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Background and Purpose: Tectal gliomas (TGs) are rare tumors that
involve critical locations in the brainstem, including the superior and infe-
rior colliculi and the Sylvian aqueduct. The rarity of these tumors and the
lack of large clinical studies have hindered adequate understanding of this
disease. We sought to determine the association between imaging charac-
teristics of TG and progression-free survival (PFS).

Materials and Methods: In this retrospective cohort study, impact of
imaging characteristics (contrast enhancement, calcifications, cystic changes,
presence of hydrocephalus) on survival was analyzed for 39 patients with
TG. We used the Kaplan-Meier survival analysis method for determining
the association between imaging characteristics and PFS. Progression-free
survival was measured from time of diagnosis to radiographic or pathological
disease progression during observation period. Progression was defined as
more than 25% increase of the lesion in size, per response assessment in
neuro-oncology, together with clinical deterioration and/or a need for inter-
vention. Progression-free survival differences by various imaging character-
istics were assessed using the log-rank test and univariable Cox proportional
hazard regression. Because most of the studies in the current literature tend to
overrepresent pediatric patients, we aimed to determine the association be-
tween TG tumors' imaging characteristics and PFS in both adult and pediatric
patients. All statistical analyses were performed using STATA version 16.1
(Stata Corp, College Station, Tex).

Results: Of the 39 patients, radiographic tumor progression was observed
in 15 cases (38.5%). Median PFS for 39 patients during observation was
21.8 years. Tectal gliomas that showed contrast enhancement initially or de-
veloped contrast enhancement during surveillance on magnetic resonance
imaging had significantly lower PFS than those without (hazard ratio, 3.55;
95% confidence interval, 1.09-11.58; log-rank P value, 0.02).
Conclusions: Analysis of this patient population showed that contrast-
enhancing TGs should not be categorically defined as benign lesions. This
subgroup of patients should be followed closely for signs of progression.
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BACKGROUND

Tectal glioma (TG) is a rare tumor with a variable clinical
course. Tectal glioma usually involves critical locations in the
brainstem (Fig. 1). Because biopsy may be associated with dam-
age to the optic and auditory pathways, TG is usually diagnosed
by characteristic imaging features (hypointense/isointense on
T1-weighted magnetic resonance [MR] images, hyperintense on
T2-weighted MR images, rare contrast enhancement).'* When
biopsied, TG typically displays low-grade histologic features.'>”’
The overwhelming majority of tectal tumors are low-grade astro-
cytomas (World Health Organization [WHO] grades I-1I).!+8-10
Other less common tectal lesions include ependymoma, ganglioglioma,
primitive neuroectodermal tumor, metastasis, and hamartoma.®!!
Low- and high-grade TG can look identical on MR imaging
(MRI), and a definitive diagnosis is possible only with histologi-
cal examination of a tissue sample.>!2

Most TGs are low grade and tend to remain stable in size for
years.* However, malignant TGs demonstrate progressive tumor
growth with neurologic sequelae.'® Previous studies have suggested
a link between imaging characteristics and survival in children with
TGs. Most case series on TGs discussed in the neurosurgical liter-
ature are pediatric'">31%1%; there are very few studies of TG in
adults, and whether imaging features impact progression-free sur-
vival (PFS) in adults with TG has not been investigated. Given that
current literature may overrepresent pediatric patients, we aimed to
determine the association between TG tumors' imaging characteris-
tics and PFS in both adult and pediatric patients.

METHODS

In this retrospective cohort study, we analyzed imaging studies
and clinical data from 39 patients with TGs presented at the MD An-
derson Cancer Center, Houston, between April 18, 1987, and July 17,
2019, using chart review of the institutional database. Biopsy speci-
mens and pathology reports were reviewed when available; TG was
diagnosed based on imaging characteristics of the tumors and patient
history (differential diagnosis was performed by board-certified
neuroradiologists between typical imaging features of low-grade
glial tumors of the tectum [these are normally hypo/isointense on
T1-weighted MR images, hyperintense on T2-weighted MR im-
ages, rare contrast enhancement] vs other common tectal lesions)
if the histopathological evaluation was not performed (Fig. 2).

“Tectal” location was defined as primarily originating from
the quadrigeminal plate or extending beyond it, but with the pri-
mary mass in the tectum. Periaqueductal tumors incorporating the
tectum were included. Pineal lesions, diffuse intrinsic pontine glio-
mas, and nonglioma tectal tumors were excluded.

Imaging Characteristics

Imaging characteristics, including the presence or develop-
ment over time of contrast enhancement, calcification, cystic changes
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Median Section of the Brain

FIGURE 1. Anatomical relationship of the brainstem, superior and inferior colliculi, and Sylvian aqueduct. Figure 1 can be viewed online in
color at www.jcat.org.

(presence of a fluid-filled cavity in the lesion), hydrocephalus, and
diffusion restriction were analyzed. Imaging analysis based on
pretreatment MRI examinations was performed by 2 neuroradiol-
ogists (1 and 9 years of experience). Discordances among readers
were adjudicated by consensus. Each tumor was assessed for size,
restricted diffusion, calcifications, cystic, and/or enhancing tumor
components at every time point.

Statistical Analysis

Descriptive analyses were performed to characterize patients
based on demographics, clinical characteristics, and imaging char-
acteristics. We used the Kaplan-Meier survival analysis method
for determining the association between imaging characteristics with
the PFS. Progression-free survival was measured from time of diag-
nosis to radiographic or pathological disease progression during ob-
servation period. All patients have available follow-ups of at least 1
year of duration, and frequency of follow-up scans varied from
4 weeks to 12 months according to patients clinical presentation
and imaging characteristics of the tumor (increase in size and/or de-
velopment of contrast enhancement warranted more vigilant
follow-up). Progression-free survival was selected as a measure of
survival over overall survival because all the patients in this popula-
tion remained alive and it was impossible to calculate overall survival.
Patients who did not experience disease progression were censored at
the date of the last follow-up (Figs. 3, 4). Progression-free survival
differences by various imaging characteristics were assessed using
the log-rank test and univariable Cox proportional hazard regression.
All statistical analyses were performed using STATA version 16.1
(Stata Corp, College Station, Tex).

Institutional Review Board Statement

The institutional review board of the University of Texas MD
Anderson Cancer Center approved this retrospective cohort
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study. Informed consent was waived for this retrospective,
noninterventional study.

RESULTS

Demographic and Clinical Characteristics of the
Study Population

Age at presentation ranged from 2 to 64 years with a median
of 22 years; two-thirds of patients were older than 18 years at pre-
sentation (Table 1). Twenty-one patients (53.9%) were female, and
the majority were White (79.5%).

Treatment

Eighteen patients (46.2%) received ventriculoperitoneal shunting,
and 17 patients (43.63%) underwent endoscopic third ventriculostomy
(ETV), which in all cases was performed at presentation of hydro-
cephalus. Of those patients who underwent ventriculoperitoneal
shunting, 11 (61%) required shunt revisions (from 1 to 7 times)
and 9 eventually required an ETV. Eight patients (20.5%) received
chemotherapy. Thirteen patients (33.3%) received radiation ther-
apy: as upfront adjuvant therapy in 4 cases and at progression in
9. Surgical treatment in most cases begun after disease progres-
sion. Six patients received concurrent chemotherapy and radiation
therapy. Of 39 patients, tissue was obtained in 19 cases (43.6%): 2
patients were treated by gross total tumor resection, 6 patients un-
derwent subtotal resection, and 11 patients underwent biopsy only
(tissue was obtained endoscopically during ETV in 8 patients who
underwent biopsy; in other 3 patients, the tissue was obtained ste-
reotactically). Gross total resection in one case was performed at
disease progression, confirmed with imaging findings; in another
case, the lesion was large at presentation (35 mm) with concerning
imaging features (presence of contrast enhancement and restricted
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FIGURE 2. Postcontrast T1-weighted sagittal MR scan from the MD Anderson database (A) demonstrates a typical nonenhancing, T1

hypointense glioma of the tectal plate (white arrow) in an adult male patient. Postcontrast T1-weighted sagittal image (B) demonstrates a
follow-up scan of the same tectal plate lesion that has increased in size and now is obstructing cerebral aqueduct (white arrowhead). Axial
T2-weighted image (C) shows typical T2 hyperintensity of this lesion (white arrow), and follow-up axial T2-weighted MR scan (D) illustrates

increase in size of the lesion (white arrow).

diffusion). Subtotal resection was performed at disease progres-
sion.

In patients with TGs, management for hydrocephalus is needed
to improve clinical picture and prevent irreversible changes. The
criterion standard of treatment at our institution is ETV; endo-
scopic biopsy may be performed if it is possible to use the same
approach that is used for ETV.

Pathology

Of'the 19 patients of whom tissue was obtained, a biopsy was
nondiagnostic in 4 of them; in 2 cases, the histological specimens
and/or reports were not available for review. Six of the histologi-
cally confirmed tumors were WHO grade I, 4 were WHO grade
11, 2 tumors were WHO grade 111, and 1 tumor was WHO grade

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

IV; 2 of 3 high-grade tumors presented with contrast enhancement
at initial diagnosis. One patient with high-grade glioma (WHO
grade IIT) developed contrast enhancement later in the course of
the disease.

Imaging Characteristics

The mean tumor T2 size (maximal diameter) at diagnosis was
20.7 mm (SD =+ 11.4 mm; Table 2). Postcontrast imaging was ob-
tained in 35 patients; the tumors showed contrast enhancement on
initial MRI in 11 cases (31.4%). Development of contrast enhance-
ment among initially nonenhancing lesions was observed in 3
cases. Hydrocephalus was initially present in 34 patients (87.2%).
In 5 patients, a cystic component was initially present; in one of
those patients, the cyst demonstrated an increase in size; 3 of those
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FIGURE 3. Progression-free survival of TG by T2 size (<20 and 220 mm) and presence or absence of contrast enhancement initially or later.
Progression-free survival defined from date of presentation to date of disease progression.
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FIGURE 4. Progression-free survival by various categories—age, sex, and T2 size (<20 and 220 mm).
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TABLE 1. Demographic and Clinical Characteristics of the
Study Population

All TG Patients

Characteristics (N=239), n (%)
Demographics
Age at presentation, y* 22 (16-34)
Age at presentation categories
<18y 13(33.3)
218y 26 (66.7)
Sex, female 21(53.9)
Race
White 31(79.5)
Black 4(10.3)
Hispanic 3(7.7)
Other 1(2.6)
Treatment measures
Extent of resection
Biopsy 11(28.2)
Subtotal resection 6(15.4)
Gross total resection 2(5.1)
No surgery 20 (51.3)
Shunt placement 18 (46.2)
ETV 17 (43.6)
Radiation therapy 13 (33.3)
Whole brain 1(2.6)
Conformal/IMRT 8(20.5)
Proton 3(7.7)
Chemotherapy 8(20.5)
Tumor pathology (available in 17)
WHO grade | 6(15.4)
WHO grade 11 4(10.3)
WHO grade 111 2(5.1)
WHO grade IV 1(2.6)
Others (nondiagnostic) 4(10.3)
Mutations
IDHI or IDH2 (n=2) 0 (0)
H3F3A (n=1) 1(2.6)
TP53 (n=4) 1(2.6)

*Median (interquartile range).
IMRT indicates intensity-modulated radiation therapy.

5 patients have WHO grade I tumors; in the other 2 patients, histo-
logical diagnosis was not obtained. In 4 patients, the lesion devel-
oped a cystic component within the period of observation; of those
4 patients, 2 have WHO grade I tumors and 1 has WHO grade 111
tumor; in the other patient, histological diagnosis was not ob-
tained. Only one lesion showed the presence of calcification.
Only one TG (WHO grade III) displayed restricted diffusion
on diffusion-weighted imaging (DWI).

Progression-Free Survival

Tumor progression was observed in 15 cases (38.5%; Table 3).
In 14 patients, progression was defined with imaging and only in
one case—with histological examination of the tissue specimen.
Median PFS was 21.8 years. Within the group of patients (11) with
contrast enhancement, 7 of 11 (63.6%) showed growth progression,
whereas in those without contrast enhancement, only 6 of 28
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(21.4%) progressed. Tectal gliomas that showed contrast enhance-
ment initially and/or developed contrast enhancement during
surveillance on MRI had significantly lower PFS than those without
(hazard ratio [HR], 3.55; 95% confidence interval [CI], 1.09-11.58;
P =0.04). Tumors with T2 size 220 mm had similar PFS as that of
tumors with T2 size <20 mm (HR, 1.04; 95% CI, 0.37-2.86; P =
0.95). Patients with mild or moderate peritumoral T2 hyperintensity
had longer PFS than those without peritumoral T2 hyperintensity
(HR, 0.59; 95% CI, 0.21-1.72), but this association was not signif-
icant (P = 0.34; definition of T2 hyperintensity levels: mild—Iess
volume as lesion; moderate—between 1 x and 2 x volume of le-
sion; severe—greater than 2 x lesion volume). There was no sta-
tistically significant association between the initial presence or

TABLE 2. Imaging Characteristics of the TG Lesions

All TG Patients
Imaging Characteristics (N =239), n (%)
Lesion T2 size, mm* 20.7 (11.4)
Lesion T2 size categories
<20 mm 21 (53.8)
220 mm 18 (46.2)
Subsequent lesion T2 size, mm* 22.9 (12.6)
Peritumoral T2 hyperintensity
Mild 20 (51.3)
Moderate 1(2.6)
None 18 (46.2)
Postcontrast imaging (n = 35)
Contrast enhancement 11(28.2)
Lesion T1 postcontrast size, mm* 11.5(9.8)
Lesion T1 postcontrast size categories
<10 mm 6 (15.3)
210 mm 5(12.8)
Contrast enhancement during surveillance 3(7.7)
among nonenhancing initial lesion
Hydrocephalus
Present initially 34 (87.2)
Later developed 0(0)
Presence of cystic lesion
Initially 5(12.8)
Initial size of cyst, mm* 14 (6.3)
Later developed or original grew 5(13.1)
Later size of cyst, mm* 16.8 (8.3)
Presence of Calcification
Initially 1(2.6)
Later developed 0 (0)
DWI (n = 29)
Reduced diffusion 134

Lesion ADC valuef
Lesion ADC value categories

1258 (1123-1778)

<1250 11(28.2)
21250 15 (38.5)
Normal appearing cerebellum ADC valuet 750 (690-800)
Presence of LMD 0(0)

*Mean (standard deviation).

TMedian (interquartile range).

ADC indicates apparent diffusion coefficient; LMD, leptomeningeal
disease.

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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development of cystic component and PFS, nor between diffu-
sion restriction of the lesion and PFS (P > 0.05).

DISCUSSION

On MR scans, TGs usually have a well-defined border; they
are typically hypointense or isointense on T1-weighted MR im-
ages and hyperintense on T2-weighted images and rarely show
contrast enhancement.*'® Even though some TG demonstrate
clear tumor characteristics on MRI (such as large volume, contrast
enhancement, and cystic degeneration), we still require histologi-
cal confirmation to distinguish low-grade tumors from high-grade
tumors in this region. We decided to investigate MRI results and
their relationship with survival in patients with TGs.

Our study's most important observation is that TGs that showed
contrast enhancement (CE) initially and/or developed CE during sur-
veillance had significantly lower PFS than those without CE. The
presence of contrast enhancement can be used as a noninvasive
way of expected survival.

This finding remains controversial in previously published
work. Liu et al* stated that imaging features such as large lesion
size (area), contrast enhancement, and cystic changes could pre-
dict shorter PFS. This study focused on children (median age at
diagnosis, 9.9 years). Squires et al’ also associated contrast en-
hancement with tumor growth and disease progression. Poussaint

et al'® used maximal tumor diameter and contrast enhancement in
children with TGs to calculate the likelihood of further radiation
therapy being required. According to their work, larger tumor size
and contrast enhancement were significant predictors of the need
for further treatment. However, several studies did not support con-
trast enhancement to predict more aggressive treatment or shorter
survival. Ternier et al* used tumor volume to predict the need for
surgery in children with TGs, but contrast enhancement was not a
statistically significant predictor for invasive treatment.

In addition to contrast enhancement and size (circumscription/
volume), other imaging findings, such as the presence of hydro-
cephalus, cystic components, and calcifications, have been stud-
ied in the previous literature."**1%! Similar to studies conducted
by Kershenovich et al,! Ternier et al,? Liu et al,* Mohme et al,'*
and Poussaint et al,'® we also analyzed tumor size and presence/
development of cystic components and their relationship with
PFS. We were unable to find a statistically significant correlation
between tumor size (<20 and >20 mm) and PFS described in stud-
ies by Kershenovich et al,! Liu et al,* Ternier et al,? and Poussaint
et al.'® This is probably related to the fact that lesion volume'- or
circumscription* was analyzed in those listed above studies instead
of lesion size (longest diameter). Only Poussaint et al'> found statis-
tically significant differences between maximal diameter and con-
trast enhancement in the treated versus untreated group, that is, pa-
tients with lesion size greater than 2.5 cm and contrast-enhancing

TABLE 3. Association Between PFS and Imaging Characteristics of the TG Lesion Using Univariable Cox Proportional Hazard

Regression
Imaging Characteristics Median PFS, mo Univariate HR (95% CI) P
Lesion T2 size continuous, mm NA 1.01 (0.96-1.06) 0.59
Lesion T2 size categories 0.95
<20 mm 21.7 Ref
220 mm 22.7 1.04 (0.37-2.86)
Peritumoral T2 hyperintensity 0.34
Mild/moderate 21.7 0.59 (0.21-1.72)
None 5.0 Ref
Postcontrast imaging (n = 35)
Contrast enhancement initial 0.10
Yes 12.5 2.51(0.83-7.58)
No — Ref
Contrast enhancement initial or later 0.04
Yes 12.5 3.55(1.09-11.58)
No — Ref
Lesion T1 postcontrast size (n = 11) continuous, mm NA 0.89 (0.76-1.03) 0.14
Lesion T1 postcontrast size categories 0.11
<10 mm 2.0 Ref
210 mm 22.7 0.16 (0.02-1.49)
Presence of cystic lesion initially 0.73
Yes 22.8 1.25(0.34-4.50)
No 21.7 Ref
Presence of cystic lesion initial or later developed or original grew 0.48
Yes 21.7 1.46 (0.50-4.17)
No 12.5 Ref
DWI (n = 29)
Lesion ADC value categories 0.51
<1250 12.5 Ref
=1250 — 1.59 (0.39-6.39)

ADC indicates apparent diffusion coefficient; NA, not available.

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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lesions were much more likely to require surgery and/or radiation
therapy. We also did not find a statistically significant relationship
between PFS and the presence/development of cystic components.
A study by Poussaint et al'® also did not show a clear relationship
between cystic components of TGs and changes in treatment
requirements. When analyzing PFS in patients younger than
18 years and older than 18 years, no statistically significant differ-
ences were found.

In contrast to previously published studies with an overrepre-
sented pediatric population, our case series analyzed both adult
and pediatric populations.>**1%17 Hence, we determined that a
statistically significant relationship exists between PFS and con-
trast enhancement in TGs in both children and adults.

Limitations of the Study

Our study's limitations include its retrospective nature and
the overall rare prevalence of TG. Although all patients were eval-
uated and treated at a single institution, not all of the pathology
specimens were reviewed at our institution. Some surgeries/biopsies
were performed at outside hospitals, limiting the ability to obtain
pathology specimens for rereview.

Timeframe of more than 3 decades can potentially make the
study prone to biases related to MR techniques. Modern scanners,
contrast agents, and sequences (such as MPRAGE and SPACE)
can improve the conspicuity and range of enhancement that can
be detected over older techniques. Thus, it is possible that if we
chose to categorize patients by degree of enhancement, this would
have been an issue; however, we classified patients as having
either enhancing or nonenhancing lesions (binary classification),
and we do not feel that changes in technique over time are great
enough to lead to mischaracterization with this scheme.

Tumor progression rate was higher than expected, comparing
with current literature; this could be attributed to higher percent-
age of high-grade tumors in this cohort.

Treatment approach can potentially have confounding effect
on the conclusion that enhancement is a significant imaging fea-
ture in predicating PFS; however, in all but one case, surgical/
adjuvant treatment was performed at disease progression. That
one case is not an outlier and fits in the average PFS for this cohort.
Treatment strategies over 3 decades changed from using VP shunting
to using ETV as a criterion standard.

We could not find a statistically significant relationship be-
tween various important imaging characteristics (tumor size, cys-
tic changes) and PFS. Only 5 lesions contained cysts, and only one
lesion contained calcifications; only one lesion demonstrated re-
stricted diffusion on MRI.

Biopsies were mainly taken from large lesions that had wor-
risome features or demonstrated MRI progression.

CONCLUSIONS

Analysis of this population shows that considerable subgroup
of population with TG will progress. Initial or developed CE on
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MRI is associated with shorter PFS in patients with TG. Advanced
brain tumor imaging may be helpful to further investigate patients
with TG in noninvasive fashion.
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