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Background: Diffuse intrinsic pontine glioma (DIPG) has a dismal prognosis. Magnetic
resonance imaging (MRI) remains the gold standard for non-invasive DIPG diagnosis.
MRI features have been tested as surrogate biomarkers. We investigated the direct
involvement of cranial nerve V (CN V) in DIPG at diagnosis and its utility as predictor
of poor overall survival.

Materials and Methods: \We examined MRI scans of 35 consecutive patients with
radiological diagnosis of DIPG. Direct involvement of CN V was assessed on the
diagnostic scans. Differences in overall survival (OS) and time to progression (TTP) were
analyzed for involvement of CN 'V, sex, age, tumor size, ring enhancement, and treatment
regimen. Correlations between involvement of CN V and disease dissemination, magnet
strength and slice thickness were analyzed. Statistical analyses included Kaplan-Meier
curves, log-rank test and Spearman’s Rho.

Results: After excluding six long-term survivors, 29 patients were examined (15 M, 14 F).
Four patients presented direct involvement of CN V. Histological data were available in
12 patients. Median OS was 11 months (range 3-23 months). Significant differences
in OS were found for direct involvement of CN V (median OS: 7 months, 95% Cl
1.1-12.9 months for involvement of CN V vs. 13 months, 95% CI 10.2-15.7 for lack
of involvement of CN V, respectively, p < 0.049). Significant differences in TTP were
found for the two treatment regimens (median TTP: 4 months, 95% CI 2.6-5.3 vs. 7
months, 95% Cl 5.9-8.1, respectively, p < 0.027). No significant correlation was found
between involvement of CN V and magnet strength or slice thickness (r = —0.201; p =
NS). A trend toward positive correlation was found between direct involvement of CN V
at diagnosis and dissemination of disease at follow-up (r = 0.347; p < 0.065).
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Trigeminal Nerve Involvement in DIPG

Conclusions: In our cohort, direct involvement of CN V correlated with poor prognosis.
Based on our data, we suggest that in DIPG direct involvement of CN V should be
routinely evaluated on diagnostic scans.

Keywords: child, MRI, DIPG = diffuse intrinsic pontine glioma, cranial nerves, biomarkers

INTRODUCTION

Diffuse Intrinsic Pontine Glioma (DIPG) remains the pediatric
brain tumor with the worst prognosis (1). Despite recent
advances in detailing the biology of DIPG (2), <5% of affected
children survive at 3 years irrespective of histological grading and
median overall survival (OS) from diagnosis is 9-12 months (3).

The most common clinical features include cranial nerve
palsy, ataxia, and long tract signs.

MRI is the gold standard non-invasive method for DIPG
diagnosis (4, 5) based on both major and minor diagnostic
criteria (6-8) in the context of a typical clinical presentation.
Typical MRI findings consist of a large expansive pontine
lesion that is hypointense or isointense on T1 weighted
(T1w) imaging, hyperintense on T2 weighted (T2w) and fluid-
attenuated inversion recovery (FLAIR) imaging, and of variable
enhancement with gadolinium contrast agent (4).

Conventional and advanced MRI parameters (3, 9-16) have
been tested in different studies in an effort to predict survival
at the time of diagnosis. Ring contrast enhancement has been
suggested to inversely correlate to OS (17).

Direct cranial nerve involvement in brainstem gliomas has
been suggested to represent an extra-axial extension of the
tumor. This feature seems to be related to glial cells extending
from cranial nerve nuclei to the root entry zone (18-20).
Cranial nerves V, VII and VIII have been described to be
predominantly involved, but no correlation to tumor grade has
been demonstrated.

In the present study we describe the direct involvement of
CN V at diagnosis in patients with DIPG in a consecutive single
institution series and correlate this imaging feature with clinical
variables to test its value as prognostic biomarker.

MATERIALS AND METHODS

Patients

The Institutional Review Board approved this research
waiving the need for informed consent from patients or
their parents/legal guardians for this specific retrospective
analysis. The study was conducted in agreement with the
principles contained in the Declaration of Helsinki.

We collected data from 35 consecutive patients diagnosed
with DIPG in our Institution, who underwent MRI from 1st
January 2003 to 1st February 2018. Diagnosis was based on
clinical and radiological criteria consistent with DIPG (6, 7).

Patients with either, radiological findings inconsistent
with DIPG, and/or a diagnosis of neurofibromatosis,
and/or diagnostic exams which did not include the entire
neuraxis were excluded. Patients with an overall survival

longer than 24 months were not included in the survival
analysis, although their characteristics were reported
in detail.

Magnetic Resonance Imaging

MR examinations were performed on a 3 Tesla (3T) magnet
(Siemens Magnetom Skyra, Erlangen, Germany) or on a 1.5
Tesla (1.5 T) magnet (Siemens Magnetom Vision Plus, Erlangen,
Germany). All patients underwent at least T1w sagittal, T1w and
T2w axial sequences, FLAIR, T2w coronal and diffusion (DWI)
sequences. These sequences were used for image analysis. Two
different acquisition protocols were implemented on the two
scanners. Slice thickness of the acquired sequences was 4 mm
on the 1.5T magnet and 3 mm on the 3 T magnet. All patients
received scan of the entire neuraxis. A contrast medium agent
was used in all studies. Patients deemed unable to cooperate for
age-related and/or clinical status-related reasons were imaged
under general anesthesia.

For each patient, radiological and clinical data were collected.
In order to reduce the possibility of an interpretation bias,
patient scans were first anonymized and then transferred to a
separate workstation.

Two expert neuroradiologists from different institutions, both
with 20 years of experience, reviewed patient scans in consensus
to collect radiological data. This method was used for all MRI
analyses unless otherwise specified.

The radiological criteria for DIPG diagnosis (T1 hypointense
and T2 hyperintense lesions with poorly defined margins
involving more than 50% of the pons) were first assessed.

Diagnostic scans were then reviewed to investigate direct
involvement of CN V by the tumor. Direct involvement of CN V
was defined by the thickening and/or abnormal signal intensity
involving the root entry zone and the proximal cisternal course
of the cranial nerve, contiguous with the tumor, visible on at least
two sequences (Figure 1). The absence of contrast enhancement
did not exclude the diagnosis of involvement of CN V. Exclusion
of leptomeningeal spread was deemed necessary to confirm the
diagnosis of direct involvement of CN V. Leptomeningeal spread
was defined as the region of pathologic contrast enhancement
consistent with disease localization confined in any region of the
neuraxis and not contiguous with the tumor.

In order to investigate if in our cohort other MRI
features could affect patient survival we collected other two
known potential MRI surrogate biomarkers: tumor size and
ring enhancement.

Tumor size was defined as the product of the longest
perpendicular diameters of the tumor, measured on an axial plane
on FLAIR sequences. This method has been evaluated to assess
tumor response to therapy (21) and has been debated in literature
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FIGURE 1 | MRI diagnosis of direct involvement of CN V by DIPG in a 4-years-old boy. Axial TSE T2 (A), para-axial reformatted T1 post-contrast (B,C), coronal TSE
T2 (D) and para-sagittal reformatted T1 images (E,F) show thickening of the left CN V causing filling of the left Meckel cave, consistent with direct cranial nerve
involvement from the tumor (A-E, white arrows). The pathologic thickening of the left CN V is associated with contrast enhancement (B,C, white arrows). Pathologic
thickening of CN V is better delineated when comparing it with the contralateral normal V cranial nerve (F, arrows).

(22). The presence of ring enhancement was assessed on T1
post-contrast images.

For each patient, all follow-up scans were evaluated for
the presence of involvement of CN V and dissemination of
the disease. All patients underwent a fixed follow-up protocol.
Controls at follow-up were performed 30 days after radiotherapy,
and thereafter every 3 months, unless new symptoms occurred.

Since both a 1.5 Tesla magnet and a 3 Tesla magnet were
employed in our study with two different protocols, potential
correlations between the involvement of CN V with the magnet
strength and with slice thickness were also analyzed.

An experienced neuro-oncologist blinded to image analysis
collected clinical data. The neuroradiologists were blinded to the
results of clinical data collection.

Statistical Analysis

Quantitative variables were reported as median value and ranges,
while categorical variables were expressed as absolute values
and percentages.

Overall survival (OS) was defined as the length of time
from the date of diagnosis to the date of death or last follow-
up. Time to progression (TTP) was defined as the length
of time from the date of diagnosis until disease progression.
Tumor progression was defined as radiological progression,
associated with worsening of pre-existing symptoms or the
appearance of new symptoms. Radiological progression was
defined as an increase >25% in tumor size, based on the
RAPNO criteria (21), and/or metastatic progression of the
disease. Metastatic progression was defined as new distant signal
alterations and/or leptomeningeal enhancement, consistent with

disease. Probability of OS and TTP were calculated according
to the Kaplan and Meier method (23) and expressed as median
OS and median TTP, respectively. All results were expressed
as probability or cumulative incidence (%) and 95% confidence
interval (95% CI).

Differences in OS and TTP were estimated with the log-
rank test (Mantel-Cox). Direct cranial nerve involvement at
diagnosis, the presence of ring enhancement and sex were used
as categorical variables. Tumor size and patient age were stratified
for values superior and inferior to their median values.

Spearman’s rho was used to evaluate the relationship between
the involvement of CN V at diagnosis with the magnet strength,
and the slice thickness, as well as with the tumor dissemination
at follow-up.

P-values < 0.05 were considered to be statistically significant;
p-values between 0.05 and 0.1 were not considered statistically
significant but were reported in detail in the text; p-values >0.1
were reported as non-significant (NS).

Statistical analysis was performed using SPSS statistics
(version 20). Survival analysis used 31/08/2018 as reference date.

RESULTS

For this study, we initially considered 35 patients radiologically
diagnosed with DIPG. Six patients presented an OS of more than
24 months and were not included in the survival analysis, but
their characteristics were reported in detail. Clinical, radiological
and histological characteristics of long-term survivors are shown
in Table 1.
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contrast enhancement (D, white arrow).

FIGURE 2 | Another MRI diagnosis of direct involvement of CN V by DIPG in a 7-years-old boy. TSE T2 axial (A) and coronal (B), axial FLAIR (C), and T1
post-contrast para-axial (D) reformatted MRI images show thickening and abnormal signal intensity involving the root entry zone and the cisternal course of the right V
cranial nerve, contiguous with the tumor, (A-C, white arrows). Findings are consistent with direct right VV cranial nerve involvement by the tumor. There is associated

The final cohort consisted of 29 patients: clinical, radiological
and histological data are shown in Table 2. Among them, there
were 15 boys (M = 51.7%) and 14 girls (F = 48.3%). Median
age at diagnosis was 5.7 years (range 2.5-14.4). Histological
confirmation was also obtained in a subgroup of 12 patients,
as since December 2015 robot-assisted trans-frontal stereotactic
needle biopsy has routinely been proposed at diagnosis to
patients with DIPG referred to our Institution (24). All patients
undergoing histological confirmation presented a H3K27M
mutation. Before 2011, all patients received first-line radiation
and chemotherapy according to the Stupp protocol (25). After
2011, all patients received first-line treatment with radiation,
Nimotuzumab and Vinorelbine (26).

Ring enhancement was present in nine patients (3 M; 31%
of the cohort). Median tumor size at diagnosis was 1,736 mm?
(range 850-2,552 mm?).

Direct trigeminal nerve involvement at diagnosis was found
in four patients (3M, 1F 13.8% of the cohort, Figure 2). Two
of them (50%) did not show contrast enhancement. Median age

at diagnosis in the subgroup with CN V involvement was 4.8
years (range 3-5.6).

In two cases (50%), direct involvement of CN V was also
confirmed at follow-up. In one of these children trigeminal nerve
involvement was bilateral (Figure 3).

Dissemination at follow-up was observed in five patients
(17.2%) of the general cohort, two of them belonging to the
direct CN V involvement group. At follow-up, one of the
two patients with involvement of CN V (50%) also presented
dissemination (50%).

Median OS in our cohort was 11 months (range 3-23 months).
Median TTP was 7 months (range 2-18 months).

Log-rank test revealed significant differences in OS between
the group with direct involvement of CN V (median OS:
7 months, 95% CI 1.1-12.9 months) and the group without
(median OS: 13 months, 95% CI 10.2-15.7; p < 0.049, Figure 4).
No significant differences in OS were found in relation to
ring enhancement, tumor size, treatment protocol, age, and sex
(p =NS).
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31

No

Yes

42

Not available

DOD No

No

28

1,800

ID, patient number; sex, male (M) or female (F); V cranial nerve involvement, direct V cranial nerve involvement at diagnosis present (yes) or absent (no); Status, patient outcome including alive with disease (AWD), dead of disease (DOD)

or lost at follow-up (LAF); Tumor size, tumor size expressed in mm?; Ring enhancement, ring enhancement present (yes) or absent (no) at diagnosis; Treatment, patient first line of treatment with radiotherapy and Temozolomide (A) or

with radiotherapy, Nimotuzumab and Vinorelbine (B); Histological diagnosis, available histological diagnosis, according to the WHO 2016 classification; Age at diagnosis, age at diagnosis expressed in months; Progression, the presence

(ves) or absence (no) of clinical and/or radiological signs of disease progression; Time to progression, the length of time from the date of diagnosis of DIPG until the radiological and/or clinical progression of the disease, expressed in

months; Dissemination at follow-up, distant localization of the tumor present (yes) or absent (no) on the follow-up scans; Overall survival, overall survival expressed in months.

Sex, age at diagnosis, tumor size at diagnosis, ring
enhancement and involvement of CN V did not significantly
affect TTP (p = NS). Significant differences in TTP were found
for different treatment protocols (median TTP: 4 months, 95%
CI 2.6-5.3 months for radiotherapy and Temozolomide vs. 7
months, 95% CI 5.9-8.1 for radiotherapy, Nimotuzumab and
Vinorelbine, respectively, p < 0.027, Figure 5). No significant
correlation was found between direct involvement of CN V at
diagnosis with magnet strength (p = NS) and slice thickness (p
=NS).

A trend toward a positive correlation was found between
direct involvement of CN V at diagnosis and dissemination of
disease at follow-up (r = 0.347; p < 0.065).

DISCUSSION

In this study we investigated the MRI finding of direct
involvement of CN V at diagnosis as a potential biomarker
for short-term progression in patients with DIPG. CN V
involvement was significantly associated to a shorter OS
(Figure 4).

To our best knowledge, there are no studies in the literature
specifically focusing on the direct involvement of CN V in DIPG.
The reasons for this may be mainly due to the difficulty to
objectively assess the direct nerve involvement and the limited
available information about the clinical impact of such finding.
Due to their anatomical location, DIPGs present a very high
probability of direct cranial nerve infiltration. From a clinical
standpoint, in these patients cranial nerve palsies are a common
manifestation of the disease. However, clinical examination may
not be predictive of direct cranial nerve extension of the tumor.
Therefore, radiological evaluation could prove valuable were
cranial nerve involvement a clinically significant variable in
children with DIPG.

We hypothesized that direct involvement of CN V would be
more frequent in tumors with a higher propensity to infiltrate
and, possibly, to disseminate at follow-up. Since the majority of
DIPG show local progression, being able to identify a subgroup of
patients with a higher dissemination risk at follow-up may lead to
different tailored treatment strategies, i.e., craniospinal radiation.

In our study, patients with direct CN V involvement at
diagnosis showed a shorter sOS (7 vs. 13 months, p < 0.049) and
a higher rate of tumor dissemination at follow-up (r = 0.347,
p < 0.065). Although the small number of patients represents
a considerable limit to our analysis, we believe these promising
results are worthy of further investigation.

In principle, it is possible that other cranial nerves, such
as the VII-VIII, could be infiltrated in patients with DIPG. It
has to be considered, though, that due to the characteristics
of DIPG it may be difficult to distinguish between nerve
involvement and tumor bulging at that level. Therefore, we
decided to focus only on the involvement of CN V, where the
finding was deemed unequivocal. Our findings (four patients
with involvement of CN V, 13.7% of our cohort) suggest that
direct involvement of CN V may not be so rare in patients with
DIPG (Figures 1-3).

Frontiers in Oncology | www.frontiersin.org

April 2019 | Volume 9 | Article 204


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Trigeminal Nerve Involvement in DIPG

Colafati et al.

(Ww p)sseroudljiu ¢ 1o

(ww g) smpwiiw g Alenroadsa. ooojo.d Buibewi 8y} Ul paueluod seousnbas ay} JO SSauUoIy] 82)|S ‘SSauxolyl 821S ‘(1 G'1) BIS8L G'| 40 (1 &) E/sal € Se passaldxa ‘YibusaJ)s jpubew 4euueds ‘Sueds dn-mojjo) 8y} uo (ou) Jussqe Jo (Sah)
Juese.d Jown) 8y} JO UOHEZ|OO] JUBISID ‘Nn-mOjjo) 18 UoNBUIWeSS| ‘Sisoubelp Je (ou) Juesqe 1o (sef) juese.d jusweoueyus Bull ‘JuewisoueyUS Buly ‘LW Ul passeldxe 8z|s Jown} ‘8zis Jown| (ou) Juesqe 1o (sef) Jusese.d dn-mojjoj 1e
JUBLUBAJOAUI /\ BAJBU [BIURID J08.IP ‘dn-MOjjo) A NO :(0U) Jusqe 1o (saf) juaseid sisoubelp Je JUBLIBAJOAUI /\ dAIBU [BILUBIO 108.IP ‘SISOUBBID A NO ‘SYIUOW Ul PSSa.IaXe [BAIAINS [[BISA0 ‘[BAININS [[RIaAQ 'SYIUOW Ul passaldxe ‘@seasip 8y} JO
uoyssauboud [eojulo Jo/pue [ealbojoipel 8y} [un HJ|d 4O SISoubeip JO 83ep 8y} Wolj auwi Jo Yyibus) 8y} ‘uoissalbo.id 0} awi| ‘8|qejieAe jou ‘B/u 10 91 0Z OHAM 8yl 0} Buiplodoe ‘Jueinw |1/ ZMeH Bwolb aulpiu 8snyip ‘SiIsoubelp [ea16ojoisiH
{uonBOYISSEID 9102 OHM 8yl 01 Buipioooe ‘sisoubelp [ealbojolsiy (ou) sjqejeAe-uou 1o (Sef) ejqejieae ABojoISIY 8jqejieAy (g) aulqiaJoul) pue qewnznowinN Adeieylolpel yum Jo (v) epiuiojozows] pue Adeisyloipel Yym Jusuies.) Jo aul
1841 Jusied ‘uswieal) fsypuow Ul passe.dxa sisoubelp je abe ‘sisoubelp je aby f({y/) dn-mojo) 18 10| 10 (GO Q) 8SEaSIp JO peap ‘(M) 8SBaSIp Yim aAle Bulpnjoul awooino juaied ‘smejs (4) sfews) 4o () efew xes Jequinu jusied ‘gl

ueinw NLeHEH

ww g 1€ ON ON 68’ ON ON 8 A “ewol|b sulpiw 8snyiq SOA S| ¢/ 4dod N ge
ueinw NLZHEH

ww g 1€ ON ON 086°k ON ON St St “ewol|b sulpiw 8snyiq SOA S| oe  amv E| 143
ueinw NLZHEH

ww g 1€ ON SOA  BIG'h ON ON o 9 “ewol|b sulpiw 8snyiq SOA S| FEE AWMV 4 €e
Jueinw NLZHEH

ww g 1€ ON SeA  002'C ON ON el 9 “ewol|b sulpiw 8snyiq SOA S| g9 4oa N 4%
JueINW NLZHEH

ww g 1€ ON ON GG ON ON Sl € “ewol|b sulpiw 8snyiq SOA S| 6. AdOd 4 89
ueinw NLeHEH

ww g 1€ ON SeA  98l'h ON ON Sl S “Bwol|b sulpiw 8snyiq SOA S| €. amv I oe
ueinw NLeHEH

ww g 1€ ON SOA 2Ok ON ON LE 8 “Bwol|b sulpiw 8snyiq SOA S| 89 404 4 6¢
ueinw NZeHEH

ww g 1€ SBA ON ve8' L ON SBA ch 8 “Bwol|b sulpiw esnyiq SOA S| /9  4dod N L

ww g 1€ ON ON 9€°L ON ON ch 8 e/ ON g €.l doa N gc

wuw 7 167} ON SOA  008‘h ON ON €¢ 14 e/ ON v LS doda El 194
ueinw NZeHeEH

ww g 1€ ON ON 0S8 ON ON 6 A “ewol|b supiw esnyIq SOA S| 8 dod E| [44

ww g 1€ ON SeA  292¢'C ON ON A 8 e/ ON S| ¢/ dod N LC

ww g 1€ ON ON L9LL ON ON € 4 e ON g 6y  Aaod E| 0c

wuw 1674 ON SeA  ¥9L'L SBA SBA (o] 14 e/ ON \4 9¢  dod 4 6}

ww g 1€ ON ON 0942 ON ON VA g e/ ON S| 9  Adod El 8t

wuw 167} SOA ON 255 ON ON 9l A e/ ON v 8 dod N L

ww g 1€ SOA ON 2SHL ON ON 8 ) e/ ON S| LS dod N 4

wuw 167} ON SOA 2oL ON ON 18 8 e/ ON v 9. AoCd N el

wuw 1674 ON ON Pre L ON ON el A e/ ON \4 0§ 4od 4 cl

ww g 1€ ON ON 65k ON ON 14 A e/ ON g 6y  Aaod El L
uelinw NLZHEH

wuw g 1€ ON ON 000°k ON ON 9 9 “ewol|b sulpiw ssnyiq SOA g 991 4V El (o]}

ww g 1€ ON ON vreL ON ON el 6 e/ ON S| 9 dod N 6
ueinw NZeHeEH

ww g 1€ ON ON 666 ON ON 8 A “ewol|b sulpiw esnyiq SOA S| ¥SL  dod N A

wuw 167} ON ON G2e'L ON SOA A € e/ ON \4 LS aod N 9
ueinw NLeHEH

wuw g 1€ ON SeA  G¥8'L ON ON 0¢ s “Bwol|b sulpiw 8snyiq SOA S| ¢k dod 4 S

wuw 7 167} ON ON LG8 ON ON ok e e/ ON \4 /S8 Aod E| ¥

wuw 164 ON ON 9LLL ON ON S € e/ ON \4 00+  doOd N €

wuw g 1€ SOA ON 89/°L SBA EEIN ¥ 4 e/ ON v ¥S  Aod N 4

ww g 1€ SOA ON 0002 ou ON Sl 14" e/ ON S| 18 dod N b

ssSauoIY} dn mojjoy e  jJuswadueyUD ?zis dn-mojjoj sisoubBelp |eainans  uolssasboud sisouBeip ABojoisiy sisoubBeip al

901|S Jo9uueds  uoneulwassig Bury Jownyp AND AND Illesdn0 o1 awi] |eoifojoISIH  d|qejieAy judwileall je aby snielS x9S juaned

“HI0U0D N0 WOl I U susied sU) Jo soisusloreU [2oIB0j0ISIY PUe ‘[eaiBojoipel ‘[BolulO | 2 IT1aVL

April 2019 | Volume 9 | Article 204

Frontiers in Oncology | www.frontiersin.org


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Colafati et al.

Trigeminal Nerve Involvement in DIPG

FIGURE 3 | MRl findings of V cranial nerve involvement at follow-up in a 4-years-old girl previously diagnosed with DIPG. Coronal TSE T2 (A,B) and post-contrast
coronal T1 (C,D) images show extensive thickening of both V cranial nerves and abnormal bulging of the Meckel caves, consistent with direct infiltration by the tumor
(A-D, white arrows). There is associated contrast-enhancement (C,D, white arrows).

Since CN V is a small structure (the nerve has a caliber of
<3 millimeters), spatial resolution of the diagnostic images is
important. For this reason, it is possible that magnet strength
and/or the slice thickness may influence the detection rate of
CN V involvement, and that high-resolution images obtained
from 3T magnets could allow higher detection rates. In our
cohort, however, we found no significant correlation between
the diagnosis of CN V involvement and magnet strength (r =
—0.201, p = NS) or slice thickness (r = —0.201, p = NS).

Follow-up scans in our cohort revealed direct involvement
of CN V in two of four cases (Table 2). Interestingly, one of
the two patients with CN V involvement at follow-up also
presented leptomeningeal spread of the disease (50%). Although
our population is small, these findings seem consistent with our
hypothesis that CN V involvement is more frequent in tumors
with a higher propensity to disseminate at follow-up. However,
when assessing the predictive value of direct involvement of CN
V, different factors should be taken into account, mainly therapy-
related tumor changes, and the low number of observed patients
with involvement of CN V, which limited further analyses.

Other MRI parameters have been tested for survival
prediction (9-14, 17). Among different MRI and clinical features,
we analyzed if tumor size, ring enhancement, age, and sex
influenced OS in our cohort. Utility of calculating tumor size
was debated. Some authors have emphasized the relevance of
inter-observer variability (27) and stressed the importance of
reproducibility of the measures and single reader measurement
of tumor size on DIPG scans. In our cohort, greater tumor
size at diagnosis did not modify overall survival, which is
consistent with the findings in the literature (15, 16). Some
authors have also tested and found a discrepancy between
longitudinal volumetric measures and metabolic evolution of the
tumor measured by spectroscopy, the latter being better suited to
response assessment strategies (28). Ring contrast enhancement
has shown a negative correlation with OS in a large retrospective
study (17). In our cohort, a trend toward shorter OS for patients
without ring enhancement was observed (p < 0.78). The reasons
behind this result may be due to our small sample size. In the
same study age <3 years was correlated to a longer OS (17).
Since in our cohort there were only two patients <3 years, we
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FIGURE 4 | Survival analysis with Kaplan-Meier curves for patients in our FIGURE 5 | Survival analysis with Kaplan-Meier curves for the type of
cohort presenting with V cranial nerve involvement at diagnosis. Patients with treatment administered to the patients in our cohort. Patients treated with
direct involvement of CN V (label = “1,” green line, median OS: 7 months, 95% radiotherapy, Nimotuzumab and Vinorelbine (label = “1,” green line, median
Cl 1.1-12.9 months) presented significantly lower overall survival (OS) TTP: 7 months, 95% CI 5.9-8.1 months) presented significantly higher time to
compared to the group without involvement of CN V (label = “0,” violet line, progression (TTP) than patients treated with radiotherapy and Themozolomide
median OS: 13 months, 95% Cl 10.2-15.7; log rank test: p < 0.049). The (label = “0,” violet line, median TTP: 4 months, 95% CI 2.6-5.3 months, log
other parameters (not shown) were not associated with significant differences rank test: p < 0.027). The other parameters (not shown) were not associated
in OS (p = NS). with significant differences in TTP (p = NS).

decided to stratify age to the median (5.7 years). As such, age
did not show significant correlations with OS. Sex did not show
significant correlations with OS, which was also consistent with
the findings in literature (17).

Significant differences in TTP were found for patient
treatment (median TTP: 4 months, 95% CI 2.6-5.3 months for
radiotherapy and Temozolomide vs. 7 months, 95% CI 5.9-8.1
for radiotherapy, Nimotuzumab and Vinorelbine, p < 0.027).
This suggests that the new therapeutic regimen lengthened the
time to progression of disease, even if it did not change OS. Our
findings seem to confirm that treatment with radiotherapy in
combination with Nimotuzumab and Vinorelbine represents an
interesting therapeutic option (26, 29).

No differences in TTP were found for direct involvement of
CN V (p = NS). Further research should be performed on the
correlation between this finding and the results reported for OS
for direct involvement of CN V. Sex, age, tumor size and ring
enhancement also did not significantly affect TTP (p = NS).

We excluded long-term survivors with an OS of more than 24
months in the statistical analysis. The rationale for our decision is
that long-term survivors in our cohort significantly differed from
the other patients in terms of heterogeneous clinical, histological
and radiological characteristics (Table 1).

More specifically, in the long-term survivor cohort:

- Two of the six patients (PT 16 and 24) are still alive with disease
(with a median OS of 68 and 183 months, respectively). They
also presented a pattern of progression, which is not typical

for the disease (PT 16 progressed after 63 months, and PT 24
never progressed);

- Two of the six patients (PT 8 and 16) did not harbor the
H3K27M mutation;

- After review, four of these six patients (PT 8, 16, 24, and
28) had radiological features, consistent with atypical DIPG
(well-defined borders and exophytic components).

The small group of long-term survivors probably deserves to
be included in a larger multicentric study, in order to identify
consistent trends and relevant features (30).

Recent advances in the molecular characterization of DIPG
have begun to disclose biological signatures possibly associated
to outcome and response to treatment (31). The term DIPG itself
is slightly out-dated, as it has been shown that most of these
tumors present distinct mutations, most notably the H3K27M. In
the 2016 revision of the WHO brain tumor classification, these
neoplasms were termed as diffuse midline glioma, H3K27M-
mutant (32). Imaging studies are currently directing toward
highlighting correlations between the relevant imaging findings
and the new molecular findings (33, 34). If involvement of CN V
was confirmed to be a predictor of poor survival in DIPG, it could
be hypothesized that such finding could also have prognostic
significance for the newer entity of the diffuse midline glioma
H3K27M mutant. In our cohort, we can report the presence of
the H3K27M mutation associated to the involvement of CN 'V,
only for one patient. For the other patients, the biopsy had not
been performed and so the mutational status could not be tested.
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This study has some limitations. Specifically, we acknowledge
the limit of a single institution, retrospective study, employing
a low number of patients. Clinical practice has shown that a
higher order of collaboration between professionals is required
in order to improve our understanding and better progress
toward treatment of this disease (30, 35). Another limit of
the study was the methodology employed for assessment
of direct involvement of CN V, which was made by two
neuroradiologists in consensus, even if we tried to mitigate
that issue by employing two neuroradiologists from different
institutions. Furthermore, for 17 out of 29 patients in our
cohort, tissue samples for histological confirmation of the
H3K27M mutation were not available. This is because the
stereotactic biopsy procedure was introduced in our institution
from 2015.

In conclusion, our data suggest that direct involvement
of CN V is a surrogate biomarker of poor survival in
patients with DIPG, which could be assessed on conventional
images. Further studies on larger cohorts, possibly associated
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