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1. Introduction 

Brain metastases are the most tragic and fatal systemic manifestations of cancer, 

which rank among the top causes of death worldwide [1, 2]. These are the tumors that 

Abstract: This systematic review assesses and analyzes the imaging-based 

screening methods and histopathological correlations that are available for 

the early detection of metastatic brain tumors. It reviews the critical role 

that MRI and CT play as primary diagnostic tools, while advanced 

modalities like PET-MRI, MRS, and DTI help in tumor characterization, 

metabolic profiling, and treatment surveillance. The integration of artificial 

intelligence and machine learning has greatly enhanced image 

segmentation accuracy, classification precision, and survival prediction but 

still suffers from limitations related to dataset dependency, computational 

complexity, lack of interpretability, and clinical validation. The 

histopathological examination is considered the gold standard since it 

provides crucial information on tumor origin as well as 

immunohistochemistry molecular subtype and prognostic markers through 

genomic profiling. Radio genomics trends are emerging more prominently 

with biomarker analytics to highlight how close imaging is converging with 

molecular diagnostics toward precision medicine in neuro-oncology. By 

looking at literature between 2020-2025 this review brings out existing 

research gaps and stresses the importance of multimodal frameworks 

driven by AI integrating imaging pathology plus molecular data for better 

early detection as well as personalized treatment concerning metastatic 

brain tumors. 

Keywords: MRI, CT, Metastatic Brain Tumors, Artificial Intelligence, 

Histopathological Correlation 

 



Scope 
Volume 15 Number 04 December 2025 

 

1103 www.scope-journal.com 

 

result from cancer cells that have spread to the brain through the blood vessels, and 

therefore, the secondary tumors are found in the brain tissue, the meninges, or the 

ventricles. In adults, brain metastasis exceeds primary brain tumors once in every four 

cases [3]. As the incidence of cancer rises across the globe, the incidence of brain 

metastases too has increased, stemming from several factors: improved control of the 

systemic cancer, prolonged overall survival, and improved imaging modalities that are 

more sensitive leading to earlier detection of the metastases [4]. These advancements 

allow patients to live longer with their primary disease, giving metastatic cells more 

time to spread to the brain and be identified through advanced diagnostic imaging. 

Many interventions aimed at assisting patients or interrogating prognostic course 

requires earlier diagnosis of these lesions [5]. 

Human brain is the preferred site where metastatic cells grow as a result of the 

primary cancers that have their origin in the lung, breast, melanoma, renal, and 

colorectal origin due to the unique vascular structures and microenvironment in the 

brain [6, 7]. Metastatic tumors when developed may lead to a devastating neurological 

impairment, cognitive dysfunction, seizure and increased intracranial pressure leading 

to a significant impairment of the quality of life of the patient [8]. Nonetheless, Brain 

tumors going metastasis will spread elsewhere in the body. Therefore, efficient 

screening and correlation with the results of histopathological examination are the 

essential elements of multidisciplinary oncologic care. The interdisciplinary approach 

involving radiology, oncology, and pathology has turned out to be the key to the 

diagnostic accuracy and treatment planning on a case-by-case basis [9]. 
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Figure 1: (a) Mechanism of brain metastasis and (b) the timeline for progress in early 

detection and immunotherapy [10] 

Over the past two decades, these neuroimaging and computational methods 

have undergone massive developments that have completely transformed the 

detection and characterization of brain metastases. As basic tools of screening, 

conventional imaging methods remain the most in use, such as computed tomography 

(CT) [11] and magnetic resonance imaging (MRI) [12], while recent modalities include 

positron emission tomography (PET), magnetic resonance spectroscopy (MRS), and 

advanced diffusion tensor imaging (DTI) that yield functional and metabolic 

information  [13].  

Figure 2: Types of metastatic brain tumour 

Apart from the aspect of the early locating of lesions, these imaging modalities 

are also very important in the differential diagnosis of metastasis from other 

intracranial disorders like primary glioma lesions, an abscess, as well as demyelinising 

lesions (figure 2). After these technological achievements, histopathological 

examination remains the gold standard of a definitive diagnosis where it provides the 
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vital information of tumor type, grade, and Cellular specifications [14]. The 

relationship between the imaging results and histopathology analysis helps to 

diagniosis between the radiological suspicion and diagnostic confirmation, ensuring 

that the tumor is classified correctly and that the result would give a way to administer 

targeted therapies. 

 

1.1 Screening and Imaging Modalities for Early Detection 

The detection of metastatic brain tumors at an early stage relies on screening tools 

that are sensitive and specific enough to detect small lesions even before there are 

neurological problems [15]. Of the available modalities, magnetic resonance imaging 

(MRI) is presently the most sensitive and non-invasive modality for detecting brain 

metastases. MRI's superior contrast for soft tissues and ability to visualize in multiple 

planes allows for lesions as small as 2-3 mm being detected [16]. Using enhanced MRI 

will further increase the detection sensitivity of metastases by demonstrating the areas 

of blood-brain barrier impairment, which is one of the first signs of metastatic 

involvement. The use of advanced MRI techniques, such as diffusion-weighted 

imaging (DWI) and perfusion-weighted imaging (PWI) have expanded diagnostic 

sensitivity by demonstrating tumor cellularity and vascularity, respectively [17]. 

Diffusion-weighted imaging is useful for differentiating cystic or necrotic metastases 

from abscesses, and perfusion-weighted imaging is useful for the assessment of 

angiogenesis and micro vascular proliferation, both of which are important for 

detecting malignant transformation. 

Computed tomography (CT), has sensitivity that is lower than MRI, although it 

is used extensively in the primary examination, particularly in cases of emergency. It is 

also quick and therefore convenient to patients with contraindications to MRI and 

those in urgent need of investigation. Contrast enhancement can also outline various 

metastases, calcifications, and hemorrhagic elements which would not be visible on a 

regular scan [18]. Whole-brain MRI screening being conducted regularly is a common 

practice in patients with established systemic malignancies to identify asymptomatic 

metastases. 

Addition of functional imaging modalities has also contributed to early 

diagnostic abilities. Metabolic and cellular characterization of brain lesions can be 

performed using positron emission tomography (PET) and particularly by using 

combination of CT with PET (PET-CT) or MRI with PET (PET-MRI) [19]. The 18F-

fluorodeoxyglucose (FDG) being the most frequently used tracer demonstrates foci of 

higher glucose rates being affiliated with viable tumor growth [20]. But due to the high 

background uptake in normal brain tissue, new tracers are in use that delineate the 

tumor better into 18F-FDOPA and 11C-methionine. These tracers use the amino acid 

transport systems, which is amplified in the metastatic lesions, and, therefore, 

enhances specificity [21]. 
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Figure 3: Brain metastatic challenges and future direction 

Modern imaging techniques, like magnetic resonance spectroscopy (MRS) and 

diffusion tensor imaging (DTI), serve to add new layers of diagnostic information. 

MRS provides the ability to measure biochemical markers, such as choline, creatine, 

and N-acetylaspartate, providing non-invasive metabolic profiling, there is potential to 

help differentiate metastatic tumors from primary glioma and other intracranial 

pathology [22]. DTI enables more information with the ability to map white matter 

tracts, which facilitates surgical planning and increases our understanding of the 

infiltrative behavior of metastatic cells. 

In the last couple of years, deep learning and machine learning algorithms have been 

implemented in medical imaging, which enabled the detection, segmentation, and 

classification of lesions automatically [23]. Deep learning-trained systems on large 

datasets of imaging are able to detect metastatic brain tumors at an early stage. 

Moreover, radiomics-a newly developed domain based on high-level phenomena of 

medical images-have shown the potential for tumor origin prediction, cell subtype, 

and treatment response [24]. New technologies are establishing the path for more 

specific diagnostics whereby clinicians identify metastases at an earlier phase of the 

disease and make more effective interventions. 

 

1.2 Histopathological Correlation and Diagnostic Validation 

Even though imaging plays an essential role in the non-invasive detection of 

metastatic brain tumours, histopathological examination remains the gold standard 

for confirming the diagnosis as well as for determining tumor biological behaviour 

(such as metastasis, invasion, cell proliferation, genomic instability, etc.) [25]. 

Histopathology reveals the cellular framework, morphologic features, and cellular 

markets that are not even indirectly seen by imaging studies. Usually, 
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histopathological examination involves stereotactic biopsy or surgical resection of the 

tissue followed by microscopic examination of stained sections. Standard brain tumor 

histopathological examination is accomplished by Hematoxylin and Eosin staining 

(H&E) staining for simple cellular morphology, and/or Immunohistochemistry (IHC) 

to detect tissue-specific antigens serving as the primary origin of the tumor[26]. 

 
Figure 4: Schematic representation illustrating key components and processes 

involved in histopathological correlation for brain tumor diagnosis and analysis. 

The correlation of histopathology is very important in making an accurate diagnosis, 

especially when the imaging results are not clear or even contradictory. For instance, 

the lesions that enhance with a ring on MR imaging may be metastases, abscesses, or 

demyelination, thus a cellular study is required to arrive at a certain diagnosis of the 

cancerous nature, as in the case of the original source [27] (figure 4). The brain tumors 

due to metastasis often have features that are akin to the original tumors, such as 

glandular characteristics in adenocarcinomas, melanin in melanomas, or clear 

cytoplasm in renal cell carcinomas. The identification of these structures is helpful 

when differentiation between primary central nervous system (CNS) tumors and 

metastatic cases, which is very critical regarding the choice of treatment, is done [28].  

Histopathological correlation in metastatic brain tumors is important for 

diagnosis confirmation and primary origin determination of the malignancy. It 

includes microscopic examination of tissue sections with H&E staining to assess 

cellular morphology, plus IHC for tumor-specific antigens [29] identification. These 

methods help differentiate metastatic lesions from primary brain tumors and other 

mimicking pathologies. Molecular and genetic profiling can further assist in 

characterizing subtype, predicting prognosis, and guiding targeted therapy [30, 31]. 

Therefore, histopathological correlation is a crucial link between imaging, molecular 

analysis as well as clinical evaluation needed for accurate diagnosis plus personalized 

treatment planning in patients with metastatic brain tumors.  
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This review aims at a critique and comparison of various screening techniques 

and images applied in the early discovery of metastatic brain tumors. This study 

critically appraises  

• existing literature with regard to the diagnostic performance, accuracy, and 

clinical reliability of MRI, CT, and PET imaging modalities 

• their correlation with histopathological findings, and  

• explores the role of artificial intelligence  

• radiomics in enhancing early detection, classification, and prognostic assessment 

of brain metastases.  

The structure of this paper is as follows: Section 2 describes the research 

methodology, Section 3 outlines the literature survey, Section 4 discusses the key 

findings, limitations, and gaps in research, and Section 5 concludes with future 

perspectives in neuro-oncological diagnostics. 

 

2. Review Methodology 

In this part, information is presented on the process and selection criteria that were 

used to select relevant papers for this review. 

 

2.1 Search Strategy 

The main goal of this Systematic Literature Review (SLR), was to investigate and 

examine the current methods and alternative approaches that are available in the 

screening of metastatic brain tumor early on and through confirmatory methods of 

the histopathology. Advanced searches were performed on established databases on 

science i.e. PubMed, IEEE Xplore, Scopus, Science Direct, Springer Link and Web of 

Science to locate the studies. The review was aimed at locating previous studies 

covering diagnostic methods of imaging, histopathological validation, and clinical 

correlations of neuro-oncology. To be used was a broad-based search in the form of a 

keyword search strategy focusing on keywords that can be found in the titles, 

abstracts, and subject areas when it comes to brain metastasis screening and 

diagnostic accuracy. There were no limitations set on the publication year so that both 

classical and contemporary studies are included. Only the academic publications, 

including research papers, conference papers, and reviews were taken into 

consideration. Table 1 presents the research questions used in this review and Table 2 

displays a detailed list of search terms applied 
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Table 1: Research questions formulated for the systematic review 

Sr. 

No. 
Research Question 

1. 
What are the most effective imaging and screening techniques for early 

detection of metastatic brain tumors? 

2. 
How do advanced neuroimaging modalities (such as MRI, CT, and PET) 

contribute to improving diagnostic accuracy in metastatic brain tumors? 

3. 
What is the role of imagein validating imaging-based diagnoses of metastatic 

brain lesions? 

4. 
How can emerging technologies, including AI and radiomics, enhance early 

detection and classification of metastatic brain tumors? 

5. 
What challenges and limitations exist in integrating imaging for 

comprehensive tumor assessment? 

The table 2 and figure 5summarizes the literature search results for the systematic 

review, highlighting the number of research papers extracted under different keyword 

categories related to metastatic brain tumor detection. A total of 892 papers were 

identified, with the highest number focusing on metastatic brain tumor detection 

(210) and neuroimaging modalities (188), followed by studies on early screening 

techniques (165) and histopathological correlation (142). Emerging areas such as 

AI and machine learning applications (121) and radiomics-based image analysis 

(66) also contributed significantly, reflecting growing interest in advanced diagnostic 

technologies. 

Table 2: Total number of papers retrieved for each keyword 

List of Searched Keywords Papers Extracted 

Metastatic Brain Tumor Detection 210 

Early Screening Techniques 165 

Neuroimaging Modalities (MRI, CT, PET) 188 

Histopathological Correlation 142 

AI and Machine Learning in Brain Tumor Diagnosis 121 

Radiomics and Image Analysis 66 

Total 892 

A total of 892 papers were retrieved via the use of various keywords (metastatic brain 

tumor detection, neuroimaging modalities, early screening techniques, 

histopathological correlation, AI and machine learning applications, and radiomics-

based image analysis), and then inclusion and exclusion procedures were carried in 

which the Papers published between 2020 and 2025 were selected, while those 

published before 2020 were excluded. 
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Figure 5: List of various Keywords 

2.2 Scrutinizing of paper for study  

This review used a multi-stage selection of primary studies. During the initial stage of 

selection, 2,335 records were retrieved from the leading scientific databases, PubMed, 

IEEE, Scopus, Web of Sciences, Science Direct and Springer. Subsequently, irrelevant 

and insignificant publications were discarded based on their titles and abstracts.. The 

remaining papers 892 were then inspected for Quality and relevance to the research 

question. Figure 6 shows the entire selection process which followed the PRISMA 

framework. 

The review process is guided with laid down inclusion and exclusion criterion that is 

of paramount help in the selection of quality research articles. The inclusion and 

exclusion criteria for the literature search are as follows: 

• Research publications published from 2020 to 2025 are eligible for inclusion in the 

review for the multiple database (IEEE, web of science, scopuspubmed etc), 

• Excluding the document other than articlsuch as conference paper, conference 

review, review, book chapter, etc 

• Only journal articles are included; conference papers, books, and other document 

types are excluded because in systematic paper the goal is to collect high quality, 

original, peer-reviewed evidence. 

• Articles that are not in the English language are excluded to maintain consistency 

and relevance.  

 

 

 

 

0 50 100 150 200 250

Metastatic Brain Tumor Detection

Early Screening Techniques

Neuroimaging Modalities (MRI, CT, PET)

Histopathological Correlation

AI and Machine Learning in Brain Tumor Diagnosis

Radiomics and Image Analysis

Papers Extracted



Scope 
Volume 15 Number 04 December 2025 

 

1111 www.scope-journal.com 

 

 
Figure 6: A PRISMA-based flowchart for systematic reviews of publications found in 

databases. 

Table 3: The criteria for determining what is Included and Excluded 

Criterion Inclusion Exclusion 

Keywords 

Records conferring the 

relationship (such as Metastasis 

Brain tumor, MRI, CT scan, 

Histopathological Correlation, AI 

etc) 

Records excluded where 

variables exhibit no correlation 

Document 

Type 
Article 

Conference paper, Erratum, 

conference review, book chapter 

and Review 

Source Type Journals 
Book series, book, and chapter 

in book. 

Language English Other than English 

Timeframe Concerning 2020-2025 <2020 

Category Open Access Paid Access 

The PRISMA layout below demonstrates the systematic approach taken to identify, 

screen, and include studies in the review, from 2020 to 2025 (figure 5). Initially, the 

review considered 2,335 studies from2020 to 2025. New records came from various 

databases and registers, specifically IEEE (n=402), Web of Science (n=155), Scopus 

(n=967), PubMed (n=753), Science Direct (n=25), and Springer (n=3), and records from 

organizations (n=57) and websites (n=32). 
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Many reports were excluded on account of inadequate data presentation, n = 143; 

irrelevant to the study objectives, n = 73; improper methodology, n = 27. A total of 46 

studies satisfied all the criteria and could be included into the final systematic review. 

The PRISMA model allows for transparency in the selection process to ensure 

methodological rigor and reproducibility. It illustrates the systematic filtering of the 

literature throughout the process, from identification to inclusion, where careful 

evaluation and exclusion of unsuitable studies have taken place. 

 

2.3 Demography of publication 

Figure 7 captures a distribution overview of the 46 research studies that made it to this 

systematic review annually. It has a steady growth trend between 2020 and 2022, 

which indicates the growing curiosity of early screening and diagnostics of metastatic 

brain tumors. The highest level was attained in 2022 with 10 studies that showed a 

greater exploration of AI-assisted imaging and histopathological validation methods. 

Since then, the number marginally declined, but between 2022 and 2025, the active 

work on the topic was also performed with the emphasis on the perennial significance 

of the combination of imaging technologies with pathological examination to be 

conducted to achieve the early and correct diagnosis. 

 
Figure 7: Annual distribution of selected studies (2020–2025) 

3. Literature Analysis  

Imaging-Based Screening Techniques for Early Detection of Metastatic Brain 

Tumors: MRI and CT Modalities 

Imaging technologies have long played a pivotal role in the early detection and 

characterization of metastatic brain tumors, with modalities like Magnetic Resonance 

Imaging (MRI) and Computed Tomography (CT) forming the diagnostic cornerstone. 

Fatima et al. (2025) [32] emphasized that conventional MRI and CT enable structural 
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identification, while advanced MRI techniques, such as diffusion-weighted and 

chemical-based imaging, allow for the detection of metabolic alterations within 

tumors. Abbasi et al. (2025) [33] looked at the complementary ability of fusion 

imaging, more specifically PET/MRI, which gave views into glioblastoma multiforme 

(GBM) aggressiveness and how it responds to treatment. Likewise, Keck et al. (2025) 

[34] showed the use of MRI for tracking embryonal tumors with PLAGL amplifications 

over time; they noted different radiological patterns that matched up with survival 

outcomes. Roy et al. (2025) [35] added to multimodal diagnostics by bringing together 

MRI, CT, and molecular-level imaging like MRS and fMRI for more exact tumor 

characterization. Gallegos et al. (2025) [36] pointed out conventional MRI and PET's 

limitations in telling apart tumor progression from effects induced by immunotherapy 

which led to checking quantitative MRI and PET biomarkers for early therapy 

monitoring. In pediatric oncology Nikam et al. (2022) [37] discussed advanced MRI 

sequences' importance MR spectroscopy perfusion imaging elastography in 

complementing CT and PET scans for detecting pediatric brain tumors more 

accurately. Kamepalli et al. (2023) [38] emphasized the need for standardized MRI 

protocols including T1W T2W FLAIR DWI sequences to help with differential 

diagnosis tumor grading and treatment planning. Also, Madamesila et al. (2023) used 

longitudinal diffusion imaging plus radiomic analysis from both MR and CT data to 

find metastases several months before they showed up on contrast-enhanced scans 

achieving more than 87% accuracy in detection through machine learning classifiers 

such as XGBoost and Random Forest. 

Table 4: Summary of Key Studies on Imaging-Based Screening Techniques for Early 

Detection of Metastatic Brain Tumors (2022–2025) 

S.No Author (Year) 

Imaging / 

Model / 

Technique 

Used 

Key Findings 

(Including 

Evaluation Metrics) 

Clinical / 

Diagnostic 

Impact 

1 
Fatima et al. 

(2025) 

MRI, CT, PET-

CT, PET-MRI 

Advanced MRI detects 

biochemical tumor 

changes; hybrid PET-

MRI enhances early 

diagnosis; noted scan 

duration and metallic 

implant risks. 

Improved 

diagnostic 

precision and 

treatment 

planning. 

2 
Abbasi et al. 

(2025) 

PET-MRI 

Fusion, FLT-

PET, MATLAB 

& imlook4d 

PET-MRI integration 

improved GBM 

diagnosis; MRI showed 

significant survival-

based variations 

(p<0.04); PET 

Validated PET-

MRI as superior 

tool for GBM 

monitoring. 
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SUVmax, TLA trends 

not statistically 

significant. 

3 
Keck et al. 

(2025) 

MRI, Serial 

Imaging 

Analysis 

Compared PLAGL1 vs 

PLAGL2 amplified 

embryonal tumors; 

progression-free 

survival varied 

(p=0.0055); PLAGL2 

required intensive 

chemotherapy. 

Suggested 

subtype-based 

treatment guided 

by imaging data. 

4 
Roy et al. 

(2025) 

MRI, fMRI, MR 

Spectroscopy, 

CT 

Integrated imaging 

with molecular 

profiling; AI-assisted 

tumor 

characterization; 

nanotechnology-based 

diagnostics emerging. 

Promoted 

multimodal 

imaging for 

personalized 

therapy. 

5 
Gallegos et al. 

(2025) 

Quantitative 

MRI, PET 

Novel MRI/PET 

biomarkers to 

distinguish tumor 

progression vs. 

immunotherapy 

effects; early response 

stratification potential. 

Enabled early 

differentiation of 

therapy response. 

6 
Hussain et al. 

(2024) 

DL Models 

(CNN, RNN, 

GAN), 

Multimodal 

Imaging 

Systematic review of 

DL for tumor 

detection; multimodal 

imaging improved 

classification accuracy; 

emphasized CNN-

based PET-MRI/CT. 

Showed AI’s 

efficiency in 

multimodal 

tumor analysis. 

7 
Chen et al. 

(2024) 

MRI Super-

Resolution (SR) 

Algorithm 

Enhanced MRI 

resolution via deep 

convolutional model; 

outperformed SOTA at 

2× and 4× scaling in 

PSNR & SSIM. 

Improved MRI 

quality aiding 

early clinical 

diagnosis. 

8 
Kong et al. 

(2024) 

Multi-scale 

Feature Fusion 

(M3) on MRI 

PCA + SVM classifier; 

improved glioma and 

metastases 

Strengthened 

diagnostic 

precision using 
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classification; 

validated with ablation 

studies. 

attention 

mechanisms. 

9 
Sarkar et al. 

(2024) 

VGG16 CNN on 

MRI Dataset 

Transfer learning 

enhanced detection 

accuracy; effective in 

identifying tumor 

presence. 

Reliable early 

diagnostic model 

improving 

neuroimaging 

workflow. 

10 
Abdusalomov 

et al. (2023) 

YOLOv7 + 

CBAM + BiFPN 

on MRI 

Achieved higher 

detection accuracy; 

improved feature 

extraction and multi-

scale fusion; large 

dataset used. 

Automated, 

precise multi-class 

tumor detection 

tool. 

11 
Kamepalli et 

al. (2023) 

MRI (T1W, 

T2W, DWI, MR 

Perfusion) 

Standardized MR 

protocol for diagnosis, 

grading, and follow-

up; emphasized 

multidisciplinary 

coordination. 

Enhanced MRI 

utility in diagnosis 

and post-

treatment 

monitoring. 

12 
Madamesila 

et al. (2023) 

Diffusion 

Imaging + 

Radiomics + 

ML (SVM, RF, 

XGBoost, 

AdaBoost) 

Identified metastases 

before manifestation; 

accuracy up to 87.7% 

(training), 85.8% 

(validation); AUC 

~0.91–0.92. 

Enabled 

preclinical 

detection months 

earlier. 

13 
Nikam et al. 

(2022) 

MRI, CT, PET, 

SPECT 

Advanced MRI and 

PET imaging provided 

metabolic and 

structural data; 

radiomics predicted 

tumor subtypes. 

Improved 

pediatric tumor 

diagnosis and 

prognostication. 

14 
Kuestner et 

al. (2022) 

PET/MRI + 

CNN 

37 melanoma patients; 

achieved 95% 

accuracy, 92% 

sensitivity, 96% 

specificity; CNN 

outperformed 

handcrafted features. 

Provided precise 

risk stratification 

for metastases. 

15 
Arabahmadi 

et al. (2022) 

CNN-based 

MRI Analysis 

Reviewed DL 

applications for MRI-

Highlighted AI’s 

transformative 
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based brain tumor 

detection; identified 

challenges and future 

directions. 

role in 

neuroimaging. 

16 
Maqsood et 

al. (2022) 

Deep Neural 

Network + 

MobileNetV2 + 

M-SVM 

Accuracy: 97.47–
98.92% on 

BraTS&Figshare 

datasets; integrated 

explainable AI (XAI). 

Delivered 

explainable and 

accurate tumor 

classification 

system. 

 

Recent developments have further merged artificial intelligence and imaging analysis 

for better screening and classification results. Hussain et al. (2024) reviewed deep 

learning methods in multimodal imaging, particularly PET-MRI and PET-CT, which 

optimize tumor detection and classification by leveraging CNNs and attention-based 

models. Chen et al. contributed a super-resolution algorithm to improve MRI image 

quality and segmentation reliability for early detection. Kong et al. presented a mask-

attention model with feature fusion for multi-parametric MRI classification that 

identifies gliomas and metastases effectively. Sarkar et al also used the VGG16 CNN 

architecture to prove accurate identification of brain tumors via MRI; this underlines 

its potential as a reliable diagnostic aid. Abdusalomov et al improved upon the 

YOLOv7 model by integrating attention mechanisms and spatial pyramid pooling 

which enhanced tumor localization on MRI images significantly. Kuestner validated a 

CNN-based PET/MRI diagnostic framework for metastasized melanoma with a 95% 

accuracy rate in risk stratification. Arabahmadi systematically reviewed CNN 

architectures applied to brain MRI, thus cementing deep learning as an integral part of 

early tumor detection. Finally, Maqsood proposed a hybrid deep neural network that 

amalgamated segmentation, transfer learning, and explainable AI to identify glioma, 

meningioma, and pituitary tumors with over 98% accuracy. Collectively these sixteen 

studies prove that the integration of MRI and CT imaging with advanced 

computational models significantly enhances the early detection diagnosis and 

monitoring of metastatic brain tumors supporting more effective personalized 

treatment strategies. 
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Figure 8: Trends in Screening Techniques and AI Models for Early Detection of 

Metastatic Brain Tumors (2022–2025) 

The portrayal in figure 8 depicts a timeline of significant innovations in imaging and 

artificial intelligence techniques for the detection of metastatic brain tumors from 

2022 to 2025. The timeline demonstrates the steady increase in research output and 

marks the important involvement of MRI, CT, PET, and AI-based multimodal systems. 

The first phase of investigations (2022–2023) was all about the combination of MRI, 

PET/MRI, and deep neural networks, while the second phase (2024–2025) was 

concerned with hybrid deep learning architectures, feature fusion, and quantitative 

MRI/PET biomarkers. The trend indicates the increasing collaboration between 

imaging and AI, which in turn has made a significant impact on neuro-oncology with 

regard to early diagnosis, tumor classification, and treatment planning. 
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Figure 9: Comparison of Study Accuracy and Sensitivity in AI-Based Brain Tumor 

Detection (2020–2025) 

This figure 9 presents a comparison of the accuracy and sensitivity values reported in 

five pivotal studies that used AI and machine learning methods for brain tumor 

detection between 2020 and 2025. Among the studies, Almadhoun et al. (2022) and 

Nahiduzzaman et al. (2025) are credited with the best performance, attaining 

accuracies of 99.88% and 99.22%, respectively, while Zhang et al. (2020) came next 

with a 96% accuracy rate. Abraham et al. (2024) and Kumar et al. (2021) had lower 

accuracies of 92% and 88.12%, respectively. The trend indicates that the most precise 

diagnosis in neuro-oncology imaging is being achieved by the combination of deep 

learning and hybrid AI models. 

Table 6: Summary of Key Studies on Histopathological Correlation and Biomarker 

Analysis in Metastatic Brain Tumors (2020–2025) 

S. 

No

. 

Author(s), 

Year 
Focus Area Technique Key Findings 

1 
Proescholdt 

et al., 2025 

MRI-guided tissue 

sampling 

Preoperative 

MRI + 

intraoperative 

microscopy 

Identified 

prognostic 

significance of 

infiltrative 

histopathological 

growth patterns 

(HGPs) in 

metastatic lesions 

2 
Madlener et 

al., 2025 

Non-invasive glioma 

monitoring 

Liquid biopsy 

detecting 

Achieved high 

sensitivity and 
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ctDNA (H3F3A, 

BRAF V600E) 

specificity for 

tumor mutation 

detection and 

monitoring 

3 
Nocera et al., 

2025 

Imaging-pathology 

correlation 

MRI-based 

cellularity maps 

Showed correlation 

between MRI-

derived cellularity 

and tumor 

histopathological 

features 

4 
Gao et al., 

2024 

Tumor 

microenvironment 

DTI-ALPS index 

+ AQP4 

expression 

Linked glymphatic 

dysfunction to 

altered aquaporin-4 

expression and 

tumor invasion 

potential 

5 
Soto et al., 

2024 

MRI volumetric 

analysis 

Edema-to-

tumor index 

(ETI) 

Found limited 

histopathological 

correlation; ETI not 

predictive of 

biological 

aggressiveness 

6 
Zhang et al., 

2023 

Tumor subtype 

differentiation 

Multiparametri

c MRI 

histogram + Ki-

67 index 

Differentiated lung 

cancer metastasis 

subtypes and 

predicted 

proliferation index 

non-invasively 

7 
Widodo et 

al., 2023 

Tumor 

microenvironment 

analysis 

ECM and 

immune cell 

profiling 

Identified 

macrophages as 

dominant 

immunosuppressiv

e cells in metastatic 

brain lesions 

8 
Arzanforoos

h et al., 2023 

Hypoxia and vascular 

mapping 

MRI-derived 

OEF & VSM + 

histological 

HIF-1α, CD31 

Revealed strong 

correlations 

between MRI 

metrics and 

hypoxia 

heterogeneity 

9 Kayahan et Imaging biomarkers DWI/ADC ADC values 
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al., 2022 correlation with 

HER2 

expression 

correlated with 

tumor cellularity 

and HER2-positive 

metastases 

10 
Dai et al., 

2022 

Molecular 

bioinformatics 

SOCS3 

immune-

oncogenic 

biomarker 

Identified SOCS3 as 

regulator of tumor 

immune evasion 

and prognostic 

marker in gliomas 

11 
Shi et al., 

2022 

Radiogenomic 

modeling 

Deep learning 

(ResNet) + 

EGFR/HER2 

mutation status 

Accurately 

predicted 

metastatic origin 

and molecular 

mutation from MRI 

subregions 

12 
Yuksel et al., 

2021 

Inflammatory 

biomarkers 

C-reactive 

protein (CRP) 

CRP distinguished 

metastases from 

gliomas and 

correlated with 

prognosis 

13 
Scripcariu et 

al., 2022 

Immunohistochemistr

y in CRC metastases 

HER2/neu 

nuclear staining 

HER2/neu 

overexpression 

associated with 

poor survival 

outcomes 

14 
Shaikh et al., 

2020 

Radiomics and multi-

omics biomarkers 

Radiomics + ML 

integration 

Highlighted AI-

driven imaging 

biomarkers for 

tumor classification 

and prognosis 

15 
Kondrup et 

al., 2020 

Serum biomarkers in 

NSCLC metastases 
S100B 

Showed limited 

predictive value as 

a serum marker for 

brain metastasis 

detection 
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Figure 10: Neuro-Oncology Biomarker Research Trends (2020–2025) 

Cumulative Developments in neuro-oncology biomarkers are depicted in Figure 10 

against the Year. The rise of new biomarker developments started in 2020 with studies 

on S100B and Radiomics + ML integration. The figure shows a rapid increase in 

research, especially since 2022, with the total number of key developments climbing to 

15 by 2025. Some major improvements consist of MRI methods (e.g., histogram, 

DWI/ADC, OEF, DTI-ALPS), liquid biopsy (ctDNA), and the discovery of new 

molecular markers such as HER2/neu, SOCS3, and HIF-1$\alpha$. The latest 2025 

records reflect pioneering efforts in MRI cellularity maps and MRI-guided sampling. 

The evidence indicates a solid and increasing confluence of sophisticated imaging and 

molecular technologies within the specialty. 

 

4. Research Gap and Limitations 

While MRI and CT have significantly progressed the early identification of metastatic 

brain tumors, there are still some deficiencies in terms of precision, understanding, 

and application in the clinic. Existing models have a hard time telling true progression 

from treatment effects, are devoid of standardized datasets, and mostly do not 

consider the integration of imaging with genomic or molecular data. The majority of 

AI-based methods focus on accuracy to the detriment of explainability, which 

hampers clinical trust and thus, a wider use. On the top of that, multimodal imaging is 

still expensive and not very comfortable with the idea of real-time or low-resource 

clinical use. The limitations are as follow: 

• Dataset Dependency: Most studies rely on small or non-standardized MRI and 

CT datasets, which limits model generalization and introduces potential bias. 

• Computational Complexity: Advanced AI and multimodal imaging models 

require high processing power, making real-time or low-resource deployment 

challenging. 
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• Model Interpretability: Deep learning models often act as “black boxes,” 
reducing transparency and clinical trust in diagnostic decisions. 

• Limited Clinical Validation: Many proposed approaches lack large-scale clinical 

trials, restricting their reliability and adoption in real-world healthcare settings 

 

5. Conclusion  

The present systematic review essentially supports the notion that the earliest 

recognition of metastasized brain tumors can be best achieved, when the modern 

imaging methods, computational intelligence, and histopathological examination are 

combined. The MRI and CT are still very much the primary diagnostic tools, at the 

same time, some newly developing methods like PET-MRI, MRS, and DTI can provide 

the more detailed view of tumor metabolism, vascularity, and microstructural 

changes. The usage of artificial intelligence and machine learning models—especially 

convolutional neural networks and hybrid algorithms—has been instrumental in 

achieving higher diagnostic accuracy by making lesion detection, segmentation, and 

classification more. One of the main points in these advancements is that they have 

not solved all the challenges, and some of them are limited diversity of the dataset, 

high computational power requirements, interpretability of the models, and the 

necessity for large-scale clinical validation. The correlation between histopathology 

and imaging still holds as the gold standard diagnostic tool, and it not only gives the 

molecular and cellular level pictures but also the insights into the imaging results and 

guidance of the selection of the suitable therapies through other methods. The 

combination of radiomics, radiogenomics, and biomarker analytics still holds the 

promise of creating a crossroad between the prediction based on imaging and 

biological confirmation, thus powering precision oncology. The focus of the future 

research should be on the creation of multimodal standardized frameworks, 

explainable AI models, and developing imaging technologies that will make 

diagnosing less of a guessing game, be more trustworthy in clinical settings, and allow 

for more personalized treatments. A combined effort of the radiology, pathology, and 

computation fields will play a key role in not only early detection but also in the 

improvement of survival rates of patients with metastatic brain tumors. 

 

References 

1. Tanzhu, Guilong, Liu Chen, Jiaoyang Ning, Wenxiang Xue, Ce Wang, Gang Xiao, 

Jie Yang, and Rongrong Zhou. "Metastatic brain tumors: from development to 

cutting‐edge treatment." Med Comm 6, no. 1 (2025): e70020. 

2. Fox, Benjamin D., Vincent J. Cheung, Akash J. Patel, Dima Suki, and Ganesh Rao. 

"Epidemiology of metastatic brain tumors." Neurosurgery Clinics 22, no. 1 (2011): 1-

6. 

3. Blazquez, R., D. Sparrer, C. Wendl, M. Evert, M. J. Riemenschneider, M. P. Krahn, 

N. Erez, M. Proescholdt, and T. Pukrop. "The macro-metastasis/organ 



Scope 
Volume 15 Number 04 December 2025 

 

1123 www.scope-journal.com 

 

parenchyma interface (MMPI)-A hitherto unnoticed area." In Seminars in cancer 

biology, vol. 60, pp. 324-333. Academic Press, 2020. 

4. Dong, Changming, Xuebin Yu, and Wuqiao Bao. "Characteristics and Treatment 

Advances of Postoperative Brain Metastasis in Different Lung Cancer Histological 

Types." Current Problems in Surgery (2025): 101785. 

5. Magri, Valentina, Luca Marino, Gianluigi De Renzi, Michela De Meo, Francesca 

Salvatori, Dorelsa Buccilli, Vincenzo Bianco, Daniele Santini, Chiara Nicolazzo, 

and Paola Gazzaniga. "Early Detection of Disease Progression in Metastatic 

Cancers: Could CTCs Improve RECIST Criteria?." Biomedicines 12, no. 2 (2024): 

388. 

6. Maurya, Shailendra Kumar, Parvez Khan, Asad Ur Rehman, Ranjana K. Kanchan, 

Naveenkumar Perumal, Sidharth Mahapatra, Hitendra S. Chand, Juan A. 

Santamaria-Barria, Surinder K. Batra, and Mohd Wasim Nasser. "Rethinking the 

chemokine cascade in brain metastasis: preventive and therapeutic implications." 

In Seminars in cancer biology, vol. 86, pp. 914-930. Academic Press, 2022. 

7. Zhou, Dairan, Zhenyu Gong, Dejun Wu, Chao Ma, Lijun Hou, Xiaomin Niu, and 

Tao Xu. "Harnessing immunotherapy for brain metastases: insights into tumor–
brain microenvironment interactions and emerging treatment modalities." Journal 

of Hematology & Oncology 16, no. 1 (2023): 121. 

8. Roth, P., A. Pace, E. Le Rhun, M. Weller, C. Ay, E. Cohen-Jonathan Moyal, M. 

Coomans et al. "Neurological and vascular complications of primary and 

secondary brain tumours: EANO-ESMO Clinical Practice Guidelines for 

prophylaxis, diagnosis, treatment and follow-up." Annals of Oncology 32, no. 2 

(2021): 171-182. 

9. Ahuja, Sana, and Sufian Zaheer. "Advancements in pathology: Digital 

transformation, precision medicine, and beyond." Journal of Pathology 

Informatics 16 (2025): 100408. 

10. Ahmad, Aatiya, Parvez Khan, Asad Ur Rehman, Surinder Kumar Batra, and Mohd 

Wasim Nasser. "Immunotherapy: an emerging modality to checkmate brain 

metastasis." Molecular cancer 22, no. 1 (2023): 111.. 

11. Pearce, Mark S., Jane A. Salotti, Mark P. Little, Kieran McHugh, Choonsik Lee, 

Kwang Pyo Kim, Nicola L. Howe et al. "Radiation exposure from CT scans in 

childhood and subsequent risk of leukaemia and brain tumours: a retrospective 

cohort study." The Lancet 380, no. 9840 (2012): 499-505. 

12. Kurmi, Yashwant, and Vijayshri Chaurasia. "Classification of magnetic resonance 

images for brain tumour detection." IET Image Processing 14, no. 12 (2020): 2808-

2818. 

13. Del Sole, Angelo, Simona Malaspina, and Alberto Magenta Biasina. "Magnetic 

resonance imaging and positron emission tomography in the diagnosis of 

neurodegenerative dementias." Functional neurology 31, no. 4 (2017): 205. 

14. Aljehani, Mohammad Raja, Fouad Hamed Alamri, Mohanad Emad K. Elyas, 

Ahmed Salem Almohammadi, Abdulaziz Saud Awad Alanazi, and Mohammed 



Scope 
Volume 15 Number 04 December 2025 

 

1124 www.scope-journal.com 

 

Abdullah Alharbi. "The importance of histopathological evaluation in cancer 

diagnosis and treatment." International journal of health sciences 7, no. S1 (2023): 

3614-3623. 

15. Diaz, Michael Joseph, Isabella Mark, Daphnee Rodriguez, Beata Gelman, Jasmine 

Thuy Tran, Giona Kleinberg, Anna Levin et al. "Melanoma brain metastases: a 

systematic review of opportunities for earlier detection, diagnosis, and treatment." 

Life 13, no. 3 (2023): 828. 

16. Alshomrani, Faisal. "Recent Advances in Magnetic Resonance Imaging for the 

Diagnosis of Liver Cancer: A Comprehensive Review." Diagnostics 15, no. 16 (2025): 

2016. 

17. Kudari, Chinmaya S. "Diffusion weighted and perfusion weighted magnetic 

resonance imaging evaluation and characterisation of brain tumours and 

comparison with other routine magnetic resonance imaging sequences." PhD 

diss., Rajiv Gandhi University of Health Sciences (India), 2020. 

18. Tan, Jiahe, Mengjun Xiao, Zhipeng Wang, Shuzhen Wu, Kun Han, Haiyan Wang, 

and Yong Huang. "A machine learning model reveals invisible microscopic 

variation in acute ischaemic stroke (≤ 6 h) with non-contrast computed 

tomography." BMC Medical Imaging 25, no. 1 (2025): 1-9. 

19. Kim S, Mountz JM. SPECT imaging of epilepsy: an overview and comparison with 

F-18 FDG PET. Int J Mol Imaging. 2011;2011:813028.  

20. Berti V, Pupi A, Mosconi L. PET/CT in diagnosis of dementia. Ann N Y Acad Sci. 

2011;1228:81–92.  

21. Ehman, Eric C., Geoffrey B. Johnson, Javier E. Villanueva‐Meyer, Soonmee Cha, 
Andrew Palmera Leynes, Peder Eric Zufall Larson, and Thomas A. Hope. 

"PET/MRI: where might it replace PET/CT?." Journal of Magnetic Resonance 

Imaging 46, no. 5 (2017): 1247-1262. 

22. Fraum TJ, Fowler KJ, McConathy J. PET/MRI:: emerging clinical applications in 

oncology. AcadRadiol. 2016;23:220–236.  

23. Sinha, Arohee, and Tarun Kumar. "Enhancing medical diagnostics: Integrating AI 

for precise brain tumour detection." Procedia computer science 235 (2024): 456-

467. 

24. Loukil, Zainab. "A Hybrid Approach to Intelligent Prediction of Medical 

Conditions A Framework for Advancing Medical Diagnostics through Novel 

Hybrid Deep Learning Models Den Ception and Hy Boost for Enhanced Feature 

Extraction and Predictive Accuracy in Medical Image Analysis." PhD diss., 

University of Gloucestershire, 2025. 

25. Kim, Michelle M., Abhijit Parolia, Mark P. Dunphy, and Sriram Venneti. "Non-

invasive metabolic imaging of brain tumours in the era of precision medicine." 

Nature reviews Clinical oncology 13, no. 12 (2016): 725-739. 

26. Slaoui, Mohamed, and Laurence Fiette. "Histopathology procedures: from tissue 

sampling to histopathological evaluation." In Drug Safety Evaluation: Methods 

and Protocols, pp. 69-82. Totowa, NJ: Humana Press, 2010. 



Scope 
Volume 15 Number 04 December 2025 

 

1125 www.scope-journal.com 

 

27. Lohey, Mohit Rameshrao. "Role of MriIn Corelation with Mr Spectroscopy in the 
Evaluation of Ring Enhancing Lesions in Brain." PhD diss., BLDE (Deemed to be 
University), 2020. 

28. Pekmezci, Melike, and Arie Perry. "Neuropathology of brain metastases." Surgical 
neurology international 4, no. Suppl 4 (2013): S245. 

29. Passaro, Antonio, Maise Al Bakir, Emily G. Hamilton, Maximilian Diehn, Fabrice 
André, Sinchita Roy-Chowdhuri, Giannis Mountzios, Ignacio I. Wistuba, Charles 
Swanton, and Solange Peters. "Cancer biomarkers: Emerging trends and clinical 
implications for personalized treatment." Cell 187, no. 7 (2024): 1617-1635. 

30. Zhou, Yue, Lei Tao, Jiahao Qiu, Jing Xu, Xinyu Yang, Yu Zhang, Xinyu Tian, Xinqi 
Guan, Xiaobo Cen, and Yinglan Zhao. "Tumor biomarkers for diagnosis, prognosis 
and targeted therapy." Signal transduction and targeted therapy 9, no. 1 (2024): 
132. 

31. Martin-Gonzalez, Paula, Mireia Crispin-Ortuzar, Leonardo Rundo, Maria Delgado-
Ortet, Marika Reinius, Lucian Beer, Ramona Woitek et al. "Integrative 
radiogenomics for virtual biopsy and treatment monitoring in ovarian cancer." 
Insights into imaging 11, no. 1 (2020): 94. 

32. Fatima, Urooj, Saqib Zameer, Zeeshan Akram, Mohd Faraz, Areeb Daniyal, Zarrin 
Anwar, Kashif Abbas, and Mudassir Alam. "Integrating CT and MRI in Cancer 
Staging and Treatment Monitoring: Challenges and Innovations." IOASD J Med 
Pharm Sci 2, no. 1 (2025): 44-50. 

33. Abbasi, Irshad Ahmed, Mohammed Alshehri, and Yahya AlQahtani. "Tumor-
specific PET tracer imaging and contrast-enhanced Mri based tumor volume 
differences inspection of glioblastoma patients." Scientific Reports 15, no. 1 (2025): 
30011. 

34. Keck, Michaela‐Kristina, Anna Tietze, Brigitte Bison, Shivaram Avula, Julien 
Engelhardt, Cécile Faure‐Conter, Tanguy Fenouil et al. "Comparative Clinical and 
Imaging‐Based Evaluation of Therapeutic Modalities in CNS Embryonal Tumours 
With PLAGL Amplification." Neuropathology and Applied Neurobiology 51, no. 2 
(2025): e70015. 

35. Roy, Amrita, Gaurisha Naik, Srinivas Mutalik, Namdev Dhas, Ruchi Tiwari, Gaurav 
Tiwari, Jayvadan Patel, and Ritu Kudarha. "Brain/CNS cancer: Advances in 
diagnostic research." In Diagnostic Landscape in Cancer Research, pp. 129-164. 
Academic Press, 2025. 

36. Gallegos, Carlos A., Benjamin P. Lee, Benjamin B. Kasten, Jack M. Rogers, Carlos E. 
Cardenas, Jason M. Warram, James M. Markert, and Anna G. Sorace. "Challenges 
and Opportunities in High-Grade Glioma Management and Imaging-Based 
Response Monitoring During Novel Immunotherapies." Cancers 17, no. 19 (2025): 
3176. 

37. Nikam, Rahul M., Xuyi Yue, Gurcharanjeet Kaur, Vinay Kandula, Abdulhafeez 
Khair, Heidi H. Kecskemethy, Lauren W. Averill, and Sigrid A. Langhans. 
"Advanced neuroimaging approaches to pediatric brain tumors." Cancers 14, no. 14 
(2022): 3401. 

38. Kamepalli, HariKishore, ViswanadhKalaparti, and Chandrasekharan Kesavadas. 
"Imaging recommendations for the diagnosis, staging, and management of adult 
brain tumors." Indian Journal of Medical and Paediatric Oncology 44, no. 01 
(2023): 026-038.  

 


	1.1 Screening and Imaging Modalities for Early Detection
	1.2 Histopathological Correlation and Diagnostic Validation
	Figure 10: Neuro-Oncology Biomarker Research Trends (2020–2025)
	4. Research Gap and Limitations
	5. Conclusion


