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Abstract. Solid intraventricular metastasis from extracra-
nial primary tumors (SIMs) are rare and their diagnosis and
management remain poorly understood. A systematic review
was conducted using the MEDLINE and Embase databases
to identify relevant studies published until November 2024.
Data such as presenting symptoms, treatments and survival
outcomes were extracted from included articles on patients
with SIMs. A total of 26 studies, involving 26 patients (34.6%
female patients; median age, 64 years), met the inclusion
criteria. The most common primary tumor was renal cell
carcinoma (38.5%). Furthermore, 57.7% of patients had metas-
tasis to one or both lateral ventricles, 19.2% had metastasis
to the lateral and fourth ventricle, 11.5% had metastasis to
the third ventricle alone, 7.7% had metastasis to the lateral
and third ventricle, and 3.8% had metastasis to the fourth
ventricle alone. Treatment approaches varied, with tumor
resection (42.3%) being the most common intervention,
followed by tumor resection with adjuvant chemo/radiation
therapy (15.4%). The median post-treatment survival time was
4.3 months. Patients receiving tumor resection combined with
radiation or chemotherapy had the longest survival (median,
24 months), compared with those undergoing tumor resec-
tion alone (median, 2 months). SIMs are rare but clinically
significant, with variable treatment approaches and survival
outcomes. Multimodal therapy offers the best prognosis,
although survival remains generally poor. Further research
is needed to better understand the pathophysiology, treatment
strategies and outcomes of SIMs.
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Introduction

Intraventricular metastases remain an unusual presentation of
leptomeningeal metastatic disease. While parenchymal brain
metastases from extracranial tumors are common and occur in
almost one-third of adult patients with solid tumor malignan-
cies, metastasis to the ventricles are infrequent, with a reported
prevalence of only ~0.9-4.6% (1-3).

Intraventricular lesions arise from the ventricular wall,
adjacent cerebral structures, or as metastases from extracra-
nial cancers, with the trigone of the lateral ventricles being
the most frequent site of involvement given the larger volume
of choroid plexus in this region (3-5). Although rare, these
lesions are prone to causing hydrocephalus and intracranial
bleeding due to the disruption of normal cerebrospinal fluid
(CSF) dynamics (5). Additionally, the similar appearance of
these tumors to other brain lesions makes it challenging to
reliably diagnose intraventricular metastasis (6,7).

Treatment options typically involve a combination of
surgical resection and radiation therapy (3,5). While surgery
can alleviate CSF obstruction and mass effect, it carries high
risk given the invasive approach required (7). In contrast,
radiation/chemotherapy (RCT) targets the lesion in a systemic
manner while minimizing effects on surrounding structures.
However, potential consequences include post-radiation
swelling and a delayed tumor response, which may postpone
symptom resolution (8-10).

The current literature of solid intraventricular metastasis
from extracranial primary tumors (SIM) is predominantly
present as individual case reports. While one prior study has
evaluated general trends of presentation and management of
SIMs (5), our study aims to take a more granular approach and
conduct a systematic review of not only patient presentation,
and tumor management strategies, but also evaluate the overall
survival outcomes of SIMs. Through this approach, we hope
to evaluate the most effective treatment strategy and guide
patient outcomes for these rare and poorly understood lesions.

Materials and methods

Systematic literature search. A search was performed on
MEDLINE, Cochrane and Embase bibliographic databases
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and in forward and backward citations for studies published
between database inception and January 1, 2025. To system-
atically identify all pertinent articles related to SIMs, the
following keywords were utilized: (‘intraventricular metas-
tasis’) OR (‘choroid plexus’) OR (‘lateral ventricle’) OR
(‘third ventricle’) OR (‘fourth ventricle’) AND (‘extracranial’)
AND (‘tumor’) OR (‘lung adenocarcinoma’) OR (‘renal cell
carcinoma’) OR (‘prostate carcinoma’) OR (‘rectal carci-
noma’) OR (‘hepatocellular carcinoma’) OR (‘breast cancer’).
The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines were followed (Fig. 1).
Full text articles that were available in English that specifically
reported patient symptoms at presentation, treatment modali-
ties used, and post-treatment outcomes were included. Articles
that investigated primary central nervous system tumor metas-
tases to the ventricles, non-intraventricular lesions, non-tumor
intraventricular lesions, experimental in vitro studies or animal
studies, and studies that did not report on presentation symp-
tomology, treatment modality, and post-treatment outcomes
were excluded. Duplicate articles were identified and removed.

Data extraction. The screening process was conducted
following the search strategy and using a data extraction form
designed by the team. Initially, articles were screened based on
titles, followed by abstracts and full texts to determine eligi-
bility. Subsequently, three authors [N.A.S, D.S, A W] reviewed
the full texts to finalize the inclusion of articles and extract
relevant data. The bibliographies of included articles were also
examined for additional relevant studies. Disagreements were
resolved through consensus meetings. The following variables
were extracted from the remaining articles: primary tumor
classification, symptoms at presentation, treatment modali-
ties utilized, and survival outcomes post-treatment. We also
extracted survival outcomes post-treatment based on the length
of time (in months) that patients were alive from completion of
their respective treatment(s) to death or last follow-up of any
cause. We acknowledge this is a limitation as this may include
death due to SIM progression, treatment complications, or
systemic disease burden. Comprehensive data extracted from
each study is included in Table I.

Statistical analysis. Descriptive statistics were used to catego-
rize patient demographics (age and sex), primary tumor type,
location of the SIM within the ventricles, symptoms at presen-
tation, treatment modalities used, outcomes post-treatment
(survival duration in months following completion of treat-
ment plan), and presence of hydrocephalus. Kaplan Meier
(KM) survival analysis was conducted for prevalent primary
tumor subtypes and management strategies and the KM curves
are reported in the results section (however, this analysis was
done qualitatively and there were no subsequent quantitative
studies done for the KM survival analysis). All the analysis
was performed on IBM SPSS (Version 29.0.2.0).

Results

Demographics. A total of 124 articles were identified. During
screening, 28 records were removed as they were duplicates,
22 articles did not specifically evaluate SIMs, 9 articles were
not available in English or full text review, 36 articles did not

report on patient outcomes post-treatment, and 3 articles did
not report on patient symptoms at presentation (Fig. 1). In
total, 26 articles met the final eligibility criteria, as summa-
rized by Table I. Moreover, 22 of the articles also presented
data on the presence or absence of obstructive hydrocephalus
post-treatment (Table II).

There was a total of 26 patients (34.6% female) with
a median age of 64 (range: 28-88) across all articles. Renal
cell carcinoma (RCC) was the most prevalent primary tumor
(38.5%) followed by thyroid carcinoma (23.1%), lung adenocar-
cinoma (19.2%), and 3.8% each of prostate carcinoma, rectal
carcinoma, submandibular adenocarcinoma, breast cancer,
and gastric cancer (Fig. 2A). Lesion measurement was avail-
able in 11 of the patients, with the median largest diameter of
the SIMs being 34 mm (Table I). While specific characteristics
of SIMs at presentation was only available in 10 studies, 7 of
the SIMs were considered hypervascular lesions and 4 were
considered to have a hemorrhagic component (with one patient
having both) (Table I). Information regarding tumor content
(solid vs. solid-cystic) was not available across studies.

The most common symptom at presentation was headaches
which occurred in 16 patients (61.5%). This was followed by
vomiting, nausea and/or diarrhea (VND) which occurred in
8 patients (30.8%), memory and/or cognitive deficits which
also occurred in 8 patients (30.8%), gait disturbances which
occurred in 7 patients (26.9%), altered mental status which
occurred in 3 patients (11.5%), speech/language deficits which
occurred in 2 patients (7.7%), and seizures, dysphagia, hearing
loss, and weight loss, which occurred in 1 patient each (3.8%).

As shown in Fig. 2B, 12 patients (46.2%) had metastatic
disease to only one lateral ventricle, while 3 patients had
involvement of both lateral ventricles (11.5%). Additionally,
5 patients (19.2%) had metastasis to the lateral and fourth
ventricle, 3 patients (11.5%) had metastasis to the third
ventricle alone, 2 patients (7.7%) had involvement of the lateral
and third ventricle, and 1 patient (3.8%) had involvement of the
fourth ventricle alone (Fig. 2B).

Treatment modalities. Stand-alone tumor resection performed
in 11 (42.3%) patients was the most common treatment, followed
by tumor resection with adjuvant chemo/radiation therapy in 4
(15.4%), tumor resection in addition to a CSF/intraventricular
bleeding (IVB) flow diversion procedure (external ventricular
drain, ventriculoperitoneal shunt, or Ommaya reservoir place-
ment) in 3 (11.5%), chemo/radiation therapy alone in 2 (7.7%),
CSF/IVB flow diversion procedure alone in 2 (7.7%), tumor
resection, chemo/radiation therapy, and CSF/IVB flow diver-
sion procedure in 2 (7.7%) (Fig. 3). One patient (3.8%) had
a tumor biopsy alone with no subsequent management, and
one patient (3.8%) had chemo/radiation therapy and CSF/IVB
flow diversion procedure. In the 20 patients that had surgical
treatment, 15 patients had information on surgical approach:
7 (46.7%) patients underwent a transcortical approach, and
7 (46.7%) patients underwent a transcallosal approach. One
(6.7%) patient underwent a Telovelar approach (Table II).

In the 8 patients that were treated with flow diversion
procedure, 4 (50%) underwent external ventricular drain
(EVD) placement for transient flow diversion of CSF or IVB.
3 (37.5%) underwent ventriculoperitoneal (VP) shunt place-
ment and 1 underwent an Ommaya reservoir placement for



Bzl SPANDIDOS
7] .§, PUBLICATIONS

MOLECULAR AND CLINICAL ONCOLOGY 23: 80, 2025 3

Identification of studies via databases and registers
-
")
= Records identified from:
o Databases (MEDLINE, Records removed before
5'3 Cochrane, and EMBASE) screening:.
‘g (n=101) SR Duplicate records removed
= (n=28)
c
% Forward and backward
e citations (n=23)
. J
l Exclusion criteria:
(i - Not available in English/Full-
Records screened text article not available (n=9)
(n=96)
- Not relevant to intraventricular
metastasis (n=22)
o
£ Full-text articles excluded:
= \ 4 . .
8 -> Did not report patient post-
5 ) ) treatment outcomes (n=36)
n Available full-text articles »
assessed for eligibility (n=65)
- Did not report patient
symptoms at presentation (n=3)
S
— A4
< . . .
[7) Studies included in review
E (n=26)
©
=

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram. A total of 26 articles were included in the final analysis.

permanent flow diversion. Post-treatment hydrocephalus was
present in 14 (64%) patients. 9 (64%) of these patients specifi-
cally had obstructive hydrocephalus (Table II).

Post-treatment survival. The median post-treatment
survival duration (PSD) across all patients was 4.3 months
(0.03-60 months). Across the most prevalent primary tumors,
RCC patients had a median PSD of 12 months (0.1-48 months),
thyroid carcinoma patients had a median PSD of 13.5 months
(0.75-24 months), and lung adenocarcinoma patient had a

median PSD of 1.5 months (0.03-12 months). In patients without
fourth ventricular metastasis, the median PSD was 9.5 months
(0.75-48 months), while patients with fourth ventricular
involvement had a median PSD of 1.5 months (0.5-60 months)
(Table III). In patients with presence of obstructive hydro-
cephalus post-treatment (OH), the median PSD was 4 months
(0.4-48 months), whereas in patients without presence of OH,
the median PSD was 6 months (0.03-60 months).

In 11 patients that underwent tumor resection alone, the
median PSD was 2 months (0.5-48 months). In 4 patients that
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Table I. Continued.

Size of

SIM, mm

Patient age,
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(Refs.)

SIM characteristics

Symptoms at presentation

Location in ventricle

Primary tumor

years/sex

First author/s, year

1s)
(13)

NA
NA

Headache, gait disturbance

Headache, N/V/D,

memory/cognitive
30x25x24 Headache, N/V/D

NA

22x19x27

Lateral ventricle
Third ventricle

RCC

58/male
53/male

Shigemori et al, 1987
Karatay et al, 2015

RCC

(14)

Hypervascular

Lateral and third

ventricle

RCC

48/male

Sava et al, 2013

(16)

Hemorrhagic component present

Memory/cognitive,
gait disturbance

NA

Third ventricle

RCC

68/male

Otani et al, 2015
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Hypervascular

Memory/cognitive,
gait disturbance

40

Lateral ventricle

Thyroid

74/female

Kitagawa et al,2013

RCC, renal cell carcinoma; B/L, bilateral; N/V/D, nausea, vomiting, diarrhea; NA, not available; AMS, altered mental status; SIM, solid intraventricular metastasis from extracranial primary tumors.

underwent tumor resection followed by adjuvant chemo/radia-
tion therapy, the median PSD was 24 months (14-60 months).
In 8 patients that underwent CSF/intraventricular bleeding flow
diversion, the median PSD was 3.75 months (0.1-18 months). In
2 patients that underwent tumor resection, adjuvant chemo/radi-
ation therapy and CSF/intraventricular bleeding flow diversion,
the median PSD was 9.5 months (6-13 months). Lastly, in one
patient that underwent CSF/intraventricular bleeding flow
diversion along with chemo/radiation therapy, the PSD was
0.5 months (Table III). In 12 patients with follow-up imaging
data available, 6 (60%) patients had either tumor recurrence or
residual tumor in the ventricles. Specific post-surgical compli-
cations and/or hospital course data is available in 14 patients,
of which 7 (50%) had neurological complications, and 6 (43%)
had pulmonary complications (Table II). Additionally, out of
the 17 patients that were deceased at the end of each case report,
11 (65%) patients passed from clinical deterioration related to
SIM disease, 5 (29%) patients passed due to non-neurologic
complications following the procedure, and one (6%) patient
passed due to SIM hemorrhage. Comprehensive subgroup data
on PSD has been detailed in Table III.

Kaplan Meier survival analysis. In the Kaplan Meier (KM)
survival analysis comparing PSD for the most common
primary tumors, thyroid carcinoma had the highest probability
of survival up to 12 months post-treatment, followed by RCC,
and lung adenocarcinoma. After the 12-month PSD, RCC
had the highest probability of survival, followed by thyroid
carcinoma, and lastly lung adenocarcinoma (Fig. 4A).

In the KM analysis comparing the most prevalent manage-
ment strategies for SIMs, patients that received resection and
chemo/radiation therapy had the highest survival probability at
all timepoints post-treatment (Fig. 4B). Patients that received
chemo/radiation therapy alone had the second highest prob-
ability of survival up to 15 months post-treatment. However,
after 15 months post-treatment, patients that underwent
resection alone had a moderately higher survival probability
compared to the chemo/radiation cohort. Lastly, patients that
received a CSF/IVB flow diversion procedure had the lowest
survival probability across all timepoints.

Discussion

Renal cell carcinoma (RCC) emerged as the most common
primary tumor in our cohort, consistent with prior litera-
ture (10-14). The predominance of RCC to metastasize to the
ventricles may be attributed to its inherent hypervascularity
and the choroid plexus' role as a site of filtration and vascular
exchange, facilitating hematogenous spread (12). Additionally,
studies have indicated that there are two subtypes within
RCCs: one which is rapidly progressing and is often fatal
soon after diagnosis, and one that is slower growing and is
characterized as an indolent tumor (11,15,16). The longer
timeline between initial diagnosis of RCC and diagnosis of the
SIM in this analysis suggests that metastasis to the ventricles
from RCC is more prevalent in the slower growing type (11).
Although the mechanism behind this pattern is unknown, this
may be due to slower-growing RCC subtypes allowing patients
to survive longer, increasing the likelihood of detecting
late-stage, unusual metastatic sites like the ventricles. Thyroid


https://www.spandidos-publications.com/10.3892/mco.2025.2875

SAKTHIYENDRAN et al: PROGNOSIS AND MANAGEMENT OF INTRAVENTRICULAR METASTASES

WSI[OquIo

(81) AV Areuownd [e1oje[rg Jown) [BNPISay payrodar jJoN 0081 [eso[[eosuely, uor309saI Jown, 6002 ‘Jp 12 Sueyz
(JNIS 03 @np UONIRIOLIAIAP
n [BOIUI[D) Paseada V/VN V/VN payiodarjoN SLO V/VN uornossal Iowny, 8661 ‘I 12 B[R]
(uoneordwod (o)) uoneordwod
(62) K1oye1idsar) paseasa( K1oyeardsoy V/VN ON 0S'C [eso[[eosuel], uonodsarIowny, a6l ‘v 12 IyseAeqeeN
(uonoejur [eIpIRIOAW (@OD) uonorejur
(L1 9INok) paseada [eTPIEOOAW NOY SOX. ON 0S'1 [eonI00SURI], uor309saI Jown, 1661 ¢]p 12 0j0WIUR],
(12 QAIlY  Surpoo[q [erownjenuy ON (9A130N1)8qO) SOX 00'8¥ [eonI00SURI], Uor309saI JoWny, €861 ‘1P 12 MIIOQR[TY]
(JNIS O3 @np UOIIRIOLIdIOP uorneIper 0861
(1€) [BOIUI]D) PIseId™( V/VN V/VN ON €00 V/VN ‘Aderoypoway)  ‘zjueIyuAsOY pue A[edaH
uonerpelr 610¢
(82) IAIY V/VN ON ON 0009 V/VN ‘uonoasar rowny, ‘I 12 Ipryswelmuy
(an SAIY V/VN V/VN ON 00°0¢ V/VN uornodesal Jowmng, L661 ‘D J2 RIRWNSIBIA
snjeydacoipAy
(JNIS 03 @np UOIIBIOLIdIAP Suruasiom pue HAI (snreydosoipAy 020z ‘Aouays
&2 [BOIUI[O) PIsBAdd  ‘SuIpad[q [erownjenyuy SOX [EOLIJOWWASE) SOX 0S'1 [eso[[eosuel], UOoI309sa1 JoWN, pue Aouays
(JNIS 03 2np UOIIRIOLIdIP
©) [eoruro) paseaddq  snrsuruaw onse[dodaN V/VN (9A11001SqO) SOX 0S0 JR[QAO[], UOI103SaI Jowny, €20T ‘Iv 12 opliIen)
(wsrjoquie Areuownd (o) (9A1ONISqO-UOU)
on) WOIJ PaIp) paseadd  wsIoquid Areuownd V/VN SOx 00'9% [eonI00SURI], uor309saI JoWn, S00T ‘Iv 12 aIne|
wsIoquIa uoreIper
(JNIS 03 2np UOIIRIOLIIP Areuowrynd pue ‘(quouewrad) 610T
(0¢) [eorurd) paseade eruownaud uonerdsy V/VN (prrur) sox 0S'1 V/VN  110AI9s31 eAetlu() ‘o[[eurg pue 2Ko0jowQ
AyredouapeydwA]
[exoesard
(JNIS 03 @np UOIRIOLIAIAP 0} 9np 2OUAUNUOIUT
(6) [BOTUI[O) PIseaddq [e99] pue A1eurrn) ON (eA130N1)8qO) SOX 00C V/VN UOo1309saI J0WN], €102 ‘[P 12 1[9ZD
uonerpel ‘(Aep pug
paAowr) QAH
() IAIY V/VN ON ON 009 [edon10osueL], ‘uonoasar owng, S10T ‘v 42 yureys
(IS 2w jo (quoueurrad) SA
(®) [IMOI3aI) P[qesI(]  UONEIR[IP JR[NOLIUIA SOX. ON 0081 [eso[[eosuely, ‘uorjoosar Jown, 7661 ‘Ip 12 OUNZIN
(s}ay)  (erqeordde j1 Apiqesip 9s1n09 [eydsoy SurSewrt Qouasaxd uonodwod (erqeordde j1)  od4£3 JuowaSeuey Iedk ‘s/1oyIne IS
/UIeap 10J uosear) /suonedrdwod dn-morj0J 18 snreydaooipAH juswgean-isod yoeoidde
dn-mo[[oJ 1se[ 18 [eo131ns-1504 UQ9S QOULINIAI syuow ‘qSd [eo13ing

PAIqESIP/PISEIOIP/AAIY

/3UIpaas Jowny,

"SOWO09JNO PUE SONSLIAIOBILYD [BOIUI[D ‘JudWoSeUR A :SO[OIMIE JO ATewruung ] 9[qeL



MOLECULAR AND CLINICAL ONCOLOGY 23: 80, 2025

*A198I0SOIPEI 0130BI0AIA)S ‘SYS ‘siown) Arewrtid [IUBIORIIXS WOIJ SISL)SEIOW JB[NOLIUSABRIUL PI[OS ‘NS ‘UIeap JO asned ‘qOD
‘oqeordde/a[qe[reAe jou ‘y/yN ‘Bworeway [einpqns ‘HJS ‘9SeyLIoway Je[NOUARIUL ‘HAT ‘UIRIP JR[NOLUIA [BUISIXD ‘JAH Junys [eouojiodo[noimudA ‘SJA ‘uoneInp [eAlains juswiean-jsod ‘qsd

uonerper
) QAIY QUON ON ON 00 ¥1 [eonIoosuelI], ‘Uo10dsaI JowWny, €102 ‘Iv 12 emedeIry]
uoneipelr
1) QAIY QUON ON (9An0N1$qO) SOX 00T [esO[[eosuel], ‘uonoasal Jowny, G10T ‘v 12 uBQ
(@od)
eruownaudoyouoiq
(eruownaudoyouoiq) pue uorsnjjo (eAONNSqo
&1) paseaoo(q [ewApuadosueiy, V/VN -uou ‘pJIur) Sox o0 [eso[[eosuel], UoI309sa1 JoWnN, €10T ‘Ip 12 eARS
(eSeyrrowoy adAd
(€1) NIS) Paseadoq HAI V/VN (9A10N1$qO) SOX €0 [eso[[eosuel], ‘uonoasal Jowny, G107 ‘Iv 12 Aeyerey]
(Appomb
(JNIS 01 anp uoneioLa}op parp juaned) AT
(4)) [eorurd) paseadd  HAS 2Ioydsruoy-1yo] V/VN panodar JoN 010 [eonI0osue1], ‘uorjoosar owny, L861 Ip 12 1I0Wa3IYS
(JNIS 03 @np UONBIOLIdJOP
(S0 [OIUI[O) Paseada V/VN SOK (9A110n15q0) SOX 00CI V/VN Adereyrowray) 020T ‘1v 12 Suoy
(L Kep
aanerado-isod
(JNIS 03 anp UOTBIOLIIP paaowar) JAH
03 [BOIUI[O) PaseadR V/VN V/VN (9A110n115q0) SOX Lo V/VN ‘Ksdorq sown, 120T ‘v 42 yoeag
(JNIS 01 anp uoneIOoLIP SYS ‘SdA
61) [Bo1UI[0) paseadaq V/VN SO (9A10N1$qO) SOX 00°€1 [BO1I0OSURL], ‘uonOasal Jownyg, 7102 ‘Ip 12 K190
(T0) (s1sdos) paseaoa(q (@oo) srsdag V/VN (2A110n115q0) SOX 009 V/VN (uouewirad) SJA 800T ‘Iv 12 uIRATWO],
(eAnonnsqo UuO1}09$aI
(Lo QA V/VN V/VN -Uou ‘pJIu) sOx 00t¢ V/VN Jown) ‘uonerpey 0T0T ‘I 32 eIISBAN
(JNIS 03 onp UOnEIOLIAIP
(T9) [BOIUI[O) Pasead™ V/VN V/VN pauodar joN 0s'¢C V/VN  Asdoiq onoejoarag 9861 ‘IV 12 1B
(s}ey)  (erqeordde j1 Apiqesip 9s1n0o Teydsoy SurSewrt Qouasaxd uonadwod (erqeordde j1)  odA£) yuowaSeuey Ieak ‘s/10yIne IS
/Yieap 10J uosear) /suonedrdwod dn-morj0J 18 snreydaooipAH jusugean-isod yoeoidde
dn-mo[joJ 1se] 18 [e2131ns-1S04 UQ9S 9OULINIAI syuow ‘qSd [eo131ng

PAIQESIP/PISEOIP/AAITY

/3UIpaas Jowny,

SPANDIDOS
[} PUBLICATIONS

"panunuoD ‘1 S[quL


https://www.spandidos-publications.com/10.3892/mco.2025.2875

8 SAKTHIYENDRAN et al: PROGNOSIS AND MANAGEMENT OF INTRAVENTRICULAR METASTASES

A Primary tumors B Ventricular location

‘ —»385%
RCC
“—»19.2% “—» 23.1%

Lung Thyroid

Lateral ventricle
e One side - 12 (46.2%)
¢ Both sides - 3 (11.5%)

Third ventricle only - 3 (11.5%)

Third and lateral - 2 (7.7%)

Fourth ventricle only - 1 (3.8%)

@ Fourth and lateral - 5 (19.2%)
Rectal
—»3.8%
Gastric
Submandibular Prostate

Figure 2. Prevalence of primary tumors and ventricular location of metastasis. (A) Prevalence of the different primary tumors in the present cohort, with patients
with RCC having the highest prevalence, followed by those with thyroid carcinoma and lung adenocarcinoma. Other primary tumors, such as breast, gastric, rectal,
submandibular and prostate carcinomas were found to be less likely to metastasize to the intraventricular space. (B) Prevalence of intraventricular metastasis based
on ventricular location. The lateral ventricle was the most common site of metastatic spread, followed by metastasis to the fourth ventricle, and the least common
site of metastasis was the third ventricle. Created in BioRender. Arunachalam Sakthiyendran, N. (2025). RCC, renal cell carcinoma.

Treatment modalities

Tumor resection alone

Resection and chemo/radiation

Resection and CSF/IVB FD

Chemo/radiation alone

Resection and chemo/
radiation and CSF/IVB FD

Chemo/radiation and CSF/IVB FD

Tumor biopsy

Figure 3. Pie chart of treatment modalities. Prevalence of the different management strategies employed to treat intraventricular metastasis in the present
cohort of patients. CSF/IVB FD, cerebrospinal fluid/intraventricular bleeding flow diversion.

carcinoma and lung adenocarcinoma were also prevalent hematogenous spread as indicated by the large percentage of
among patients in the included studies. This may be due to  SIMs characterized as hypervascular in this review, as well as
the propensity of these primary tumors to cause lymphatic or  their anatomical proximity to the brain (17-19).
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Table III. Post-treatment survival duration for different subgroups.

Median post-treatment

Characteristic survival, months (range)
Sex
Male (n=17) 2.50 (0.10-60.00)

Female (n=9)
Primary tumor type
Renal cell carcinoma (n=10)
Thyroid carcinoma (n=6)
Lung adenocarcinoma (n=5)
Prostate carcinoma (n=1)
Rectal carcinoma (n=1)
Breast cancer (n=1)
Submandibular adenocarcinoma (n=1)
Gastric cancer (n=1)
Ventricular location
One lateral ventricle only (n=11)
Both lateral ventricles (n=3)
Fourth ventricle only (n=1)
Third ventricle only (n=3)
Lateral and fourth ventricle (n=6)
Lateral and third ventricle (n=2)
Management type
Standalone resection of IVM (n=11)
Chemo/radiation alone (n=2)
CSF flow diversion only (n=2)
Resection and chemo/radiation therapy (n=4)
Resection and CSF diversion (n=3)
Chemo/radiation and CSF diversion (n=1)
Resection, chemo/radiation, CSF diversion (n=2)
Biopsy only (n=1)
OH
Presence of OH (n=16)
No presence of OH (n=6)

12.00 (0.75-48.00)

12.00 (0.10-48.00)
13.50 (0.75-24.00)
1.50 (0.03-12.00)
2.00
1.50
1.50
60.00
2.50

14.00 (0.1-48.00)
2.50 (0.03-6.00)
2.00
6.00 (0.43-24.00)
1.50 (0.50-60.00)
23.20 (0.40-46.00)

2.00 (0.50-48.00)
6.00 (0.03-12.00)
3.40 (0.75-6.00)
24.00 (14.00-60.00)
0.40 (0.10-18.00)
0.50
9.50 (6.00-13.00)
2.50

4.00 (0.40-48.00)
6.00 (0.03-60.00)

CSF, cerebrospinal fluid; IVM, intraventricular metastasis; OH, obstructive hydrocephalus.

The clinical presentation of SIMs varied widely, but
frequently included headaches, nausea/vomiting/diarrhea,
gait instability, and memory or cognitive disturbances.
Additionally, while our analysis did not evaluate presentation
symptoms based on SIM location, other studies have indicated
that lateral or third ventricular tumors are more frequently
associated with motor weakness and cognitive impairment,
while tumors involving the fourth ventricle are more associ-
ated with ataxia and dizziness 5). While these symptoms
are not exclusive to hydrocephalus and not all patients with
SIMs develop OH, those presenting with these symptoms are
typically evaluated with cranial imaging, which often reveals
tumor-related causes. Tumors growing within the ventricles
can obstruct CSF and blood flow, leading to increased ICP
and OH (20-22). Even when OH or intracranial bleeding is not
initially present, it is important to recognize the potential for

its progression as the tumor enlarges. Hence, patients should
be informed about the possible development of hydrocephalus,
hemorrhagic transformation, and the importance of persistent
surveillance.

The heterogeneity in treatment strategies for SIMs reflect
the complexity of balancing effective local control with the
risks posed by the proximity of these tumors to vital struc-
tures. Tumor resection, either alone or in combination with
adjuvant RCT, was the most frequently utilized approach in our
analysis. The transcortical and transcallosal approaches were
the most common surgical approaches used given the access
it provides to the lateral and third ventricles (23). Patients who
underwent tumor resection with adjuvant RCT also demon-
strated the longest PSD, with a median of 24 months. This
indicates that a multimodal and systemic approach to SIMs
may provide superior local control and survival compared to
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Figure 4. Kaplan-Meier analysis of the post-treatment survival duration for different primary tumors and treatment paradigms. (A) Kaplan Meier curve indicating
that patients with thyroid carcinoma had the highest probability of survival up to 12 months post-treatment. However, after 12-months, patients with RCC had the
highest probability of survival. Patients with lung adenocarcinoma had the shortest post-treatment survival duration across all timepoints. (B) Kaplan Meier curve
indicating that patients who received resection and adjuvant chemo/radiation therapy had the highest survival probability at all timepoints post-treatment. Patients
that received chemo/radiation therapy alone had the second highest probability of survival up to 15 months post-treatment. Patients that received a CSF/IVB flow
diversion procedure (external ventricular drain, ventriculoperitoneal shunt or Ommaya reservoir) had the lowest survival probability across all post-treatment
timepoints. CSF/IVB, cerebrospinal fluid/intraventricular bleeding; KMC, Kaplan Meier curves; RCC, renal cell carcinoma.

surgery alone (24,25). Performing surgical resection alone had
a notably lower median PSD compared to the use of resec-
tion and chemo/radiation. Hence, while surgery may be done
to relieve the debilitating symptoms related to mass effect in
patients with large tumors or elevated ICP, surgical resection
may be particularly complicated in SIM patients (26). This
may likely be secondary to the increased risk of IVH due to the
hyperemic nature of choroid plexus metastases, which needs
to be adequately managed intraoperatively using irrigation,
and CSF/bleeding diversion (27). Given these factors, the risk
of surgery must be carefully weighed against the long-term
benefits of quality survival. Traditionally, patients selected as
surgical candidates are expected to have a reasonable perfor-
mance function status, and stable metastatic disease, that is not
characteristic in patients with SIMs (27,28). Hence, in patients
(especially those that are elderly and/or frail) who prioritize
quality of life, surgical resection may be contraindicated.
Interestingly, while 8 patients underwent CSF/IVB
diversion procedures such as EVD placement, VP shunt,
or Ommaya reservoirs, the PSD was lower than the overall
median of the cohort. The reduced survival observed in
patients undergoing CSF/IVB diversion suggests that these
procedures are primarily palliative and reserved for patients
with severe symptoms since CSF/IVB diversion does not
alter the underlying disease process itself. Moreover, flow
diversion such as EVD, Ommaya reservoirs, etc. carry risks
such as infection, catheter occlusion, and ventriculitis, which
can further compromise survival in this already vulnerable
group (27). Therefore, surgical intervention and flow diversion
should be considered in select cases to preserve neurologic

function and alleviate symptoms of hydrocephalus (20,29). In
patients with extensive disease progression or limited systemic
treatment options, CSF/IVB diversion may offer temporary
relief, helping patients maintain a level of function and comfort
during the course of their illness (20,30,31).

The unique microenvironment of the ventricular system
poses distinct challenges for the treatment of SIMs. The
nutrient-rich CSF, coupled with limited immune surveillance
within the ventricles, creates an environment conducive to
metastatic cell survival and proliferation (32,33). Moreover,
the ventricular wall may act as a barrier to systemic therapies,
including chemotherapy and targeted agents, further compli-
cating management. While stereotactic radiosurgery (SRS) has
shown promise in achieving local control for intraventricular
metastases, its efficacy in SIMs is likely constrained by the
shielding effect of the ventricular wall and the blood-brain
barrier.

Our study also highlights the substantial variability in
outcomes. Among the most prevalent primary tumors, patients
with RCC demonstrated the longest median survival, whereas
those with lung adenocarcinoma had a poorer prognosis. The
shorter survival in lung adenocarcinoma likely reflects its
aggressive nature and propensity for widespread systemic
and intracranial disease progression (17,25). This observation
highlights the relationship between tumor biology and disease
progression, which may be crucial in tailoring therapeutic
strategies.

Tumor location within the ventricles also appears to influ-
ence prognosis. Patients with fourth ventricular involvement
had a shorter median survival compared to those with lateral or
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third ventricle-only involvement. The anatomical and surgical
challenges associated with fourth ventricular tumors, associ-
ated with operating in and around the posterior fossa, could
contribute to increased perioperative morbidity. For instance,
compression of the brainstem or cerebellum may accelerate
functional decline and preclude aggressive therapy (26). While
this was not statistically significant due to sample size, this
trend warrants further investigation.

Importantly, the dismal overall median survival
(4.3 months) for all patients with SIMs reflects the advanced
nature of the disease and the limited therapeutic arsenal
currently available. This aligns with previous reports that
intraventricular metastases from extracranial tumors are
associated with a worse prognosis compared to other brain
metastases (7). The advanced disease stage at diagnosis and
the anatomical complexity of the ventricular system are key
contributors to these outcomes.

Emerging therapies, such as immunotherapy (e.g., tyrosine
kinase inhibitors in RCC, checkpoint inhibitors in NSCLC)
and advanced imaging modalities, offer hope for improving
outcomes in this patient population. Immunotherapies
targeting immune-suppressive mechanisms in the brain
microenvironment are being actively explored and may hold
promise for SIM treatment. Advancements in stereotactic
radiosurgery (SRS) and intra-CSF drug delivery could
enable more localized treatment with reduced systemic
toxicity (28,29).

Additionally, novel imaging techniques, including molec-
ular imaging and CSF biomarkers, could enhance the early
detection and characterization of SIM, enabling more timely
and tailored interventions. Future studies should explore
the timing and efficacy of CSF diversion in improving both
symptom management and overall survival. Given the lack of
studies or clinical trials demonstrating the efficacy or safety
of resection, shunt placement, chemotherapy, or immuno-
therapy for SIMs, treatment decisions must be approached
cautiously due to the risk of peripheral structural damage and
tumor-related hemorrhage (3). In addition, intraventricular
metastases can grow larger, without clinical symptoms (31,32).
If treatment is delayed, even slowly progressing tumors-such
as RCC metastases-may increase in volume due to recurrent
intratumoral hemorrhage. This bleeding can contribute to
sudden expansion of the tumor, worsening mass effect, and
OH. In cases where tumor burden extends into the third
ventricle or hypothalamic region, progressive compression and
infiltration may lead to hypothalamic dysfunction, resulting in
neurological decline (11,14,16).

Our study is inherently limited by the rarity of SIMs, the
heterogeneity in reported details of cases, and the retrospec-
tive nature of the included studies. The small sample sizes
and variability in treatment approaches across studies limits
definitive conclusions regarding prognostic factors and optimal
management. Specifically, the retrospective nature of this
review meant that we could not standardize treatment selec-
tion criteria. Hence, interventions reflect individual clinician
judgment based on tumor location, patient performance status,
and systemic disease. Additionally, due to the heterogeneity in
outcome measures and lack of consistent reporting in timeline
from primary tumor to SIM diagnosis, we had to use duration
of survival post-treatment completion as the outcome measure.
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PTD may reflect heterogeneous causes (SIM progression vs.
procedural morbidity vs. systemic disease), which we could
not disaggregate given case-report data. Given these limita-
tions and the sample size being inadequately powered for
significance analysis, we approached this systematic review
through consolidating, analyzing, and describing the patters
across the literature on SIMs. As with all systematic reviews,
our findings are limited and may reflect inherent biases of the
studies included, although efforts were made to identify these
biases.

Despite these limitations, our systematic review provides
a comprehensive synthesis of the available literature on the
presentation, management, and outcomes of SIMs. It also
highlights key knowledge gaps and areas for future research,
including the need for prospective studies to better define
treatment outcomes and survival patterns in this rare patient
population.

In conclusion, SIMs represent a rare but clinically
significant manifestation of metastatic disease. Our findings
underscore the importance of a multimodal treatment approach
and highlight the challenges posed by the unique anatomical
and biological features of the ventricular system. Continued
research into the pathophysiology, early detection, and novel
therapies for SIM is essential to improving outcomes for these
patients.
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