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ABSTRACT

INTRODUCTION: Quantitative values of CT attenuation, apparent diffusion

coefficient (ADC) and standardized uptake value (SUV) were investigated for

differentiation between pineal parenchymal tumors (PPTs) and germinomas.

Differences in age, sex and calcification pattern were also evaluated.

METHODS: Twenty-three patients with PPTs and germinomas in 20 years were

retrospectively enrolled under approval of institutional review board. CT attenuation,

ADC and SUV (20, 13 and 10 patients, respectively) were statistically compared

between the two tumors. Differences in sex and patterns of calcification (“exploded” or

“engulfed”) were also examined. Mean patient ages were compared among three groups

of pineoblastoma, pineal parenchymal tumor of intermediate differentiation (PPTID) &

pineocytoma and germinoma.

RESULTS: None of the quantitative values of CT attenuation, ADC and SUV showed

significant differences between PPTs and germinomas (p > .05). However, there was

significant difference in age (p <.05) among three groups of pineoblastoma (mean age

* standard deviation: 7.0 + 8.7 years), PPTID & pineocytoma (53.7 + 11.4 years) and

germinoma (19.1 £ 8.1 years). Sex also showed significant differences between PPTs



and germinomas (p = .039). Exploded pattern of calcification was found in 9 of the 11

PPT patients, and engulfed pattern in 7 of 9 patients with germinomas. No reverse

pattern was observed, and the patterns of calcification were considered highly specific

of tumor types.

CONCLUSIONS: None of the quantitative imaging values could differentiate PPTs

from germinomas. Age, sex, and calcification patterns were confirmed useful in

differentiating these tumors to some degree.

Keywords: Pineal tumor; Germinoma; CT attenuation; Apparent diffusion coefficient;

Standardized uptake value.



Tumors of the pineal region are uncommon and account for approximately 0.4 - 1%

of all intracranial tumors in American and European literatures, but higher incidence of

up to 3.2% is reported from Japan[1]. Pineal tumors consist of a very heterogeneous

group of tumors including germ cell tumors (GCTSs) (40%), pineal parenchymal tumors

(PPTs) (14 - 27%) and neuroepithelial tumors, such as astrocytoma, ependymoma and

papillary tumor of the pineal region[2,3,1]. In GCTs, germinoma accounts for the

majority of intracranial GCTs (68 - 86%)[2,4,5], which can be treated successfully with

a combination of chemotherapy and radiotherapy. Therefore, biopsy is sufficient for

diagnosis of germinoma[6], which is different from PPTs that are categorized into 3

subtypes: pineocytoma (grade 1), pineal parenchymal tumor of intermediate

differentiation (PPTID) (grade 2 or 3) and pineoblastoma (grade 4)[3,7]. Surgical

resection is mainly selected for pineocytoma occasionally combined with adjuvant

chemotherapy and/or radiotherapy[8]. Treatment of PPTID varies from surgery to

radiotherapy (radiosurgery or craniospinal irradiation) alone and chemotherapy[9,10].

Standard care of pineoblastoma includes maximal surgical resection with adjuvant

craniospinal radiation and systemic chemotherapy[11]. Therefore, differentiation

between germinoma and PPTs before surgical procedure is highly important.

For differentiation between PPTs and germinomas, age, sex and patterns of



calcification, i.e. “exploded” or “engulfed”, have been reported useful[4,2,12], and
physiological pineal calcifications are frequently observed on CT[13]. Other imaging
characteristics of these tumors at the pineal region have been described on CT and MR,
but their qualitative evaluations could not differentiate the two entities[14,15]. However,
there have been only a few studies on 8F-fluoro-2-deoxyglucose-positron emission
tomography (FDG-PET). There were only two case reports on FDG-PET findings in
pineoblastoma[16] and mixed GCT[17]. No comprehensive imaging study including all
conventional imaging methods of CT, MRI and FDG-PET has been conducted to
differentiate germinomas and PPTSs.

The purpose of this study was to make a comprehensive evaluation on differential
capability between germinomas and PPTs using quantitative values of CT attenuation,
apparent diffusion coefficient (ADC) and standardized uptake value (SUV). We also
evaluated their age, sex and patterns of calcification as “exploded” or “engulfed”, if

calcification was present on CT.

MATERIALS AND METHODS
Patients

This study was approved by the institutional review board. Informed consent was



waived due to retrospective nature of this study. The institutional medical recording

system and the pathology data base were searched for patients who had CT, MR and

FDG-PET imaging with histological verification of germinoma and PPTs between

January 1993 and December 2012. Twenty-three patient records (12 females and 11

males; mean 31 years old, ranged from 1 to 68 years) were found and analyzed for this

study. Twelve patients had PPTs (5 pineocytomas, 4 PPTIDs and 3 pineoblastomas),

and 11 patients had pure germinomas. Imaging was conducted using CT, MRI and

FDG-PET in 23, 14 and 10 patients, respectively, but 3 and 1 patients were excluded

from CT and MRI, respectively, because they were scanned after biopsy. Patient

characteristics are summarized in Table 1.

CT Imaging

CT images were obtained with a 64-channel multi-detector row CT (MDCT) scanner

for 5 patients, a 16-channel MDCT scanner for 4 patients (Aquilion 64 and 16,

respectively, Toshiba Medical Systems, Otawara, Japan), and a 4-channel MDCT

scanner for 11 patients (W-3000, Hitachi Medical Co, Tokyo, Japan). Resolutions of all

CT images were 0.4 mm x 0.4 mm x 7 - 8 mm.



MR Imaging

MR scans were conducted with a 3T scanner for 6 patients and a 1.5T scanner for 5
patients (MAGNETOM Trio and MAGNETOM Symphony, respectively, Siemens
Medical Systems, Erlangen, Germany). The other 1.5T scanner was used for 2 patients
(Signa Genesis, GE Medical Systems, Milwaukee, Wisconsin, USA). In addition to
axial T1-weighted, T2-weighted and FLAIR images, contrast-enhanced axial
T1-weighted images were acquired after administration of a Gadolinium contrast agent
(0.1 mmol/kg). Diffusion weighted imaging (DW1) was acquired with the following
parameters: TR = 3700 - 10000 ms; TE = 80 - 101 ms; slice thickness = 3 - 5 mm; slice
spacing = 1 - 1.8 mm; pixel spacing =0.9 - 1.7 mm x 0.9 - 1.7 mm; FOV =220 mm x
220 mm. DWI was conducted with 2 different motion-probing gradient values (b =0
and 1000 s/mm?) applied in 3 orthogonal directions. The acquired images were
combined to form a single composite DWI and their apparent diffusion coefficient

(ADC) values were calculated for each pixel to make ADC images.

FDG-PET Imaging
FDG-PET scans were conducted using a PET/CT scanner for 7 patients and a PET

scanner for 3 patients (Discovery ST Elite and Advance, respectively, GE Healthcare,
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Waukesha, W1, USA). Patients fasted for at least 4 hours prior to the scans. After

intravenous administration of 4 MBg/kg of FDG, patients rested in a waiting room for

30 minutes. Emission scans of the brain were conducted for 15 minutes with 128 x 128

matrix and 47 slices and 128 x 128 matrix and 35 slices, resulting in resolutions of 2.0

mm X 2.0 mm x 3.27 mm and 2.0 mm x 2.0 mm x 4.25 mm, respectively for the

scanners.

Data Analysis

All images were evaluated independently by 2 experienced neuroradiologists (T.K. and

R.S., both had experience in diagnostic imaging for 9 years) blinded to clinical data.

Region of interests (ROIs) for the tumors were defined on an analysis console

(Advantage Workstation 4.4, GE Medical Systems, Milwaukee, Wisconsin, USA) to

measure maximum and mean non-enhanced CT attenuation values (CTmax and

CTmean, respectively), mean and minimum ADC values (ADCmean and ADCmin,

respectively) and mean and maximum SUV (SUVmean and SUVmax, respectively).

ROIs were drawn on one slice with the largest enhancement area by referring to the MR

or CT images. Regions suggestive of a cystic change, necrosis or calcification were

excluded from ROIs. When only FDG-PET imaging existed (1 patient of pineoblastoma
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and 1 patient of germinoma), ROIs were drawn by referring to FDG uptakes. We

evaluated presence and pattern of calcification as “exploded” or “engulfed” on axial

non-enhanced CT.

Statistical Analysis

Inter-observer variability was evaluated using intraclass correlation coefficient

(ICC)[18] for measuring the quantitative values and ROI sizes. The measured values of

two evaluators were averaged and compared between germinoma and PPTs using

Mann-Whitney test. Age difference was compared among 3 groups of germinomas,

pineoblastomas and PPTIDs & pineocytomas using Kruskal-Wallis test, because the

pineoblastoma is found in much younger patients than the pineocytoma or PPTID. Sex

difference was examined with Fisher’s exact test. A p value less than .05 was

considered statistically significant. Statistical analysis was conducted with a

commercially available statistical software package (MedCalc Version 12.5.0, MedCalc

Software, Mariakerke, Belgium).

RESULTS

ICCs were 0.76 to 0.99, which was recognized as good to excellent inter-observer

12



reproducibility[19] for all the quantitative values and ROI sizes. Statistically significant

difference was not found between germinoma and PPTs for any of the measured

quantitative values (p = .17, .08, .72, .09, .61 and .91 respectively for CTmax, CTmean,

ADCmean, ADCmin, SUVmean and SUVmax; see Tables 1 & 2 and Figs. 1 - 4).

Calcification was detected in 9 of 12 patients (75%) with PPTs, and all cases

showed “exploded” calcification. Seven of 11 patients with germinoma had calcification,

and “engulfed” calcification was found in all cases (Fig. 4). No discrepancy was

observed between the observers.

The mean ages + standard deviations were 19.1 + 8.1, 7.0 £ 8.7 and 53.7 + 11.4

years old for patients with germinoma, pineoblastoma and PPTIDs & pineocytomas,

respectively. When these 3 groups were compared, significant difference was observed

among the all 3 groups (p < .05, post-hoc analysis, Fig. 5). Eight out of 11 patients were

male in germinoma, and 9 out of 12 were female in PPTs. The difference was

statistically significant (p = .039).

DISCUSSION

This is the first study that investigated quantitative imaging values of CT attenuation,

ADC and SUV, comprehensively, for differentiation between germinomas and PPTs.

13



The imaging spectrum of these tumors has been described[4,12,14,15,2], but most

findings are limited to CT or MRI. There are two case reports on its very high uptake by

FDG-PET imaging in pineoblastoma[16] and little uptake in mixed GCT[17], but no

report exists on pineocytoma and PPTID on FDG-PET. Moreover, no comparison has

been conducted comprehensive of all modalities between PPT and germinoma, which

was conducted in this study. We focused on pure germinoma, because GCTs except

germinoma can be generally differentiated using serum and cerebrospinal fluid (CSF)

levels of tumor-produced oncoproteins (a-fetoprotein, 3-human chorionic gonadotropin

(B-hCG), placental alkaline phosphatase)[2].

On CT, the pineoblastoma and germinoma are frequently recognized as

hyper-attenuating masses, which reflect highly cellular histologic features compared

with the pineocytoma and PPTID[2]. However, the difference in CT value between the

germinoma and PPT was around 3 Hounsfield unit (HU) (see Table 2), which was not

statistically significant.

Dumrongpisutikul et al.[20] have proposed the utility of ADC values between the

germinoma and PPT. They found that germinoma had higher ADC values than the

pineal cell tumors, however, we found no significant difference in ADC values between

PPTs and germinoma. They drew ROIs covering the entire lesions inclusive of cystic or

14



necrotic regions, while we put them on areas with contrast enhancement because such

region size may vary. The ADC value of the solid portion of the tumor is considered to

have limited role in making differential diagnosis.

In FDG-PET, no study that compared between PPTs and germinomas has been

reported. This is the first study to investigate the difference, but no significant

difference was found between germinomas and PPTs. In average, Germinomas had

higher SUVs than PPTs, though two cases of pineocytoma had very high SUVs (see

Table 1). The pineocytoma is a low-grade tumor and may retain functionality. FDG

uptake reflects not only cell density and mitotic activity of pineal tumors, but also other

activities such as regulation of certain circulating hormone levels and short-term (e.g.,

diurnal or circadian) biologic rhythm[13]. Such complex activity of the pineal tumor

may result in failure of differentiation using SUV values.

It has already been reported that germinomas “engulf” physiological calcifications,

whereas PPTs scatter or “explode” calcifications[4,2]. When calcification existed, the

pattern classification was considered to have high differentiation capability of the two.

In this study, these two tumors were completely differentiated by the patterns with no

disagreement between the two evaluators. However, calcification was detected in 75%

on non-enhanced CT. Other clues for differentiation might be required.
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The pineocytoma and PPTID occur predominantly in adults from the third to sixth

decades of age[13], whereas the pineoblastoma most commonly occurs in the first 2

decades[7]. Ninety percent of patients with the germinoma are less than 20 years

old[4,7]. The mean ages of the 3 tumor groups were statistically significant, but there

was large overlap between pineoblastoma and germinoma (see Fig. 5), and

differentiation was considered difficult between them.

No gender predilection is reported in pineocytoma and pineoblastoma, but a slight

female preponderance is reported in PPTID[7,2]. Germinoma in the pineal region are 10

times more common in males[7]. In this study, all of PPTID patients were female, and

male predominance was found in germinoma. Statistically, there was significant

difference between PPT and germinoma in sex. However, there were 3 female patients

out of 11 germinoma patients, and its differentiation from pineoblastoma is considered

difficult.

There is a limitation in this retrospective study that the numbers of patients with

PPTs and germinomas were relatively small, which is inevitable considering relative

rarity of these tumors. As the other limitation, we have to consider errors caused by

difference in MR imaging methods, such as magnetic field strengths (i.e. 1.5T vs. 3T),

MR vendors and imagers for measuring the ADC values, which were 4 - 9%, 7% and up

16



to 8%, respectively [21]. ADCmin had weak tendency (p = 0.09) to differentiate PPT

from germinoma. Variability in MR imaging methods might obscure the potentially

existing difference between these two tumors, but images only form a single MR

imaging method may not be technically feasible due to the aforementioned reason.

CONCLUSIONS

Roles of quantitative values of CT attenuation, ADC and SUV were investigated in

differentiating between PPTs and germinomas, but none was found useful. However, as

was previously reported, age, sex and calcification patterns had statistically significant

differences and were confirmed useful in differentiating these tumors to some degree. In

PPTs, we may distinguish pineocytomas and PPTIDs from pineoblastomas, because

their age distributions are highly different. However, differentiation between

pineoblastomas and germinomas is difficult, when there is no calcification.
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TABLES.

Table 1. Patient characteristics and quantitative imaging values

CTmean  CTmax ADCmean ADCmin
No. Age Sex Pathology Calcification SUVmean  SUVmax
(HU) (HUL) (x 10 mm3s)  (x 106 mm?/s)
1 55 F Pineocytoma 33.8 48.5 Exploded 912.3 606.5 5.1 7.72
2 63 F Pineocytoma 40.6 54 - 813.2 570 n.a. n.a.
3 62 F Pineocytoma 36.2 48 Exploded 523.1 391 16.82 28.82
4 30 M Pineocytoma 36.1 475 Exploded 653.1 488.5 9.39 11.76
5 68 M Pineocytoma 39 58.5 Exploded 747.2 574 5.59 6.67
6 55 F PPTID 39.3 57 Exploded n.a. n.a. n.a. n.a.
7 55 F PPTID 32.8 48 Exploded 1406.4 1160 5.53 6.26
8 43 F PPTID 39.8 57 - n.a. n.a. n.a. n.a.
9 52 F PPTID 40.4 53 Exploded 996.1 705 n.a. n.a.
Pineoblastom
10 17 F 45 58 Exploded n.a. n.a. n.a. n.a.
a
Pineoblastom
11 1 F 434 67 Exploded 750.1 321.3 n.a. n.a.
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Note: ADC = apparent diffusion coefficient, HU = Hounsfield unit, n.a. = not available, PPTID = pineal parenchymal tumor of

intermediate differentiation, SUV = standardized uptake value.
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Table 2. Differences between PPT and germinoma in CTmax, CTmean, ADCmean,

ADCmin, SUVmean and SUVmax

PPT G
Quantitative median median
n p value
values (interquartile range)  (interquartile range)
CTmax (HU) 20 54.0 (48.1-57.8) 57.5 (53.4-60.5) 17
CTmean (HU) 20 39.3 (36.1-40.6) 40.4 (39.8-44.0) .08
ADCmean
13 781.6 (700.1-954.2)  758.6 (703.9-816.6) 72
(x10°° mm?/s)
ADCmin
13 572.0(439.8-655.8)  414.0 (324.1-490.0) .09
(x10°° mm?/s)
SUVmean 10 5.73 (5.53-9.39) 6.85 (4.09-8.66) .61
SUVmax 10 7.20 (6.43-11.76) 9.64 (6.49-11.15) 91

Note: ADC = apparent diffusion coefficient, G = germinoma, HU = Hounsfield unit, PPT = pineal parenchymal tumor, SUV =

standardized uptake value
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FIGURE

Fig 1. Plots of quantitative values for comparisons between PPT and germinoma. No

significant difference was observed between them. The long horizontal bars indicate

median values, and the short horizontal bars show interquartile range.

Note: ADC = apparent diffusion coefficient, HU = Hounsfield unit, PPT = pineal

parenchymal tumor, SUV = standardized uptake value

52F

48t
44t

HU

40 F

36 F

T0F

65

60 F

HU

55+
50 F

ask

CTmean

———aa 3

A 1
Germinoma PPT

CTmax

, ,
Germinoma PPT

%«10% mm?/s

%10 mm?/s

1500 F
1400
1300
1200 ¢
1100 ¢
1000 ¢
900 ¢
800
700 ¢
600
500 E

1200 F
1100 ¢
1000 ¢
900 ¢
800
700 ¢
600 F
500 ¢
400 ¢
300

ADCmean

L i
Germinoma PPT

ADCmin

;
Germinoma PPT

25

24F
20}
16+

SUVmean

(=T
T T T

_ _|_

1

L L
Germinoma PPT

SUVmax

L L
Germinoma PPT




Fig 2. Diffusion-weighted images of pathologically proven (A) pineocytoma, (B)
PPTID, (C) pineoblastoma and (D) germinoma. They have minimum ADC values of
574, 705, 343 and 325 x 10 mm?/s, respectively.

Note: ADC = apparent diffusion coefficient, PPTID = pineal parenchymal tumor of

intermediate differentiation
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Fig 3. FDG-PET images of (A) pineocytoma, (B) PPTID, (C) pineoblastoma and (D)
germinoma. They have maximum SUV values of 6.67, 6.26, 6.43 and 9.88,
respectively.

Note: PPTID = pineal parenchymal tumor of intermediate differentiation, SUV =

standardized uptake value
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Fig 4. CT images of pathologically proven (A) pineocytoma, (B) PPTID, (C)

pineoblastoma and (D) germinoma. They have mean CT values of 36.1, 32.8, 45.0 and

49.5 HU, respectively. Cases A, B and C show “exploded” calcfication, whereas case D

shows “engulfed” calcification.

Note: HU = Hounsfield unit, PPTID = pineal parenchymal tumor of intermediate

differentiation
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Fig 5. Age difference among germinomas, pineoblastomas and PPTIDs &

pineocytomas. Significant difference is observed in all pairs of the three groups (p < .05,

post-hoc analysis). The long horizontal bars indicate mean values, and the short

horizontal bars show 95% confidence intervals.

Note: PB = pineoblastoma, PC = pineocytoma, PPTID = pineal parenchymal tumor of

intermediate differentiation
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