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ARTICLE INFO ABSTRACT

Keywords: Background: Intracranial collision tumours, characterized by the coexistence of two histologically distinct neo-
Collision tumours plasms within the same anatomical region without histological transition or metastatic interaction, are rare in
Neurooncology neuro-oncology. Their atypical imaging appearance often mimics solitary lesions, posing diagnostic challenges.
Il:lﬂil:lr;g?:i?g Research question: How accurately can preoperative neuroimaging identify both components of intracranial
Glioblastoma collision tumours, and what factors influence detection?

Methods: A systematic review was conducted following PRISMA guidelines and registered with PROSPERO
(CRD420251008646). Included studies were adult case reports and series, including histologically confirmed
intracranial collision lesions with preoperative neuroimaging. Tumour-to-tumour metastasis, synchronous,
composite, or recurrent tumours were excluded.

Results: A total of 67 published cases were analysed, with a male-to-female ratio of 28:38 and a mean age of 52.4
years (SD = 15.95), ranging from 18 to 87 years. Meningioma was the most prevalent tumour type (65.7 %),
commonly paired with glioblastoma (26.9 %). The sellar region was the most frequent location (34.3 %), fol-
lowed by the two frontal lobes (31.3 %). Preoperative diagnosis correctly identified both lesions in only 26.9 % of
cases. Detection rates varied by anatomical location (p = 0.0095), whereas no clear association was observed
with tumour pair type (p = 0.1351). Surgical resection was the primary treatment, frequently combined with
chemo-radiotherapy. Recurrence occurred in 17.9 %, especially in high-grade tumour components such as
glioblastoma. Mean survival was 8.6 months, with 11.9 % mortality. No statistically significant survival dif-
ferences were observed between tumour pair types (p = 0.149).

Conclusion: Intracranial collision tumours remain diagnostically challenging. Improved neuroimaging and mo-
lecular understanding are crucial to enhance early diagnosis and optimize clinical management.

Sellar region

1. Introduction microenvironment interactions, or prior cranial irradiation (Nedeljkovic

et al., 2023; Syed et al., 2018). It has been proposed that a meningioma

Intracranial tumours present significant diagnostic and therapeutic
challenges, particularly when two distinct neoplasms coexist within the
same anatomical region. Although primary brain tumours are relatively
common, collision tumours, where two histologically distinct neoplasms
grow adjacent to each other without histological transition or metastatic
interaction, remain exceedingly rare in neuro-oncology (Ashizawa et al.,
2021; Chamberlin et al., 2021).

While the exact mechanisms underlying the development of collision
tumours remain unclear, several hypotheses have been proposed,
including coincidental occurrence, shared oncogenic pathways, tumour

may create a permissive microenvironment that facilitates the devel-
opment of a second lesion (Syed et al., 2018). Also, chronic oncologic or
inflammatory changes induced by one neoplasm may stimulate the
growth of another adjacent tumour (Dietterle et al., 2020). However,
such theories remain speculation without confirmation of any definitive
genetic or molecular interactions.

Given their rarity, collision tumours pose a critical diagnostic and
therapeutic challenge, even if they have been documented in the liter-
ature since the 70s. Radiologically, they often mimic a single hetero-
geneous lesion, leading to potential misdiagnosis or misclassification as
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high-grade glioma, metastatic lesion, or atypical meningioma
(Chamberlin et al., 2021; Shakally et al., 2018). Very rarely, and after
careful radiological inspection, the two neoplasms can be suspected
pre-operatively.

Distinguishing collision tumours from other intracranial oncologic
entities is necessary for the definitive diagnosis and management.
Tumour-to-tumour metastasis (TTM), which involves one tumour acting
as a recipient for metastatic tumour cells from a distant primary ma-
lignancy, differs fundamentally from collision lesions in pathogenesis
and clinical implications (Morita et al., 2012). Similarly, synchronous
tumours refer to two independent neoplasms arising in the same patient
but in separate anatomical locations without direct interaction
(Yaghmour et al., 2016). Composite tumours, in contrast, arise from a
single progenitor cell population and develop multiple histological
grades, making them distinct from collision lesions (Atallah et al., 2024).
Furthermore, differentiation from previously treated tumours that recur
and develop a second neoplasm simultaneously is critical (Levitus and
Charitou, 2018).

Despite the increasing recognition of intracranial collision tumours,
their rarity and the heterogeneous nature of previously reported cases
have limited the establishment of clear diagnostic and therapeutic
guidelines. To date, most published literature consists of isolated case
reports and small case series, often including TTM, synchronous tu-
mours, and recurrence cases, thereby complicating the true character-
ization of collision tumours as a distinct entity (Ashizawa et al., 2021;
Syed et al., 2018; Harb and Moral, 2019; Zhang et al., 2018). Few
comprehensive systematic reviews have exclusively focused on intra-
cranial collision tumours. These have, however, been limited to specific
histological subtypes and do not assess the accuracy of preoperative
suspicion based on imaging.

This paper aims to provide the most comprehensive analysis to date
by strictly evaluating only actual intracranial collision tumours,
excluding TTM, synchronous or composite tumours, and cases of
recurrence. By conducting a focused review, this study will better
characterize intracranial collision tumours’ patterns and combinations,
rate of accurate radiological diagnosis, and proposed treatment strate-
gies, facilitating a better understanding of their clinical significance in
neuro-oncology.

2. Methods
2.1. Study design

A systematic review was performed to address the preoperative
radiological suspicion of intracranial collision lesions and summarize
the existing evidence of their diagnostic challenges, tumour pairings,
and treatment approaches in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
and registered with PROSPERO: CRD420251008646 (Page et al., 2021).

2.2. Eligibility criteria

Included studies fulfilled the following criteria: 1) Case reports or
case series involving patients — 2) adults (>18 years old) — 3) diagnosed
with intracranial collision tumours, defined as two histologically distinct
neoplasms coexisting within the same anatomical region without his-
tological transition or metastatic relationship — 4) providing pre-
operative radiological imaging (MRI, CT, or other neuroimaging tech-
niques) — 5) and corresponding histopathological confirmation. — 6)
published in the English language.

2.3. Exclusion criteria
Excluded studies were those 1) including patients under 18 years old,

— 2) cases of tumour-to-tumour metastasis (TTM) (cases where a mass
acted as a recipient for metastatic cells), — 3) synchronous tumours (two
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independent lesions in separate brain regions without anatomical
interaction), — 4) cases of histological transition (tumours arise from a
single progenitor cell population and develop multiple histological
grades), — 5) recurrent tumours with transformation, where a second
tumour developed after prior treatment, — 6) lesions associated with
vascular abnormalities, — 7) studies lacking preoperative imaging data
or histopathological confirmation, — 8) studies focusing on autopsy-
based diagnoses, — 9) cases of non-intracranial cancers, or — 10) full-
text availability.

2.4. Search strategy

A comprehensive search strategy was used to identify the eligible
studies published until March 2025 in PubMed, Scopus, and Web of
Science. The following search terms were used in combination: collision
tumour, collision neoplasm, dual tumour, coexisting neoplasms, syn-
chronous, intracranial, brain, central nervous system, CNS. Reference
lists of included studies were also screened for additional cases.

2.5. Study selection

The study selection followed a double-reviewer process. All retrieved
articles were screened for duplicates, which were removed. The
remaining articles underwent title and abstract screening, with irrele-
vant studies excluded. A full-text review was performed on eligible
studies to confirm adherence to inclusion and exclusion criteria. Dis-
crepancies in study selection were resolved by discussion between two
independent reviewers.

2.6. Data extraction

Data extraction involved collecting key information from each
included case report, including study and patient demographics (coun-
try, year of publication, age, and sex, presenting symptomatology, im-
aging modality and findings, anatomical location, pre-operative
suspicion of one vs. two lesions, surgical approach, histopathological
confirmation, adjuvant treatments, recurrence, and follow-up duration).
These data were collected in a comprehensive table to be used for further
analysis.

2.7. Outcomes

The primary outcome was the proportion of cases where preopera-
tive radiology correctly identified both tumours compared to cases
where only one mass was suspected, and the second lesion was an
intraoperative surprise. Cases were distributed to the group of both tu-
mours only if it was clearly reported that the responsible team suspected
two neoplasms pre-operatively. Additionally, the study assessed the
most frequently misdiagnosed tumour pairings. Secondary outcomes
were the distribution of the tumour types in the different collision pairs
and the frequency of collision tumour locations, recurrence, and survival
rates.

2.8. Quality assessment

The quality of included studies was evaluated using the Joanna
Briggs Institute (JBI) Critical Appraisal Checklist for case reports and
case series (Aromataris et al., 2024). Studies were evaluated based on
clear patient case descriptions, including demographic and clinical de-
tails, comprehensive radiological and histopathological findings
reporting, and adequate documentation of diagnostic methods, treat-
ment, and follow-up. The overall quality of the cases eventually included
in this review was good. The quality assessment results were summa-
rized in the supplementary material (Appendix).
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2.9. Data synthesis & statistical analysis

Data synthesis and statistical analysis were performed using Python
(version 3.11) with pandas and scipy libraries. Continuous variables
were expressed as mean + standard deviation (SD), and categorical
variables as frequencies and percentages. Preoperative diagnostic ac-
curacy was assessed by comparing cases where both tumours were
correctly identified versus those where only one lesion was detected.
Sensitivity was calculated as the proportion of cases with dual tumour
detection relative to the total number of confirmed cases, while speci-
ficity could not be calculated given the absence of true negative controls.
In addition, subgroup analyses were conducted to evaluate the associ-
ation between tumour type, anatomical location, and preoperative
detection rates. Statistical significance was set at a p-value <0.05. Sur-
vival analyses were conducted using the scikit-survival package. Follow-
up time was calculated from the date of surgery to either the date of
death or the last follow-up. The Kaplan-Meier method was used to es-
timate survival probabilities, with censoring applied at the last known
follow-up date for patients who were still alive. All visualizations were
generated using seaborn and matplotlib with standardized scientific
formatting to ensure a precise and clear presentation of the results.
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3. Results

A total of 1294 citations were initially identified (Fig. 1). After
removing 80 duplicate records, 1214 citations remained for screening.
Of these, 1025 were excluded as unrelated to the study scope. From the
remaining 189 publications, 18 could not be retrieved, and the rest were
assessed for eligibility, from which 122 were excluded due to reasons
such as synchronous lesions, TTM, composite tumours, recurrent neo-
plasms presenting with a second tumour, lesions associated with
vascular abnormalities, paediatric cases, studies focusing on autopsy-
based diagnosis. After these exclusions, 49 studies remained, to which
an additional 18 were added from the search to their reference lists. As a
result, a final dataset of 67 cases was included in our systematic review.

3.1. Demographics and patient characteristics

The 67 included case reports were published between 1971 and
2024. The cohort included 28 males (42.4 %) and 38 females (57.6 %),
with one of unknown gender. The mean age was 52.4 years (SD =
15.95), with a distribution from 18 to 87 years. The included cases of
collision tumours were published in 22 different countries. Table 1
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Fig. 1. “PRISMA flowchart”.



Table 1
Patients’ basic characteristics.
author country Age/ symptoms location pre-op type of surgery 1st tumour 2nd tumour adjuvant or other f/ mortality
Gender suspicion treatment, recurrence up (in days)
of collision (m)
tumours
1 Lobo et al., 2024 Portugal 54 F seizures left both excision Meningioma (WHO grade  IDH mutated with 1p/ N/
frontal D 19q codeletion A
oligodendroglioma
2 Kikuta et al., 2023 Japan 54 M incidental sella both endoscopic adamantinomatoustype nonfunctioning recurrence requiredre- N/
endonasal approach.  craniopharyngioma pituitary adenoma operation A
3 Nedeljkovic et al., Serbia 18 M seizures right one right frontoparietal ganglioglioma (WHO ependymoma (WHO radiation 12
2023 frontal craniotomy with a grade 1) grade 3)
gross total resection
4 Sobstyletal., 2023 Poland 64 M speech impairment, right one right frontotemporal ~ meningothelial glioblastoma IDH- 2
hemiparesis. temporal craniotomy meningioma (WHO grade  wildtype (WHO grade
D V)
5 Lin et al., 2022 Taiwan 56 F weakness, dizziness, left one bi-coronal clear cell atypical glioblastoma adjuvant N/
headache frontal craniotomy meningioma (WHO grade chemoradiation, A
1) recurrence in 6m
6 Zacharewski et al., ~ USA 72F expressive aphasia left both pre-op MMA dural meningiomatosis glioblastoma 15
2022 and headache frontal embolization & left (WHO Grade I)
craniotomy with
motor mapping.
7 Ashizawa et al., Japan 46 F headache and gait posterior one suboccipital meningioma (WHO grade  hemangiopericytoma radiotherapy 21
2021 ataxia fossa craniotomy and D (SFT/HPC)
total resection in 2
steps
8 Chamberlin et al., USA 42F seizures, headaches, right one biopsy and right meningioma (WHO grade  glioblastoma (WHO 0.5 18
2021 memory loss parietal parietal craniotomy D grade IV)
9 Gezer et al., 2020 Turkey 34F menstrual sella one extended meningioma pituitary corticotroph 8
irregularity, endoscopic adenoma
weakness endonasal approach
10  Harb and Moral, USA 33M Headache, blurry left both excision atypical meningioma anaplastic recurrence requiredre- N/
2019 vision & vomiting frontal (WHO grade II) ependymoma (WHO operation A
grade III)
11 Truongetal., 2019  Vietnam 61 F headache and mild right both complete fibroblastic meningioma astrocytoma (WHO N/
left hemiparesis frontal macroscopical grade II) A
excision
12  Levitus and USA 44 F presented post-head sella one endoscopic gangliocytoma mixed GH cell/PRL cell 10
Charitou, 2018 injury transsphenoidal adenoma (WHO Grade
excision 19}
13  Syedetal., 2018 USA 71F headache, nausea, right one stereotactic biopsy meningioma (WHO grade  glioblastoma (WHO radiation therapy and 9
and dizziness temporal & right craniotomy D grade IV) concomitant
temozolomide
14 Yanetal, 2018 China 50 M memory decline, left one left frontal transitional meningioma ENKTCL nasal type polychemotherapy, N/
drowsiness, aphasia, frontal craniotomy recurrence in 2m A
bradykinesia
15  Zhang et al., 2018 China 66 F headache, nausea, right both right parietal meningioma (WHO grade  glioblastoma (WHO N/
and vomiting frontal craniotomy. D grade IV) A
16  Graffeo et al., USA 64 F hearing loss and ear CPA both left retrosigmoid WHO grade I fibrous type  vestibular schwannoma 3
2017 fullness craniotomy meningioma
17  Graffeo et al,, USA 42 M incidental CPA both right retrosigmoid WHO grade I vestibular schwannoma 3
2017 craniotomy psammomatous
meningioma

(continued on next page)
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Table 1 (continued)

author country Age/ symptoms location pre-op type of surgery 1st tumour 2nd tumour adjuvant or other f/ mortality
Gender suspicion treatment, recurrence up (in days)
of collision (m)
tumours

18 Hengetal, 2017 China 46 F headache with sella one extended gangliocytoma pituitary adenoma gamma knife 8
deterioration of endoscopic radiosurgery
visual acuity endonasal approach

19  Zhaoetal, 2017 China 58 F acromegaly and sella one transsphenoidal meningioma GH-secreting pituitary N/
snoring pituitary resection adenoma A

in 2 steps

20  Zhaoetal., 2017 China 58 F acromegaly and sella one transsphenoidal meningioma GH-secreting pituitary N/
snoring pituitary resection & adenoma A

craniotomy

21 Banetal., 2017 UK 74 M retro-orbital pain, sella one Endoscopic diffuse large B-cell non- FSH-pituitary adenoma chemotherapy, 32
headaches, nausea - transsphenoidal Hodgkin's lymphoma intrathecal
pituitary apoplexy resection (DLBCL) methotrexate

22 Shahmohammadi Iran 49F left hemiparesis, right both right frontal meningothelial glioblastoma radiotherapy & N/

et al., 2016 seizures, nausea and frontal craniotomy meningioma chemotherapy with A
vomiting temozolomide

23  Yaghmour et al., Arabia 32M headache left one partial resection meningioma (WHO grade  glioblastoma (WHO recurrence 2,5 70

2016 temporal D grade IV)
24  Jukesetal., 2016 Australia 54F acromegaly sella one transsphenoidal gangliocytoma & pituitary adenoma N/
resection ganglioglioma (WHO (WHO grade I) A
grade I)

25  Karsy et al.,, 2015 Austria 70 F altered mental status,  sella one EVD & fibroepithelial pituitary permanent VP-shunt N/
mutism, and transsphenoidal meningioma macroadenoma A
incontinence approach to sella

26  Ruizetal, 2015 Spain 86 M drowsiness & right both excision secretory meningioma glioblastoma (WHO radiotherapy & 15
hemiparesis. frontal (WHO grade I) grade IV) chemotherapy with

temozolomide

27  Ruizetal, 2015 Spain 22F seizures right one excision secretory meningioma astrocytoma Recurrence with 2n 44 1320

frontal (WHO grade I) surgery & external
beam radiotherapy,
chemotherapy

28 Vermaetal, 2015  India 40 F hearing loss CPA both lateral suboccipital meningothelial schwannoma VP-shunt 11

retrosigmoid meningioma (WHO Grade
craniectomy I
29  Finziet al, 2014 Italy 75F sixth left nerve palsy  sella one endoscopic adamantinomatous pituitary adenoma 10
transsphenoidal craniopharyngioma
approach

30  Kurdi et al., 2014 Arabia 54 F atypical left facial left one left anaplastic astrocytoma malignant trigeminal recurrence 9 270

pain and numbness temporal orbitozygomatic- (WHO grade III) nerve sheath tumour
temporal (MTNST)
craniotomy
31 Tanriover et al., Turkey 39F acromegaly sella one endonasal gangliocytoma pituitary adenoma N/
2014 transsphenoidal secreting GH A
approach

32 Yaoetal, 2014 China 52F progressive left-side right one gross total excision mixed granular cell fibrosarcoma radiotherapy and 15
weakness and frontal astrocytoma (GCA) chemotherapy
dizziness

33 Jinetal, 2013 China 47 F intermittent blurred sella one Transsphenoidal adamantinomatous nonfunctional pituitary 3
vision, headaches surgery(1st) + right craniopharyngioma adenoma

frontal craniotomy
(2nd)

(continued on next page)
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Table 1 (continued)

author country Age/ symptoms location pre-op type of surgery 1st tumour 2nd tumour adjuvant or other f/ mortality
Gender suspicion treatment, recurrence up (in days)
of collision (m)
tumours
34  Martin et al.,, 2013 USA 62 F headache, neck pain, left one left parietooccipital meningioma low-grade B-cell chemotherapy 12
nausea, blurred parietal craniotomy lymphoma
vision, dizziness
35  Ghosaletal., 2012  India 24 F motor and sensory sella one left frontotemporal meningioma WHO Grade schwannoma N/
trigeminal nerve craniotomy and I A
deficits tumour
decompression
36  Jaiswal et al., India 25M headache, orbital sella one trans-sphenoidal gangliocytoma pituitary adenoma N/
2012 pain, acromegaly, approach A
dakryrrhoea
37  Frassanito et al., Italy 72 M hearing loss. CPA both left retrosigmoid meningioma schwannoma N/
2011 craniotomy A
38 X.Yanetal, 2011 China 45 M seizures right one frontotemporal DNET (WHO grade I) CPNA 156
temporal craniotomy
39 Basiletal., 2011 USA 29F headache, nausea, left one left parietal anaplastic astrocytoma B-cell lymphoma N/
vomiting, speech parietal craniotomy A
disturbance, cervical
lymphadenopathy
40  Sahlietal., 2011 Switzerland 74 M headache, nausea, sella one transseptal chordoma chromophobe pituitary N/
vomiting, third nerve transsphenoidal adenoma A
palsy approach
41 Binello et al., 2010  USA 40 M seizures right one right frontal meningioma (WHO grade  hemangiopericytoma recurrence in 28m N/
frontal craniotomy and D (WHO grade II) required re-operation A
gross total resection
42  Chenetal, 2010 China 63 F headache and right left both left frontal fibroblastic meningioma glioblastoma N/
upper limb frontal craniotomy A
weakness.
43  Grauvogel et al., Germany 46 F hearing loss, tinnitus, =~ CPA one lateral suboccipital fibromatous meningioma schwannoma 3
2010 and gait ataxia approach
44  Suzukietal, 2010  Japan 75 M mild headache left one left pterional meningothelial glioblastoma radiotherapy & 1
temporal craniotomy. meningioma chemotherapy with
temozolomide
45  Riveraetal, 2010  Canada 58 M diplopia - pituitary sella one transsphenoidal plasma cell tumour lactotroph pituitary thalidomide, N/
apoplexy approach adenoma pamidronate & bone A
marrow transplant &
SRS
46  Gokden and Mrak, USA 47 M headache and visual sella one Transsphenoidal adamantinomatous pituitary adenoma 12
2009 loss resection craniopharyngioma
47  Koutourousiou Greece 38 acromegly sella one sub-labial trans- schwannoma (WHO sparsely granulated 4
et al., 2009 sphenoidal Grade I) GHproducing adenoma
approach
48  Sargis et al., 2009 USA 59 M progressive vision sella one subtotal transcranial ~ adamantinomatous Pituitary gonadotroph N/
loss resection craniopharyngioma adenoma A
49  Takeuchi et al., Japan 53 F emotional right one subtotal resection gangliocytoma anaplastic Radiotherapy, 7
2009 instability-confusion, temporal oligodendroglioma chemotherapy with
drowsiness, nimustine/
headache, and left hydrochloride
hemiparesis
50  Kutz et al., 2009 USA 43 F headache, hearing CPA both translabyrinthine meningioma schwannoma N/
loss, and imbalance craniotomy A

(continued on next page)
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Table 1 (continued)

author country Age/ symptoms location pre-op type of surgery 1st tumour 2nd tumour adjuvant or other f/ mortality
Gender suspicion treatment, recurrence up (in days)
of collision (m)
tumours
51  Yoshida et al,, USA 29 M atrial fibrillation sella one endonasal adamantinomatous pituitary adenoma transfusion & arterial N/
2008 endoscopic craniopharyngioma embolization for A
transsphenoidal recurrent epistaxis
resection
52  Suck et al., 2008 USA 46 M face pain, dizziness, left one left frontal syncytial meningioma plasmacytoma radiotherapy 24
seizures, worsening frontal craniotomy
of mobility
53  Nestleretal, 2007  Germany 49 M weight loss, altered left both excision fibrous meningioma glioblastoma (WHO radiotherapy, 14
mental state, frontal (WHO grade I) grade IV) temozolomide,
disorientation recurrence in 7m
required debulking
54  Riccioni et al., Italy 66 F palpable left left one bilateral frontal- transitional meningioma grade IIIB follicular developed lymphoma 12
2007 frontal-parietal lump frontal parietal craniotomy, lymphoma
with complete
resection
55  Georgeetal, 2007 UK 71 M headache, confusion,  right both right temporal meningothelial B-cell lymphoma N/
dizziness, lack of temporal craniotomy meningioma (WHO grade A
coordination, D
hemiparesis
56  Tugcu et al., 2006 Turkey 42M hemiparesis and left both craniotomy - total transitional type glioblastoma N/
speech disturbances parietal removal meningioma A
57  Maiuri et al., 2005  Ttaly 65 M seizures left one one-stage removal meningioma Grade II astrocytoma N/
frontal A
58  Drliceketal., 2004  Germany 51 M Headache, facial left one resection meningothelial glioblastoma (WHO N/
palsy frontal meningioma (WHO grade  grade IV) A
D
59  Goyal et al., 2003 India 72M headache and right one right frontotemporal  fibroblastic meningioma glioblastoma radiotherapy N/
seizures temporal craniotomy A
60  Prayson et al., USA 87F worsening mobility, right one right frontal meningotheliomatous astrocytoma (WHO N/
2002 urinary frontal craniotomy with meningioma (WHO grade  grade III) A
incontinence, and gross total resection I8}
left hemiparesis
61 Liidemann et al., Germany 59F hearing loss CPA one right-sided meningothelial schwannoma N/
2000 suboccipital meningioma A
craniectomy
62 HAKAN et al., Turkey 30 M occipital headaches left both left frontotemporal fibroblastic meningioma glioblastoma Radiotherapy, 5 150
1988 and right arm frontal cramiotomy recurrence
numbness
63  Cannavo et al., Italy 47 F acromegaly sella one right frontotemporal  endotheliomatous pituitary adenoma 3
1993 craniotomy meningioma
64  Asada et al., 1990 Tokyo 52F headache and sella one transsphenoidal gangliocytoma pituitary adenoma 1
acromegaly. resection
65  Vaquero et al,, Spain 75F intermittent left one left parietal psammomatous glioblastoma 0.5 14
1990 dysphasia and parietal craniotomy meningioma
dysesthesia
66  Marra et al.,, 1977 Italy 63 M left hemiparesis and right one right frontoparietal meningotheliomatous glioblastoma recurrence 8 240
bilateral severe parietal craniotomy meningioma
papilledema
67  Prabhakar et al., India 29 M acromegaly sella one right frontal craniopharyngioma pituitary adenoma 0,1 4

1971

craniotomy
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presents the main characteristics.

Headache was the predominant presenting symptom in 26.9 % of
cases, often accompanied by other neurological or systemic manifesta-
tions. Seizures and acromegaly (in sellar lesions) were the next most
common presentations, each appearing in 13.4 % of cases. Notably, a
significant proportion of patients presented with nausea and dizziness,
hearing loss, and vomiting. However, some cases were discovered
incidentally, while others manifested with acute neurological deterio-
ration, including seizures or focal neurological deficits.

Among the total 134 tumours (67 pairs) analysed, meningioma was
the most prevalent type (43 cases & 1 dural meningiomatosis case, 65.7
%), followed by pituitary adenoma (22 cases, 32.8 %), and glioblastoma
(18 cases, 26.9 %). The remaining tumours each appear in 1.5 % (1 case)
of the total cases. Fig. 2 summarizes the common tumour types in the
collision lesions.

In this cohort, 21 different collision tumour pairs were identified.
The most common pairs were meningioma-glioblastoma (18 cases, 26.9
%), followed by meningioma-schwannoma (8 cases, 11.9 %), and
craniopharyngioma-pituitary adenoma (7 cases, 10.4 %). Other collision
tumour pairs are illustrated in Fig. 3.

Collision tumours grew in different intracranial locations. The
analysis revealed that the sellar region was the predominant site, ac-
counting for approximately one-third (34.3 % - 23 cases) of all cases. The
frontal lobes together represented the second most common location,
with left frontal (17.9 % - 12 cases) and right frontal (13.4 % - 9 cases)
together comprising 31.3 % of cases. The cerebellopontine angle (CPA)
then follows at 10.4 % with 7 collision tumours. Other sites of collision
tumour growth include the temporal lobes (right 9 %- 6 cases, and left
4.5 % - 3 cases), the parietal lobes (left 6 % - 4 cases, right 3 % - 2 cases),
and 1 case in the cerebellum (1.5 %).

3.2. Preoperative diagnostic accuracy

Preoperative diagnostic accuracy revealed that both tumours were
suspected in only 18 cases (26.9 %), while in 49 cases (73.1 %), only one
tumour was suspected preoperatively, and the second tumour was an
intraoperative finding (Fig. 4). While specificity could not be calculated
due to the nature of the dataset (all cases were collision tumours), the
low sensitivity (26.9 %) highlights significant challenges in preoperative
detection.

Brain and Spine 6 (2026) 105943

The detection rates varied considerably by tumour type combination,
with the meningioma and schwannoma combination showing the
highest detection rate (62.5 %, 5/8 cases) among common pairs, fol-
lowed by the meningioma and glioblastoma pair (44.4 %, 8/18 cases).
The association between diagnostic accuracy and tumour pair type was
not statistically significant (p = 0.1351).

Regarding anatomical location, the CPA region demonstrated the
highest detection rate (71.4 %, 5/7 cases), while only 1 out of 23 sellar
region tumours was detected preoperatively (4.3 %, 1/23 cases). Frontal
lobe tumours showed moderate detection rates (44.4 %-50 %).
Although a statistically significant association between anatomical
location and detection rate (p = 0.0095) was observed using the Chi-
square test (Fig. 5), this finding should be considered exploratory due
to small subgroup sizes and the absence of correction for multiple
comparisons.

3.3. Therapeutic approaches

Treatment primarily involved surgical resection, often with radio-
therapy and chemotherapy. The surgical approaches employed in these
cases demonstrate a diverse range of techniques, with transsphenoidal/
endonasal approaches being the most common, accounting for 25.4 %
(17/67), as expected due to the increased number of sella lesions. All
other cases were managed with different types of craniotomies and
ranged from total to subtotal resections. Some cases required staged
procedures or combined approaches, such as cases where trans-
sphenoidal surgery was followed by craniotomy. The choice of surgical
approach appears to have been tailored to tumour location, size, char-
acteristics, and specific patient factors.

Analysis of the adjuvant treatments revealed that radiation therapy
was the predominant treatment modality in 63.6 % of cases (Aromataris
et al., 2024), often combined with chemotherapy, which was adminis-
tered in 45.5 % of cases (Levitus and Charitou, 2018). The chemo-
therapy protocols varied, with temozolomide being the most frequently
used agent, though some cases received more complex regimens,
including intrathecal methotrexate, cytarabine, or nimustine hydro-
chloride. VP shunts were required in 2 cases.
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Fig. 4. “Preoperative detection rate of collision tumours”.

3.4. Follow-up, recurrence rates, and survival outcomes

Out of 67 cases, 36 patients (53.7 %) were followed up for a mean of
13.8 months (SD = 26.1), ranging from a week to 156 months. Recur-
rence of tumours, mainly of their high-grade component, was reported
in 12 cases (17.9 %). Most recurrences occurred within the first year,
with a mean of 10.8 months (SD = 10.1). Revision surgery was required
in 5 recurrent cases (41.7 %). Among tumour pairs with sufficient cases
for analysis, meningioma and glioblastoma were the most common

combinations found to recur at 45.5 % (5/11), as expected. However,
robust statistical correlations between tumour types and outcomes are
limited due to the small sample sizes in most tumour pair categories and
the high proportion of cases without complete follow-up data (46.3 %).

The survival data from this cohort suggest that death occurred in 8
cases (11.9 %) with a wide range in survival times, from 4 days to 1320
days (43.4 months). The mean time post-surgical operation was 260.8
days (8.6 months), while median survival was 110 days (3.6 months).
Most deaths (75 %) occurred within the first 240 days (8 months), but
one notable outlier at 1320 days (43.4 months) significantly affected the
mean. Thus, these findings should be interpreted cautiously, given the
small sample size. The cause of death was reported in 4 cases: 2 patients
passed away due to recurrence, and the other 2 because of pulmonary
complications and hypothalamic polydipsia. The analysis of survival
outcomes across different collision tumour pairs is summarized in Fig. 6.
No statistically significant differences in survival between the collision
tumour pairs were found, likely due to the small sample size - Kruskal-
Wallis Test (comparing all groups): H-statistic: 5.333, p-value: 0.149,
Mann-Whitney U Test (comparing meningioma-glioblastoma vs. others):
U-statistic: 5.000, p-value: 0.57.

4. Discussion
4.1. Overview of key results

This systematic review examines 67 cases of histologically verified
intracranial collision tumours from 1971 to 2024, with a focus on pre-
operative diagnostic accuracy, tumour pairings, and outcomes.
Meningioma-glioblastoma was the most frequently reported pair (26.9
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%), while regarding location, the sellar region was the most common site
(34.3 %), followed by the two frontal lobes (31.3 %). Preoperative
suspicion of both lesions was low (26.9 %), and detection rates appeared
to vary by anatomical location (p = 0.0095), although this finding
should be interpreted cautiously given the exploratory nature of the
analysis. More specifically, CPA region tumours had the highest detec-
tion rate (71.4 %), and sellar tumours had the lowest (4.3 %). Surgical
resection was frequently combined with radiotherapy (63.6 %) and
chemotherapy (45.5 %). Recurrence was noted in 17.9 %, especially in
those including high-grade tumours such as glioblastoma. Survival
analysis showed a mean survival of 8.6 months, with 11.9 % mortality
within the follow-up period. Unlike prior reviews that primarily describe
tumour combinations, this study systematically evaluates preoperative
diagnostic accuracy and highlights location-dependent detection pat-
terns, providing quantitative insight into why collision tumours are
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frequently underrecognized.

4.2. Epidemiologic data

The reported cases of intracranial collision tumours in the literature
remain limited, mainly consisting of isolated case reports or small case
series. The predominance of meningiomas in collision tumours has been
widely reported, likely due to their slow growth, vascularity, and
interaction with adjacent brain tissue (Sobstyl et al., 2023). The high
frequency of glioblastoma-meningioma combinations in this study is
consistent with prior findings, which have also identified this pairing as
the most common among reported cases (Chamberlin et al., 2021; Zhang
et al., 2018; Lin et al., 2022; Basil et al., 2011). However, other various
pairings have been reported in the literature, underscoring the diverse
nature of these tumours and reinforcing the need for a broader
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understanding of their incidence and behaviour (Zacharewski et al.,
2022).

Most cases of collision tumours occur in middle-aged to elderly pa-
tients; a pattern also observed in previous studies (Sobstyl et al., 2023).
This study found a slight female predominance (57.6 %), particularly in
cases involving meningiomas, which aligns with prior research indi-
cating a higher incidence of meningiomas in women due to hormonal
influences (Levitus and Charitou, 2018). No significant geographical
variations were noted, which is consistent with previous literature (Lobo
et al., 2024).

4.3. Pathogenesis hypotheses

While collision tumours have been described in various locations,
including the frontal, temporal, and sellar regions, their exact patho-
genesis remains poorly understood (Ashizawa et al., 2021; Atallah et al.,
2024). Some studies suggest that their occurrence is purely coincidental
due to the relative frequency of certain intracranial tumours (Syed et al.,
2018). Other theories, however, propose that specific tumour pairs may
have biological interactions in ways that promote their simultaneous
development. For example, meningiomas may create a highly vascular
microenvironment that facilitates glioblastoma growth, which could
explain the high frequency of this pairing (Lobo et al., 2024). Similarly,
hormonal and inflammatory factors may contribute to the coexistence of
pituitary adenoma and craniopharyngioma, a pairing that was among
the most frequently observed in this study (Zhao et al., 2017).

The primary difference between collision tumours and other tumour
categories, including TTMs and composite tumours, is the mechanisms
of co-development. Collisions tumours develop independently and do
not show metastatic seeding or histological transition, in contrast to
TTM, where one tumour metastasises to an already present distinct type
(Syed et al., 2018). This suggests that while some tumour combinations
may form by chance, others might arise due to shared oncogenic path-
ways, focal microenvironmental changes, or inflammatory and hor-
monal variables. Despite these hypotheses, definitive molecular links
between collision tumours have yet to be established. While some
studies suggest the involvement of oncogenic pathways such as
WNT/B-Catenin and P53 mutations, no genetic interactions have been
confirmed (Zacharewski et al., 2022).

4.4. Diagnostic challenges

Despite improvements in neuroimaging, current imaging methods
often fail to detect both tumours preoperatively, which results in sub-
optimal surgical planning and unexpected results. Although MRI is
typically the gold standard imaging modality used in intracranial can-
cers, its ability to differentiate collision tumours is limited. MRI findings
commonly demonstrate heterogeneous enhancement, perilesional
oedema, and variable contrast uptake, which can be misleading in dis-
tinguishing tumour components (Lobo et al., 2024). Prior literature
emphasizes that collision tumours often mimic single heterogeneous
lesions, resulting in their misdiagnosis as high-grade gliomas, atypical
meningiomas, or metastatic tumours (Nedeljkovic et al., 2023; Lobo
et al., 2024). In some cases, CT scans show distinct adjacent lesions with
different densities, but in others, the distinction is unclear, further
complicating accurate diagnosis (Zhao et al., 2017). Advanced imaging
techniques such as MR spectroscopy and perfusion MRI have been
employed to differentiate between tumour components based on meta-
bolic activity, but no definitive radiological markers have been estab-
lished (Sobstyl et al., 2023). However, with a sensitivity of only 26.9 %,
the current study reiterates the low preoperative detection rate, further
highlighting the need for updated imaging protocols. Especially in lo-
cations such as the pituitary fossa, which had the lowest detection rate in
this review (4.3 %), features suggestive of collision tumours need to be
identified and employed in the preoperative imaging workup of these
patients.
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From a clinical standpoint, certain imaging features, such as sharply
different enhancement patterns, inconsistent diffusion characteristics,
or disparity between solid and cystic components that does not match
with known tumour behavior, should raise suspicions for potential dual
pathology. Early multidisciplinary review involving neuroradiology,
skull-base specialists, and neuro-oncology may enhance preoperative
suspicion and surgical planning in unclear cases.

4.5. Treatment and prognosis

The surgical approach chosen based on the lesion location, features,
and the patient's characteristics remains personalized. Frequently,
adjuvant therapies including radiotherapy and chemotherapy are used
in the postoperative period, which are primarily dependent on the most
aggressive tumour component (Zhang et al., 2018; Sobstyl et al., 2023).
More complex cases require staged procedures or combined approaches,
such as transsphenoidal surgery followed by craniotomy, reinforcing the
need for individualized surgical planning (Sobstyl et al., 2023).

The prognosis of collision tumours remains primarily dependent on
the most aggressive tumour component. In cases involving glioblastoma,
survival outcomes remain poor despite multimodal treatment, whereas
benign tumour pairings such as pituitary adenoma and craniophar-
yngioma generally have better long-term prognoses (Sobstyl et al.,
2023).

4.6. Limitations and future directions

This review has several important limitations. The included cases
span more than five decades (1971-2024), resulting in significant
temporal heterogeneity in imaging quality, diagnostic criteria, and
neurosurgical practice. Earlier cases were diagnosed using CT or early-
generation MRI, whereas more recent cases underwent advanced mul-
tiparametric imaging, limiting comparability across the dataset. Then,
the rarity of intracranial collision tumours introduces selection and
publication bias, as unusual cases are more likely to be reported.
Consequently, the available literature may overrepresent challenging
presentations and underestimate scenarios in which collision tumours
were either suspected preoperatively or did not significantly alter
management. In addition, incomplete radiological descriptions and
limited follow-up data cause reporting bias. Relatively short follow-up
durations across published cases, with a mean follow-up of approxi-
mately 13 months, preclude robust conclusions regarding long-term
prognosis. The low preoperative detection rate should therefore be
interpreted cautiously, as it may reflect low pretest probability and
diagnostic anchoring, rather than imaging inadequacy alone. Finally,
statistical subgroup analyses were exploratory and conducted without
correction for multiple comparisons.

Despite these limitations, this review shows how important it is to
improve recognition of imaging features that suggest dual pathology and
to have a structured multidisciplinary evaluation in cases where the
diagnosis is not clear. Early multidisciplinary review with neuroradiol-
ogists, neurosurgeons, and neuro-oncologists may help with preopera-
tive recognition and surgical planning. Looking forward, radiomics and
artificial intelligence used with multiparametric MRI are promising tools
for improving the accuracy of diagnosis in the future. These can quantify
subtle heterogeneities in texture, intensity, and perfusion patterns
beyond visual assessment. Machine-learning models trained to detect
different radiomic signs within a single lesion, integrating diffusion,
perfusion, and spectroscopy, may enable earlier suspicion of dual pa-
thology. Although currently theoretical, these approaches represent
realistic near-future.

5. Conclusion

To conclude, collision tumours pose challenges to both diagnosis and
treatment because of their rarity and complex radiological appearance.
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This up-to-date review highlights that, despite advances in neuro-
imaging, preoperative diagnosis of collision tumours remains difficult,
as imaging findings often resemble a single heterogeneous lesion. His-
topathological confirmation after surgical removal of collision tumours
remains the gold standard for a definitive diagnosis. Future advances in
imaging analysis and continued research into molecular carcinogenesis
may help support improved diagnostic accuracy and clinical
management.
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