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Characterization of regional brain metabolic changes in 
18

metastatic melanoma using F-FDG PET/CT imaging: A 

case report

Abstract
Brain metastases occur in 40%-60% of melanoma patients and represent a major clinical challenge with his-
torically poor prognosis. While conventional neuroimaging modalities such as magnetic resonance ima-
ging (MRI) delineate metastases with high speci�city, they cannot capture the widespread cerebral meta-
bolic disruptions that underlie neurological impairment associated with in�ltrative lesions. This case report 

18demonstrates the utility of �uorine-18-�uorodeoxyglucose ( F-FDG) positron emission tomography-com-
puted tomography (PET/CT) in characterizing regional brain metabolic changes in metastatic melanoma. 

18We present a case of a 78-year-old female diagnosed with metastatic melanoma who underwent F-FDG 
PET/CT restaging. The imaging �ndings revealed hypometabolism in regions adjacent to hypoattenuation 
in the left occipital area, which was subsequently con�rmed as a discrete parietal lobe metastasis on MRI. 
Quantitative assessment using MIMneuro software across 84 brain regions revealed di�use metabolic 
disturbances extending beyond the focal lesion. The most pronounced hypometabolism was observed in 
the cingulate gyri (z=-4.47), cerebellum (z=-2.29), pons (z=-2.22), and temporal regions (z=-2.18). In contrast, 
marked hypermetabolism was noted in occipital and parietal regions (z=5.71). These widespread patterns 
support the concept that brain metastases can result in systemic neurological de�cits, disrupting mecha-
nisms related to diaschisis, vascular regulation, and immune-mediated pathways. These �ndings highlight 

18the utility of F-FDG PET/CT in uncovering functional brain alterations not visible on conventional imaging, 
o�ering potential value in clinical decision making and disease assessment of melanoma patients with 
brain metastases
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Introduction

Melanoma is the third most common cause of brain metastases, with central ner-
vous system (CNS) involvement occurring in approximately 40% to 60% of pati-
ents with melanoma [1, 2]. Among solid malignancies, melanoma has the hig-

hest propensity for CNS metastasis [3]. Although historically, clinical data has reported a 
median survival rate of 4 to 5 months, the recent introduction of novel checkpoint inhi-
bitors and targeted therapies has extended the median survival to 12.8 months [4, 5]. Acti-
vating oncogenic B-raf proto-oncogene (BRAF) mutations are present in up to 50% of me-
tastatic melanoma cases and play a key role in supporting tumor cells to survive within the 
brain microenvironment [6, 7] . Melanoma cells can cross the blood-brain barrier and, once 
within the brain, rely on vascular mimicry rather than traditional angiogenesis, with recent 
studies showing increased vascular mimicry density in brain metastases compared to ot-
her sites [8-10].

Conventional neuroimaging modalities provide limited information about functional 
consequences beyond identifying visible lesions. Magnetic resonance imaging (MRI) de-
tects structural changes such as vasogenic edema and mass e�ect but has propensity to 
miss broader metabolic disruption throughout neural networks. This limitation is clinically 
relevant as patients with melanoma brain metastases often present with neurological 
symptoms and cognitive impairment that are excessive for their anatomical size and lo-
cation, indicating widespread functional e�ects not visible on standard imaging [11].

18Fluorine-18-�uorodeoxyglucose ( F-FDG) positron emission tomography-computed 
tomography (PET/CT) evaluates glucose metabolism in melanoma, detecting functional 
disruption that may precede or extend beyond anatomical changes. While well-establi-
shed for staging and treatment monitoring, important limitations include size-dependent
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sensitivity (100% for metastases ≥10mm, 83% for 6-10mm, 
and only 23% for lesions ≤5mm) [12, 13] and false-positive �n-
dings from in�ammatory processes. Despite these constra-

18ints, F-FDG PET provides valuable clinical applications inclu-
ding treatment response prediction through metabolic �are 
(immune activation) or metabolic response (tumor cell death) 
within one week of starting immunotherapy [14], with resi-
dual metastases showing uptake in 56% of cases (62% con�r-
med melanoma, 38% treatment-related immune in�ltrates) 
[15]. Quantitative biomarkers such as total metabolic tumor v-
olume (MTV) o�er prognostic value, with high MTV (>5.6cm³) 
inversely associated with survival; when combined with radi-
omic parameters, MTV strati�es patients into risk categories 
with survival rates of 91.1%, 56.1%, and 19% for low, interme-
diate, and high-risk groups, respectively [16-18], providing 
cost-e�ective prognostic information to complement con-
ventional clinical assessment.

Case presentation

We present the case of a 78-year-old woman with metastatic 

18melanoma who underwent F-FDG PET/CT restaging three 
months after baseline imaging. During this interval, she re-
ceived multiple cycles of chemotherapy and remained in 
good health and was clinically stable, without neurologic 
symptoms nor focal neurologic de�cits. A restaging scan 
was obtained to assess treatment response and evaluate di-
sease progression. 

18Patient preparation followed institutional F-FDG PET 
protocol. She fasted for more than 4 hours, and pre-injection 
glucose was con�rmed to be <200mg/dL to minimize insu-
lin-mediated glucose uptake and enhance tumor-to-back-
ground contrast. A weight-adjusted dose of 14.98mCi (554 

18MBq) of F-FDG was administered intravenously. Imaging 
18was performed 71 minutes after F-FDG administration us-

ing a Siemens Biograph scanner, with the uptake interval se-
lected to ensure adequate tracer interval while maintaining 
acceptable signal-to-noise ratios. Whole-body PET/CT was 
performed to assess both regional brain metabolism and 
systemic disease burden. The CT component provided atte-
nuation correction and anatomical localization, with para-
meters optimized to achieve su�cient detail while mini-

18mizing radiation exposure. Baseline F-FDG PET, which re-
vealed marked hypermetabolism in area adjacent to the me-
tastatic lesion is depicted in Figure 1. 

   

  

18Figure 1. Baseline F-FDG PET (Panel A,C) and fused PET/CT (Panel B,D) imaging scans reveal marked hypermetabolism in the region surrounding the metastatic lesion.
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In the following month (4 months post-baseline), the pati-
ent underwent brain MRI to provide anatomical correlation, 
depicted in Figure 2. Pre and post contrast T1-weighted ima-
ges, along with �uid-attenuated inversion recovery (FLAIR), 
sequences were obtained to identify brain metastases and 
vasogenic edema. Image acquisition was timed close to PET 
imaging to allow interval comparison and maintain a re-
asonable temporal correlation with metabolic data. Baseline 

18CT showed no CNS metastatic disease. However, F-FDG 
PET revealed hypometabolism in the region of hypoattenu-
ation extending from the left occipital horn. This metabolic 
abnormality was subtle, but apparent, when compared to 
the contralateral hemisphere. Subsequent MRI con�rmed a 
discrete lesion in the left parietal lobe, validating PET �n-
dings. MRI also showed vasogenic edema in the left occipital 
lobe white matter extending into the centrum semiovale of 
the left parietal lobe, depicted in Figure 3. This edema pat-
tern indicated that metabolic changes on PET re�ected bro-
ader tissue disruption beyond the tumor itself.

Analysis
Quantitative data was analyzed using MIMneuro software 
version 7.1.5, which provided automated, reproducible asses-
sment of regional brain metabolism. PET images were regis-
tered to a standardized brain template to ensure precise ana-
tomical localization and facilitate comparison with normative 
datasets. We analyzed 84 prede�ned brain regions which cor-
responded to established anatomical and functional territo-
ries. This comprehensive coverage included cortical areas, 
subcortical nuclei, and white matter regions. Standardized 
uptake values (SUV) were generated for each region of inte-
rest and converted to z-scores using age-matched healthy, 
normal controls. Brain regions adjacent to the visible metas-
tatic lesion were excluded from analysis to minimize poten-
tial confounding e�ects. Z-scores were applied to standardize 
�ndings across patients and to detect subtle metabolic chan-
ges which were not evident on visual inspection. This appro-
ach converted subjective interpretation into objective quan-
ti�cation, enhancing both reproducibility and sensitivity.
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18Figure 2. Restaging (Panel A,C) F-FDG PET and (Panel B,D) PET/CT scans 4 months after baseline imaging. Reduced glucose metabolism is seen in the cingulate gyrus, 
cerebellum, pons, and temporal regions. In contrast, the occipitoparietal region demonstrates marked hypermetabolism bilaterally. 



Figure 3.Depiction of FLAIR MRI sequence demonstrating a metastatic lesion in the left occipitoparietal region with surrounding vasogenic edema extending into the 
centrum semiovale of the left parietal lobe.

Quality control involved verifying image registration, eva-
luating motion artifacts, and ensuring that regions of interest 
accurately encompassed the intended anatomical structu-
res. Automated outputs were reviewed by a fellowship tra-
ined attending radiologist and nuclear medicine trained at-
tending physician to identify technical factors that could 
compromise quantitative accuracy.

Results and Discussion

Quantitative analysis using MIMneuro software across 84 
brain regions demonstrated that metabolic alterations ex-
tended beyond the visible metastatic lesion, consistent with 
widespread neural network disruption. Both hypo- and hy-
permetabolic regions were identi�ed, re�ecting heteroge-
neous functional changes and suggesting coexistence of 
distinct pathophysiological processes. These patterns high-
light brain metastases as systemic neurological conditions 
rather than focal lesions, with widespread alterations in regi-
ons distant from the anatomical lesion suggesting disrup-
tion of neural networks through mechanisms extending be-
yond direct mass e�ect.

The most pronounced hypometabolism occurred in the 
cingulate gyri (z=-4.47), a key limbic system component in-
volved in emotional regulation, attention, and cognitive pro-
cessing [19, 20]. The cerebellum (z=-2.29) and pons (z=-2.22) 
exhibited signi�cant metabolic reduction, which could pre-
dispose to gait disturbances or subtle cognitive de�cits gi-
ven the cerebellum's role beyond motor control [21]. Tem-
poral regions demonstrated hypometabolism (z=-2.18) in 

areas essential for language and memory formation. In con-
trast, occipital and parietal visual processing regions exhi-
bited marked hypermetabolism (z=5.71), with the primary 
visual cortex demonstrating elevated activity (z=4.54).

Multiple mechanisms likely underlie the observed hypo-
metabolism. Diaschisis, in which structurally intact regions 
become dysfunctional due to loss of input from connected 
areas, likely contributes to the metabolic suppression seen in 
regions distant from the tumor [22, 23]. Vasogenic edema 
has also been well-established as a cause of regional cortical 

18and subcortical hypometabolism on F-FDG PET imaging. 
Prior work by Powe et al. (1992) and Pourdehnad  et al. (2011) 
demonstrated strong correlation between edema on CT/ 

18MRI and hypometabolism on F-FDG PET, including data 
from a 29-patient cohort published by our group [24, 25]. In 
our ca-se, brain MRI showed FLAIR hyperintensity consistent 
with vasogenic edema in the left occipital white matter ex-
tending into the left parietal centrum semiovale, supporting 
that the edema in Figure 3 is associated with the observed 
metabolic suppression.

Several mechanisms may also underlie the hypermetabo-
lism observed in visual processing regions. Compensatory 
responses to network disruption could enhance visual cor-
tical activity to preserve function despite altered inputs. Lo-
cal in�ammatory responses surrounding the metastatic lesi-
on may contribute [26], as may subclinical seizure activity ori-
ginating from the tumor site [27]. Vascular alterations are 
another potential mechanism; notably, melanoma brain me-
tastases exhibit greater vascular mimicry density than tu-
mors at other sites [10], which may in�uence regional meta-
bolism by modifying blood �ow and nutrient delivery [28]. 
Additionally, the distinct immune microenvironment of brain
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metastases, characterized by immune suppression and locali-
zed in�ammation, likely contributes to these metabolic pat-
terns [29].

Taken together, the ability of PET to detect these wi-
despread functional changes underscores its potential clini-
cal utility. Quantitative metabolic imaging can identify fun-
ctional impairment earlier than conventional imaging, guide 
treatment monitoring, and support prognostic assessment. 
Anti-PD-1 antibodies achieve intracranial response rates of 

1820%-30% in patients with brain metastases, and early F-
FDG PET within one week of initiating immunotherapy can 
predict response through metabolic �are or suppression [14, 
30]. Quantitative metabolic parameters can augment clinical 
prognostic models accounting for performance status, le-
sion number, and extracranial disease [31, 32]. Future rese-
arch should validate these �ndings in larger cohorts, exami-
ne correlations with clinical outcomes, and integrate meta-
bolic imaging with other modalities such as di�usion tensor 
imaging to provide comprehensive assessment of brain net-
work disruption.
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