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Abstract
Objective  To evaluate the MR imaging findings of the cerebellar tumors (CT) in adults and to make an algorithm to discriminate these tumors from each other.
( Sakarya Med ] 2019, 9(2):281-288 )
Materials ~ Adult patients with CT who were treated surgically were included. Brain MRs and patient records were evaluated for pathological diagnosis, imaging findings and Ki-67
and Methods  labeling index. The apparent diffusion coefficient (ADC) values of the tumors and centrum semiovale (CS) and the ratio of each other were noted. Kruskal-Wallis test was
used for comparison.
Results 100 adults (45 women, 55 men with a mean age of 46.6115.6 years) with pathologically proven CT were included. Tumors were divided into five groups as: a. primitive
neuro-ectodermal tumor (PNET) + medulloblastoma (MB), b. grade 3+4 gliomas, c. grade 1+2 gliomas, d. metastasis (MET) and e. lymphoma. The ratio of the mean ADC
(x10-3 mm2/s) of the tumor to those of CS was 1.210.22, 1.38%0.93, 1.98%0.69, 1.48+0.45 and 1.25+0.11 for PNET&MBs, grade 3+4 gliomas, grade 1+2 gliomas, METs and
lymphomas, respectively. Significant difference was detected between grade 1+2 gliomas and PNET&MB (P=0.018), MET (P=0.004) and lymphoma (P=0.002).
Conclusion  CT in adults might be differentiated from each other by using some MR imaging clues and patient characteristics.
Keywords  Apparent diffusion coefficient; cerebellum; cerebellar tumors; magnetic resonance
(3
Amag  Erigkinlerde serebellar tiimorlerin (ST) MR goriintiileme bulgularini inceleyip birbirlerinden ayrim icin algoritmik yaklasim olusturabilmek. (Sakarya Tip Dergisi 2019, 9(2):281-288 ).
Y”Gireglve Calismaya, cerrahi olarak tedavi edilmis ST’li erigkin hastalar dahil edildi. Beyin MR'ler1 ve hasta kayitlar: patolojik tan, goriintiileme bulgular ve Ki-67 indeksi agisindan tarands. Tiimaore

OMIEMIEr o sentrum semiovale (SS) ye ait goriiniir difiizyon katsayilart (GDK) ile birbirlerine oranlari hesapland. Karsilastirma igin Kruskal-Wallis testi kullanilds.

Bulgular  Calismaya yas ortalamast 46.6+15.6 yil olan 100 (45 kadin, 55 erkek) ST’li hasta dahil edildi. Tiimérler 5 gruba ayrildi: a. primitif noroektodermal tumor (PNET)+medulloblastom (MB) b.
evre 3+4 gliomlar, c. evre 1+2 gliomlar, d. metastaz (MET) ve e. lenfoma. PNET&-MB, evre 3+4 gliomlar, evrel+2 gliomlar, MET and lenfomalara ait ortalama ST/SS GDK (x10-3 mm2/s)
degerleri siratylal.21%0.22, 1.38+0.93, 1.98+0.69, 1.48+0.45 and 1.25%0.11. Evre 1+2 gliomlar ve PNET&MB’ler (P=0.018), MET (P=0.004) ve lenfomalar (P=0.002) arasinda anlaml: fark
vard.

Sonu¢  Erigkinde ST ler bazi MR ipuglart ve hasta dzellikleri ile birbirlerinden ayirt edilebilir.
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Goriiniir difiizyon katsayisi; manyetik rezonans; serebellum; serebellar tiimérler
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INTRODUCTION
Posterior fossa tumors are relatively rare in adults in cont-
rast to pediatric age group and a posterior fossa tumor in
an adult have a very diverse differential diagnosis list. Me-
tastasis is by far the most common posterior fossa tumor
in adults. Lung, breast, renal and colon cancers, melanoma
are the most frequent primary tumors to metastasize to
cerebellum like the cerebrum.! And the incidence of me-
tastases is gradually increasing because of the rise in the
survival of the cancer patients.>® When metastases are exc-
luded, primary cerebellar tumors (CT) in adults are rare

central nervous system (CNS) neoplasias.

Although magnetic resonance (MR) imaging is a pivotal
technique for diagnosing and following CTs like the other
CNS tumors, in contrast to histological assessment, it gives
restricted information with respect to tumor classificati-
on and grading.* Location, enhancement pattern, signal
intensity and edema on MRI, give valuable information
about the CTs. However, although a definite preoperative
diagnosis is crucial, making a distinction between various
CTs is difficult and imaging findings usually interfere with
different tumor types. In the current study, we aimed to
evaluate MR imaging findings and patient charactheristics
of the CTs in adults and to make an algorithm to discrimi-

nate these tumours from each other.

MATERIALS and METHODS
The local Institutional Review Board (IRB) approved the
current retropective study and informed consent was wai-
ved for this type of study. A retrospective assessment of our
case records was performed to define adult patients with
CTs who were treated between February 2004 and Septem-
ber 2014. A total of 100 adult patients with pathological-
ly proven CTs were included in the study. There were 45
women and 55 men with a mean age of 46.1 years (range
18-77 years), harboring 3 pilocytic astrocytomas (PA), 11
hemangioblastomas (HB), 5 high grade gliomas (HGG),
13 medulloblastomas (MB), 4 epandimomas (EP), 4 low

grade gliomas (LGG), 2 gliosarcomas (GS), 2 cavernomas

(CA), 2 Lhermitte Duclos diseases (LDD), 4 primary brain
lymphomas, 1 primitive neuro-ectodermal tumor (PNET)
and 49 metastases (MET) (Table 1). All MR images were
obtained by a 1.5 T system (Magnetom Vision, Siemens,

Erlangen, Germany) with a standard head-coil.

Table 1. Histopathologically proven cerebellar tumors

Tumor type Number of patients
49

13

Metastasis

Medulloblastoma

—
—_

Hemangioblastoma

High grade glioma

Low grade glioma

Epandimoma

Primary brain lymphoma

Pilocytic astrocytoma

Gliosarcoma

Cavernoma

[SSIN I NS I (SR OURN TN BN N |

Lhermitte Duclos disease

—_

Primitive neuroectodermal tumor

Age and gender distribution according to tumor types

were given at Table 2.

Table 2. Characteristics of patients according to the tumor
types.
Tumor type Nufnéll)sez Z?r;ai:(:nts Nu;tsez Z?r;a(;li(:nts
Female Male Female Male
PNET+MB 1 10 1 1
Glial 3+4 2 3 1 1
Glial 1+2 11 8 5 2
MET 8 3 10 28
Lymphoma 0 0 4 0

Extra-axial posterior fossa tumors, brain stem tumors and
patients without pathological diagnosis were excluded.
Imaging findings and patient records were retrospectively
evaluated for pathological diagnosis, enhancement pattern
(none, homogeneous, heterogeneous, tiny and mural),
homogeneity on T2-weighted (T2W) images, location,

morphology (cystic, solid and mixt), signal void vessels,
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peri-tumoral edema, ascending or descending herniation,
number of lesions and existence of supra-tentorial lesion.
Ki-67 labeling index was analyzed in 33 patients and valu-
es greater and lower than 10% were accepted as high and

low index, respectively.

The minimum, maximum and mean apparent diffusion
coefficient (ADC) values of the tumors were noted in 62
patients and the mean ADC values of the centrum semi-
ovale (CS) were also recorded as a control. Three region
of interests (ROIs) were hand drawn on the center of the
solid part of the tumor and on the normally-appearing
ipsilateral CS. Final ROI was placed on the tumor cove-
ring the whole borders. The ratio of the mean ADC of the
tumor to the mean ADC of the centrum semiovale was
calculated. We divided patients into five groups in order
to compare the ADC values and ratios as; group 1: PNET
and MB, group 2: HGG and GS (World Health Organisati-
on (WHO) grade 3 and 4 gliomas), group 3: LDD and PA
(WHO grade 1 and grade 2 gliomas), group 4: MET and
group 5: lymphoma.

Statistical Analysis
Mean + standard deviation, minimum and maximum va-
lues were used to describe the quantitative variables. Also,
frequency and percentages are given for the nominal data.
Normality assumption was checked by Shapiro Wilk’s test
and it was found that data do not conform to normal dist-
ribution. Therefore, comparisons of quantitative variab-
les among five-diagnostic groups were assessed with the
non-parametric Kruskal Wallis test. Conover-Dunn mul-
tiple comparison test was used after a significant Kruskal
Wallis test. Distribution of categorical variables was com-
pared among groups with the Pearson Chi-square analysis,
Fisher’s exact test or Fisher-Freeman-Halton’s test. Also,
nonparametric classification and regression tree approa-
ch was used to identify variables discriminating diagnose
groups. For all analyses the IBM-SPSS version 21.0 was

used and the statistical significance was set at P<0.05.

RESULTS
5 cerebellar tumors (1 LGG, 2 LDDs and 2 CAs) were not
enhancing on MR. The remained 3 LGGs were enhancing
of which, 2 tumors had tiny and one tumor had heteroge-
neous enhancement. There were 5 tumors with homoge-
neous enhancement including 4 lung cancer metastases
and one grade 2 EP. Heterogeneously enhanced tumors
were 74 in number. All HGGs, all MBs and both GSs, 3 of
the EPs, all lymphomas, one LGG, one PA, one PNET and
47 of the METs had heterogeneous enhancement. All HBs
had mural enhancement as expected. 2 of the 3 PAs had
mural enhancement and the other one heterogeneously

enhanced.

74 heterogeneously enhanced tumors had all heterogene-
ous signal intensity on T2 weighted images. 15 tumors (6
METs, 3 lymphomas, 3 MBs, 2 HBs and 1 GS) had bila-
teral cerebellar involvement. Left cerebellar involvement
was noted in 38 patients and in 43 patients right cerebel-
lar hemisphere was involved. 4 patients had only vermian
masses and involvement of both vermian and one of the
cerebellar hemispheres was noted in 18 patients (7 METs,
6 MBs, 2 GSs 1 lymphoma, 1 EP and 1 LDD).

4 pure cystic lesions were all lung cancer metastasis (3
non-small cel carcinoma, 1 small cell carcinoma). Of the
remaining 96 cerebellar tumors, 70 were solid masses and
26 were mixt tumors. 30 METs and 11 MBs were solid in
nature. All PAs and HBs were mixt (solid-cystic) type tu-

mors except one solid PA.

Signal voids on T2 weighted images, were not seen in 89
tumors. 4 out of 5 HGGs, 1 GS, 1 HB, 1 PNET, 1 MB, 2
LDDs and 1 MET had signal void vessels on T2 weigh-
ted images. However, on histo-pathological evaluation 23
tumors had vascularity (8 HBs, 4 HGGs, 4 MBs, 2 GSs, 2
PAs, 1 CA, 1 LGG and 1 PNET,).

15 tumors (3 PAs, 4 HBs, 3 EPs, 1 MB, 2 LDDs and 1 LGG)
had no peri-tumoral edema. 6 out of 11 HBs had at least
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minimal edema. All metastases and all MBs had peri-tu-

moral edema.

Descending tonsillar herniation was noted in 17 patients
(7 METs, 4 HBs, 2 MBs, 1 LGG, 1 LDD, 1 lymphoma and 1
PNET). There were only 2 tumors causing ascending her-
niation, one of them was GS and the other one was LDD. 1

HB provoked both ascending and descending herniation.

17 tumors having multiple cerebellar masses of which 12
tumors were metastasis. The remaining 5 tumors whi-
ch were also multiple in number, 3 masses were primary
cerebellar lymphoma and 2 masses were HB. 27 patients
had both infra- and supra-tentorial parenchymal lesion. 20
METs, 3 MBs, 1 GS, 1 EP, 1 HGG and 1 lymphoma com-
prised additional supra-tentorial lesion. 1 lymphoma and
2 METs had additional supra-tentorial meningeal involve-

ment.

Analysis of Ki-67 labeling index revealed low index valu-

es for all LGGs, half of the HGGs/GSs and 42.9% of the
PNET/MBs and high index values for all of the lympho-
mas, half of the HGGs/GSs and 35.7% of the PNET/MB:s.

The minimum, maximum and mean ADC values of the
cerebellar tumors were summarized in Table 3. The ra-
tio of the mean ADC (x10-3 mm2/s) of the tumor to the
mean ADC of the centrum semiovale was 1.21 (£0.22),
1.38 (+0.93), 1.98 (+0.69), 1.48 (+0.45) and 1.25 (+0.11) for
PNET&MBs, grade 3+4 gliomas, grade 1+2 gliomas, METs
and lymphomas, respectively (Table 3).

The mean ADC ratio of the tumor to the centrum semiova-
le, was statistically significant for differentiating the grade
1+2 gliomas from PNET&MB (P=0.018), MET (P=0.004)
and lymphoma (P=0.002) (Figure 1). However, the mean
ADC ratio of the tumor to the centrum semiovale, was not
statistically significant for differentiating grade 1+2 glio-
mas from grade 3+4 gliomas (P=1.00).

Table 3. The minimum, maximum and mean ADC values of the cerebellar tumors and centrum semiovale also the mean ADC ratios

of both.

ADC value PNET+MB Glial 3+4 Glial 1+2 MET Lymphoma
Minimum 248 (1214) 220 (¥213) 565 (1429) 333 (£215) 324 (£189)
Maximum 872 (1833) 900 (+1010) 1423 (£896) 1238 (1902) 941 (+542)

Mean 474 (+414) 451 (1472) 982 (+631) 743 (+476) 661 (+376)
Centrum semiovale 421 (£371) 326 (£340) 525 (£321) 546 (+322) 542 (+310)

The mean ratio 1.20 (30.22) 1.38 (£0.09) 1.98 (30.69) 1.48 (30.45) 1.25 (0.11)

DISCUSSION lymphoma, mean ADC ratios may be useful. However,

ADC in the brain tissue reflects tissue cellularity as quanti-
fied by intracellular volume fraction and extracellular vo-
lume fractions.5 The current study demonstrated that the
highest cellularity was detected for PNET&MB, followed
by lymphoma as indicated by the mean ADC ratios of the
tumor to the centrum semiovale. In order to differentiate
grade 142 cerebellar gliomas from PNET&MB, MET and

differentiation of PNET&MB, MET, lymphoma and grade
3+4 gliomas from each other was difficult and the differen-
ce of the mean ADC ratios was not statiscally significant.

In order to make an algorithm (Figure 2) for discrimina-
ting cerebellar tumors by the findings of the current study;
first of all, homogeneity was assessed and patients were di-

vided into two groups as having heterogeneous (74 cases)
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or homogeneous masses (26 cases) on T2W images. Then,
patients with homogeneous tumors were further divided
into two groups as solid and mixt type tumors or cystic
tumors according to the tumor nature. The 4 cystic tumors
which were also homogeneous masses were all metastasis.
The remaining 22 cases included 21 glial 1+2 tumors and
1 MB. That MB case could be easily differentiated from ot-

hers by means of the mean ADC ratios.
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Figure 1. Box plot diagram obtained from Kruskal-Wal-
lis test, shows the distribution of the mean ADC ratios
of the tumor to the centrum semiovale for five groups
(PNET+MB, glial 3+4 tumors, glial 1+2 tumors, MET, ly-

mphoma).

Figure 2. The algorithm for discriminating cerebellar tu-

mors by the findings of the current study.

Patients with heterogeneous tumors were divided into two
groups as patients younger (30 cases) and older (44 cases)

than 45 years old. And the older group was further divided

into two groups as tumors with peri-tumoral edema (43
cases) and tumors with no peri-tumoral edema (1 case).
The latter tumor was a grade 2 EP. Patients older than 45
years old and having heterogeneous tumors with at least
minimal peri-tumoral edema were all possessing highly
malignant tumors with poor prognosis either metastasis
(35 cases; 81.3%) or primary cerebellar lymphoma (4 ca-
ses; 9.3%) or PNET+MB (2 cases; 4.6%) or grade 3+4 gli-

oma (2 cases; 4.6%).

Younger group of patients who had heterogeneous tumors
were further divided into two groups as male (17 cases)
and female gender (13 cases). On one hand, male patients
with heterogeneous cerebellar tumors who were younger
than 45 years old, had most commonly PNET+MB (10 ca-
ses; 58.8%) followed by MET ( 3 cases; 17.6%), glial 3+4
tumor (3 cases; 17.6%) and glial 1+2 tumor (only 1 case;
5.9%). On the other hand, female patients with heteroge-
neous cerebellar tumors who were also younger than 45
years old, had most commonly MET (7 cases; 53.8%) fol-
lowed by glial 1+2 tumors (3 cases; 23%), glial 3+4 tumors
(2 cases; 15.3%), PNET+MB (only 1 case; 7.6%).

Metastases were by far the most frequent tumor type in
this series as expected. List of primary malignancies is gi-

ven at Table 4.

Table 4. List of primary malignancies

Primary malignancy Number of patients
Non-small cell lung carcinoma 16
Small cell lung carcinoma 12
Ductal carcinoma 10
Renal cell carcinoma 4
Adenocarcinoma 3
Malign melanoma 1
Prostate cancer 1
Choriocarcinoma 1
Gastric neuroendocrine tumor 1

Classically brain metastases are well-defined lesions and

multiple in number with marked edema on MR and that
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finding can cause hydrocephalus, ascending and descen-
ding herniation, brain stem compression and death.® In
this series, majority of the cerebellar metastases, except 4
pure cystic lesions and 2 tumors with homogeneous en-
hancement, had heterogeneous enhancement and all of
them showed at least minimal peri-tumoral edema. One
of the small cell lung cancer metastases was composed of
a smooth margin-cyst with an heterogeneously enhancing

mural nodule.

PA is a common cerebellar tumor in children but in cont-
rast, rarely develops and has a worse prognosis and higher
mortality rate in adults”® Two PAs (2/3) in this series, had
a large cyst with an homogeneously enhancing mural no-
dule and the remaining PA was a solid tumor reflecting the
general imaging patterns.” Our patients had a mean age
of 26.6 years and in all cases peri-tumoral edema was not

detected.

HB is a common intracranial vascular tumor in von Hip-
pel-Lindau disease but, it may also arise without the pre-
sence of that disease in the cerebellum.”® In the current
study, two of eleven patients with HB had von Hippel-Lin-
dau disease and bilateral cerebellar tumors. All of the HBs
were composed of a smooth-margin cyst and a homogene-
ously enhancing mural nodule. Up to 60-70% of hemangi-
oblastomas may have prominent signal voids*'! but in our
series only 9% (1/11) of the cases had signal void on T2

weighted images.

HGGs representing WHO grade 3 and grade 4 gliomas,
are frequent intracranial tumors however, cerebellar loca-
lization is very rare.''® They usually arise in the fifth or
sixth decade of life and our five HGG cases had a mean
age of 42.4 years. Although the most common diffential
diagosis for all cerebellar mass lesions is metastasis, in 80%
of the HGG cases in this series, signal void vessels were de-
tected at the periphery of the tumor and that finding may
suggest HGG in the cerebellum. Differentiation of HGGs

from metastasis or MB or lymphoma by means of the

mean ADC values and ratios was not statistically signifi-
cant. MR spectroscopy and perfusion which were not used
in the current study, may be utilized for discrimination of

HGGs from other differential diagnoses.'®

MB is the most common malignant tumor in the posteri-
or fossa in children however, it is rare in adults and have
different imaging characterictics.””' MBs in children most
often arises from the vermis but in contrast, adult MB ten-
ds to occur at the cerebellar hemispheres.’®!* All MBs in
this series, were located at one of the cerebellar hemisphe-
res (oft-lateral origin) and 4 cases had additional vermian
involvement. In only one case, signal void was noted and
peri-tumoral edema was not detected in another case. All
MBs were heterogenous masses and had heterogenous en-

hancement.

Although 4th ventricule is a prevalent location for infra-
tentorial EPs, cerebellar hemispheres may also be the ori-
gin.? There is no sex propensity?, but in this series all four
EPs were female. 3 EPs heterogenously enhanced and the
remaining had homogenous enhancement. Glial fibrillary
acidic protein (GFAP) was positive in 75% of the cases
(3/4). Peri-tumoral edema was not noted for 3 EPs and in

only one case, minimal edema was detected.

Primary cerebellar LGGs are rare.”> Absence of enhance-
ment is generally the rule for LGGs however, tiny enhance-
ment may be encountered. Nevertheless, an enhancement
in a brain tumor should be regarded as an alarming sign
for progression and in this series, 75% of the LGGs (3/4)
had tiny or heterogeneous enhancement. The number of
the patients were very insufficient in the current study
but cerebellar LGGs may demonstrate enhancement eit-
her tiny or heterogeneous, more frequently than the sup-
ra-tentorial ones. In other words, cerebellar LGGs may
have a more tendency to enhancement than supra-tentori-
al LGGs. That point is remained to be validated with larger

number of samples.
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GS is a type of glioblastoma composed of glial and additi-
onal sarcomatous components. They are highly aggressive
tumors and commonly arise from the supra-tentorial cor-
tex.?*** Primary cerebellar GS is very rare and our 2 cases
(21 and 39 years of age) showed heterogenous enhance-
ment with predominant peri-tumoral edema and vermian
involvement on MR. They all demostrated necrosis, high
vascularity, mitosis rate and Ki-67 labeling index values on

pathological examination.

LDD is a rare benign slowly growing cerebellar tumor whi-
ch is a hamartoma actually, also called dysplastic cerebellar
gangliocytoma. MR imaging findings including striation
and high T2 signal in cerebellum, enlargement of the in-
volved hemisphere and vermis without enhancement,
thickened folia without destruction are pathognomonic
and there is no need to histopathological assessment for
definitive diagnosis.?** Our two cases had high ADC valu-
es as described in the literature.” However, we have noted
signal void vessels within the involved cerebellum in both
patients and that point was not discussed before. One of
the LDD had calcification on CT and caused ascending
herniation while the other case induced descending ton-

sillar herniation.

In the current study, all primary cerebellar lymphomas
were women in contrast to supra-tentorial primary CNS
lymphoma cases in which male predominancy is seen.”
Supratentorial location is found in 75%-85% of the lymp-
homa cases and primary cerebellar origin is very rare.” As
it is well-known, it is a highly cellular tumor, the reason for
low ADC values and all tumors in this series showed he-
terogenous enhancement with high Ki-67 labeling indexes
indicating high proliferation. 3/4 of the lymphoma cases

had multiple cerebellar masses.

There were several limitations in our study. First of all, a
larger number of patients is necessary to end up with firm
conclusions about differentiation of cerebellar mass lesi-

ons. The relatively small number of patients in this series

is due to our rigid exclusion criteria. Secondly, advanced
MRI techniques, besides diffusion-weighted imaging whi-
ch was performed in some of the patients, were not obtai-
ned for each patient. Third, because only the mass lesions
of the cerebellum were involved within the study, the most
common pathology or space occupying lesion of the cere-
bellum and also a mimicker of tumors; stroke or infarction
was not mentioned in the study. However, despite these
limitations, we argue that the current study overviewed
and has important implications regarding discrimination

of cerebellar tumors in adults.

In conclusion, cerebellar tumors in adults may be differen-
tiated from each other by using some MR imaging clues

and patient characteristics.
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