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Abstract: Introduction: Meningeal metastasis (MM) from naso-ethmoidal malignancies
(NEMs) is rare, its metastatic route is still debated, and its prognostic impact remains
unclear. Our aim is to analyze a retrospective series of NEMs with non-contiguous MM
to study the possible route of spread and the prognostic value of MM. Materials and
methods: The institutional database of SNC treated at the University of Brescia between
1995 and 2021 was reviewed. Clinical-pathological data were collected, and survivals were
estimated with Kaplan—-Meier. Univariate and multivariate logistic regression analysis
were run to identify predictors of MM. Results: Among 296 patients, 17 experienced
non-contiguous MM, all located along the dura. Intestinal-type adenocarcinoma (10/17)
and olfactory neuroblastoma (3/17) were the most frequent histologies. At univariate
analysis, brain edema (p < 0.0001), resection (p = 0.026) or invasion (p = 0.006) of brain
parenchyma, and local (p = 0.0004) and nodal (p = 0.021) recurrence were predictors of MM.
At multivariate analysis, local recurrence was confirmed as an independent factor (odds
ratio: 11.88, p = 0.0005). Dural surgical resection was not a risk factor. The five-year disease-
specific survival was longer in patients with exclusive MM compared with patients with
distant metastasis at other sites (64.3% vs. 30.1% p = 0.046). Conclusions: Dural venous
shunt is the most likely pathway of spread of MM. Local recurrence is the only independent
risk factor. Exclusive MM has a better prognosis than extrameningeal metastasis.

Keywords: meningeal metastases; dural metastases; sinonasal; cancer; recurrence

1. Introduction

The intracranial localization of distant metastases in human cancer is observed in
24% of cases [1-4]. Brain metastases are the most frequent, while the extra-axial site is
less reported, with leptomeningeal metastases being the most represented (4 to 15% of
patients with solid tumors), followed by dural metastases (1-9%) and calvarial metastases
(1-2%) [1-7].

Opverall, specific tumors show a predilection to brain, meningeal, and calvarial spread.
Leptomeningeal metastases are commonly related to breast and ovarian cancer, acute
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lymphoblastic leukemia, and high-grade non-Hodgkin lymphomas. Metastatic cutaneous
melanoma and small cell lung cancer frequently involve both the leptomeninges and
brain parenchyma, while non-small cell lung cancer is mostly associated with pure brain
metastases. Prostate and kidney cancer are recognized as the main cause of dural and
calvarial metastases [2,5,7].

Being an expression of an advanced and systemic disease, meningeal metastasis (MM,
including both dural and leptomeningeal spread) has been traditionally considered a
poor prognosticator. Indeed, the management of such lesions in the setting of palliative
treatment is controversial, including whole-brain radiation therapy (WBRT), radiosurgery,
chemotherapy (ChT), and best supportive care (BSC).

MM from head and neck cancers is rare, since only few case reports and small series
are published in the literature, and specific mention to MM in naso-ethmoid malignancies
(NEMs) is sparse [8-12]. Indeed, the presence of MM from NEM poses different questions,
such as the biological nature (distant spread vs. satellitosis/diffusion by contiguity) and
the etiology (hematologic/lymphatic spread vs. spread through the cerebrospinal fluid vs.
iatrogenic seeding during surgery). As a consequence, it is not obvious that MM from NEM
portends the same negative prognostic weight as it is in other cancers, or for metastasis at
other sites.

In the present paper, we present a retrospective analysis of patients with MM from
NEM treated in a single tertiary referral center, focusing on the possible pathogenesis,
pathways of spread, and prognostic value.

2. Materials and Methods

The institutional database of patients with NEM treated with curative intent at the
Unit of Otorhinolaryngology—Head and Neck Surgery of the University of Brescia between
October 1995 and December 2021 was retrospectively reviewed to identify all the cases
with distant spread. The following exclusion criteria were used: (a) distant metastasis at
presentation, (b) unavailability of preoperative and follow-up MRI for re-evaluation, and
(c) unavailability of oncological patient status.

All patients were free of distant metastasis at the time of treatment and developed distant
spread during follow-up. Follow-up included periodic clinical evaluations (every 2 months
for the first year, every 4 months until the third year, every 6 months until the fifth year, and
then annually) and radiological exams (MRI or CT of the head every 4 months for the first
2 years, every 6 months until the fifth year, and then annually; PET-CT or whole-body CT
once a year). Examinations were planned irrespective of patients” symptoms.

Information concerning age, gender, previous treatment, type of surgery, histology,
pathological TNM classification, margin status, skull base/dural/brain/olfactory bulb
infiltration, brain edema at preoperative magnetic resonance imaging (MRI), lymphovas-
cular invasion (LV), perineural/intraneural spread (PNI), adjuvant treatments, pattern of
recurrence, and management strategy of recurrence were retrospectively analyzed. An
ancillary analysis of the localization of non-meningeal distant recurrences was performed.

2.1. Radiological Analysis

Preoperative and follow-up MRI studies of patients with MM were retrospectively
analyzed by an expert radiologist (M.R.) to define signs of primary tumor transdural
extension (i.e., brain edema and skull base/dural/parenchymal infiltration) and classify
the recurrent lesions as either leptomeningeal or dural according to the following criteria
(Figure 1) [2]:

e Leptomeningeal metastases look like a diffuse coating overlying the parenchyma or
multiple small nodules distributed along the cerebrospinal fluid (CSF) spaces.
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e  Dural metastases show a characteristic “crescent” or biconvex shape, the second
usually associated with brain displacement away from the inner table of the skull.

Figure 1. Images of dural implant metastases in MRI on axial plane with VIBE sequences. (A) Single
metastasis in frontal location; (B) single metastasis of the anterior falx; (C) dual metastasis in frontal
and anterior falx locations; (D) single metastasis of the left supraorbital gyrus; (E) multiple metastases
in fronto-parietal location, some of which are confluent; and (F) cystic metastases in right and left
occipito-temporal locations.

The following MRI sequences were used for the evaluation of MM: TSE-12, T2-FLAIR, pre-
and post-contrast T1 on axial and coronal plane, and post-contrast 3D T1 fat-saturated (VIBE).
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In addition, an analysis of the topographical distribution of the lesions was performed.
For a better topographical definition, we referred to the cerebral gyri even in the case of
dural metastasis (i.e., the MM is at the level of the dura opposite to the corresponding
cerebral gyrus).

Isolated recurrences on the inner surface of the dural reconstruction and/or localized
within 1 cm from the dural resection were considered local recurrences and therefore were
not included in the group of MM.

2.2. Statistical Analysis

The association between the collected information and occurrence of MM was verified
with a univariate logistic regression analysis. A multivariate logistic regression analysis
was run among factors significant at univariate study to identify independent predictors of
meningeal metastases. Significance was set at 0.05 and the trend of significance was set
between 0.05 and 0.10.

A survival analysis was carried out comparing patients with exclusive MM with pa-
tients with extrameningeal metastases with or without meningeal localization. The analysis
included the distribution of status at the last follow-up, survival time after primary treat-
ment, latency between primary treatment and distant recurrence, survival after diagnosis
of distant recurrence, and Kaplan—Meier analysis after primary diagnosis.

3. Results

Among 296 patients included in the institutional database between October 1995 and
December 2021, 54 patients (18.2%) met the inclusion criteria and were included in the
dataset. The sites of distant spread were as follows: 17 (31.5%) MM, 16 (29.6%) lung metas-
tases, 13 (24.1%) bone metastases, 10 (18.5%) brain metastases, 7 (13.0%) liver metastases,
and 10 (18.5%) metastases to other sites (stomach, ileocolic, thigh, uterus, breast, parotid,
peritoneum, and mediastinal lymph nodes). In seven (13.0%) patients, the site of distant
metastasis was not available. Among patients with MM, nine (52.9%) also showed an
extrameningeal localization.

3.1. Characteristics of Patients with Meningeal Recurrences

In the group of patients with MM (17 patients), the mean age at the time of surgery was
60 (range: 34-75 years old) and the male-to-female distribution was 13:4. The radiological
diagnosis of MM was made by the periodic follow-up protocol and was therefore generally
performed before the occurrence of clinical symptoms.

Nine (52.9%) patients had a recurrent tumor at referral to our center. Previous treat-
ments were exclusive surgery in 5 (29.4%), chemotherapy in 3 (17.6%), and surgery and
chemoradiation in 1 (5.9%) patient.

All patients underwent surgery with curative intent. Endoscopic resection without
anterior skull base craniectomy (ER) was performed in 2 (11.8%) patients, with transnasal
craniectomy (ERTC) in 11 (64.7%) cases, and a combined cranioendoscopic approach (CER)
in 4 (23.5%) cases. Surgery was extended to brain parenchyma resection in eight cases
(47.1%). Demographics and the clinical and radiological features of NEM with MM are
described in Table 1.
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Table 1. Clinical and demographic characteristics of patients with meningeal metastases.
n %
Gend Male 13 76.47%
ender Female 4 23.53%
None 8 47.06%
Provi Surgery 5 29.41%
revious treatment ChT 3 17.65%
Surgery + RT + ChT 1 5.88%
. . Yes 9 52.94%
Skull base invasion No 3 47.06%
Dural; . Yes 8 47.06%
ural invasion No 9 52.94%
MRI critical relations
Yes 6 35.29%
Brain edema No 6 35.29%
NA 5 29.41%
Brain parenchyma invasion Yes > 29.41%
No 12 70.59%
ER 2 11.76%
Surgery ERTC 11 64.71%
CER 4 23.53%
Brai i Yes 8 47.06%
rain resection No 9 52.94%
RT 9 52.94%
. ChT 1 5.88%
Adjuvant treatment Chemoradiation 2 11.76%
None 5 29.41%
NED 0 0.00%
Follow-up status AWD 8 47.06%
p DOD 8 47.06%
DOC 1 5.88%

MRI: magnetic resonance imaging, ChT: chemotherapy, RT: radiation therapy, ER: endoscopic resection, ERTC:
endoscopic resection with transnasal craniectomy, CER: cranioendoscopic resection, NED: no evidence of disease,
AWD: alive with disease, DOD: dead of disease, DOC: dead of other causes.

At the histopathological examination (Table 2), the resection was in uninvolved mar-
gins in 11 patients (64.7%), while 6 patients showed microscopic positive margins (35.3%).
The most frequent histologic type was intestinal-type adenocarcinoma (ITAC, 10 cases,
58.8%) followed by olfactory neuroblastoma (ONB, 3 cases, 17.6%). Most patients had
pT4-class tumors, and all were cNO at the time of primary treatment. According to the final
pathological examination, the tumor invaded the bone of the skull base in 9 (52.9%) patients,
the dura in 8 (47.1%) patients, the brain in 6 (35.3%), and the olfactory bulb in 1 case (5.8%).
Microscopic LV was observed in 12 (70.6%) cases, while perineural/intraneural spread was
observed in 7 (41.2%) cases.

Twelve (70.6%) patients received adjuvant treatments on the primary tumor (Table 1),
while in the remainders (5, 29.4%), it was contraindicated because of previous irradiation (3,
17.6%), early pT stage (1, 5.9%), and early post-surgical progression of the disease (1, 5.9%).

Eleven patients (64.7%) showed a local recurrence, of whom 2/17 (11.8%) had a local
and distant recurrence and 3/17 (17.6%) had a local, nodal, and distant extra-meningeal
recurrence. Four patients presented nodal recurrence (23.5%), in all cases together with local
or distant relapse. Distant metastases were reported in nine cases (52.9%). Two patients
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(11.8%) did not show other recurrences apart from MM. The description of the local,
regional, and distant recurrences is detailed in Table 3.

Table 2. Pathological characteristics of primary tumor in patients with meningeal metastases.

n %

ITAC 10 58.8%
ONB 3 17.60%

Histology SNUC 1 5.9%

ES 1 5.9%
CaNOSs 2 11.80%

T1 1 5.88%
T2 2 11.76%
pT T3 3 17.65%
T4a 4 23.53%
T4b 7 41.18%
Surgical margins RO 1 64.71%
& & R1 6 35.29%
G1 2 11.76%
Grade G2 5 29.41%
G3 10 58.82%
Lymphovascular invasion Lv0 5 2941%
ymp Lvl 12 70.59%
. 1 . Pn0 10 58.82%
Perineural invasion Pnl 7 41.18%
Dural i . Yes 8 47.06%
ural invasion No 9 52 94%
. . Yes 9 52.94%
Skull base invasion No 8 47.06%
Yes 6 35.29%
Brain parenchyma invasion No 7 41.18%
NA 4 23.53%

o . Yes 1 5.88%
Olfactory bulb infiltration No 16 94.12%

ITAC: intestinal-type adenocarcinomas, ONB: olfactory neuroblastoma, SNUC: sinonasal undifferentiated carci-
noma, ES: Ewing sarcoma, CaNOS: carcinomas not otherwise specified.

Overall, MM was treated in eight (47.1%) patients. Radiotherapy was the most frequent
treatment modality: 4 (23.5%) patients underwent WBRT (30 Gy with 3 Gy fractions),
while gamma-knife radiosurgery and adrotherapy were delivered to 1 patient each (5.9%).
Two patients received systemic therapy, ChT with temozolomide (75 mg/m?) and an off-
label protocol of lutetium-177-based radiometabolic therapy. BSC was scheduled for the
remaining nine (52.9%) patients. Figure 2 shows the overall survival in patients with MM
who underwent active treatment versus best supportive care.
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Table 3. Description of clinical and pathological characteristics, pattern of recurrences, and topographic distribution of the patients with meningeal metastases.

Clinical and Demographic Characteristics Pathological Characteristics Recurrences Meningeal Metastases
. . . Skull Brain Olfactory . .
Previous Adjuvant FU . Surgical Dural Distant Topographic
Gender Treatment Surgery Trea]xtment Status Histology Grade  pT Maigins Invasion Bas_e Parencl.lyma Bul!) Local Nodal (Extrameningeal) Number Dils)trigbul:ion
Invasion Invasion Invasion
1 M None ER RT AWD ITAC 2 2 R1 NA 0 0 0 NE 0 0 NA NA
2 M None ERTC None DOD ITAC 2 2 RO 0 0 0 0 Frontal 0 0 NA NA
NE + skull base + 2 frontal gyrus and
3 M CHT-RT CER CHT DOC ES 3 4a RO NA 0 0 0 zygomatic and 0 0 3 1 ACFg/};\/[CF
temporal bone
4 M CHT CER RT AWD ITAC 2 4a RO NA 0 0 0 Skull base 0 0 1 ACF/MCF
5 M CHT CER RT AWD  ONB 1 3 R1 1 0 0 0 Maxilla Cervical Bone 4 th gﬁgiﬁg s,
1 ACF/MCF
6 M None ER None DOD ITAC 3 1 RO NA 0 0 0 Maxilla 0 0 1 Temporal gyrus
7 M None ERTC RT DOD ITAC 1 4b R1 0 1 1 0 0 0 Brain 3 Frontal gyrus
8 M CHT ERTC RT AWD  SNUC 3 4b RO 1 1 1 0 Skull base Cervical Bone 1{1’2?} SoF
1 supramarginal
gyrus,
9 M Surgery ERTC RT DOD  ITAC 3 3 R1 0 1 0 0 0 0 Lung 6 Sfrfontal BYrus,
alx cerebri
1 falx cerebri,
2 ACF/MCF
4 frontal gyrus,
10 M Surgery ERTC None DOD ITAC 2 3 RO 0 0 0 0 NE + orbit 0 Bone 14 4 temporal gyrus,
2 postcentral gyrus
11 M Surgery ERTC None DOD ITAC 3 4b R1 1 1 1 0 NE 0 Liver 1 Temporal gyrus
2 W None ERTC RT-CHT AWD  ONB 3 4b R1 1 1 1 0 0 0 0 1frontal gyrus,
1 temporal gyrus
13 M None ERTC RT DOD ITAC 3 4a RO 0 0 0 0 Orbit Cervical ~ Parotid + thigh 1 Frontal gyrus
1 sylvian fissure,
14 W None ERTC RT-CHT AWD CaNOS 3 4b RO 1 1 1 0 0 Cervical ~ Mediastinum 7 2 falx cerebri
3 frontal gyrus,
1 temporal gyrus
15 M None CER None DOD CaNOS 3 4b RO 1 1 1 0 NE 0 1 Frontal gyrus
6 W Surgery ERTC RT AWD  ONB 3 4a RO 1 1 1 1 0 0 51frf°“tal EYTUS,
alx cerebri
17 W None ERTC RT AWD  ITAC 2 4 RO 1 1 1 0 0 0 Brain 2 1 frontal gyrus,

1 falx cerebri

M: man, W: woman, CHT: chemotherapy, RT: radiation therapy, ER: endoscopic resection, ERTC: endoscopic resection with transnasal craniectomy, CER: cranioendoscopic resection, AWD: alive with disease, DOD: dead of
disease, DOC: dead of other causes, ITAC: intestinal-type adenocarcinoma, SNUC: sinonasal undifferentiated carcinoma, CaNOS: carcinoma not otherwise specified, ONB: olfactory neuroblastoma, NA: not available, RO:
negative margins, R1: microscopic positive margins, NE: naso-ethmoid, ACF: anterior cranial fossa, MCF: middle cranial fossa.
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Figure 2. Kaplan-Meier estimates showing overall survival in patients who underwent active
treatment versus best supportive care for MM. Active treatment versus best supportive care: median
survival, 50.5 months and 49 months, respectively; p = 0.344 (log rank test).

3.2. Radiological Analysis

The MRI of 15/17 (88.2%) patients with MM was evaluated. The remaining two
patients were excluded because the available imaging was of inadequate quality for the
purpose of this study.

All the metastases were dural; no leptomeningeal spread was identified. Fourteen
(93.3%) patients showed one or more localizations to the dura of the cranial vault, while
only one (6.7%) patient presented a single lesion located at the dura of the skull base,
more than 1 cm away from the dural reconstruction. Among the 14 patients with cranial
vault dural metastases, 4/15 (26.7%) had concomitant lesions at the dura of the skull base.
The cranial vault lesions were prevalent in frontal, temporal, and parietal areas. Dural
metastases of the skull base were in the anterior and middle cranial fossae. Finally, five
(33.3%) patients presented a concomitant localization to the falx cerebri. No relation with
the site (left or right) of the primitive tumor was observed. A total of 6 patients had bilateral
MM (40%), 5/15 patients presented ipsilateral MM (33.3%), and 4/15 patients showed
contralateral MM (26.7%). The topographic distribution of the MM is detailed in Table 3.

3.3. Risk Factors for MM and Survival Analysis

An analysis of the association between clinical and pathological factors and the onset
of MM is reported in Table 3. At univariate analysis, the presence of brain edema at preop-
erative imaging (p < 0.0001), resection of the brain parenchyma (p = 0.026), invasion of the
brain parenchyma (p = 0.006), local recurrence (p = 0.0004), and nodal recurrence (p = 0.021)
were significantly associated with the occurrence of meningeal metastases. Previous treat-
ment (p = 0.093), especially when including chemotherapy (p = 0.070), positive surgical
margins (p = 0.061), dural invasion (p = 0.092), and distant extrameningeal metastases
(p = 0.058), showed a trend of significance.

At multivariate analysis, local recurrence was the only independent predictor of
meningeal metastasis (odds-ratio: 11.88, p = 0.0005).

The median follow-up was 37 months (range: 11-206 months). At the latest follow-up
evaluation, 8 patients (47.1%) were dead of disease, 1 patient was dead of other causes
(5.9%), and 8 patients were alive with disease (47.1%). The latency between diagnosis and
meningeal recurrence was 31.6 months (range: 1.6-122.9 months). The median survival
after the treatment performed at our institution was 35 months (range: 6-178 months). The
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Probability of Survival

S

median survival after the diagnosis of MM was 21 months (range: 10-27 months) in the
entire group and 11 months (range: 0-111 months) in the group of patients dead of disease.

The five-year disease-specific survival (DSS) after the treatment performed at our
institution was 64.3% in patients with exclusive MM and 30.1% for patients with extra-
meningeal metastases (p = 0.035, Figure 3).

* meningeal metastases
*~ meningeal metastases +
' ' extrameningeal
metastases
b ' extrameningeal
. metastases
A

Months

Figure 3. Comparison of disease-specific survival (DSS) between patients with meningeal metastases,
patients with meningeal and extrameningeal metastases, and patients with exclusive extrameningeal
metastases (log rank p = 0.05).

4. Discussion

To our knowledge, the present single-center study is the largest one focusing on MM
from NEM reported in the literature. Our analysis provided some relevant insights. First,
the dura was the most frequent metastatic site among the patients with distant relapse.
Second, local recurrence of the primary tumor was the only independent risk factor of MM.
Third, MM alone portended a better prognosis than extrameningeal metastasis. Finally, we
investigated the pathogenesis of MM and identified venous spread as the most likely route
of dissemination.

4.1. Pathogenesis and Risk Factors

From cancer of any site, the hematogenous route is acknowledged as the primary path
of neoplastic spread for MM [2-7]. In NEM, the pathogenesis remains controversial and
still debated due to the proximity of these tumors to the skull base, which poses a risk of
either abutting or infiltrating the meninges. Moreover, the surgical treatment of the tumor
may encompass dural resection of the anterior cranial fossa. Indeed, several authors have
questioned the classic hematogenous diffusion, advocating iatrogenic CSF seeding as a
potential mechanism [2].

The main theories concerning the path of neoplastic spread to the meninges are
hematogenous spread, CSF seeding, and lymphatic diffusion. We herein pass through these
hypotheses; based on our findings, we support the venous hematogenic pathway.

4.2. Hematogenic Spread

The middle meningeal artery system has been suggested as the main route of
hematogenous arterial spread to the meninges. Jiang et al. [10] reported a series of
10 patients treated with craniofacial resection and adjuvant radiation therapy for ONB;
all cases developed a dural metastasis in the perisylvian region (9 unilateral, 1 bilateral).
As this region is the most vascularized within the dural system, the authors suggested
that ONB neoplastic emboli should have reached the perisylvian area through the middle
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meningeal artery system. On one hand, our results partially support this finding, since
all the MMs in our patients are located within the dura mater, which exhibits greater
vascularity compared to the leptomeninges, and most of the metastases were found in
the fronto-temporo-parietal region, which is primarily supplied by the middle meningeal
artery system. On the other hand, the significant prevalence of dural metastases over other
organs that acts as a filter (i.e., lung, bones, and liver) is against the hematogenous arterial
hypothesis. Furthermore, the validity of arterial spread is brought into question by the
absence of spinal meningeal metastases in the current series, despite the expectation that a
random arterial embolism would also impact the spinal dura. However, if the meninges
are considered a venous filter of the naso-ethmoidal region similarly to the liver for col-
orectal cancer, the high prevalence of dural metastases advocate for a venous spread of
the metastases. Indeed, the liver is the first location of metastatic disease from colorectal
cancer as the main mechanism of dissemination is through the portal system which directly
connects the colorectal cancer and liver, which is associated with abundant blood supply.
In view of the similarity between venous and arterial middle meningeal systems [13], the
topographical distribution of MM observed in the present and other studies [10] could
also advocate for the hematogenous venous shunt hypothesis. Different authors have
proposed the venous pathway as an ancillary route for metastatic cells to reach the dura
via diploic vessels [2,5,7,14]. Indeed, when considering NEM, their close proximity to the
dura may favor the venous shunt and embolization. The dural venous system serves as
a crossroad for blood drainage from both the calvarium and the brain. Its intricate and
plexiform structure makes it particularly susceptible to embolization, resembling a regional
rather than systemic metastatic process [13]. Neoplastic emboli may infiltrate this complex
system either directly or through iatrogenic contamination, metastasizing to areas with
slow blood flow. Hence, the hematogenous venous shunt hypothesis could explain both
the topographical distribution and the dural prevalence over other distant sites.

4.3. CSF Seeding

One of the theories advanced to explain MM from NEM concerns CSF seeding (sponta-
neous or iatrogenic). This metastatic route is well known for several central nervous system
(CNS) malignancies, such as medulloblastoma, ependymoma, and pineoblastoma [15]. The
idea of spontaneous CSF seeding is supported by the presence of vital neoplastic cells in
the CSF of these patients [4,16-21]. Moreover, Wen et al. [22] were the first to propose
the iatrogenic contamination of the dural space. They described a case of leptomeningeal
carcinomatosis from an ethmoid adenocarcinoma treated with craniofacial resection and
radiotherapy, suggesting that a breach in the dura during surgery might allow neoplastic
cells to directly enter the CSF.

However, our findings do not corroborate this pathway of spread. Dural opening
during surgery was not predictive of meningeal metastases, and in two patients, the dura
was left intact, precluding the possibility of an iatrogenic CSF seeding. Moreover, studies on
CSF physiology highlighted that CSF circulation tends towards major cerebral cisterns, due
to both flow dynamics and gravitational fall [23]. As a result, the cerebellomedullary cistern
and the lumbar cistern should be the main site of metastases. Conversely, the topographical
distribution of MM contradicts the expected pattern in the case of CSF dissemination, as
previously noted by Jiang et al. [10].

4.4. Lymphatic Diffusion

Lymphatic diffusion has never been mentioned as a possible pathway for MM. Pollay
underlined that, in addition to arachnoid granulations, lymphatic drainage serves as a
route for CSF outflow [23]. Moreover, several experimental studies have shown that
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a considerable proportion of CSF is reabsorbed via the lymphatic vessels placed in the
perineural sheath of some cranial nerves (i.e., the olfactory nerve) and drained to the cervical
lymphatic system [24-26]. In this context, retrograde lymphatic spread could theoretically
lead to the migration of metastatic cells from the naso-ethmoid complex to the intracranial
space. However, there are several arguments against this hypothesis. First, studies on
lymphatic CSF outflow are preclinical, and the precise microscopic configuration of the
interface between the perineural space and the lymphatic vessel wall remains unknown.
Moreover, only a minority of cases included in our series showed PNI and LV.

Finally, based on the hypotheses discussed above and evaluated through deductive
reasoning, we propose the venous hematogenic route as the most plausible pathway,
acknowledging this as a speculative interpretation.

4.5. Prognostic Impact and Principles of Palliative Care

Local recurrence emerged as the sole independent predictor of MM, which represents
a hallmark of disseminated disease. However, it is noteworthy that in our study, patients
with MM alone had a more favorable outcome and showed prolonged survival compared
with patients exhibiting metastasis at other distant sites. Indeed, the disease-specific
survival estimates at 5 years were 64.3% and 30.1%, respectively. Concerning patients
dead of disease in the two groups, the median time from the diagnosis of metastasis to
death was 11 months and 5 months, respectively. These data are in contrast with the mean
survival of patients with meningeal metastasis from other solid tumors, which ranges from
3 to 6 months [27-30]. This difference in survival further supports the concept of MM in
NEM as a regional rather than distant spread.

The palliative treatment of MM is not supported by shared guidelines. There are
several studies published in the literature on the role of WBRT, intrathecal chemotherapy,
and systemic chemotherapy in the palliation for intracranial metastases. However, as
supported by our findings, no benefit in terms of survival or quality of life has been
demonstrated so far [27,28,31-42].

The indication to palliative treatments is on a case-by-case basis, depending on the
performance status of the patient, histology, and therapeutic opportunities. The lack of
data in the literature, the low number of patients of our series, the variability of recurrence
pattern, and the heterogeneity of treatment protocols preclude firm conclusions on the
management of MM from NEM. However, the improved oncological outcomes compared
with patients with metastatic spread and the reasonable expectation of obtaining prolonged
survival may prompt the physicians to consider more favorably the treatment of MM in
selected, fit patients.

5. Conclusions

In our study, dural metastases represent the most frequent non-contiguous recurrence
of NEM. The pathogenesis of MM is controversial; our discussion supports the hematoge-
nous theory via the venous pathway. Patients with MM have a poor prognosis. However,
MM alone was associated with a better prognosis and prolonged survival compared with
extrameningeal metastasis, thus encouraging the favorable consideration of palliative
treatments in selected, fit patients. Further studies are warranted to investigate the best
treatment protocols.

Author Contributions: R.A., I.D., M.E, M.R,, V.R. and D.M. made substantial contributions to the
conception, design, and acquisition of data, drafted the article, revised it critically for important
intellectual content, gave final approval of the version to be published, and agreed to be accountable
for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part
of the work are appropriately investigated and resolved. PN., A.S., D.F. and C.P. made substantial



J. Pers. Med. 2025, 15, 41 12 of 14

contributions to the conception of the data, revised it critically for important intellectual content,
gave final approval of the version to be published, and agreed to be accountable for all aspects of
the work in ensuring that questions related to the accuracy or integrity of any part of the work are
appropriately investigated, and resolved. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Informed consent was obtained from each patient for
treatment and use of de-identified clinical data for study purposes; this study, which was conducted
according to the ethical standards of the Declaration of Helsinki revised in 2011, was approved by the
Ethic Committee of Spedali Civli di Brescia, Italy (No. NP 3616) on 18 June 2019.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Upon reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Posner, J.; Chernik, N. Intracranial metastases from systemic cancer. Adv. Neurol. 1978, 19, 579-592. [PubMed]

Maroldi, R.; Ambrosi, C.; Farina, D. Metastatic disease of the brain: Extra-axial metastases (skull, dura, leptomeningeal) and
tumour spread. Eur. Radiol. 2005, 15, 617-626. [CrossRef]

Chamberlain, M.C.; Kormanik, P. Leptomeningeal metastasis. |. Neurosurg. 1997, 86, 576-577. [PubMed]

Grossman, S.A.; Krabak, M.]. Leptomeningeal carcinomatosis. Cancer Treat. Rev. 1999, 25, 103-119. [CrossRef] [PubMed]
Passarin, M.G.; Sava, T.; Furlanetto, J.; Molino, A.; Nortilli, R.; Musso, A.M.; Zaninelli, M.; Franceschi, T.; Orrico, D.; Marangoni,
S.; et al. Leptomeningeal metastasis from solid tumors: A diagnostic and therapeutic challenge. Neurol. Sci. 2015, 36, 117-123.
[CrossRef] [PubMed]

Hyun, ].W,; Jeong, LH.; Joung, A.; Cho, H.J.; Kim, S.H.; Kim, H.J. Leptomeningeal metastasis: Clinical experince of 519 cases. Eur.
J. Cancer 2016, 56, 107-114. [CrossRef] [PubMed]

Laigle-Donadey, F.; Taillibert, S.; Mokhtari, K.; Hildebrand, J.; Delattre, ].Y. Dural metastases. J. Neuro-Oncol. 2005, 75, 57-61.
[CrossRef]

Ganly, I; Patel, S.G.; Singh, B.; Kraus, D.H.; Bridger, P.G.; Cantu, G.; Cheesman, A.; De Sa, G.; Donald, P; Fliss, D.M.; et al.
Craniofacial resection for malignant paranasal sinus tumors: Report of an international collaborative study. Head Neck 2005, 27,
575-584. [CrossRef]

Cantu, G.; Solero, C.L.; Miceli, R.; Mattana, F; Riccio, S.; Colombo, S.; Pompilio, M.; Lombardo, G.; Formillo, P.; Quattrone, P.
Anterior craniofacial resection for malignant paranasal tumors: A monoinstitutional experience of 366 cases. Head Neck 2012, 34,
78-87. [CrossRef] [PubMed]

Jiang, W.; Liu, J.; Gullane, PJ.; Gentili, F; Wharen, R.E.; Kim, B.Y.S.; DeMonte, F. Non-contiguous meningeal metastases of
olfactory neuroblastoma. J. Neuro-Oncol. 2016, 126, 201-203. [CrossRef] [PubMed]

Zammar, S.G.; Hennessy, M.; Warrick, J.; Goyal, N.; E Zacharia, B. Leptomeningeal Carcinomatosis from Squamous Cell
Carcinoma of the Ethmoid Sinus: A Case Report. Cureus 2019, 11, e5281. [CrossRef] [PubMed]

Gomez-Acevedo, H.; Patterson, ].D.; Sardar, S.; Gokden, M.; Das, B.C.; Ussery, D.W.; Rodriguez, A. SMARC-B1 deficient sinonasal
carcinoma metastasis to the brain with next generation sequencing data: A case report of perineural invasion progressing to
leptomeningeal invasion. BMC Cancer 2019, 19, 827. [CrossRef] [PubMed]

Shukla, V.; Hayman, L.A.; Taber, K.H. Adult cranial dura II: Venous sinuses and their extrameningeal contributions. J. Comput.
Assist. Tomogr. 2003, 27, 98-102. [CrossRef] [PubMed]

Martinez-Perez, R.; Hardesty, D.A.; Palmer, ].; Zachariah, M.; Otto, B.A.; Carrau, R.L.; Prevedello, D.M. Remote Leptomeningeal
Dissemination in Olfactory Neuroblastoma Mimicking Multiple Parasagittal Meningiomas: Diagnostic and Therapeutic Challenge.
World Neurosurg. 2020, 134, 361-364. [CrossRef]

Boyle, R.; Myfanwy, T.; Hume Adams, J. Diffuse involvement of the leptomeninges by tumour—A clinical and pathological study
of 63 cases. Postgrad. Med. ]. 1980, 56, 149-158. [CrossRef]

Shaari, C.M.; Catalano, PJ.; Sen, C.; Post, K. Central nervous system metastases from esthesioneuroblastoma. Otolaryngol. Head
Neck Surg. 1996, 144, 808-812.

Devos, A.; Lemmerling, M.; Vanrietvelde, F; Govaere, F,; De Bleecker, J.; Beel, M.; Kunnen, M. Leptomeningeal metastases from
ethmoid sinus adenocarcinoma: Clinic-radiological correlation. [BR-BRT 1999, 82, 285-287.


https://www.ncbi.nlm.nih.gov/pubmed/570349
https://doi.org/10.1007/s00330-004-2617-5
https://www.ncbi.nlm.nih.gov/pubmed/9046325
https://doi.org/10.1053/ctrv.1999.0119
https://www.ncbi.nlm.nih.gov/pubmed/10395835
https://doi.org/10.1007/s10072-014-1881-7
https://www.ncbi.nlm.nih.gov/pubmed/25022241
https://doi.org/10.1016/j.ejca.2015.12.021
https://www.ncbi.nlm.nih.gov/pubmed/26841095
https://doi.org/10.1007/s11060-004-8098-1
https://doi.org/10.1002/hed.20165
https://doi.org/10.1002/hed.21685
https://www.ncbi.nlm.nih.gov/pubmed/21469247
https://doi.org/10.1007/s11060-015-1935-6
https://www.ncbi.nlm.nih.gov/pubmed/26376653
https://doi.org/10.7759/cureus.5281
https://www.ncbi.nlm.nih.gov/pubmed/31576272
https://doi.org/10.1186/s12885-019-6043-0
https://www.ncbi.nlm.nih.gov/pubmed/31438887
https://doi.org/10.1097/00004728-200301000-00018
https://www.ncbi.nlm.nih.gov/pubmed/12544251
https://doi.org/10.1016/j.wneu.2019.11.042
https://doi.org/10.1136/pgmj.56.653.149

J. Pers. Med. 2025, 15, 41 13 of 14

18.

19.

20.
21.

22.

23.
24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Vellin, ].E; Achim, V.; Sinardet, D.; Gabrillargues, J.; Mom, T.; Gilain, L. Rapidly developing leptomeningeal carcinomatosis
following anterior skull base surgery: A case report. Auris Nasus Larynx 2007, 34, 565-567. [CrossRef]

Liu, S.V.; Wagle, N.; Zada, G.; Sun, B.; Go, ].; Rashtian, A. Leptomeningeal carcinomatosis in sinonasal undifferentiated carcinoma.
Head Neck 2013, 35, 343-345. [CrossRef]

Aparicio, A.; Chamberlain, M.C. Neoplastic meningitis. Curr. Neurol. Neurosci. Rep. 2002, 2, 225-235. [CrossRef]

Straathof, C.S.; de Bruin, H.G.; Dippel, D.W.; Vecht, C.J. The diagnostic accuracy of magnetic resonance imaging and cerebrospinal
fluid cytology in leptomeningeal metastasis. J. Neurol. 1999, 246, 810-814. [PubMed]

Wen, B.; Hussey, D.H.; Clamon, G.H.; Codersky, J.C. Leptomeningeal carcinomatosis following craniofacial resection of an
ethmoid tumor. J. Surg. Oncol. 1992, 49, 266-269.

Pollay, M. The function and structure of the cerebrospinal fluid outflow system. Cerebrospinal Fluid Res. 2010, 7, 9. [PubMed]
Bradbury, M.W.B.; Cole, D.E. The role of the lymphatic system in drainage of cerebrospinal fluid and the aqueous humor. .
Physiol. 1980, 299, 353-365. [PubMed]

Manzo, R.P.; Gomez, D.G.; Potts, D.G. Cerebrospinal fluid absorption in the rabbit Inner ear pathways. Acta Otolaryngol. 1990,
109, 389-396. [CrossRef] [PubMed]

Liidemann, W.; Berens von Rautenfeld, D.; Samii, M.; Brinker, T. Ultrastructure of the CSF fluid outflow along the optic nerve into
the lymphatic system. Child’s Nerv. Syst. 2005, 21, 96-103. [CrossRef] [PubMed]

Brem, S.; Panattil, ].G. An era of rapid advancement: Diagnosis and treatment of metastatic brain cancer. Neurosurgery 2005, 57,
5-9.

Souchon, R.; Feyer, P.; Thomssen, C.; Fehm, T.; Diel, I.; Nitz, U.; Janni, W.; Bischoff, J.; Sauer, R. Clinical recommendation
of DEGRO and AGO on preferred standard palliative radiotherapy of bone and cerebral metastases, metastatic spinal cord
compression and leptomeningeal carcinomatosis in breast cancer. Breast Care 2010, 5, 401-407. [CrossRef]

Shapiro, W.R.; Johanson, C.E.; Boogerd, W. Treatment modalities for leptomeningeal metastases. Semin. Oncol. 2009, 36, 46-54.
[CrossRef]

DeAngelis, L.M.; Boutros, D. Leptomeningeal metastasis. Cancer Investig. 2005, 23, 145-154. [CrossRef]

Mack, F.; Baumert, B.; Schifer, N.; Hattingen, E.; Scheffler, B.; Herrlinger, U.; Glas, M. Therapy of leptomeningeal metastasis in
solid tumors. Cancer Treat. Rev. 2016, 43, 83-91. [CrossRef]

Andic, F; Cifci, S.B.; Ors, Y.; Niang, U.; Dirier, A.; Adli, M. A dosimetric comparison of different treatment plans of palliative
spinal bone irradiation: Analysis of dose coverage with respect to ICRU 50 Report. ]. Exp. Clin. Cancer Res. 2009, 28, 2. [CrossRef]
[PubMed]

DeAngelis, L.M. Current diagnosis and treatment of leptomeningeal metastasis. J. Neuro-Oncol. 1998, 38, 245-252. [CrossRef]
[PubMed]

Morris, P.G.; Reiner, A.S.; Szenberg, O.R.; Clarke, J.L.; Panageas, K.S.; Perez, H.R.; Kris, M.G.; Chan, T.A.; DeAngelis, L.M.; Omuro,
A M. Leptomeningeal metastasis from non-small cell lung cancer: Survival and the impact of whole brain radiotherapy. J. Thorac.
Oncol. 2012, 7, 382-385. [CrossRef] [PubMed]

Chamberlain, M.C. Leptomeningeal metastases: A review of evaluation and treatment. J. Neuro-Oncol. 1998, 37, 271-284.
[CrossRef] [PubMed]

Herrlinger, U.; Forschler, H.; Kiiker, W.; Meyermann, R.; Bamberg, M.; Dichgans, J.; Weller, M. Leptomeningeal metastasis:
Survival and prognostic factors in 155 patients. J. Neurol. Sci. 2004, 223, 167-178.

Kak, M.; Nanda, R.; Ramsdale, E.E.; Lukas, R.V. Treatment of leptomeningeal carcinomatosis: Current challenges and future
opportunities. J. Clin. Neurosci. 2015, 22, 632-637. [CrossRef] [PubMed]

Prommel, P; Pilgram-Pastor, S.; Sitter, H.; Buhk, J.-H.; Strik, H. Neoplastic meningitis: How MRI and CSF cytology are influenced
by CSF cell count and tumor type. Sci. World |. 2013, 2013, 248072. [CrossRef]

Glantz, M.].; Cole, B.F,; Recht, L.; Akerley, W.; Mills, P; Saris, S.; Hochberg, E.; Calabresi, P.; Egorin, M.]. High dose intravenous
methotrexate for patient with nonleukemic leptomeningeal cancer: Is intrathecal chemotherapy necessary? J. Clin. Oncol. 1998,
16, 1561-1567. [CrossRef] [PubMed]

Simeone, E.; De Maio, E.; Sandomenico, E,; Fulciniti, F; Lastoria, S.; Aprea, P.; Staibano, S.; Montesarchio, V.; Palmieri, G.; Mozzillo,
N.; et al. Neoplastic leptomeningitis presenting in a melanoma patient treated with dabrafenib (a V6OOEBRAF inhibitor): A case
report. J. Med. Case Rep. 2012, 6, 131. [PubMed]


https://doi.org/10.1016/j.anl.2007.03.001
https://doi.org/10.1002/hed.23225
https://doi.org/10.1007/s11910-002-0081-7
https://www.ncbi.nlm.nih.gov/pubmed/10525979
https://www.ncbi.nlm.nih.gov/pubmed/20565964
https://www.ncbi.nlm.nih.gov/pubmed/6155466
https://doi.org/10.3109/00016489009125160
https://www.ncbi.nlm.nih.gov/pubmed/2360445
https://doi.org/10.1007/s00381-004-1040-1
https://www.ncbi.nlm.nih.gov/pubmed/15338179
https://doi.org/10.1159/000322661
https://doi.org/10.1053/j.seminoncol.2009.05.006
https://doi.org/10.1081/CNV-50458
https://doi.org/10.1016/j.ctrv.2015.12.004
https://doi.org/10.1186/1756-9966-28-2
https://www.ncbi.nlm.nih.gov/pubmed/19128500
https://doi.org/10.1023/A:1005956925637
https://www.ncbi.nlm.nih.gov/pubmed/9696379
https://doi.org/10.1097/JTO.0b013e3182398e4f
https://www.ncbi.nlm.nih.gov/pubmed/22089116
https://doi.org/10.1023/A:1005976926058
https://www.ncbi.nlm.nih.gov/pubmed/9524085
https://doi.org/10.1016/j.jocn.2014.10.022
https://www.ncbi.nlm.nih.gov/pubmed/25677875
https://doi.org/10.1155/2013/248072
https://doi.org/10.1200/JCO.1998.16.4.1561
https://www.ncbi.nlm.nih.gov/pubmed/9552066
https://www.ncbi.nlm.nih.gov/pubmed/22594466

J. Pers. Med. 2025, 15, 41 14 of 14

41. Schifer, N.; Scheffler, B.; Stuplich, M.; Schaub, C.; Kebir, S.; Rehkdmper, C.; Mack, E; Niehusmann, P.; Simon, M.; Greschus, S.;
et al. Vemurafenib for leptomeningeal melanomatosis. J. Clin. Oncol. 2013, 31, 173-174. [CrossRef] [PubMed]

42. Berg, S.L.; Chamberlain, M.C. Systemic chemotherapy, intrathecal chemotherapy, and symptom management in the treatment of
leptomeningeal metastasis. Curr. Oncol. Rep. 2003, 5, 29-40. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1200/JCO.2012.46.5773
https://www.ncbi.nlm.nih.gov/pubmed/23460716
https://doi.org/10.1007/s11912-003-0084-9
https://www.ncbi.nlm.nih.gov/pubmed/12493148

	Introduction 
	Materials and Methods 
	Radiological Analysis 
	Statistical Analysis 

	Results 
	Characteristics of Patients with Meningeal Recurrences 
	Radiological Analysis 
	Risk Factors for MM and Survival Analysis 

	Discussion 
	Pathogenesis and Risk Factors 
	Hematogenic Spread 
	CSF Seeding 
	Lymphatic Diffusion 
	Prognostic Impact and Principles of Palliative Care 

	Conclusions 
	References

