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Simple Summary

Hemangioblastomas are benign World Health Organization grade I vascular central ner-
vous system tumors that arise sporadically or as manifestations of von Hippel–Lindau
disease. This study investigated the utility of arterial spin labeling, a noninvasive magnetic
resonance imaging technique, compared with dynamic susceptibility contrast imaging-
derived metrics for differentiating hemangioblastomas from other types of posterior fossa
brain tumors. Across two adult patient cohorts, hemangioblastomas consistently showed
much higher blood flow than non-hemangioblastoma tumors. Among several imaging
measures, including regional cerebral blood flow, regional and corrected cerebral blood
volume, and permeability index values, arterial spin labeling-derived perfusion showed
the strongest diagnostic performance, with very high sensitivity and specificity. Arterial
spin labeling imaging may help identify highly vascular tumors, such as hemangioblas-
tomas, without the need for contrast agents, making it a useful and noninvasive tool for
improving diagnosis and supporting clinical decision-making in patients with posterior
fossa brain tumors.

Abstract

Background/Objectives: Diagnosing hemangioblastomas using magnetic resonance imag-
ing (MRI) is challenging, especially when the tumors appear as solid posterior fossa masses.
This study aimed to evaluate the diagnostic performance of perfusion MRI and identify the
most useful quantitative features for differentiating hemangioblastomas from other poste-
rior fossa tumors. Methods: Forty-five posterior fossa tumors were analyzed, including
18 hemangioblastomas (HB group) and 27 non-hemangioblastoma tumors (NHB group;
8 metastatic brain tumors, 6 pilocytic astrocytomas, 5 malignant lymphomas, 4 glioblas-
tomas, 2 medulloblastomas, and 2 other tumors). All patients underwent 3.0-T MRI.
Arterial spin labeling (ASL) was used to calculate the relative tumor blood flow normalized
to the contralateral gray matter. Dynamic susceptibility contrast (DSC) imaging was used
to obtain regional cerebral blood flow, regional and corrected cerebral blood volume (CBV),
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and permeability index (K2) values. Regions of interest (ROIs) were placed within the
contrast-enhancing areas. Results: The relative ASL values and corrected CBV were signifi-
cantly higher in hemangioblastomas than in other tumors (p < 0.001). Relative ASL showed
the highest diagnostic performance (sensitivity, 100%; specificity, 93.3%). Conclusions:
Non-contrast ASL showed strong diagnostic performance for identifying posterior fossa
hemangioblastomas and may serve as a practical alternative to contrast-enhanced DSC,
although ROI placement can be challenging in very small mural nodules.

Keywords: arterial spin labeling; cerebellar tumor; dynamic susceptibility contrast; heman-
gioblastoma; magnetic resonance imaging; posterior fossa tumor

1. Introduction
Hemangioblastomas are benign World Health Organization grade I vascular cen-

tral nervous system tumors that arise sporadically or as manifestations of von Hippel–
Lindau disease. The overall incidence of central nervous system hemangioblastomas is
low, with data from the United States indicating an overall incidence rate of 0.141 per
100,000 person-years [1]. Hemangioblastomas account for approximately 1–2.5% of in-
tracranial tumors [1,2] and 7–12% of posterior fossa tumors [2]. They are most commonly
found in the cerebellum (45–50%), followed by the spinal cord (40–45%) and brainstem
(5–10%) [3–5].

From a histological perspective, hemangioblastomas consist of stromal cells with
plump foamy cytoplasm and profuse capillary networks [6], with subclassification into
reticular and cellular variants [6,7]. Common magnetic resonance imaging (MRI) find-
ings in cases of hemangioblastoma include small, vascular, intensely contrast-enhancing
mural nodules associated with an adjacent non-contrast-enhancing cystic mass [8]. How-
ever, a substantial proportion of hemangioblastomas presents as solid tumors [8], mak-
ing accurate diagnosis difficult, particularly in the posterior fossa where multiple tumor
types share similar imaging characteristics [9]. Recent deep-learning approaches based on
contrast-enhanced T1-weighted imaging have also been explored to improve preoperative
discrimination of hemangioblastoma from other posterior fossa tumors [10].

Hemangioblastomas are characterized by marked vascularity and dense tumor stain-
ing on angiography. A number of techniques have been devised for evaluating cerebral
perfusion imaging [11–13], of which the dynamic susceptibility contrast (DSC) method is
the most widely employed among clinical MR imaging professionals [14]. DSC imaging
methods exploit signal changes accompanying the passage of a paramagnetic contrast agent
through the cerebrovascular system, with this information used to derive data on blood
volume and flow [15–19]. Studies using DSC and dynamic contrast-enhanced MR perfusion
imaging have reported increased vascular perfusion in hemangioblastomas [20], relative
to brain metastases [21,22], pilocytic astrocytomas [20,22], and medulloblastomas [22,23].
Arterial spin labeling (ASL) is a noninvasive MR perfusion technique that uses magnetically
labeled arterial water instead of exogenous contrast agents, and it has been shown in a
recent systematic review and meta-analysis to offer potentially comparable, non-inferior
diagnostic accuracy to DSC in pediatric patients with a range of high- and low-grade brain
tumors [24]. Despite these findings, relatively little is known regarding the comparative
diagnostic performance of DSC versus ASL in adult patients with hemangioblastoma. This
study aimed to explore the use of MRI-based perfusion imaging to diagnose hemangioblas-
tomas and to identify the most informative quantitative features, specifically comparing
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DSC and ASL. This study extends prior work by systematically comparing ASL-derived
perfusion and DSC-based metrics in posterior fossa tumors.

2. Materials and Methods
2.1. Patients

We reviewed the clinical and imaging records and surgical pathology results of patients
with posterior fossa tumors at our institution between January 2013 and August 2021. All
diagnoses were confirmed by histopathological examination of the surgical specimens,
and patients without histopathological confirmation were excluded. In the first cohort
(cohort 1), patients were included if they had (1) an intra-axial posterior fossa tumor and
(2) both ASL and DSC imaging findings. A total of 27 patients with confirmed pathological
tumor diagnoses were stratified as follows: HB group (12 hemangioblastomas) and NHB
group (15 non-hemangioblastomas: 6 metastatic brain tumors, 3 pilocytic astrocytomas,
3 malignant lymphomas, 2 glioblastomas, and 1 medulloblastoma).

In the second cohort (cohort 2), patients were included if they had (1) an intra-axial
posterior fossa tumor and (2) ASL imaging. Forty-five tumors met the inclusion criteria as
follows: HB group (18 hemangioblastomas) and NHB group (27 non-hemangioblastomas:
eight metastatic brain tumors, six pilocytic astrocytomas, five malignant lymphomas, four
glioblastomas, two medulloblastomas, and two others).

Pediatric patients were defined as those aged <18 years. In the first cohort, NHB group
included 2 pediatric patients; in the second cohort, NHB group included 7 pediatric patients.

The second cohort represents an expanded cohort of patients who underwent ASL
during the same study period. Therefore, the second cohort includes all patients from the
first cohort, as the first cohort is the subset in which both ASL and DSC were available.
A prediction model (see Section 2.5) was developed using the first cohort (development
cohort; HB, n = 12; NHB, n = 15), which was evaluated by predictive performances on a
subset of the second cohort after excluding all patients from the first cohort (validation
cohort; HB, n = 6; NHB, n = 12).

2.2. MRI Protocol

All MRI images were obtained using a 3.0-T unit (Sigma HDxt; GE Healthcare, Mil-
waukee, WI, USA) with an 8-channel phased-array head coil. ASL, and DSC perfusion
images were obtained during the same session.

Three-dimensional ASL was performed using a pseudo-continuous labeling period
of 1500 ms, followed by a 2000 ms post-label delay. Whole axial brain images were
obtained using a three-dimensional (3D) background-suppressed fast spin-echo stack-of-
spirals method, with a repetition time (TR)/echo time (TE) of approximately 5238/13 ms
and field of view (FOV) of 24 × 24 cm. Multi-arm spiral imaging was used, with four
arms and 1024 points acquired on each arm (reconstruction matrix size, 128 × 128); slice
thickness/gap = 6 mm/0 mm; and number of sections = 30.

DSC was performed using single-shot spin-echo echo-planar imaging (SE-EPI) with the
following parameters: TR/TE = 1500/104 ms; FOV = 28 × 28 cm; number of excitations = 1;
matrix size = 128 × 128; and 1 s intervals for 90 s. A bolus injection of gadolinium-based
contrast medium (Magnevist®, Bayer HealthCare Pharmaceuticals, Berlin, Germany) at
an injection rate of 3 mL/s, followed by a 20 mL saline flush, was performed for DSC
acquisition and subsequent T1-weighted post-contrast imaging.

2.3. Image Analysis

All perfusion datasets provided full tumor coverage based on contrast-enhanced T1-
weighted imaging. DSC data were processed using an Olea Sphere V3.0 (Olea Medical,
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Vitrea Workstation V7.1, Canon Medical Systems, Ōtawara, Japan). Region of interest (ROI)
placement was performed manually. Two readers (T.H. and A.I.), who were blinded to the
final histopathological diagnosis, independently delineated ROIs on contrast-enhanced
T1-weighted images. For each tumor, measurements were performed on the axial slice
demonstrating the largest solid enhancing component. ROIs were drawn to encompass
the solid enhancing portion as much as possible while avoiding necrotic/cystic areas and
macrovessels. The mean of the two measurements was used for analysis. ROI placement
may be challenging in lesions with very small enhancing mural nodules, potentially leading
to partial-volume effects; this limitation is addressed in the Discussion section. The regional
cerebral blood volume (rCBV) values were calculated using block-circulant singular-value
decomposition with leakage correction, and the permeability index (K2) values were
computed using the method reported by Boxerman et al. [25]. Additionally, regional
cerebral blood flow (rCBF) was obtained from the DSC perfusion analysis and is reported
in mL/100 mL/min. Corrected rCBV was treated as a unitless relative measure.

For ASL, the relative tumor blood flow (rTBF) was calculated by normalizing the
absolute tumor blood flow to that of the cortical gray matter in the contralateral hemisphere
based on established methods. For tumors crossing the midline, the reference ROI was
placed in the hemisphere least affected by the lesions.

2.4. Statistical Analysis

Analyses were performed using IBM SPSS (version 25.0; IBM Corp., Armonk, NY,
USA), JMP 14.2 (SAS Institute, Cary, NC, USA), and R version 4.4.1 (R Foundation for
Statistical Computing, Vienna, Austria). Data distribution was assessed using the Shapiro–
Wilk test. Continuous variables were compared between groups using the Mann–Whitney
U test, and categorical variables were compared using the chi-square test or Fisher’s exact
test, as appropriate.

Receiver operating characteristic (ROC) analyses were performed, and areas under
the ROC curve (AUCs) are reported with 95% confidence intervals (CIs). AUCs were com-
pared using the paired DeLong test. Sensitivity and specificity are reported with 95% CIs
calculated using the exact binomial (Clopper–Pearson) method. Cutoff values for corrected
rCBV and rCBF were selected by maximizing the Youden index in cohort 1, whereas the
relative ASL cutoff was fixed at 2.3 for the primary and validation analyses. Internal valida-
tion was performed using bootstrap resampling (B = 2000) to obtain optimism-corrected
AUC estimates.

For the model-comparison analysis in cohort 1, we compared conventional MRI
morphology (MRI-only), ASL-only, combined MRI + ASL, and DSC-based models; discrim-
ination was summarized by AUC (95% CI), and AUCs were compared using the paired
DeLong test with internal validation by bootstrap resampling (B = 2000) (Supplementary
Table S1). The methods used in the development and evaluation of the predictions are
detailed in Text S1, aligning with the TRIPOD + AI reporting guidelines [26].

2.5. Ethics Statements

This study was approved by the Ethics Committee of Nagasaki University Hospital
(approval number 22022112-4). This was a retrospective study of medical records, and the
data were analyzed anonymously. All the clinical investigations described in this study
were conducted in accordance with the principles of the Declaration of Helsinki.

3. Results
In total, 27 lesions in 27 patients were evaluated in the first cohort, comprising 12 pa-

tients with hemangioblastomas (HB group) and 15 patients without hemangioblastomas
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(NHB group) (Supplementary Figures S1 and S2). The clinical and demographic informa-
tion of the patients is presented in Table 1. Of these, 14 (51.9%) were men and 13 (48.1%)
were women, with a median age of 57.0 years. Patients in the NHB group were older, with
a median age of 63.0 years (range, 24.0–67.0), compared with a median age of 43.0 years
(range, 37.0–50.3) in the HB group. Male patients accounted for 53.3% (8/15) and 50%
(6/12) of the patients in the NHB and HB groups, respectively.

Table 1. Clinical and demographic characteristics of patients in the first cohort.

Hemangioblastoma
(HB Group)

Non-Hemangioblastoma
(NHB Group)

N 12 15
Age, years (median, range) 43.0 (37.0–50.3) 63.0 (24.0–67.0)

Gender (male) 6 (50%) 8 (53.3%)
Location

Cerebellar hemisphere 8 (66.7%) 8 (53.3%)
Vermis/midline 2 (16.7%) 4 (26.7%)

Cerebellar peduncle involvement 2 (16.7%) 3 (20.0%)
Multiple 0 (0.0%) 4 (27.0%)

Lesion morphology
Predominantly (>80%) solid 3 (25.0%) 10 (66.7%)

Mixed solid and cystic 3 (25.0%) 1 (6.7%)
Cystic (>80%) with enhanced nodule 6 (50.0%) 3 (20.0%)

Necrotic with irregular wall 0 (0.0%) 1 (6.7%)
Volume (mL) 13.5 (7.3–21.1) 16.4 (12.3–30.6)

Cyst type
Extratumoral cyst 6 (50.0%) 1 (6.7%)
Intratumoral cyst 5 (41.7%) 5 (33.3%)

Solid 1 (8.3%) 9 (60.0%)
Hydrocephalus 6 (50.0%) 6 (40.0%)

Enhancement pattern: homogeneous 8 (67.0%) 4 (27.0%)

Lesions most commonly involved the cerebellar hemisphere in both groups, occurring
in 53.3% (8/15) of the patients in the NHB group and in 66.7% (8/12) of the patients in
the HB group. Vermian or midline involvement was observed in 26.7% (4/15) and 16.7%
(2/12) of the NHB and HB groups, respectively, whereas cerebellar peduncle involvement
was present in 20.0% (3/15) and 16.7% (2/12) of the patients, respectively. Multiple lesions
were identified in 27.0% (4/15) of the NHB group but were not observed in the HB group.

Regarding lesion morphology, predominantly (>80%) solid lesions were more frequent
in the NHB group, occurring in 66.7% (10/15) of the patients, compared with 25.0% (3/12)
in the HB group. Mixed solid and cystic morphologies were observed in 6.7% (1/15) and
25.0% (3/12) of patients in the NHB and HB groups, respectively. Cystic lesions (>80%)
with an enhancing mural nodule were identified in 20.0% (3/15) of the patients in the NHB
group and 50.0% (6/12) of the patients in the HB group. Necrotic lesions with irregular
walls were observed in 6.7% (1/15) of the patients in the NHB group but were not present
in the HB group.

Median lesion volume was 16.4 mL (range, 12.3–30.6) in the NHB group and 13.5 mL
(range, 7.3–21.1) in the HB group. Extratumoral cysts were more common in the HB
group, occurring in 50.0% (6/12) of patients, compared with 6.7% (1/15) in the NHB group.
Intratumoral cysts were observed in 33.3% (5/15) and 41.7% (5/12) of the NHB and HB
groups, respectively, whereas solid lesions without cystic components were present in
60.0% (9/15) and 8.3% (1/12) of the NHB and HB groups, respectively.

Hydrocephalus was present in 40.0% (6/15) of the patients in the NHB group and
50.0% (6/12) of the patients in the HB group. Homogeneous contrast enhancement was
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observed in 27.0% (4/15) and 67.0% (8/12) of the patients in the NHB and HB groups,
respectively.

Table 2 shows the various MRI parameters in the first cohort. The relative ASL
values in the HB group, as well as the corrected rCBV and rCBF values on DSC imaging,
were significantly higher than those in the NHB group (p < 0.001). Receiver operating
characteristic (ROC) analysis (Figure 1) demonstrated that the area under the ROC curve
(AUC) for the relative ASL value was 0.994, which was higher than that for any other
perfusion parameter (cutoff value, 2.3; sensitivity, 100%; specificity, 93.3%; Table 3). In
a sensitivity analysis excluding the two pediatric patients (<18 years) in the first cohort,
the diagnostic performance of relative ASL remained essentially unchanged (AUC, 0.994;
sensitivity, 100%; specificity, 92.3%) using the fixed cutoff of 2.3.

Table 2. MRI parameter data in the first cohort.

HB Group NHB Group p Value

Relative ASL median
(25–75th percentile) 9.6 (5.2 to 11.6) 1.2 (0.7 to 1.5) <0.001

DSC perfusion
Corrected rCBV 6.3 (2.0 to 7.2) 1.0 (0.7 to 1.8) 0.001

rCBV 6.7 (1.7 to 8.8) 1.1 (0.4 to 2.1) 0.085
rCBF 84 (65 to 112) 30 (20 to 46) <0.001

K2 −162 (−600 to 729) 76 (−5 to 296) 0.546

Figure 1. ROC analysis for the first cohort.

Table 3. AUC analysis results from the first cohort.

AUC
(95% CI) Cutoff Sensitivity

(95% CI)
Specificity
(95% CI)

ASL 0.994
(0.967–1.000) 2.3 100%

(73.5–100.0)
93.3%

(68.1–99.8)

Corrected rCBV 0.800
(0.591–1.000) 4.9 66.7%

(34.9–90.1)
100.0%

(78.2–100.0)

rCBF 0.856
(0.670–0.989) 65.3 75.0%

(42.8–94.5)
93.3%

(68.1–99.8)

Supplementary Table S1 summarizes the results of discrimination analyses comparing
conventional MRI morphology, ASL, combined MRI + ASL, and DSC-based models with
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internal validation. ASL-only demonstrated superior discrimination compared with MRI
morphology alone (AUC, 0.994 versus 0.786), whereas combining MRI morphology and
ASL yielded the highest performance (AUC, 1.000). Bootstrap internal validation using the
Harrell optimism correction demonstrated sustained model performance after correction
for optimism.

Figures 2 and 3 show representative images from two patients in the first study
cohort, one from the HB group and one from the NHB group. Figure 2 shows images
acquired from a 52-year-old woman with a posterior fossa hemangioblastoma (HB group).
The representative images include contrast-enhanced T1-weighted images and perfusion
maps (ASL, corrected rCBV, rCBF, and K2). Axial T1-weighted MRI after gadolinium
administration revealed an enhancing lesion in the right cerebellar hemisphere. ASL
imaging demonstrated high signal intensity in the same anatomical region that showed
enhancement on post-gadolinium T1-weighted imaging. More diffuse increases in the
corrected rCBV and rCBF were observed on axial imaging. The relative ASL value was
10.0, with a corrected rCBV of 2.1 and an rCBF of 69 mL/100 mL/min.

 

Figure 2. Representative case of hemangioblastoma with marked hyperperfusion on ASL. Represen-
tative images from a 52-year-old woman with a posterior fossa hemangioblastoma (HB group). Top
row, left to right: Axial T1-weighted MRI after gadolinium administration, ASL map, corrected rCBV
map, and perfusion graph. Bottom row, left to right: K2 and rCBF maps. The relative ASL value
was 10.0, with a corrected rCBV of 2.1 and an rCBF of 69. Quantitative values are reported using
ROI-based measurements. Color scales are provided in Supplementary Figure S2.

Figure 3 shows the images acquired from a 24-year-old man with glioblastoma (NHB
group). The representative images include contrast-enhanced T1-weighted imaging and
perfusion maps. Axial T1-weighted MRI after gadolinium administration revealed an
enhancing lesion in the left cerebellar hemisphere. ASL imaging demonstrated low signal
intensity in the same anatomical region that showed enhancement on post-gadolinium
administration in T1-weighted imaging, indicating low perfusion. Low corrected rCBV
and rCBF were observed on axial imaging. The relative ASL value was 1.1, with a corrected
rCBV of 1.1 and rCBF of 21 mL/100 mL/min.
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Figure 3. Representative case of glioblastoma showing low perfusion on ASL compared with
hemangioblastoma. A representative image of a 24-year-old man with glioblastoma (NHB group).
Top row, left to right: Axial T1-weighted MRI after gadolinium administration, ASL map, corrected
rCBV map, and perfusion graph. Bottom row, left to right: K2 and rCBF maps. The relative ASL
value was 1.1, with a corrected rCBV of 1.1 and rCBF of 21.

In the second cohort, the relative ASL value in the HB group was significantly higher
than that in the NHB group (p < 0.001; Table 4). The HB group showed an elevated median
relative ASL value (median, 9.5) compared with the NHB group (median 1.2; Table 5).
Using the fixed cutoff value of 2.3 derived in the first cohort, diagnostic performance was
evaluated in the second cohort; because the cohort 2 includes cohort 1, we additionally
assessed performance in the non-overlapping subset (Table 6). The distribution of relative
ASL values across NHB pathological subtypes is shown in Supplementary Figure S3.

Table 4. Clinical and demographic characteristics of patients in the second cohort.

Hemangioblastoma
(HB Group)

Non-Hemangioblastoma
(NHB Group)

N 18 27
Age, years (median, range) 46.0 (39.0–55.0) 50.5 (10.5–67.3)

Gender (male) 12 (66.7%) 14 (51.9%)
Location

Cerebellar hemisphere 11 (61.1%) 14 (51.9%)
Vermis/midline 5 (27.8%) 8 (29.6%)

Cerebellar peduncle involvement 2 (11.1%) 5 (18.5%)
Multiple 1 (5.6%) 6 (22.2%)

Lesion morphology
Predominantly (>80%) solid 3 (16.7%) 17 (63.0%)

Mixed solid and cystic 5 (27.8%) 3 (11.1%)
Cystic (>80%) with enhanced nodule 10 (55.6%) 6 (22.2%)

Necrotic with irregular wall 0 (0.0%) 1 (3.7%)
Volume (mL) 13.5 (9.6–20.5) 14.3 (9.9–14.7)

Cyst type
Extratumoral cyst 11 (61.1%) 2 (7.4%)
Intratumoral cyst 6 (33.3%) 9 (33.3%)

Solid 1 (5.6%) 16 (59.3%)
Hydrocephalus 10 (55.6%) 15 (55.6%)

Enhancement pattern: homogeneous 13 (72.2%) 6 (22.2%)
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Table 5. MRI parameter data in the second cohort.

HB Group NHB Group p Value

N 18 27

Relative ASL median
(25–75th percentile) 9.5 (5.4–11.1) 1.2 (0.9–1.5) <0.001

Table 6. Validation of the fixed relative ASL cutoff (2.3) in cohort 2.

N
(HB/NHB)

Cutoff
(Relative ASL)

Sensitivity
(95% CI)

Specificity
(95% CI)

Non-overlapping
subset of cohort 2

(excluding cohort 1)
18 (6/12) 2.3 (fixed) 100%

(54.1–100.0) 91.7% (61.5–99.8)

95% CIs were calculated using the exact binomial (Clopper–Pearson) method.

4. Discussion
Perfusion MRI has been widely used to noninvasively evaluate tumor vascularity and

angiogenesis and shows good correlation with histological assessments. The current study
evaluated the imaging and clinical characteristics of patients with posterior fossa intra-axial
tumors across two cohorts, comparing patients with hemangioblastomas (HB group) to
patients without hemangioblastomas (NHB group) [15,27]. The main focus of this study was
to investigate the diagnostic value of ASL imaging for differentiating hemangioblastomas
from other posterior fossa tumors. In the first cohort of 27 patients who underwent both
ASL and DSC imaging, marked differences in perfusion imaging results were observed
between the two groups. The HB lesions demonstrated significantly higher perfusion across
multiple parameters, including ASL, corrected rCBV, and rCBF (all p < 0.001). Among these,
relative ASL was the most discriminative parameter, with excellent diagnostic performance
(AUC 0.994), achieving 100% sensitivity and 93.3% specificity at a cutoff of 2.3. Because
the second cohort includes the first cohort, it does not represent an independent validation
cohort; therefore, we additionally assessed the fixed cutoff in the non-overlapping subset
of the second cohort (Table 6). This supports the potential role of ASL as a non-contrast
perfusion technique for evaluating posterior fossa tumors. Relative ASL showed higher
discriminative ability than DSC-derived parameters for distinguishing hemangioblastomas
from non-hemangioblastomas; however, the DeLong comparison between relative ASL
and corrected rCBV did not reach statistical significance. Bootstrap internal validation
supported the robustness of ASL diagnostic performance after optimism correction.

Relative tumor blood flow measured by ASL is significantly higher in hemangioblas-
tomas than in metastatic tumors [28,29]. In contrast, our study included a larger sample
than previous ASL studies and directly compared ASL with DSC perfusion metrics, en-
abling a more robust assessment of their diagnostic performance. ASL is a promising
perfusion MR method because it is repeatable, cost-effective, and entirely noninvasive, as it
does not require the administration of exogenous contrast agents [30]. These characteristics
are especially advantageous in patients with renal dysfunction, allergy to contrast media,
or when repeated follow-up imaging is required. The usefulness of ASL in evaluating
and differentiating brain tumors has been demonstrated [31,32], and our findings further
support its value in the posterior fossa, where anatomical complexity often complicates
diagnosis. Notably, a characteristic qualitative ASL pattern (“lightbulb sign”), characterized
by intense and homogeneous hyperperfusion within the solid component, has recently been
described in posterior fossa hemangioblastoma and aligns with the marked hyperperfusion
observed in our hemangioblastoma cases [33].
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In particular, the posterior fossa presents unique imaging challenges owing to beam-
hardening artifacts, susceptibility effects from the adjacent bone, and the compact arrange-
ment of critical neurovascular structures. In this context, ASL provides an alternative
to conventional perfusion techniques by offering hemodynamic information without the
susceptibility-related limitations that may affect DSC imaging [30].

In addition to its technical advantages, ASL offers important physiological insights into
tumor vascularity and perfusion characteristics. Tumor blood flow, as measured by ASL,
reflects the underlying angiogenesis and microvascular density, which are key determinants
of tumor behavior and aggressiveness. Prior investigations have demonstrated the utility of
ASL in differentiating tumor recurrence from treatment-related changes such as radiation
necrosis, highlighting its role not only in initial diagnosis but also in longitudinal disease
monitoring [29]. Furthermore, ASL-derived perfusion metrics have shown good correlation
with established perfusion parameters, such as relative CBV obtained from DSC imaging,
supporting its validity as a quantitative imaging biomarker [28]. In the present study,
the marked differences in ASL perfusion values between hemangioblastomas and non-
hemangioblastoma lesions reinforce the sensitivity of ASL to variations in tumor vascularity,
particularly in highly vascular tumors.

Importantly, ASL may also contribute to improved clinical decision-making by en-
hancing diagnostic confidence and potentially reducing the need for invasive procedures
or contrast-enhanced studies. Its repeatability makes it well-suited for treatment response
assessment and surveillance, particularly in patients requiring frequent imaging follow-
up. However, it should be acknowledged that ASL is not without limitations, including
sensitivity to arterial transit time and a lower signal-to-noise ratio compared with DSC
techniques. Despite these challenges, technical refinement continues to improve image
quality and quantitative accuracy. Taken together, our current findings and those presented
in the prior literature suggest that ASL represents a valuable adjunct to conventional MRI,
particularly in complex anatomical regions such as the posterior fossa, and may play an
increasingly important role in the comprehensive evaluation of posterior fossa tumors.
In parallel, transfer-learning and deep-learning approaches have been applied to brain
MRI classification tasks, suggesting potential for automated decision support; integrating
physiologically interpretable perfusion biomarkers such as ASL may improve robustness
and clinical utility of such models [10,34].

A limitation of our study includes the retrospective design. Additional prospective
studies in larger populations are required to further explore the potential advantages of
ASL imaging in the challenging clinical area of posterior fossa tumor diagnosis. Other
limitations include the single-center design, which may have introduced selection bias,
and the relatively small sample size, particularly in the cohort in which both ASL and
DSC data were available. In addition, ROI-based measurements are operator dependent,
and interobserver and intraobserver variability may affect the reproducibility of perfusion
metrics. Accurate ROI placement can be challenging in lesions with very small enhancing
mural nodules, potentially leading to partial-volume effects and reduced measurement
reliability. Although ROIs were independently delineated by two readers and averaged,
formal reproducibility metrics (e.g., intraclass correlation coefficients) were not calculated
and should be evaluated in future studies. Furthermore, imaging was performed on a single
3.0-T scanner using a specific ASL/DSC acquisition protocol and post-processing pipeline.
Therefore, the generalizability of the proposed cutoff values to other scanners, sequences,
and software platforms requires further validation. Finally, not all participants underwent
DSC imaging. To address this, we analyzed two cohorts, but direct ASL–DSC comparisons
were limited to the first cohort. As the second cohort included the first cohort, it did not
constitute an independent external validation cohort; although we assessed performance in
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a non-overlapping subset, independent multi-center validation remains necessary. Given
the small sample size, multivariable modeling may be unstable and should be interpreted
cautiously despite internal validation. Prospective multicenter studies with standardized
acquisition/analysis and reproducibility testing are warranted.

5. Conclusions
Non-contrast ASL showed strong diagnostic performance for identifying heman-

gioblastomas among posterior fossa tumors. ASL may also be valuable in postoperative
surveillance, as it has been reported to assist in detecting residual or recurrent tumors.
Given its strong diagnostic performance, ASL may serve as a practical alternative to
contrast-enhanced DSC in selected settings, suggesting that gadolinium-based perfusion
imaging may not always be essential for evaluating posterior fossa hemangioblastomas.
However, accurate ROI placement may be challenging in cases where the mural nodule is
very small, which should be considered when interpreting ASL findings.
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The following abbreviations are used in this manuscript:

ASL arterial spin labeling
AUCs areas under the ROC curve
CIs confidence intervals
DSC dynamic susceptibility contrast
FOV field of view
MRI magnetic resonance imaging
ROC receiver operating characteristic
ROI regions of interest
rCBF regional cerebral blood flow
rCBV regional cerebral blood volume
rTBF relative tumor blood flow
SE-EPI spin-echo echo-planar imaging
TE echo time
TR repetition time
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