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Abstract

Background Optic pathway gliomas (OPGs), also known as visual pathway gliomas, are debilitating tumors that account for 3—
5% of all pediatric brain tumors. They are most commonly WHO grade 1 pilocytic astrocytomas and frequently occur in patients
with neurofibromatosis type 1. The location of these tumors results in visual loss and blindness, endocrine and hypothalamic
dysfunction, hydrocephalus, and premature death. Their involvement of the visual pathways and proximity to other eloquent
brain structures typically precludes complete resection or optimal radiation dosing without incurring significant neurological
injury. There are various surgical interventions that can be performed in relation to these lesions including biopsy, cerebrospinal
fluid diversion, and partial or radical resection, but their role is a source of debate. This study catalogues our surgical experience
and patient outcomes in order to support decision-making in this challenging pathology.

Methods A retrospective review of all cases of OPGs treated in a single center from July 1990 to July 2020. Data was collected
on patient demographics, radiographic findings, pathology, and management including surgical interventions. Outcome data
included survival, visual function, endocrine, and hypothalamic dysfunction.

Results One hundred twenty-one patients with OPG were identified, and 50 of these patients underwent a total of 104 surgical
procedures. These included biopsy (31), subtotal or gross total resection (20 operations in 17 patients), cyst drainage (17),
Ommaya reservoir insertion (9), or cerebrospinal fluid diversion (27). During the study period, there was 6% overall mortality,
18% hypothalamic dysfunction, 20% endocrine dysfunction, and 42% had some cognitive dysfunction. At diagnosis 75% of
patients had good or moderate visual function in at least one eye, and overall, this improved to 83% at the end of the study period.
In comparison the worst eye had good or moderate visual function in 56%, and this reduced to 53%. Baseline and final visual
function were poorer in patients who had a surgical resection, but improvements in vision were still found—particularly in the
best eye.

Discussion/conclusion OPG are debilitating childhood tumor that have lifelong consequences in terms of visual function and
endocrinopathies/hypothalamic dysfunction; this can result in substantial patient morbidity. Decisions regarding management
and the role of surgery in this condition are challenging and include cerebrospinal fluid diversion, biopsy, and in highly select
cases cystic decompression or surgical resection. In this paper, we review our own experience, outcomes, and surgical
philosophy.
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VPS Ventriculoperitoneal shunt
WHO World Health Organization
Introduction

Optic pathway gliomas (OPGs) are debilitating tumors that
account for 3-5% of all pediatric brain tumors.
Histologically they are frequently the World Health
Organization (WHO) grade 1 juvenile pilocytic astrocytomas
(JPA), with a smaller proportion being pilomyxoid astrocyto-
mas (PXA) [1, 2]. They are common in patients with neurofi-
bromatosis type 1 (NF1), with up to 20% of these patients
developing an OPG at a mean age of 4.5-5 years old [3].
The implicated genetic culprit is typically related to aberra-
tions in the RAS/Raf/MAPK pathway such as loss of NF1
product (neurofibromin)-related suppression of RAS, B-Raf
activation by the KIAA1549-BRAF fusion product, or less
commonly as a function of BRAF-V600E point mutation
[3-6]. Such mutations are unusual among gliomas in that they
are sufficient to induce tumorigenesis in isolation [7].

OPGs can occur anywhere along the optic pathway but
most commonly arise at the chiasmatic-hypothalamic region
[8]. The location of these tumors means that up to half may
present initially with visual dysfunction or progress to blind-
ness. Also common are endocrine and hypothalamic dysfunc-
tion and hydrocephalus. Many of the sequelae of OPG are
lifelong and can result in substantial patient morbidity
[9-15]. Prognostication is unreliable, but the female sex, a
location posterior to the optic chiasm, and presentation at an
early (<2 years) or late age (>10 years) seem to have more
aggressive trajectories, while association with NF 1 is gener-
ally considered a favorable prognostic marker [16—18]. The
effect of an OPG on overall survival is variable, and tumor
stabilization, progression, or regression can all occur unpre-
dictably. Key aspects of their behavior including their natural
history are incompletely understood [19].

The complexity of symptomatology and the close relation-
ship to key structures make the treatment of OPG highly chal-
lenging. Their involvement of the visual pathways and prox-
imity to other eloquent brain structures typically precludes
complete resection or optimal radiation dosing without incur-
ring significant neurological injury. Therefore, OPG manage-
ment is necessarily highly individualized. Many patients un-
dergo a period of observation with serial imaging unless there
is progressive tumor growth or visual symptoms.
Chemotherapy, radiotherapy, and surgical intervention are
all options. Decision-making is multidisciplinary as standard
and may involve neurosurgeons, neuro-oncologists, radiation
oncologists, endocrinologists, ophthalmologists, pathologists,
neuropsychology, pediatricians, geneticists, and a host of al-
lied health professionals. This multifaceted care underlines the
complexity of the disease. Chemotherapy with a “Packer”
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regimen of carboplatin and vincristine is often the first line,
although alternatives such as single agent vinblastine, TPCV
(thioguanine, procarbazine, lomustine, vincristine), and
bevacizumab containing regimens may be used [20, 21].
Radiotherapy is typically avoided where possible in younger
children and due to risks of toxicity, but it is an option in the
setting of refractory disease with progressive visual loss oc-
curring despite systemic therapy [22—24]. More recently clin-
ical trials of oral targeted small molecule MAPK inhibitors
such as dabrafenib and selumetinib have shown preliminary
activity in pediatric low-grade glioma, and randomized up-
front studies of these novel therapies versus standard chemo-
therapy are ongoing or planned [25, 26].

The perceived role of surgery in OPGs has varied over
time, and across published series and consensus remains elu-
sive. The are several potential surgical interventions that can
be performed in relation to these lesions including biopsy,
cerebrospinal fluid diversion, cyst drainage, and partial or
complete resection. However, their role continues to be a
source of debate and controversy [27, 28]. This study aims
to catalogue our surgical experience and patient outcomes in
OPGs to help support decision.

Methods

A retrospective review of all OPGs treated between July 1990
and July 2020 at Great Ormond Street Hospital (GOSH) was
carried out. GOSH is a dedicated pediatric tertiary center in
London, UK. Electronic patient records and case notes were
reviewed, and data was collected on demographics including
age at presentation, gender, ethnicity, presenting features, ra-
diographic and histological findings, NF1 status, and interven-
tions including chemotherapy, radiotherapy, and surgery.
Outcome data was collated on survival, visual function, endo-
crine, and hypothalamic dysfunction. As this was a retrospec-
tive observational study, there was no a priori specified treat-
ment strategy.

Results

One hundred twenty-two patients with OPG were identified
over a 30-year period (July 1990 to July 2020) at GOSH.
Fifty-one of these patients had undergone at least one related
surgical intervention with 10 of these being resections.

The summary demographics of these patients are presented
in Table 1.

Details regarding treatments including surgery are present-
ed in Table 2.

Details regarding outcomes are presented in Table 3

Details regarding visual outcomes are presented in Fig. 1.



Childs Nerv Syst

(1L/6) %€1
(1L/80) %6€

(1L/£9) D %SL
(IL//1) 9 %0T
(I1LM) V %9

(1£/1L) 21qe[reaeun 95001
(1£/1) umowsyun 9|
(1L/1) 1o 91
(1L/0) ALY} 0} 2In[1B %()
(1./2) A30j01mau [eooy/swojdwAs Jojowr 9, ¢
(L)
QwoIpuAs orpeydaouarp 1o Aueqnd snorooodrd
Surpnyour sudis 10 swoydwAs onwepeyiodAy 9,01
(1L/9) Smz13s 96
(1L/5) ayoepeay 9.
(12/91) T1AN 10} Suone3nsaAul/SuludIds 9,¢g
(1£/€€) swoydwiAs [ensia 95/

(1./1) e13ordip onseds 951
(14/1) Arewoue oe1pred [e)1ud3uod 95|
(1£/1) erwna] ankooydwA] anoe 9|

(€€/9) %81
(€€/LT) %8

(€€/8) D %¥T
(€€/20) 4 %L9
(€€/9) V %6

(61/1) poyroadsun— ewor[3 apes3-y3y 9,6
(61/5) payradsun—ewol3 opeI3-mo| %97
(61/11) rwoyoonse anLo0y1d 9t
:9[qe[reAR 350y} JO

(€€/¥1) S1qe[reaeun 9,7y

(€€/1) umouwsun g, ¢

(£€/1) 1Yo 9%¢

(£€/€) oALIY) 0) 2IN[IB] %6

(£¢/€) A3o10mau [eo0y/swo)dwAs J0jowt 96

(¢¢/1) swoipuAs oreydaouarp 10 Axoqnd snoroooard

Surpnjour susts 1o swojdwiAs orweeyodAy ¢
(€€/€) 21017135 96

(€€/L) QyoEPEY %7T

(£€/S) TAN 10§ SUONESISOAUT/SUTIAAIOS %G
(€€/01) swoydwiAs [ensia 950¢

(£€/1) SUOHOAIUL 183 TUILINOAT % ¢

(L1/L) %Y
(L1/6) %TS

(L1/L) D %1¥
(L1/9) 9 %6T
(L1/9) V %6T
Ly
ewor3or3ues 9,9
L9
payroadsun—ewor|3
opeI3-mo] %67
(L1/1) BWO)Ad0nS8R
proxAwoyid 9,9
(L1/01) rwoykoonse
onkooqid 965

©wim
OALIY) O} AIN[IE] %9
(L1/¢) A30101
-nau [e00J/swoydwAs
Jojowr 9,81
(L1/2) dyoepeay 71

(1/1n
swoydwAs [ensIA 9,69

(121/20) %81
(IT1/%9) %S

(121/89) D %95
(I121/1%) 9 %¥e
(I121/2D V %01

(1z1/58) 21qe[reaeun 950,
(1T1/7) unowyun 9g
(1T1/2) 10 9%t
(1T1/p) oa1y 03 d1n[1ey 9 ¢
(121/L) A30101nou [eo0y/swoydwAs 1030w 959
(1z1/8)
dwoIpuAs oreydaouarp 1o Areqnd snorooodrd
Surpnjour sudis 10 swoydwiAs onwereyiodAy 95/
(1T1/6) 2107108 9/,
(1T1/71) dyoepedy 941
(IT1/17) TN 10F SUOLESNSOAUI/BUIUSAIOS 9/ |
(121/%5) swoydwiAs [ensia 964
(1Z1/1) SUONOJUI JBd JUDLINOAL 9[>
(1T1/1) wiSoydp onseds 91>
(121/1) ATewoue derpIed [euaduod 9[>
(1T1/1) eruuayna] onkooydwA] apnde 9, 1>

pringer

[eoruty

[eo1SojoIpey
JUSUWIDAJOAUL

onwrefeypodAg

Qs

93es a8poq

sisougerp
[ea130]0ISTH

woydwAs
Sunuasaid Arewri g

K10)s1y

(1L/2) ewayse 9¢ (€€/1) erayse 9¢ (1T1/¢) eunpse 9¢ [eoTpowr 1sed
I
(1L/LE) %TS (€€/8) %Y L1/1) %9 (IT1/9%) %8¢ SISOJeOIqIOINAN
(1L/$€) o1ew %61 (€/P1) orew 974 (L1/01) dew %68 (1T1/6S) orew %6
(1L/9€) orewoy 915 (€€/61) drewoy %8¢ (L1/L) orewdy %14 (1T1/29) orewd) %15 pEN
(L1/2) MeId %T1
(1L/p) oeld %9 (€€/9) orld %S ©L/e (IT1/1D) orld %6
(14/8) u1)sed S[PPIA %1 1 (£€/S) uIsed SPPIA %S| WI9)sea J[PPIA %81 (1T1/91) uIISed SIPPIA %€ 1
(1L/6) ueIsy 9| (€€/p) urISY 971 (L1/7) ueIsy 91 (1T1/S1) ueIsy 971
(1L/0S) AMUM %0L (€€/61) MUM %8S (L1/01) MUYM %65 (IT1/6L) SMUM %S9 Ayoruyyg
(a8uer §'/~6"0) (ueowr)
(a8ue1 7'91—¢"()) 9FeI0AL S1BIK §'G (a3uer §'yy1—() o5e10AL SIBIA £°C a3eroAe s1eak §°| (98uer 7'91—() a8e10Ae SIBIA €°G sisougeIp je o3y
1L €€ LT 121 Joquunu [ejo],
UONUSAIUL UONIISAT JusmIspun
parerodo JoN  [eO13INS UOOISAI-UOU AU JUIMIOPUN OYM SIUdIR] oym sjudned S3sed Y

s[rejop oryderdowap Arewung

L 3lqel



Childs Nerv Syst

Table2 Summary treatment details

Number of patients operated

41% (50/121)

Total number of surgeries performed

Number of operative episodes per patient (each episode may include > 1 procedure e.g., subtotal resection and

placement of Ommaya reservoir under one anesthetic = 1)

104 on 50 patients

59% nil (71/121)
41% one (50/121)
16% two (19/121)
6% three (7/121)

Patients with number of separately classified procedures (different procedures may have occurred under a single 59% nil (71/121)

operative episode, e.g., subtotal resection and placement of Ommaya reservoir = 2)

Types of operations performed

Surgical complication

Chemotherapy
Chemotherapy complications

Radiotherapy
Radiotherapy complication

Proton beam therapy

22% one (23/104)
14% two (14/104)
5% three (5/104)
4% four (4/104)
2% five (2/104)
2% six (2/104)

30% biopsy (31/104)

25% ventriculoperitoneal shunt
(26/104)

16% cyst drainage (17/104)

15% subtotal resection (16/104)

9% Ommaya reservoir (9/104)

4% complete resection (4/104)

1% endoscopic third
ventriculostomy (1/104)

6% shunt failure (6/104)
1% bleeding into tumor (1/104)

% (65/121)

65% none (42/65)

10% minor (7/65)

25% major/requiring change in reg-
imen (16/65)

14% (17/121)
12% (2/17)
8% (4/121)

The details of the 17 resection surgeries undertaken are
presented in Table 4.

An example of pre- and post-operative imaging following a
subtotal resection of a grade I pilocytic optic pathway astro-
cytoma is presented in Fig. 2. In this case, the OPG was in-
volving the hypothalamus, pituitary stalk, and encasing the
internal carotid arteries. Therefore, a conservative debulking
of'the frontal component was undertaken in order to minimize
post-operative deficits. The patient also had a
ventriculoperitoneal shunt inserted for obstructive hydroceph-
alus and was treated with several courses of chemotherapy.

Discussion

OPQG is a complex and challenging disease. Although general
consensus statements exist, there remains uncertainty around
the optimal surgical strategy. The long-term efficacy of vari-
ous treatments for newly diagnosed OPGs is also largely un-
known. The timing and nature of the surgical approaches to

@ Springer

OPGs have not been subjected to rigorous trial data, and on-
going studies are mainly focused on pharmaceutical interven-
tions in recurrent/refractory disease, and to a lesser extent on
diagnostics and assessment of social functioning [29].
Surgical options are broad and include biopsy, partial/
subtotal resection, and radical resection, in addition to cere-
brospinal fluid diversion for associated hydrocephalus [13].
Unlike pilocytic astrocytomas in non-eloquent locations, com-
plete resection is rarely feasible due to the diffuse infiltrating
nature of OPG and the proximity and involvement of eloquent
brain structures. Due to the unpredictability of their behavior,
and reported stability of a high proportion of OPGs, initial
surveillance is often employed as an initial approach if there
is no evidence of cerebrospinal fluid obstruction or visual
deficit [28]. Most contemporaneous reports focus on the role
of observation, chemotherapy, and radiotherapy with less fo-
cus on surgery. Published guidelines tend to recommend res-
ervation of surgery for carefully selected cases where biopsy
or debulking can be achieved with limited patient risk. It is
important when deciding on therapeutic options to remain
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Table 3  Summary outcome details

All patients

Patients who underwent

Patients who underwent any Patients who did not

resection non-resection surgical intervention have surgery
Endocrine status
No deficit 80% (97/121) 65% (11/17) 88% (29/33) 80% (57/71)
Single hormone deficiency 17% (20/121) 12% (2/17) 12% (4/33) 20% (14/71)
Multiple hormone deficiency 3% (/121) 24% (4/17) 0% (0/33) 0% (0/71)
Cognitive difficulty
No dysfunction 82% (99/121) 77% (13/17) 82% (27/33) 83% (59/71)
Yes 17% (50/121) 23% (4/17) 12% (4/33) 17% (12/71)
Unable to assess 1% (1/121) 0% (0/17) 3% (1/33) 0% (0/71)
Recurrence
No 59% (71/121) 18% (3/17) 39% (13/33) 77% (55/71)
Yes 41% (50/121) 82% (14/17) 60% (20/33) 23% (16/71)
Mortality within study period 5% (6/121) 6% (1/17) 9% (3/33) 3% (2/71)

cognizant that these young patients often face a lifetime of
morbidity relating to visual dysfunction, endocrinopathy, or
any complications of treatment and that this can have long-
term psychosocial consequences [30]. A summary of previ-
ously published guideline recommendations relating to surgi-
cal management of OPGs are presented in Table 5.

Unfortunately, a proportion of OPGs will grow, even with
maximal chemo-radiotherapeutic treatment. As such, it is sug-
gested that some OPGs may benefit from surgery although the
exact timing and role is not universally accepted. Some view
surgery as having no place in treatment, and others take a
more interventional aggressive stance advocating it as up-
front chemotherapy sparing or as rescue therapy. Perhaps un-
surprisingly given the inherent challenges of surgical trials in a
rare childhood condition, prospective comparative clinical tri-
als that directly explore the effects of surgery, and how it is
optimally delivered, are lacking. A number of articles have
been written on the subject, and key references are summa-
rized in Table 6.

In terms of our surgical experience, we performed a total of
104 operations on 50 individuals during the study period. Many
patients underwent several procedures. Our surgical strategy is
summarized below, subclassified by operation type.

Biopsy

Thirty-one biopsies were undertaken in a total of 30 patients,
and 4 of these went on to have resective surgery later. While
some centers advocate biopsy for all suspected OPGs, in our
unit a biopsy is generally reserved for NF1 negative cases with
radiologically uncertain pathology where the information may
guide treatment decisions, particularly in terms of chemother-
apy regimen choice. OPG is not a single disease and can
include several distinct tumor subtypes as evidenced by our
data on histological diagnosis (Table 1). In most cases, we

favor stereotactic biopsy for these deep-seated lesions, partic-
ularly expansile Dodge 2 or 3 tumors. In purely intraconal
tumors, biopsy under direct vision is more appropriate.

Our unit treats children with OPG as per the Children’s
Cancer and Leukaemia Group (CCLG) pediatric low-grade
glioma guidelines where standard first-line chemotherapy
choice is typically carboplatin and vincristine (Packer regi-
men), vinblastine is second line, and bevacizumab and
irinotecan are third line. This protocol was followed in all
biopsy cases except one that was treated with temozolomide
on the basis of high-grade glioma features and two patients
with adverse reactions to carboplatin. Chemotherapeutic agent
rechallenges were considered on an individual basis. Fourth
line and subsequent treatments were more variable and includ-
ed vinorelbine or TPCV combination treatment.

The rate of biopsies in our series has increased in recent years
largely due to the availability of targeted inhibitors and emerging
evidence of their efficacy in controlling these tumors [29]. The
choice of molecular inhibitor, e.g., BRAF, MEK or FGFR de-
pends on the underlying biology, and so biopsy is essential prior
to commencing such specific agents in non-NF1 associated pe-
diatric low-grade glioma. In this series, molecular testing permit-
ted small molecule agents (dabrafenib and/or trametinib) to be
used in 10 patients, all of whom had relapsed or progressive
disease and had already received at least first line standard of
care chemotherapy. Future trials, such as the LOGGIC study
(low-grade glioma in children) run by the European Society for
Paediatric Oncology (SIOPE), are planned that will compare
upfront standard chemotherapy to targeted molecular therapy
with trametinib.

Resection—subtotal and gross total

The details of resected cases are presented in Table 4. A total
of 17 patients had at least one resection, and gross total

@ Springer
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Fig. 1 Summary of baseline and Best eye Worst eye
repeat visual outcomes classified Surgery
by treatment group (resective (Resection)  paseline . Poor
surgery, non-resective surgery, or T
no surgery) and stratified by the TTTmeeel i AV ! D Moderate
eye with best and worst vision. Repeat 1 | - .
The initial baseline visual Good
assessment refers to the earliest on T ! N )
50 100
record, and the repeat the most 0 50 100 0
recent on record Surgery
(Other) Baseline-
Repeat -
0
No surgery

Baseline - I .

Repeat 1

~
. \
) ‘.I

50 1(I)0 0 50 100

resection was achieved in 4 patients. This is the most contro-
versial aspect of OPG management with strong proponents of
both conservative and aggressive surgical approaches remain-
ing. The consensus is currently shifted towards more conser-
vative approaches because of the recognition of the significant
harm that can be encountered in these cases, particularly by
surgically exacerbated endocrine, visual, or hypothalamic
dysfunction. OPGs are often diffusely infiltrative lesions,
and the lack of clear margins makes complete resection chal-
lenging even when function can be preserved. Surgical expe-
rience is important when tackling this rare pathology. We
propose that indications still exist for a more aggressive at-
tempt at subtotal or gross total resection. In our experience,
this is mainly indicated for lesions that are spatially divorced
from the hypothalamic region, already associated with signif-
icant visual dysfunction, and show an aggressive local growth
pattern with resulting mass effect. Classically this is the case
when a single optic nerve is involved and causing progressive
disfiguring proptosis or blindness. An alternative scenario is
when mass effect is causing obstructive hydrocephalus and
resection would potentially allow restoration of cerebrospinal
fluid flow and avoidance of a shunt. In other scenarios, or less
acute presentations, we generally prefer to defer surgery in
these cases as long as clinically tolerated, and chemotherapy
remains our first line in the majority of cases. Continued ra-
diological or symptomatic progression despite multiple
courses or lines of chemotherapy or biological therapy are also
indications for resection surgery. It has previously been re-
ported that decompression of the chiasm and the less involved
optic nerve during tumor resection may improve vision in the

@ Springer

less affected eye [8]. Our results support this position.
Although total numbers were small, we did not find any dif-
ference in rates of cognitive dysfunction in the operated (in-
cluding targeted resection) versus conservatively managed
groups (77% v 83%). Rates of normal endocrine function
were lower in patients who underwent resection (65%) versus
those who underwent non-resective surgery (88%) or no sur-
gery (80%). Unfortunately, it is not possible to determine cau-
sality and timing from our data (Table 3). Recurrence was
defined as tumor regrowth following treatment. This occurred
in 82% of resected cases and 23% of those who did not have
surgery—likely reflecting the aggressive nature and prior fail-
ure of chemotherapeutic control of the cases on whom we
operated.

The threshold for surgery in OPGs associated with a diag-
nosis of neurofibromatosis 1 should be set highly. These pa-
tients tend to have diffuse disease and poorer response to
surgery; furthermore, their disease can spontaneously stabilize
at an older age in some cases [1]. In our series, only one
patient undergoing resection had a diagnosis of neurofibroma-
tosis 1. In cases of chemotherapy failure, then the choice be-
tween radiotherapy and surgery should be made in a multidis-
ciplinary setting. It is important to recognize that there may be
technical challenges of surgery undertaken after radiotherapy
and wound healing may be impaired [43]. Cautious surgery is
also often required in the context of hemorrhagic OPGs.
Although rare this has been well-described [44]. Acute hem-
orrhage within OPGs can lead to a rapid deterioration in neu-
rological condition, with acute hydrocephalus, hypothalamic
failure, and dystonia. Depending on their clinical condition,
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Table 4 Details of patients who underwent resection surgery

Patient Ageat  Pathology Dodge (plan Surgery undertaken (each discrete episode is numbered)  Outcomes

number diagnosis

criteria)

1 25 Pilocytic astrocytoma

Pilocytic astrocytoma
(KIAA1549:BRAF
fusion)

Pilocytic astrocytoma

Pilocytic astrocytoma
(KIAA1549:BR
AF fusion)

Low-grade glioma
(unspecified)

Pilocytic astrocytoma

Pilocytic astrocytoma

Low-grade glioma
(unspecified)

9 1.9 Pilocytic astrocytoma

2 (2a)

2 (1cL2CL)

2 (2a)

3 (1blc2a3)

1 (laL)

1 (1aR)

1 (1aR)

2 (1aR2BR)

1 (1aR1cR)

—_

—_ W N — —_ — w

—_

—_

W DN —

—_

. Subtotal resection and ventriculoperitoneal shunt
. Ommaya reservoir
. Redo subtotal resection

. Subtotal resection

. Subtotal resection

. Subtotal resection
. Redo subtotal resection and ventriculoperitoneal shunt
. Cyst drainage and insertion of Ommaya

. Subtotal resection

. Gross total resection

. Gross total resection

. Subtotal resection
. Insertion of Ommaya reservoir
. Redo subtotal resection and insertion, cyst drainage and

insertion of second Ommaya reservoir

. Gross total resection

Visual improvement in
one eye

Multiple hormone
deficiency

Cognitive/behavioral
difficulties

Clinical hypothalamic
dysfunction

Surgical complication -
bleed into tumor

No change in vision

No endocrine dysfunction

No hypothalamic
dysfunction

Cognitive/behavioral
difficulties

No surgical complications

No change in vision

Multiple hormone
deficiency

Clinical hypothalamic
dysfunction

No cognitive/behavioral
difficulties

No surgical complications

No change in vision

No hormone deficiency

Clinical hypothalamic
dysfunction

No cognitive/behavioral
difficulties

No surgical complications

Visual improvement in
one eye

No hormone deficiency

No hypothalamic
dysfunction

No cognitive/behavioral
difficulties

No surgical complications

No change in vision

No hormone deficiency

No hypothalamic
dysfunction

Cognitive/behavioral
difficulties

No surgical complications

Visual improvement in
one eye

No hormone deficiency

No hypothalamic
dysfunction

No cognitive/behavioral
difficulties

No surgical complications

Visual improvement in
one eye

Multiple hormone
deficiencies

No hypothalamic
dysfunction

No cognitive/behavioral
difficulties

No surgical complications

Death aged 3yrs 11
months

No change in vision

No hormone deficiency

No hypothalamic
dysfunction

No cognitive/behavioral
difficulties

@ Springer
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Table 4 (continued)

Patient
number diagnosis

Age at

Pathology Dodge (plan

criteria)

Surgery undertaken (each discrete episode is numbered)

Outcomes

10

11

12

13

14

15

16

17

23

1.2

0.7

5.8

0.5

0.5

1.1

24

Pilocytic astrocytoma
(BRAF wild type)

1 (1aR)

Pilomyxoid astrocytoma
(BRAF V600E mutation)

3 (1IbR2bR3b)

Low-grade glioma 3 (2bR3R)

(unspecified)

Pilocytic astrocytoma 3 (2b3B)

Pilocytic astrocytoma 3 (1c2b3b)

(BRAF wild type)

Ganglioglioma 3(3L)

Low-grade glioma 2 (1cR2bR)

(unspecified)

Low-grade glioma 3
(unspecified) (1bB1cB2a3-

B4B)

—_

—_

—_

—_

N —

—_

. Biopsy
. Gross total resection

. Biopsy
. Subtotal resection

. Cyst drainage
. Subtotal resection and ventriculoperitoneal shunt

. Biopsy and ventriculoperitoneal shunt
. Subtotal resection, cyst drainage, and ventriculoperitoneal

shunt revision

. Biopsy and ventriculoperitoneal shunt
. Subtotal resection

. Biopsy and ventriculoperitoneal shunt
. Subtotal resection and cyst drainage

. Ventriculoperitoneal shunt
. Subtotal resection

. Ventriculoperitoneal shunt
2.
. Redo subtotal resection, cyst drainage, and Ommaya

Subtotal resection and ventriculoperitoneal shunt revision

reservoir insertion

No surgical complications

No change in vision

No hormone deficiency

No hypothalamic
dysfunction

No cognitive/behavioral
difficulties

No surgical complications

Visual deterioration in
both eyes

No hormone deficiency

Hypothalamic
dysfunction

No cognitive/behavioral
difficulties

No surgical complications

No vision information
available

Multiple hormone
deficiency

Hypothalamic
dysfunction

No cognitive/behavioral
difficulties

No surgical complications

No change in vision

Single hormone
deficiency

No hypothalamic
dysfunction

Cognitive/behavioral
difficulties

Surgical complication —
shunt failure

No change in vision

No hormone deficiency

No hypothalamic
dysfunction

No cognitive/behavioral
difficulties

No surgical complications

Visual improvement in
one eye

No hormone deficiency

Hypothalamic
dysfunction

No cognitive/behavioral
difficulties

No surgical complication

Visual improvement in
both eyes

No hormone deficiency

Hypothalamic
dysfunction

No cognitive/behavioral
difficulties

No surgical complications

Visual deterioration in
one eye

Single hormone
deficiency

Hypothalamic
dysfunction

No cognitive/behavioral
difficulties

Surgical complication —
shunt failure
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Fig.2 Examples of pre- and post-
operative imaging following sub-
total surgical resection. Pre- and
post-operative images of two pa-
tients (patient A and patient B)
showing subtotal resection of an
optic pathway glioma demon-
strating conservative resection at
the anterior skull base, and along
the floor and posterior walls of the
third ventricle where the hypo-
thalamus is often indistinguish-
able from the tumor. Patient A
also demonstrates drainage of a
periventricular tumor cyst

Patient A
Preoperative

Patient B
Preoperative

urgent CSF diversion, followed by cautious tumor mass re-
duction, evacuation of the hematoma, and chemotherapy has
in our experience led to a satisfactory long-term outcome.

Cyst drainage

This category includes both microscopic and endoscopic
drainage of tumor cysts. The association of cysts with OPGs
is an important aspect of their macroscopic pathology due to
the potential for rapid volumetric changes and the option of
cystic drainage/decompression. We performed 17 cyst drain-
ages. Seven of these were primary procedures, and 10 were
second- or third-line procedures. Management of cysts is chal-
lenging as they can be rapidly dynamic and often resistant to
chemotherapy, and radiotherapy may also exacerbate cystic
growth in some cases. Specific therapies to reduce cyst for-
mation are required [45].

Ommaya reservoir insertion

It is our experience that in the case of cysts causing mass
effect, a single drainage episode may not be sufficient and
substantial relief can be afforded by Ommaya insertion with
repeated aspirations as necessary. The highly proteinaceous

Post-operative o

-~

nature of the fluid in most of these cysts often limits the
long-term effectiveness of this strategy. We inserted an
Ommaya reservoir on 4 occasions in this series.

Cerebrospinal fluid diversion

The association of OPG with hydrocephalus is well recog-
nized. As previously discussed, some cases can be managed
by tumor debulking or medical management to restore CSF
flow. If this is unsuccessful, or if the hydrocephalus is acute,
or if other surgery is deemed unfavorable, then direct CSF
diversion may be required. In our series this required
ventriculoperitoneal shunt (VPS) insertion on 22 occasions.
In a single case, an endoscopic third ventriculostomy (ETV)
was performed.

As this was a retrospective observational study, there was
no pre-specified treatment strategy for our patients. Our ap-
proach is one of pragmatic avoidance of harm and can be
summarized as follows:

1. Optic pathway glioma is a complex pathology and patient
treatment is individually tailored. Where possible deci-
sions should be made with expert multidisciplinary con-
sensus. Treatment decisions should consider age,
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Table 5 Key published guidelines relating to surgical management of optic pathway glioma

Author and reference Title Summary of key recommendation/s

National Institute for Health  Brain tumors (primary) and brain metastases in - Consider active monitoring without a histological diagnosis, for

and Clinical Excellence adults (NG99) lesions with radiological features typical of optic pathway glioma
2018 [31]

International Society of SIOP PODC Adapted treatment guidelines for - Observation of incompletely resected optic pathway gliomas,
Pediatric Oncology 2017 low grade gliomas in low- and especially in NF1 patients, should be the rule
[32] middle-income settings

British Neuro-Oncology
Society 2011 [33]

Guidelines on the diagnosis and management of - Surgery of any sort results in almost inevitable damage to the optic
optic pathway glioma (OPG) nerve or pathway and where imaging characteristics are classical

biopsy cannot usually be justified

- Where useful vision is maintained on the side of the tumor, it is hard
to argue for debulking or resective surgery

- In the context of failing or useless vision on one side, debulking or
resective surgery may be appropriate to protect vision on the good
side and potentially control hydrocephalus and delaying
radiotherapy

- Probably better to have a strategy of managing these patients on an
individualized basis

- Biopsy may be appropriate if imaging is atypical

- CSF shunting and surgery to decompress tumor-related cysts will
have a role in some patients

- Debulking of large tumors is most likely to be valuable where
continued growth is threatening or causing neurological
deterioration

- Radical or complete resections will be unusual in the region of the
hypothalamus due to risks of causing post-operative hypothalamic
syndrome

National Institute for Health  Improving outcomes for people with brain and - The majority of these patients will be managed initially by the
and Clinical Excellence other CNS tumors neuroscience brain and other CNS tumors multidisciplinary team
2006 [34] (MDT)

- National tumor groups should be established and funded to
standardize care for these patients Uncertainties surrounding
treatment requires specialist input

Listernick et al 2007 [35] Optic pathway gliomas in Neurofibromatosis-1: - Surgical decompression limited to partial removal of the intraorbital
controversies and recommendations optic nerve should be performed on NF1-associated optic nerve
gliomas only for cosmetic purposes or to treat corneal exposure
- Optic nerve gliomas without chiasmal involvement at initial
presentation do not “grow backward” and extend into the chiasm,
surgical removal of an optic nerve glioma, particularly the
intracranial portion, to prevent “spread” to the chiasm is
unnecessary
- Hypothalamic or chiasmal gliomas occasionally may require surgical
decompression, especially when hydrocephalus occurs due to third
ventricular compression
- Surgical biopsy is not generally useful for typical OPG in children
with NF1, it may have some utility for NF1-associated OPGs with
an unusual location or presentation

neurofibromatosis status, tumor location, visual, endo-
crine and cognitive function, previous therapy, and patient
wishes.

If there is acute symptomatic hydrocephalus, then this
requires surgical intervention. Debulking surgery may re-
store flow in some cases; otherwise, placement of a VP
shunt will be appropriate in most cases. In more indolent
cases, then a trial of chemotherapy may be appropriate
with suitably close monitoring for response or progression
of hydrocephalus.

@ Springer

Until recently a radiological diagnosis was sufficient in
most cases and remains the case on the background of
NF1. However, with the advent of biologically targeted
therapies or if there is any diagnostic uncertainty, biopsy
in OPG if'it can be performed safely should be considered,
and then a stereotactic biopsy of the tumor is appropriate.
If there is mass effect from the tumor causing neurological
compromise, then surgical resection should be consid-
ered, particularly if chemotherapy has failed or radiother-
apy is not an option (e.g., due to young age).



Childs Nerv Syst

Table 6 Key publications of surgical management of optic pathway glioma

Authorand  Title Population Key finding/s and conclusion/s
reference
Hidalgo et al. Long-term clinical and visual outcomes after surgical —n =83 - Approximately half of all children experience a long-term benefit from
2019 [13] resection of pediatric pilocytic/pilomyxoid optic resection both as primary treatment and as a second-line therapy after
pathway gliomas failure of primary treatment.

- Patients in whom chemotherapy failed have a retrieval rate similar to
those treated upfront with surgery. Resection at the time of failure of
the primary treatment

- Primary surgery does not appear to have a significant benefit for children
younger than 2 years or tumors with pilomyxoid features

- There was an inherent bias of including only children who were referred
and amenable to surgical intervention

Bin Endoscopic transnasal resection of optic pathway n=4 - Authors reported that endoscopic endonasal approach provided a direct
Abdulgader  pilocytic astrocytoma corridor to OPG with acceptable results in terms of tumor resection and
etal 2019 visual outcomes
[36]

Liu et al 2018  Analysis of survival prognosis for children with n=125 - Surgery is safe and feasible for children with large-volume OPGs,

[37] symptomatic optic pathway gliomas who received functional impairments, and obstructive hydrocephalus
surgery - Partial intratumor resection is recommended using neuronavigation
guidance system

El Beltagy Treatment and outcome in 65 children with optic n=065 - The initial role of surgery in newly developed OPG is biopsy for tissue
etal 2016 pathway gliomas diagnosis and relief of the hydrocephalus if present
[38] - More radical surgery may not be indicated as an initial therapy, but

surgery may have a definite role in controlling progression of the
disease upon failure of chemotherapy

Millward et al The role of early intra-operative MRI in partial resection n = 10 - Control of tumor progression was achieved in all patients without any
2015 [39] of optic pathway/hypothalamic gliomas in children surgically related mortality or morbidity. Seven patients had on table

second-look surgery with significant further tumor resection following
intraoperative MRI

- Intraoperative MRI is a safe and useful additional tool, to be combined
with advanced neuronavigation techniques for partial tumor resection

Goodden et al The role of surgery in optic pathway/hypothalamic gli- »n =42 - Surgery has a clear role for diagnosis, tumor control, and relief of mass
2014 [28] omas in children effect. In particular, primary surgical debulking of tumor (without

adjuvant therapy) is safe and effective

Sawamura Role of surgery for optic pathway/hypothalamic astro- n =25 - The open biopsy offered no noteworthy benefit for the patients despite
et al 2008 cytomas in children surgical risk and delay of chemotherapy
[27] - Surgical resection was not curative in any patient

- The role of surgical intervention is restricted to bulk-reduction surgery
only when it is inevitable, especially at relapse after chemotherapy

Leonard et al ~ The role of surgical biopsy in the diagnosis of gliomain n =17 - Biopsy in NF1- associated gliomas with unusual clinical or radiographic
2006 [40] individuals with neurofibromatosis 1 presentations shows a high rate of tumors that are not classical pilocytic

astrocytomas and may include higher grade tumors

Khafaga et al ~ Optic gliomas: a retrospective analysis of 50 cases n=>50 - Complete surgical resection is successful in tumors confined to an optic
2003 [41] nerve. For disease that has progressed into or beyond the chiasm, total

resection is not practical. Partial resection may provide symptomatic
relief and will provide a tissue diagnosis

- The correct balance of partial resection, surveillance, radiotherapy, and
chemotherapy remains to be determined for this disease

Sutton et al Long-term outcome of hypothalamic/chiasmatic astro- n =33 - It is unlikely that any single modality will be the optimum treatment for
1995 [20] cytomas in children treated with conservative surgery all children with hypothalamic/chiasmatic astrocytoma

Tenny et al The neurosurgical management of optic glioma. Results 7 = 104 - Unilateral resectable tumor should be removed, assuming vision is
1982 [42] in 104 patients severely compromised, but a conservative approach should be taken in

patients in whom vision is preserved and proptosis minimal

- Tumor resection is advised to relieve obstructive hydrocephalus or for
biopsy purposes

- Posterior lesions should be treated by radiation therapy usually after
surgical exploration if indicated

5. The extent of resection depends on the tumor location and
the existing neurological deficit. The goal is to preserve or

improve neurological function, and therefore new deficits
should be aggressively avoided.
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Table 7 Remaining questions in the surgical management of optic
pathway glioma

How can we predict a particular clinical course—including tumor stabil-
ity or response to chemotherapy—so that we can select those who may
require surgical intervention?

How do surgical interventions alter the natural history?
Which cases will benefit from surgical intervention?

Which surgical approaches/interventions afford the most benefit (and
how would those cases best be selected)?

What is the optimal timing of a given surgery?
What factors predict/determine surgical outcomes?

Which emerging developments can improve surgical outcome?

6. Total resection is considered where this can be achieved
without causing new deficits (e.g., in patients who have al-
ready lost vision) and in whom tumor is demonstrating pro-
gression despite the maximum tolerated chemoradiotherapy.

7. Inselected cases where a cyst is causing mass effect, then
placement of an Ommaya reservoir for drainage may be
appropriate.

There are many important questions that remain to be an-
swered with regards OPG. These include those listed in Table 7.

Answering these questions in the context of a rare hetero-
geneous pathology is highly challenging and is likely to re-
quire a coordinated multicenter approach with comprehensive
prospective recording of common data elements.

Study limitations

The main limitation in this study, as with most in OPGs, is the
inherent heterogeneity of the condition. OPGs constitute a
range of different pathological and molecular entities including
NF1 status that profoundly impact the natural history of the
disease and response to chemotherapy. Their location also
varies widely as do the associated clinical deficits seen. As
OPG is a rare disease, it is challenging to capture their full
heterogeneity without diluting any series to the point of irrele-
vance. However, failure to recognize the inherent differences in
this diversity will mask subgroup effects. The data presented
here is retrospective and represents the experience of a single
center over a long time period and with multiple surgeons. This
introduces variability into the practice that limits direct correla-
tion of interventions with outcomes. Due to the retrospective
nature of this study, our report lacks detailed cognitive function
assessment and quality of life measures. We present our per-
sonal experience but counsel caution in extrapolating data to the
activity of other units with different populations or clinical ser-
vice organization. The management of OPGs requires individ-
ualized treatment plans made in a multidisciplinary fashion with
the patient and their family at the core of the process.

@ Springer

Conclusion

OPGs are a debilitating childhood tumor that causes substan-
tial suffering. As our understanding of this disease is incom-
plete, and there is often a chronic history with high treatment
burden and impaired functional outcomes, we need to develop
better evidence based management strategies [1, 46]. Here we
present our experience in managing surgical aspects of this
challenging and heterogeneous disease.
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