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Abstract

Purpose Optic pathway gliomas represent 5% of pediatric brain tumors and are typically low-grade lesions. Because of their
unpredictable clinical course, adequate treatment approaches have been controversial, involving surveillance, surgery, chemo-
therapy, and radiotherapy. In this study, we use volumetric imaging to compare evolution of optic chiasmatic-hypothalamic
gliomas (OCHG) treated with and without chemotherapy, analyzing tumor volume variation during the overall period.
Methods A total of 45 brain MRI were retrospectively analyzed for 14 patients with OCHG. Volumetric assessment of the lesions
was performed by a neuroradiologist, using software DISPLAY. OCHG patients were allocated into two groups: group 1 (n=8)
who underwent chemotherapy and group 2 (n = 6) who did not receive chemotherapy. Outcome analysis was performed com-
paring tumor volume evolution of these two groups.

Results The results showed a reduction of 4.4% of the volume of the lesions for group 1 after the end of chemotherapy, with an
increase of 5.3% in volume in the late follow-up examination. For group 2, we found a slight reduction (5%) of the overall
volume of the lesions, both with no statistical significance (p > 0.05).

Conclusions From the limited series analyzed in this study, no significant differences were observed in relation to the volume
change of lesions treated or not treated with chemotherapy. Larger prospective clinical trials are needed to better evaluate the
effect of chemotherapy and radiological response of OCHG.
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Introduction tumors in this population [1, 2]. These lesions can arise any-

where along the optic pathway, from just behind the globe to

Optic pathway gliomas (OPG) occur mainly during the first
decade of life and account for approximately 5% of brain
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the occipital cortex [3].

OPG diagnosis is currently based on Magnetic Resonance
Imaging (MRI), and biopsies are usually restricted to cases
with unusual radiological findings. The majority of OPG are
pathologically low-grade lesions [4]. Patients with symptom-
atic gliomas generally have ophthalmological abnormalities,
including decreased visual acuity, optic nerve atrophy, or
proptosis [5]. Lesions with chiasmatic and/or hypothalamic
involvement, optic chiasmatic-hypothalamic gliomas
(OCHG), can further cause endocrinological disturbance,
such as precocious puberty and hydrocephalus [6] and some
authors report a worse prognosis [3, 4, 7, 8].

Although OPG have been historically believed to be be-
nign hamartomatous lesions [9], currently they are more ac-
cepted as true neoplasms with unpredictable course. To date
there are no specific clinical or neuroimaging features to dif-
ferentiate aggressive from indolent OPG lesions [3]. Because
of this behavior, adequate treatment methods have been
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controversial, ranging from clinical surveillance, surgical re-
moval, chemotherapy, and radiation therapy [8, 10-13], with
chemotherapy being advocated as the initial treatment ap-
proaches [12, 14-17].

The most used chemotherapy regimen stems from reports
published by Packer et al. [12, 14], using the combination of
carboplatin and vincristine (Carbo/VCR). Other treatment
possibilities are indicated in case of allergy or failure of treat-
ment [18, 19]. Long-term management of these patients is
based upon frequent MRI studies, together with clinical and
ophthalmological evaluations [20] and treatment is generally
initiated when there is radiological progression or clinical de-
terioration, especially visual worsening [21].

Some recent studies [22, 23] have described a lack of cor-
relation between visual and radiological outcomes, claiming
for a more accurate radiological assessment. Although the
literature on volumetric measurements of OPG is scarce and
not yet routinely performed, it could provide a more accurate
monitoring of OPG evolution [24].

In this study, we performed volumetric measurements of
OCHG of 14 patients, comparing the evolution of tumors
treated and non-treated with chemotherapy.

Methods
Study population

This study was approved by the institutional ethics committee
at Ribeirdo Preto Medical School, University of Sdo Paulo
(HCFMRP-USP), process number 46594015,1,0000,5440.
All patients under follow-up care of the Institution over the
years 2001-2015 were considered for this study. Inclusion
criteria were presence of an expansive lesion with the epicen-
ter in the optic chiasm and/or hypothalamus (Dodge ITI/III)
[25], age at diagnosis under 18 years old, and at least three
MRI studies, with at least one performed before initiating
treatment. Patients with tumors epicentered outside of the
hypothalamic/chiasmatic area, very infiltrative tumors with
no reproducible measurement, tumors that underwent surgery
during follow-up and patients with insufficient follow-up data
were excluded. Twenty-two patients were initially selected.
On review, eight patients met one or more of the described
exclusion criteria, with a total of 14 cases entering the study.

Diagnosis and treatment modalities

The diagnosis of OCHG was based primarily on MRI find-
ings. Ten patients had histopathologic confirmation.
Histopathology revealed juvenile pilocytic astrocytoma
(JPA) in seven, ganglioglioma in two, and pilomyxoid astro-
cytoma in one case. For all patients that underwent surgery or
biopsy, the baseline MRI was considered after the procedures.
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Among the 14 patients entering this study, eight patients
were treated with chemotherapy (group 1), with Carbo/
VCR as first-line regimen in seven [12, 14]. Six patients
(group 2) were only clinically observed during the time
interval.

Neuroimaging and volumetric measurements

Volumetric assessment of the lesions was manually performed
by the same neuroradiologist (N.C.C.) for all patients, using
the MNI-DISPLAY software (Montreal Neurological
Institute). This software allows lesion visualization in three
orthogonal planes simultaneously, and voxel-by-voxel identi-
fication. The tumor volume is calculated from the identifica-
tion of each single voxel, and the labeled structures are saved
in a file for further verification. Figure 1 shows an example of
the volumetric measurement using Display.

All MRI protocols included T2-weighted images and/or
FLAIR images (fluid-attenuation inversion recovery) and
T1-weighted sequences before and after gadolinium injection,
with preference for volumetric sequences when available.
Follow-up measurements were obtained using the same imag-
ing sequence as the initial.

Tumor responses were categorized as follows: partial re-
sponse: a reduction of 50% or more in tumor volume; minor
response: more than 25% but less than 50% reduction in size;
stable disease: no change or a decrease 0f 25% or less in tumor
size; and progressive disease, with a tumor volume increase of
25% or more [12, 26].

For patients treated with chemotherapy (Group 1) we ana-
lyze 3 MRI studies: the first chronological MRI acquired im-
mediately before the treatment initiation (baseline/considered
as Time 1), a second MRI study following the end of chemo-
therapy (0-3 months after/Time 2) and a third MRI study of
late follow-up after chemotherapy (18 to 24 months after the
end of treatment/Time 3). For patients that had cystic and solid
components, tumor volume was calculated separately. For pa-
tients who did not undergo chemotherapy we analyzed all the
MRI studies available in the time interval. In these patients, all
lesions had solid components exclusively.

Statistical analysis

Statistical analysis was performed using the Mann-Whitney
test for independent samples. For dependent samples, the
Wilcoxon paired test was used. To determine the associa-
tion between qualitative variables, data were evaluated by
Fisher’s exact test. The statistic data were analyzed with
SAS e R software. All significance tests were two-sided;
P values less than 0.05 were considered statistically
significant.
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Fig. 1 Example of volumetric assessment of a chiasmatic-hypothalamic lesion, using MRI (T1-weighted images after gadolinium) and display software

Results

A total of 14 patients were included (five male and nine fe-
male). Four of these also had NF-1. These patients were
grouped into patients treated with chemotherapy (group 1;
eight patients—57%), and those who did not receive chemo-
therapy (group 2; six patients—43%). All four patients with
mixed solid-cystic lesions were allocated in Group 1. Among
the patients of Group 1, seven (87.5%) were treated with
Carbo/VCR as first-line agents [12, 14]. Five of these were
also treated with vinblastine (62.5%). One patient was treated
with cisplatin and etoposide regimen as first-line (12.5%).

Table 1 summarizes data regarding treatment regimens and
radiological outcomes for group 1.

For group 1, the mean age at diagnosis was 3.5 years (range
8 months—11 years). For group 2, the mean age was 7.4 years
(range 211 years). A total of 45 MRI studies were included.

Effect of chemotherapy in OCHGs patients
Figures 2 and 3 summarize tumor changes for different time

points (1, 2, and 3), grouping the patients according to the
presence or absence of cystic components at presentation.
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Table 1 Data regarding epidemiology, treatment regimens, and radiological outcomes for group 1

Case Sex Age at diagnosis Surgery/year Histopathology First-line Second-line treatment NF-1 Follow-up Overall radiological
treatment period (years) changes

1 f 5 years pe, 2008 jpa Carbo/VCR NA No 20112015 mr

2 m 3 years pe, 2008 jpa Carbo/VCR Vinblastine No  2010-2015  Progression

3 f 1 year pe, 1998 jpa Carbo/VCR Vinblastine No  2001-2013  Stable

4 f 5 years pe, 2011 jpa Carbo/VCR Vinblastine No 20112015  pr

5 m 1 year pe, 2010 jpa Carbo/VCR Vinblastine No 20102013  mr

6 f & months pe, 2013 pma, grade 2 Carbo/VCR Vinblastine No  2013-2015  Stable

7 f 11 years pe, 2001 jpa Cisplatin/toposide NA No  2007-2015 mr

8 f 2 years na na Carbo/VCR NA Yes 20062015  Progression

m male, ffemale, pe partial excision, jpa juvenile pilocytic astrocytoma, mr minor response, na not available, pma pilomyxoid astrocytoma, pr partial

response, Carbo/VCR carboplatine/vincristine, nf-/ neurofibromatosis

For group 1, we found an average reduction of 4.4% of
total tumor volume in time 2 and an increase 5.3% of tumor
volume in time 3, with no significant difference (p > 0.05). By
analyzing the results for exclusively solid tumors, we found a
slight increase of tumor volume in time 2 (5%) for the entire
group, followed by an increase in time 3 (30.4%), also with no
significant difference (p > 0.05).

‘When comparing the solid and cystic components separate-
ly for mixed lesions, we found a decrease in both solid and
cystic components for the entire group (19.4 and 9.6%, re-
spectively, in overall analysis), again with no significant dif-
ference (p > 0.05). One interesting finding is that, for mixed
solid/cystic lesions, the solid component of the tumor appears
to have a better response to treatment than purely solid lesions
(19.4% volume reduction compared to 30.4% of volume in-
creasing for overall period), but without statistical
significance.

When we analyze the individual response to treatment
for group 1 we found that two patients had disease progres-
sion (25%), two remained stable (25%), and four patients
(50%) experienced a measurable tumor response, three of
them with a minor response and one with a partial response
(patient 4). Although many lesions did not show significant
changes in the radiological aspect during follow-up (Fig. 4),
we found that three patients in group 1 had significant
changes. Patient 2 had a 50% increase in the volume of
the lesion, even during the chemotherapy period, that was
stable in the follow-up period. Patient 8 had a 21% increase
in tumor volume in time 2 and a 65% increase in time 3, but
this patient only received induction treatment. Patient 4
showed an impressive 70% shrinkage in the volume of the
lesion in time 2 with stability in the follow-up period
(Fig. 5). Figure 6 shows individual changes in tumor vol-
ume for group 1.
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Fig. 3 Changes in cystic 14
component volume following
time interval

Cystic

Evaluation of patients in surveillance

For the group that did not undergo chemotherapy, we
found a light reduction of tumor volume for the entire
group (17%), but without statistical significance (p >
0.05).

When we look at individual response, we found that one
patient (16.6%) had a slight progression, two patients (33.3%)
remained stable, and three (50%) showed a spontaneous re-
duction in tumor mass. Figure 7 shows the individual evolu-
tion of group 2 patients. Data regarding radiological findings
in group 2 are presented in Table 2.

Fig. 4 Axial flair images of
patient 6 (group 1) show
expansive chiasmatic-
hypothalamic lesion before che-
motherapy (a) and at late follow-
up after treatment (b), without
significant change in volume and
radiological appearance of the
lesion

Times

Discussion

OPG are rare pediatric tumors with variable clinical course,
ranging from asymptomatic lesions to locally aggressive tu-
mors. Despite this behavior, most lesions are low-grade neo-
plasms with excellent overall survival [27].

One of the most extensive reviews regarding OPG was
published by Dutton [4], based on 2297 cases. The author
found that mean estimated survival depends on tumor loca-
tion. When confined to the optic nerve, overall mortality is
about 5%; nevertheless, if the hypothalamus is involved, mor-
tality rates rise sharply to over 50%.
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Fig. 5 Axial T1-weighted images
after gadolinium administration of
patient 4 (group 1) show exten-
sive chiasmatic-hypothalamic le-
sion before chemotherapy (a) and
at late follow-up after treatment
(b), with an important shrinkage
of tumor volume, reduction of
enhancement areas, and increase
of cystic component

Association between OPG and NF-1 has long been recog-
nized, with variations in incidence and prevalence of gliomas
in NF-1 population, ranging between 20 and 40% in most
reports [1, 4, 8, 14, 18]. Compared with sporadic OPG, these
patients tend to show a more indolent course and are more
likely to remain stable or even undergo spontaneous reduction
over time [3, 4, 28].

The use of imaging methods in the evaluation of OPG,
especially MRI, is necessary for diagnosis and monitoring of

Fig. 6 Tumor volume changes in
overall period for group 1

these lesions, especially for assessment of disease progression
and complications.

The standard imaging technique to evaluate OPG is the
MRI of the brain and orbits with thin slices acquisition [5].
OPG lesions are characterized by diffuse enlargement of the
optic nerves and/or the chiasm, with or without hypothalamic
extension, sometimes with optic tract or optic radiation in-
volvement. These lesions are usually isointense on T1-
weighted and isointense/hyperintense on T2-weighted
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Fig. 7 Tumor volume changes in Group 2 without chemotherapy
overall period for group 2
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sequences, with variable enhancement after contrast adminis-
tration. Sporadic OPG are more prone to depict cystic compo-
nents or show gadolinium enhancement than what is observed
in NF-1 gliomas and show higher proportion of tumors in-
volving the chiasm and posterior optic pathway [5, 20, 28,
29].

On the other hand, bilateral optic nerve gliomas without
chiasmal involvement are virtually diagnostic of NF-1.

Due to their erratic behavior, therapeutic management of
OPG still is controversial. Currently, the most accepted rec-
ommendation is to start treatment in the presence of visual
decline or radiological progression, with a trend to chemother-
apy as first line [12, 17, 21, 23]. Despite being in force for over

20 years, some recent studies have questioned the effective-
ness of chemotherapy in the treatment of OPG, especially in
relation to the improvement of visual acuity, progression-free
survival (PFS), and overall survival [22, 30, 31].

In their multicenter study, Fischer et al. [23] found only 34—
38% of concordance for radiological and visual outcomes for
NF-1 patients treated with chemotherapy, questioning the use
of MRI response rates as the guiding information for treatment
success for OPG.

In clinical routine, the most used methods for determining
responses to treatment in brain tumors are the Macdonald and
RANO criteria and less commonly the Response Criteria in
Solid Tumors (RECIST). While Macdonald and RANO

Table 2  Data regarding epidemiology and radiological outcomes for group 2

Case Sex Age at diagnosis Surgery/year Histopathology Indications for Follow-up NF-1 Overall radiological
(years) treatment period (years) changes

1 m 7 pe, 1995/1999 jpa Surveillance 20062014 No Progression

2 m 7 na na Surveillance 20062015 Yes mr

3 f 2 na na Surveillance 2011-2014 Yes pr

4 f 11 Biopsy, 2012 Gangliogioma Surveillance 2011-2014 No Stable

5 m 11 na na Surveillance 20112015 Yes Stable

6 f 6 pe, 1998 Gangliogioma Surveillance 2001-2015 No pr

m male, ffemale, pe partial excision, jpa juvenile pilocytic astrocytoma, m» minor response, na no available, pr partial response, nf-/ neurofibromatosis
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criteria incorporate two-dimensional (2D) measurements
(measuring the longest single diameter and the longest diam-
eter perpendicular to that), RECIST criteria evaluate tumor
response based on measurement of the longest one-
dimensional (1D) diameter [32]. These methods, although fast
and easy to perform, are highly user dependent, with low
accuracy and reproducibility, limiting the comparison be-
tween sequential studies.

On the other hand, 3D volumetric evaluation of lesions of
the CNS intuitively seems to be a more accurate method to
monitor the actual changes in tumor size, and has emerged as a
promising tool in the evolution of the therapeutic response of
these tumors, especially with respect to subtle changes in vol-
ume that may or may not impact on treatment. Among the
available volumetric methods, the technique called Manual
Region of Interest (ROI) is used for lesion contours segmen-
tation manually carried out by radiologist experts, being con-
sidered as the gold standard of evaluation of these lesions [33].

Corroborating this claim, Dempsey et al. [34] compared
tumor size of high-grade gliomas with patient survival using
1D, 2D, and 3D manual volumetric methods and found that
only volumetric measurements were predictive of survival.
They also found that 1D and 2D methods had a tendency to
overestimate tumor size compared to 3D method. In another
paper, Kanaly et al., [35] showed stronger agreement regard-
ing radiological response with a semiautomated volumetric
approach compared to traditional linear methods for 57 MRI
of 13 GBM patients. Warren et al., [36] have found somewhat
discordant results, with high concordance among 1D, 2D, and
3D methods in detecting partial response, but with lower con-
cordance in classifying tumors in the minor response or tumor
progression.

Despite the potential advantages of volumetric evaluation,
this technique requires manual delineation of the edges of the
lesion, which is technically challenging, tedious, expensive,
and time consuming, precluding its use in clinical practice.

In order to approximate the volumetric in the radiological
routine, several softwares are already available for automated
and semiautomated analysis, aiming to reduce the processing
time in relation to manual volumetric, with promising but still
controversial results. Joe et al., [37] compared the reliability of
two approaches to measuring brain tumor volume, using the
standard manual tracing and a semiautomated computer meth-
od (threshold-based) and found that the tumor measurements
were comparable in interoperator reliability for both methods,
noting that the semiautomated method was faster. Chow et al.,
[38] found similar results comparing 1D, 2D and manual and
semiautomated methods for measurements of postsurgical
GBMs.

Although some studies have found promising results, it is
worth noting that most of these were based exclusively on the
enhancement area of the lesion in postcontrast T1 imaging,
limiting its application in case of alterations in blood-brain
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barrier properties, gliomas under treatment with anti-
angiogenic drugs, and also in the evaluation of low-grade
gliomas, since most of these lesions have little or no contrast
enhancement. Furthermore, the area of T2 signal abnormality
in MRI usually indicates infiltrating tumor cells and/or edema
and should be considered in response assessment. An impor-
tant study was performed by Gallanis et al. [39] comparing
565 MRI of 67 gliomas with respect to tumor measurements
in 1D, 2D, and 3D volumetric methods, using both T1
postcontrast and T2-weighted images. They found compara-
ble results using 1D and 2D methods in determining time to
response, duration of response, and time to progression both
in T1 postcontrast and T2 images. Related to volumetric mea-
surements, there was good agreement between volumetric and
1D and 2D methods for T1 postcontrast images, but with a
weaker agreement for T2 images. They also found that using
time to progression as the primary outcome, results may vary
considerably depending on the imaging methodology, notic-
ing a shorter time to progression of nonenhancing tumors
when assessment is performed by 1D or 2D T2 images as
compared to volumetric T2 images. This emphasizes signifi-
cant methodological problems in relation to the evaluation of
treatment response of nonenhancing tumors, and the need to
prospectively validate imaging methods that can better predict
their outcome.

In the only study available in our knowledge related to
advanced volumetric techniques in patients with OPG treated
with chemotherapy [30], a co-registration was performed be-
tween the T1- and T2-weighted sequences, which would al-
low a more accurate correlation between these sequences and
borders of the lesion. In our study, the co-registration of se-
quences was not available, and it was decided to measure the
lesion in the sequence with more precise delimitation of its
borders (in a radiologist’s opinion) and that same sequence
was used for the follow-up images.

We believe from our own experience with the manual vol-
umetric processing of these lesions and the data available in
the literature to date that it is still not possible to standardize an
MRI sequence or a specific method (1D, 2D, 3D) for OPG
measurement. This is an interesting point, which can and
should be better elucidated in future studies.

It is important to highlight the many limitations of our
study. A lack of randomization is a bias for the majority
OPG studies comparing the use of chemotherapy, radiothera-
py, or clinical observation alone. The most accepted policy is
to advise chemotherapy for very symptomatic patients or in
cases of clinical worsening following the “watch and wait”
approach. Asymptomatic children or with minor symptoms
and stable lesions at brain MRI are treated with close clinical
observation alone in most institutions, including ours. This
was a retrospective study where treatment was based on these
standard treatment indications. Our results regarding volumet-
ric MRI findings for a non-randomized retrospective group
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must be considered with caution in view of this possible con-
founding factor. Since this is a study focusing on the radiolog-
ical aspects of OPG, we are also aware of the lack of unifor-
mity between the MRI sequences used, as well as the lack of
correlation of clinical and visual data, limiting tumor evalua-
tion to radiological aspects.

In spite of being described for over 200 years, OPG are still
challenging neoplasms, with controversial management.
More accurate and reproducible radiological measurements
can be valuable to evaluate treatment changes and to improve
the correlation between visual and radiological outcomes, as
well as help in defining the most appropriate therapeutic ap-
proach. This may be particularly important in the entering era
of new targeted therapies to cancer, where radiological assess-
ment is crucial to substantiate new treatment approaches.

Conclusion

Due to an unpredictable clinical course, optimal therapeutic
management of OPG remains controversial. In our limited
series, no significant differences were observed in relation to
tumor volume changes for children treated or not with chemo-
therapy for OPG. Most lesions from both study groups
remained stable or experienced minor partial responses during
the follow-up, probably reflecting the indolent course of these
lesions.
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