showed a pleomorphic xanthoastrocytoma-
like component [11]. Some DNTs do not show either 
the specific glioneuronal element or multinodularity. In 
such cases, distinguishing them from diffuse gliomas is 
extremely difficult. DNTs correspond histologically to 
World Health Organization (WHO) grade 1. Ki-67 prolif-
erative indices are very low (< 1%). Long-term prognosis 
following epilepsy surgery is excellent and recurrence or 
progression are exceptional [12–14].

In developing countries, there is less awareness among 
pathologists and clinicians regarding epilepsy-associated 
tumors. Limited expertise in epilepsy associated tumors 
often results in delays in tumor detection and proper 
treatment, which impedes the aim of achieving long-term 
seizure control. The aim of this study is to describe the 
clinicopathological features of DNTs diagnosed in our 
practice and to present a detailed review of the published 
literature. We hope that our study will raise awareness 
about these important epilepsy-associated neoplasms 
among neurosurgeons, oncologists, and neuropatholo-
gists in our region and contribute to better and timely 
care of children and young adults suffering from long-
term epilepsy secondary to these relatively rare tumors.

Material and methods
The surgical pathology files of a tertiary care center were 
searched for cases of DNTs. Cases diagnosed between 
January 2015 and December 2021 were included. Hema-
toxylin and eosin (H&E) and immunohistochemical 
(IHC) slides of all cases were retrieved and reviewed by 
the two senior authors (ZA and NU). Clinicopathologi-
cal features of all cases were described and follow-up was 
obtained. Extensive literature review was conducted. Eth-
ical approval was obtained from the institution’s ethical 
review committee (ERC).

Results
Fourteen cases were reported during the study period. 
Seven cases each were received from our own center 
and from hospitals/centers in other cities and towns of 
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the country. Twelve patients (85.7%) were males and two 
(14.3%) were females. Male to female ratio was 6:1. Ages 
ranged from 9 to 45  years with mean and median age 
of 19 and 15  years, respectively. Eight patients (57.1%) 
were 15 years or younger, while 6 (42.9%) were 10 years 
or younger in age. Duration of seizures ranged from 
2  months to 9  years. Mean and median duration was 
3.2  years and 3  years, respectively. Headache and vom-
iting were the most common presenting features. One 
patient had a history of urinary incontinence while sleep-
ing. Temporal lobe was the most common location (nine 
cases, 64.3%), followed by the frontal lobe (four cases, 
28.6%). One case was parasagittal in location. Out of the 
nine temporal DNTs, three were temporoparietal while 
one involved the hippocampus as well. Of the four fron-
tal DNTs, one case each involved the parietal lobe and 
parasagittal cortex as well. Seven cases each were right- 
and left-sided in location. All six cases for which radiol-
ogy was available showed wedge-shaped T2 hyperintense 
and T1 hypointense lesions with classical soap bubble 

appearance (Fig. 1A, B). The base of these lesions was ori-
ented towards cortex, and the apex was pointing towards 
ventricles. No perilesional edema or mass effect was 
noted in these lesions. None of the lesions showed diffu-
sion restriction or post-contrast enhancement (Fig.  1C, 
D). However, peripheral rim sign on FLAIR images was 
seen in one case. No signal dropout was noted on sus-
ceptibility weighted imaging (SWI) sequence to suggest 
tumoral bleed or calcifications. Diffusion tensor imaging 
(DTI) was performed in two patients, which showed dis-
placement of white mater tracts rather than disruption of 
fibers, suggesting a lower grade less aggressive neoplasm.

All cases were received in the form of multiple pieces 
ranging from 1.0  cm to 11  cm in aggregate. Mean and 
median size was 4.6 cm and 4 cm, respectively. On his-
tological examination, all cases demonstrated a mul-
tinodular growth pattern (Fig.  2A, B), and the specific 
glioneuronal element composed of columns oriented per-
pendicular to the cortical surface and made up of bundles 
of axons lined by oligodendrocyte like cells embedded 

Fig. 1 MRI images: A, B A well‑defined lobulated T2W cystic cortical and subcortical left frontal lobe lesion is identified. No enhancement is seen 
on post contrast axial and sagittal images. C, D Peripheral rim sign on FLAIR images. No signal dropout seen on SW1 sequence. Displacement 
of white matter tracts seen, suggestive of low‑grade less aggressive lesion
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in a mucoid matrix (Fig.  3A, B). Oligodendroglioma-
like areas, mucin filled cystic foci, and floating neurons 
were seen in all 14 cases (Figs. 4 and 5A, B). Seven cases 
each (50% each) corresponded to the simple and complex 
forms. In the latter, histological features corresponded to 
diffuse glioma, WHO grade 2, in five cases and pilocytic 
astrocytoma in two cases. Cortical dysplasia was seen in 
the glial tissue adjacent to the tumor in four cases (28.6%). 
None of the cases demonstrated significant nuclear 
atypia, mitotic activity or necrosis. Tumors appeared cir-
cumscribed in all cases. Microcalcification was seen in 
three cases (21.4%). Glial fibrillary acidic protein (GFAP) 
was negative in the oligodendrocyte-like cells in all cases 
but was positive in the scattered stellate astrocytes within 
the specific glioneuronal component. GFAP was posi-
tive in the glial areas in complex cases. Synaptophysin 
was expressed in the floating neurons (Fig.  6A, B). The 
Ki-67 proliferative index was < 2% in the simple forms 
and 3%–5% in the two complex cases and was higher in 
the glial nodules. Follow-up was available in 12 cases and 

ranged from 20 to 94 months. Median follow-up period 
was 30 months. Two patients died within days of surgery 
from acute postsurgical complications. Seizures persisted 
following surgery in 9 patients but were reduced in fre-
quency and severity. All were started on tablet valproic 
acid (Epival) 500 mg twice daily, and then the dose was 
adjusted accordingly after checking valproate levels. In 
one patient, surgery resulted in complete cessation of sei-
zures and patient is alive and well without needing any 
antiepileptic medication. At the time of last follow-up, 
none of the patients had developed recurrence (Table 1).

The total sample size comprises 14 young patients 
with epilepsy-related tumors. We analyzed the patients’ 
descriptive statistics, and reported mean, standard devia-
tion (SD), and range (minimum–maximum) for quanti-
tative values. Additionally, the normality assumption of 
the quantitative data, such as age and duration, was veri-
fied. To see the normality assumption, quantile–quan-
tile (Q–Q) and probability–probabilty (P–P) plots were 
applied. We also used the Shapiro–Wilk test to check the 

Fig. 2 A, B DNT demonstrating a multinodular growth pattern (H&E, ×100 and ×200 magnifications)

Fig. 3 A, B Columns of oligodendrocyte‑like cells embedded in a mucoid matrix (H&E, ×100 and ×200 magnifications)
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Fig. 4 A, B Oligodendroglioma‑like areas and mucin filled cystic areas (H&E, ×100 and ×200 magnifications)

Fig. 5 A, B Floating neurons in the specific glioneuronal component (H&E, ×100 and ×200 magnifications)

Fig. 6 A Immunoreactivity for GFAP seen in scattered stellate astrocytes within the specific glioneuronal elements. Oligodendrocyte‑like cells are 
absent. B Immunoreactivity for synaptophysin seen in neuropil‑like matrix components, especially around blood vessels
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p-values for clarity; the result was p > 0.05, which indi-
cates that the data follow a normal distribution. We did 
not apply inferential statistics to see differences between 
study parameters.

Discussion
DNTs were reported by Daumas-Duport and Scheithauer 
first in 1988 and subsequently in another paper published 
in 1993. They described children with partial complex sei-
zures who were discovered to have cortical brain tumors. 
Surgical resection of these tumors cured the seizures 
permanently. On histological examination, these tumors 
were found to be low grade and morphologically dis-
tinct. The authors described the characteristic histologi-
cal features in detail [15, 16]. In 1993, DNTs was included 
as a distinct entity in the revised WHO Classification of 
CNS tumors [17, 18]. A study of 40 cases was published 
by Daumas-Duport et  al. in 1999 [19]. These signature 
studies were followed by a number of case reports and 
case series that described the clinicopathological fea-
tures and outcomes of these tumors [20–23]. The most 
important histologic differential diagnosis of DNT is with 
oligodendroglioma. DNTs occur in young patients, are 
associated with a long history of seizures and present as 
cortical-based expansions without mass effect or edema. 
These features should suggest the diagnosis of DNT 
rather than oligodendroglioma. Histologically, they are 
circumscribed and multinodular rather than diffuse and 
demonstrate floating neurons. Prominent perineuronal 

satellitosis is not seen. IDH mutation and 1p19q codele-
tion are not seen [24].

Reiche et al. described the computed tomography (CT) 
and MRI patterns of DNT [22]. Cabiol et  al. described 
DNTs as cortical tumors that produced enlargement of 
a gyrus forming “mega gyrus” that exceeded the normal 
thickness of the cortex [18]. However, rare case reports 
have documented extracortical location of DNTs. In 
such cases, it is important to differentiate DNTs from 
other extracortical tumors [9]. In a 2003 review, Daumas-
Duport and Varlet described DNTs as highly polymor-
phic tumors that arise preferentially in the supratentorial 
cortex of young patients with long-term drug-resistant 
partial seizures, which histologically mimic low-grade 
gliomas and behave as stable lesions. They noted that 
DNTs were increasingly being detected by imaging soon 
after the first seizure and that the seizures were cured by 
gross total surgical removal of the tumor. They recom-
mended that DNTs should be operated on soon after 
diagnosis but emphasized that excellent results were 
also obtained in patients with long-term seizures. They 
underlined the importance of differentiating DNT from 
diffuse glioma and sparing these young patients (with 
normal life expectancy) the long-term harmful effects of 
unnecessary radiation and chemotherapy [25].

Vaquero et al. underscored the importance of consider-
ing complex DNT in the differential diagnosis of a cer-
ebellar tumor in a young patient with features of pilocytic 
astrocytoma. It is important to differentiate DNT from 
ganglioglioma and other low-grade gliomas since DNTs 

Table 1 Clinical, epidemiological, and follow‑up details (n = 12)

N.A., not applicable
** Died within days following resection from postsurgical complications

Study no. Year of 
resection

Age at 
resection 
(years)

Sex Location Alive Duration of 
seizures before 
resection 
(years)

Seizures 
postresection

Antiepileptic 
drugs post 
resection

Length of 
follow-up 
months

1 2014 15 Male Left temporopa‑
rietal

Yes 3 Not controlled Yes 94

2 2016 10 Male Right temporo‑
parietal

Yes Not known Not controlled Yes 66

3 2017 9 Male Right frontal Yes 1 Not controlled Yes 52

4 2018 9 Male Left frontal Yes Not known Not controlled Yes 46

5 2018 25 Male Frontoparietal No** 6 N.A. N.A. N.A.

6 2018 12 Male Left temporal Yes Not known Not controlled Yes 39

7 2019 10 Male Parasagittal Yes 2 Controlled No 35

8 2019 30 Male Right temporal Yes 9 Not controlled Yes 30

9 2019 32 Male Right temporal Yes 1 Not controlled Yes 28

10 2019 8 Male Left temporal Yes 4 Not controlled Yes 25

11 2020 12 Female Right frontal Yes 2 Months Not controlled Yes 20

12 2020 30 Female Right temporo‑
parietal

No** Not known N.A. N.A. N.A.
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do not recur following surgery [26]. Pilocytic astrocyto-
mas are typically infratentorial well demarcated cyst-like 
masses with enhancing mural nodule on imaging and 
are histologically characterized by a biphasic pattern 
composed of dense fibrillary areas separated by loosely 
arranged microcystic areas. They usually demonstrate 
rosenthal fibers, eosinophilic bodies, and prominent 
hyalinized blood vessels. Gangliogliomas, like DNTs, are 
also glioneuronal neoplasms that occur in children and 
young adults who present with early onset focal epilepsy. 
Greater than 70% of gangliogliomas are also located in 
the temporal lobe. On imaging, they appear as intra-
cortical cysts and circumscribed areas of cortical signal 
enhancement. Histologically, they are composed of dys-
plastic ganglion cells in combination with neoplastic 
glial cells producing a biphasic pattern. Microcysts and 
perivascular lymphocytic infiltrates are often present 
[1]. DNTs do not usually show the pronounced dysplas-
tic neurons or inflammatory infiltrates typical of gangli-
ogliomas [24].

DNTs usually show typical radiological features pre-
senting as supratentorial masses most commonly located 
in the temporal lobes without any peritumoral edema 
or mass effect. However, atypical location and presence 
of mass effect and peritumoral edema in some cases can 
make a radiological diagnosis uncertain [27]. Dozza et al. 
in a study of 58 glial and glioneuronal tumors reported 
that four DNTs had been previously misdiagnosed as 
astrocytoma (three cases) and oligodendroglioma (one 
case) [28]. Hoehn et al. reported a pontine DNT, which, 
in addition to the unusual location, presented in a highly 
atypical manner with acute spontaneous hemorrhage 
mimicking a cavernous hemangioma [29]. Stark et  al. 
reported three DNTs in atypical locations (all three sub-
cortical and bilateral). All three cases had presented with 
seizures. Thus, DNTs can occur throughout the brain 
[30]. Sirbu reported a case of sudden death in a 24-year-
old woman with a long history of intractable complex 
partial seizures, which was most likely related to her 
tumor [31].

There have been occasional case reports documenting 
aggressive behavior and recurrence in DNT. Takeuchi 
et al. reported a case with rapid regrowth following resec-
tion [32]. A number of authors have reported transfor-
mation of DNT into a high-grade diffuse glioma [33–36]. 
The occurrence of recurrence and malignant transforma-
tion in some cases legitimizes the long-term surveillance 
by MRI, especially in cases with subtotal tumor resec-
tion [37, 38]. A 2016 study demonstrated increased copy 
number changes in recurrent DNTs that showed malig-
nant transformation [39].

Over 70% of cases in two series published by Zhang 
et al. and Sakuta et al. were complex type [40, 41]. Seven 

(50%) cases in our series were complex type. Zhang 
et al. reported recurrence in 2 out of 15 cases and sug-
gested that complete resection of the tumor along with 
the epileptogenic zone was important for a favora-
ble outcome [40]. Long-term recurrence has also been 
reported. Tonetti et  al. described a DNT that recurred 
24  years after complete surgical resection. The patient 
remained completely disease-free during this period 
[42]. Thus, DNTs can recur decades after radiographical 
complete resection. In children with cortical dysplasia 
adjacent to the tumor, recurrent intractable seizures can 
occur emphasizing the importance of complete resec-
tion of DNT and all adjacent foci of cortical dysplasia. In 
cases where adjacent cortical dysplasia is not completely 
resected, further epilepsy surgery is required. Variable 
degrees of cortical dysplasia were found in the adjacent 
brain tissue in majority of cases reported by multiple 
authors [12, 41, 43]. Studies suggest that the epilepto-
genic zone is located in the tumor area and cortical reor-
ganization can partly explain functional preservation 
of cortex following resection [44]. Longer duration of 
epilepsy before resection has been shown to be associ-
ated with worse seizure outcome in patients with DNTs 
[45–47].

Rare DNTs have been reported in infants [48]. 
D’Agostino et  al. described a case of subependymoma 
and DNT collision tumor [49]. Ravanpay et al. reported 
a case with synchronous occurrence of DNT and oligo-
dendroglioma [50]. Chiang et al. described rare seizure-
associated midline neoplasms situated near septum 
pellucidum with histologic features similar to DNT. They 
proposed that such DNT- like neoplasms of the septum 
pellucidum (sDNTs) constituted a distinct disease entity, 
as their genetic alterations were different [51].

At a molecular level, FGFR1 and BRAF alterations, 
activation and dysregulation of RAS/ERK, P13K/AKT, 
and mTOR signaling pathways are seen [52, 53]. Internal 
tandem duplication (ITD) of the tyrosine kinase domain 
(TKD) of FGFR1is the most prevalent genetic abnormal-
ity seen in 40%–60% of cases of DNT, followed by mis-
sense mutations in FGFR1. FGFR1 alterations are seen in 
both sporadic and familial cases. FGFR1 alterations are 
characteristic but not specific to DNT (TKD duplication 
is believed to be relatively specific) and are considered 
the main molecular drivers of DNTs. In addition, accord-
ing to some studies, BRAF p. V600E mutations are seen 
in about 50% of DNTs, while they have been found less 
commonly in others. The wide range may be due to dif-
ferences in the criteria used for morphologic diagnosis of 
DNTs in different studies. In fact, some studies did not 
find BRAF mutations in DNTs containing the specific gli-
oneuronal element. Thus, it is important to include gan-
glioglioma or MAPK pathway-altered diffuse low-grade 
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glioma in the differential diagnosis when BRAF p. V600E 
mutation is present. Some groups thus separate epilepsy-
associated tumors into those with FGFR1 mutations 
(DNTs) and those with BRAF mutations. Thus, DNTs 
are believed to have a distinct methylation and transcrip-
tional profile and most demonstrate FGFR1 mutations. 
In developing countries, in absence of molecular test-
ing, immunohistochemistry can be utilized for detecting 
FGFR1 and BRAF molecular alterations [54–59]. PLNTY 
resembles DNT in being oligodendroglioma-like but 
has a more infiltrative growth pattern and calcifications. 
Tumor cells express CD34 and harbor BRAF p. V600E 
mutations or FGFR2 or FGFR3 fusions. Diffuse astrocy-
toma, MYB or MYBL1-altered, shows astrocytic cells in a 
fine bubbly neuropil [60, 61].

Two patients died within days of surgery from surgery-
related complications. These cases were received for his-
topathological examination from centers in other cities. 
Attempts to contact the surgeons or hospital authori-
ties for additional information/operative notes, and so 
on, were not successful. Postsurgical complications are a 
price paid by many patients in smaller cities and towns 
of developing countries such as Pakistan, due to lack of 
facilities, infrastructure, and dearth of skilled manpower. 
The situation is even more critical for brain tumor sur-
gery. In context of epilepsy-related tumors in young 
patients, the dearth of true epilepsy surgery centers is an 
important adverse factor. Twinning programs could offer 
a solution where hospitals/institutions in small cities and 
towns of the country may collaborate and develop part-
nerships with academic institutions/hospitals in larger 
cities to utilize services of expert neurosurgeons in com-
plicated neurosurgery cases.

Seizures continued following surgery in large majority 
of our patients. However, they were reduced in frequency 
and severity. All patients were started on tablet Epival 
500 mg twice daily, with dose adjustment after checking 
for valproate levels. In one patient, seizures ceased fol-
lowing resection and the patient is alive and well without 
seizures and without any antiepileptic treatment.

Conclusion
In conclusion, correct diagnosis of DNT requires clin-
icopathological and radiological correlation. MRI is 
fundamental in differentiating DNTs from other low-
grade gliomas. MRI must be performed as soon as pos-
sible in young patients suffering from drug-resistant 
focal epilepsy, and they should undergo early surgical 
resection if a tumor is discovered. Complete surgical 
resection of the tumor and adjacent epileptogenic foci 
and foci of cortical dysplasia is the mainstay of treat-
ment for permanent seizure relief. Recurrences may 
occur in absence of complete resection of the tumor, 

and malignant transformation may occur rarely. Since 
recurrences may occur many years later, long-term fol-
low-up is required. Longer duration of seizures prior to 
resection may be associated with unsatisfactory seizure 
control following surgery. Failure to achieve complete 
tumor resection results in persistence of seizures post-
surgery, and patients continue to suffer distressing sei-
zures and need to remain on antiepileptic therapy.

It is important that neurosurgeons, neurooncologists, 
and pathologists in this part of the world are aware of 
low-grade epilepsy-related tumors of the young. The 
importance of a multidisciplinary approach in the diag-
nosis, surgery, and postsurgical management of these 
patients cannot be overemphasized. It is also impor-
tant that a multidisciplinary team, including neurolo-
gists, be in place for appropriate management of these 
patients so that permanent seizure control can be 
achieved by complete resection, thus enabling these 
young patients to lead essentially normal lives.
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