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Abstract. Background/Aim: Leptomeningeal metastases
(LMs) of the spine have complex management. We reviewed the
literature on spine LMs. Materials and Methods: PubMed,
EMBASE, Scopus, Web-of-Science, and Cochrane were
searched following the PRISMA guidelines to include studies
of spine LMs. Results: We included 46 studies comprising 72
patients. The most frequent primary tumors were lung (19.4%)
and breast cancers (19.4%). Median time from primary tumors
was 12 months (range=0-252 months). Cauda equina
syndrome occurred in 34 patients (48.6%). Nodular spine LMs
(63.6%) were more frequent. Concurrent intracranial LMs
were present in 27 cases (50.9%). Cerebrospinal fluid cytology
was positive in 31 cases (63.6%). Cases were managed using
palliative steroids (73.6%) with locoregional radiotherapy
(55.6%) chemotherapy (47.2%), or decompressive laminectomy
(8.3%). Post-treatment symptom improvement (32%) and
favorable radiological response (28.3%) were not different
based on treatment (p=0.966; p=0.727). Median overall-
survival was 3 months (range=0.3-60 months), not significantly

This article is freely accessible online.

Correspondence to: Paolo Palmisciano, MD, Department of
Neurosurgery, Trauma Center, Gamma Knife Center, Cannizzaro
Hospital, Via Messina 829, 95126 Catania, Italy. Tel: +39
3331751077, e-mail: paolo.palmisciano94 @ gmail.com

Key Words: Leptomeningeal metastases, radiotherapy, spine
metastases, spine surgery, spine tumors, systematic review.

different between radiotherapy and chemotherapy (p=0.217).
Conclusion: Spine LMs have poor prognoses. Radiotherapy,
chemotherapy, and surgery are only palliative, as described for
intracranial LMs.

Leptomeningeal metastases (LMs) are late-stage complications
of systemic malignancies, occurring approximately in 5-10%
of patients with solid and hematologic neoplasms (1, 2).
Frequently manifesting with new neurological deficits, LMs
may be detected at T1-contrast MRI follow-ups as nodular or
diffuse meningeal enhancement, and may be confirmed with
high-volume cerebrospinal fluid (CSF) taps for cytology (3,
4). Several systemic therapeutic options are available, but the
treatment goal remains palliation, as mean survival ranges 3-
6 months (3, 5, 6).

LMs involving the spine represent unique entities that may
severely impact patients’ functional status (7, 8). While diffuse
spinal LMs may remain clinically silent and go undetected,
nodular spinal LMs frequently compress spinal nerve roots
causing radicular pain or neurological impairments (2, 9).
Nodular spinal LMs may also lead to acute or progressive
cauda equina syndrome, which require urgent diagnosis and
management (10, 11). While surgical decompression may
provide prompt symptomatic relief, patients may not be good
candidates due to their significant tumor burden (2, 3). In these
cases, locoregional radiation, chemotherapy, and other systemic
treatments may be pursued to achieve similar clinical outcomes
(12, 13).

Although spinal LMs pose significant challenges in the
oncological care of patients with systemic metastases, only

619



ANTICANCER RESEARCH 42: 619-628 (2022)

few case reports and small-sized case series have been
reported, and no standardized management workups have
been defined. In this study, we systematically reviewed the
literature to summarize the clinical characteristics of patients
with spinal LMs, analyzing the impact of available
therapeutic options on patients’ quality-of-life and survival.

Materials and Methods

Literature search. A systematic review was conducted according to
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (14). PubMed, EMBASE, Scopus,
Web of Science and Cochrane were searched from database inception
to August 27, 2021 operating the Boolean full-text search
[(leptomeningeal disease OR leptomeningeal metastases OR
leptomeningeal carcinomatosis) AND (spine OR vertebral OR
sacral)]. Studies were exported to Mendeley, and duplicates deleted.

Study selection. Inclusion and exclusion criteria were defined.
Articles were included if they: 1) involved =1 patients with
radiological diagnosis of LMs involving the spine and originating
from primary non-central nervous system (CNS) tumors; 2) reported
clinical, treatment, and outcomes data; 3) were written in English.
Studies were excluded if they: 1) were reviews, autopsy reports, or
animal studies; 2) involved patients with spinal LMs from primary
CNS tumors; 3) did not differentiate data of patients with spine LMs
from patients only with intracranial LMs; 4) lacked adequate data
on treatment outcomes.

Two independent reviewers (A.F.K. and P.P.) screened all titles
and abstracts and then assessed full-texts of articles that met the
inclusion criteria. Disagreements were settled by a third reviewer
(N.S.S.). Eligible papers were included, and references were
screened to identify additional pertinent studies.

Data extraction. One reviewer (Y.J.K.) extracted data from each
article, then confirmed independently by two additional reviewers
(P.P. and A.S.H.). Extracted data included: author, study design,
sample size, age, gender, primary tumor, preceding metastases and
treatments, time interval between primary tumor and spine LMs,
spine LMs’ presenting symptoms and location, concurrent
intracranial LMs, spine LMs radiological appearance, CSF cytology,
treatment strategies (including surgery, steroids, radiotherapy,
chemotherapy, or additional therapies), clinical response, spine LMs
radiological response, spine LMs recurrence, local control (LC),
overall survival (OS), survival status. Clinical and radiological
responses were measured at last available follow-up. Clinical
responses were evaluated based on post-treatment patients’ functional
status compared to pre-treatment status as reported by the authors,
divided into: resolution of baseline symptoms, improvement of
baseline symptoms, no change in baseline symptoms (stable),
worsening of baseline symptoms. Radiological responses were
assessed based on the RANO criteria modified for LMs, describing
changes in pathological spine Tl-contrast enhancement from
baseline: complete response (CR) — no evidence of disease —, partial
response (PR) — decrease by >50% in the summed product of
orthogonal diameters of composite measurable nodules —, stable
disease (SD) — no change of disease —, progressive disease (PD) —
increased by >25% in the summed product of orthogonal diameters
of composite measurable nodules or new sites of disease (15).
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Data synthesis and quality assessment. Primary variables of interest
were clinical characteristics, management strategies, and treatment
outcomes of patients with spine LMs. For each study, two
independent authors (P.P. and N.S.S.) assessed level of evidence
using the 2011 Oxford Centre For Evidence-Based Medicine
guidelines, and risk of bias applying the Joanna Briggs Institute
checklists for case reports and case series (16-18). Meta-analysis
was precluded because all included studies had levels IV-V of
evidence, and hazard ratios could not be deducted.

Statistical analysis. SPSS V.25 (IBM Corp, Armonk, NY, USA) was
used for all statistical analyses and two-sided p-values <0.05 were
considered significant. Continuous variables are presented as medians
and ranges, and categorical variables as frequencies and percentages.
Chi-square test was used to analyze differences in post-treatment
symptom improvement between patients receiving locoregional spine
radiotherapy and patients receiving chemotherapy. Time intervals
between last treatment and spine LMs recurrence (LC curve) or death
(OS curve) were estimated using the Kaplan—-Meier method, and the
survival analyses were conducted using the log-rank test.

Results

Study selection and overview. The search strategy yielded
2727 studies (PubMed: 1378, EMBASE: 1083, Web of
Science: 207, Scopus: 54, Cochrane: 5), of which 46 were
included in the qualitative synthesis (Supplementary File 1).
Five were case series (including 31 patients) and 41 were
case reports, with IV and V levels of evidence, respectively
(Supplementary File 2) (13, 19-64). Critical appraisal
returned low risk of bias for all included studies
(Supplementary File 3).

Demographics and primary tumors’ characteristics. A total of
72 patients diagnosed with spine LMs were analyzed (Table I).
The median age at diagnosis was 51 years (range=29-87 years),
with male predominance (52.9%). The most common primary
tumors comprised breast cancer (19.4%), non-small cell lung
carcinoma (19.4%), and lymphoma (9.7%). One patient (1.6%)
was diagnosed with a metastatic carcinoma of unknown primary
(CUP) (45). Secondary systemic metastases preceding the onset
of spine LMs were detected in 39 patients (54.9%), most
frequently occurring in the brain parenchyma (38.9%) and/or
regional lymph nodes (18.1%). Metastatic peritoneal seeding
was described in 4 patients with gynecological neoplasms (22,
50, 51, 63) and 1 patient with gastric adenocarcinoma (27).
While primary tumors were treated with variable cancer-specific
multidisciplinary strategies including surgery, adjuvant
chemotherapy, and radiation, brain metastases were preferentially
treated with conventional or stereotactic radiotherapy (66.7%)
and/or surgical resection when feasible (60%).

Clinical and diagnostic features of spine LMs. The median
time interval between primary tumors and spine LMs was
12.0 months (range=0-252.0 months), with spine LMs
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Table 1. Summary of patients’ demographics and primary tumors’
characteristics.

Table II. Summary of clinical and diagnostic characteristics of spine
leptomeningeal metastases.

Value
(among patients
with available data)

Characteristics
(no. of patients for whom
information is available)

Value
(among patients
available data)

Characteristics
(no. of patients for whom
information is available)

Cohort size (no.) 72
Demographics (n=70)
Median age, range (years) 51,29-87
Gender (male) 37 (52.9%)
Primary Tumor (n=72) No. (%)
Breast 14 (19.4%)
Lung (non-small cell carcinoma) 14 (19.4%)
Lymphoma 7 (9.7%)
Esophageal 5 (6.9%)
Chronic lymphocytic leukemia 3 (4.2%)
Colorectal 3 (4.2%)
Nasopharyngeal 3 (42%)
Ovarian 3 (4.2%)
Prostatic 3 (4.2%)
Renal 3 (4.2%)
Cervix 2 (2.8%)
Gastric 2 (2.8%)
Melanoma 2 (2.8%)
Pancreas 2 (2.8%)
Skin — Squamous cell carcinoma 2 (2.8%)
Bladder 1(1.4%)
Carcinoma of unknown origin 1(1.4%)
Plasmocytoma 1 (1.4%)
Testicular 1(1.6%)
Secondary metastases (n=72) No. (%)
Patients with systemic metastases 39 (54.9%)
preceding spine LMs
Brain 28 (38.9%)
Lymph nodes 13 (18.1%)
Lung 7 (9.7%)
Bone (Long bones, Spine, Skull base) 5 (6.9%)
Peritoneal seeding 5 (6.9%)
Liver 4 (5.6%)
Treatment brain metastases (n=15) No. (%)
Radiation Therapy 10 (66.7%)
Surgery 9 (60%)

Time between primary tumor and
spine LMs, months (range)

12.0 (0-252.0)

LM: Leptomeningeal metastases.

preceding primary tumor diagnosis in 4 cases (43, 45, 47,
60). The most common presenting symptoms were Sensory
(50%) and motor (45.7%) deficits, with cauda equina
syndrome documented in 34 patients (48.6%) (Table II).
Dagan et al. (53) reported one case of cervical LM detected
at follow-up imaging in one patient with no new spine-
related symptoms. Spine LMs were most frequently
diagnosed at MRI T1-contrast scans with or without CSF
cytologic analysis (66.7% and 25% cases, respectively), and
confirmatory histopathological diagnosis was obtained only
in 6 patients (7.3%) (23, 26, 30, 56, 62). At neuroimaging,

Spine LMs presenting symptoms (n=70) No. (%)
Sensory Deficits 35 (50%)
Cauda equina syndrome 34 (48.6%)
Motor deficits 32 (45.7%)
Radicular pain 26 (37.1%)
Lower back pain 24 (34.3%)
Paraparesis 16 (22.9%)
Urine incontinence 7 (10%)
Ataxia 6 (8.7%)
Dorsal pain 3 (4.3%)
Cervical pain 1 (1.4%)
No symptoms 1(1.4%)

Diagnostic protocols (n=72) No. (%)
CSF cytology + Imaging 48 (66.7%)
Imaging only 18 (25%)
Imaging + Pathology 5 (6.9%)
CSF cytology + Imaging + Pathology 1 (1.4%)

LMs location (n=72) No. (%)
Lumbar-Sacral 16 (22.2%)
Thoracic-Lumbar-Sacral 13 (18.1%)
Lumbar 9 (12.5%)
Cervical-Thoracic 8 (11.1%)
Thoracic-Lumbar 8 (11.1%)
Cervical-Thoracic-Lumbar-Sacral 6 (8.3%)
Thoracic 5(6.9%)
Cervical 4 (5.6%)
Cervical-Thoracic-Lumbar 3 (4.2%)

Spine leptomeningeal T1-Contrast No. (%)

enhancement (n=44)

Nodular 28 (63.6%)
Diffuse 16 (36.4%)

Concurrent intracranial LMs (n=53) 27 (50.9%)

CSF cytology (n=49) No. (%)
Positive 31 (63.6%)
Negative 18 (36.4%)

CSF: Cerebrospinal fluid; LM: leptomeningeal metastases.

most spine LMs were located in the lumbar-sacral (18.1%),
thoracic-lumbar-sacral (18.1%), or lumbar (12.5%) regions,
showing nodular (63.6%) or diffuse (36.4%) leptomeningeal
enhancement. In 27 cases (50.9%), concurrent intracranial
LMs were described. Lumbar puncture and CSF cytology
were performed in 49 patients (69%), positive for tumor cells
in 31 cases (63.6%) and negative in 18 (36.4%).

Management strategies. Palliative steroids were administered

in 53 cases (73.6%) for managing tumor-related edema and
reduce spinal cord/nerve root compression (Table III).
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Table III. Summary of treatment strategies and outcomes of all pooled
patients.

Value
(among patients
with available data)

Characteristics
(no. of patients for whom
information is available)

Management strategies (n=72) No. (%)
Corticosteroids 53 (73.6%)
Spine radiation therapy 40 (55.6%)
Systemic chemotherapy 34 (47.2%)
Intrathecal methotrexate 17 (23.6%)
Decompressive laminectomy + LMs Removal 6 (8.3%)
Hormonal therapy 2 (2.8%)
Immunotherapy 1 (1.4%)

Post-treatment symptom improvement (n=53) 17 (32%)

Radiological response, RANO criteria, No. (%)

last follow-up (n=53)

Complete response (CR) 5 (9.4%)
Partial response (PR) 10 (18.9%)
Stable disease (SD) 14 (26.4%)
Progression (PD) 24 (45.3%)

Recurrence of spine LMs (n=72) 4 (5.6%)

Outcome (months)

Median (range)

Local control (n=72) 2.0 (0.3-60.0)
Overall survival (n=72) 3.0 (0.3-60.0)

Status (n=72) No. (%)
Alive 25 (35.7%)
Dead 47 (65.3%)

LM: Leptomeningeal metastases; RANO: response assessment in neuro-
oncology.

Locoregional radiotherapy was delivered in 40 patients
(55.6%), targeting the whole spine axis in 8 cases (20%) and
extending to the brain in 5 (12.5%). Chemotherapy was
administered in 34 patients (47.2%), mostly with intrathecal
methotrexate (17/34, 50%) and less frequently with variable
cancer-specific protocols including fludarabine, ifosfamide,
carboplatin, and etoposide. Decompressive laminectomy and
surgical removal of nodular LMs were performed in 6
patients (8.3%) with acute debilitating motor deficits and/or
cauda equina syndrome, with no notable post-operative
complications (23, 26, 30, 56, 62). Concurrent hormonal
therapies were administered in 2 patients (2.8%) respectively
for the treatment of spine LMs from prostate (leuprolide
acetate)(34) and breast (anastrozole)(48) primary neoplasms,
and immunotherapy with nivolumab (anti-PD1 monoclonal
antibody; Bristol Myers Squibb, NY, NY, USA) for treating
one patient with melanoma spine LM (57).

Treatment outcomes and survival. A total of 17 patients
experienced post-treatment symptom improvement, with no
differences based on locoregional spine radiotherapy vs.
chemotherapy (p=0.245) (Table III). Radiological responses
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were evaluated in 53 patients in accordance with the RANO
criteria modified for LMs, returning: CR in five (9.4%), PR
in 10 (18.9%), SD in 14 (26.4%) and PD in 24 (45.3%) (15).
Recurrences of spine LMs were documented in 4 patients
(5.6%) with median LC of 2.0 months (range=0.3-60.0
months). At last follow-up, most patients were dead (65.3%)
showing a median OS of 3.0 months (range=0.3-60.0
months), not significantly different between locoregional
spine radiotherapy and chemotherapy (p=0.217) (Figure 1).

Discussion

LMs are debilitating complications of advanced systemic
malignancies that rarely occur within the spine. Although
progress in imaging and treatment protocols contributed to
increased survival in oncological patients and higher
incidence of spine LMs, optimal management remains
uncertain (3, 4, 6). We found that spine LMs severely worsen
functional status of affected patients, leading to prompt
treatment planning mostly for palliation. Still, currently
available treatments proved to be limited in improving
patients’ quality-of-life and prognoses. This review aimed to
offer valuable insights for the management of spine LMs,
advocating the need to better understand such entities and
devise appropriate therapies.

In this review of 72 patients, the most frequent primary tumors
were breast cancer and non-small cell lung carcinoma, in line
with their overall prevalence in the general oncological
population (65). Our lower rate of primary hematologic
malignancies reflects similar findings described in patients
with intracranial LMs, likely implying different routes of
tumor cell leptomeningeal spreading as compared to solid
tumors (2, 3, 12). Seeding of leptomeningeal tumors has been
theorized to occur through several means, comprising: 1)
hematogenous spread to the CSF, especially through the
Batson plexus from pelvic tumors to spine LMs; 2) direct
invasion from adjacent primary or metastatic tumors involving
the dura or brain parenchyma, leading to intracranial LMs; 3)
progression and extension through perineural and perivascular
spaces, which may explain some cases of spine LMs (66, 67).
The presence of systemic metastases and the surgical or
radiation management of parenchymal brain metastases have
been also suggested to facilitate intracranial and spine LMs,
further confirmed by the high prevalence of preceding
systemic (54.9%) and brain (38.9%) metastases in our cohort
(65). While piecemeal resection and/or targeted radiation of
brain metastases may cause the disruption of the blood-brain
barrier (BBB) favoring direct trans-meningeal and intra-
subarachnoid space spillage of cancers cells, current
oncological therapies improve systemic disease control but
poorly penetrate the BBB, leading to tumor cell reservoirs
within the CNS and higher risk of CSF spreading (68). For
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Figure 1. Kaplan—Meier survival curves of: (A) local control and (B) overall survival of the total pooled cohort; (C) overall survival based on
locoregional radiotherapy vs. chemotherapy.
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these reasons, LMs from CNS and non-CNS tumors are
frequently diagnosed at later disease stages, as we found in
our pooled spine LMs cases, presenting with a median time
interval of 12 months from primary tumor diagnosis (3, 8, 69).
However, as spine LMs may constitute the initial diagnosis of
neoplastic diseases in few patients with slow-growing tumors,
different leptomeningeal seeding mechanisms should be also
considered and identified to guide timely diagnostic and
therapeutic strategies (43, 45, 47, 60).

Clinical evaluation may support the initial diagnosis of
secondary metastases involving the spine, but symptoms of
LMs are mostly non-specific (65, 70). Similarly to spine
LMs from primary CNS tumors, spine LMs from non-CNS
tumors frequently present with sensorimotor deficits,
lumbago, and/or radicular pain deriving from spinal cord and
nerve root compression (8, 13, 58). However, as these
symptoms may also occur in other benign or malignant
conditions, including intervertebral disc herniation or
vertebral fracture, patients’ history of oncological disease
and systemic metastases should be investigated to plan
appropriate metastatic diagnostic protocols (71, 72). The
occurrence of cauda equina syndrome has also been largely
reported across our included studies (51, 54-56). This likely
owes to the fact that CSF circulation is slower in the cauda
equina and the basilar cisterns, which represent the two
regions mostly affected by leptomeningeal seeding (66, 67).
Finally, the concurrent presence of intracranial LMs may
also lead to a wide range of additional poorly-localized
symptoms, such as headache and/or cranial nerve palsies,
following CSF obstruction and increase in intracranial
pressure (28, 30, 61). Hence, the complex clinical
presentation of patients with suspected secondary spine LMs
highlights the importance to obtain MRI T1-contrasted scans
and CSF cytology to assist the diagnostic workflow (15).

Brain and spine imaging represents the first diagnostic
approach in patients with metastatic disease after the onset of
new neurological impairments (3, 70). Early studies reported
the use of diagnostic CT and/or myelogram exams, which
identified suspected spine LMs as alterations of the spinal CSF
circulation (19, 30, 41). Contrast-enhanced MRI scans represent
the current diagnostic gold-standard for detecting and localizing
suspected LMs within the brain-spine axis (6, 11). We found
that most spine LMs presented a nodular contrast-enhancing
appearance and involved the lumbar-sacral or thoracic-lumbar-
sacral regions with cauda equina infiltration, explaining the
corresponding clinical presentation patterns. As concurrent
diffuse multifocal intracranial LMs have been documented in
more than half of our pooled cases, we emphasize the
importance to include brain axis imaging in known metastatic
patients with suspected spine lesions or in patients with newly
diagnosed spine LMs (11, 65). CSF cytologic analysis may be
used to confirm the diagnosis of LMs by detecting pathological
cellular lines similar to the primary tumors’ ones (38, 46, 54,
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57, 59). However, lumbar taps may be difficult to obtain,
especially in patients with CSF obstruction, and negative CSF
cytology may occur in up to 40% of patients with clinical and
radiological diagnosis of LMs (6, 65, 69, 73). Indeed, we found
that 31.9% of our pooled patients were deemed not eligible to
undergo lumbar tap due to poor functional status, and, among
those with available CSF cytology, 36.4% had negative results.
Of note, 5 patients with initial negative CSF had positive results
after a second lumbar tap and cytologic assessment, advocating
the need to repeat CSF analysis in cases of dubious negative
results (13, 39, 43, 65). Although blood biomarkers and liquid
biopsy are gaining ground in LMs’ diagnosis due to their
minimal invasiveness and promising diagnostic accuracies, we
found no reports among our included studies, which should
raise interest in better evaluating such techniques for patients
with spine LMs (65, 74).

Challenges in the management of spine LMs result from
the poor clinical conditions of patients with systemic
malignancies, coupled with the need to provide symptom
relief and improve quality-of-life. Available therapies are
mostly palliative, intended to ease metastatic tumor burden
while avoiding treatment-related adverse events (75). For
these reasons, corticosteroids were largely used in our pooled
patients, mostly to provide alleviation of musculoskeletal and
radicular pain. However, as the prolonged use of steroids
may cause severe systemic complications with major impact
on patients’ functional status, several multimodal treatments
have been described in spine LMs (13, 76). Locoregional
spine radiotherapy has been delivered in most symptomatic
patients with spine abnormalities at imaging. Similarly to
intracranial cases, radiotherapy for spine LMs has the ability
to reduce lesions’ volumes and facilitate the CSF flow,
relieving compression-related symptoms and improving the
distribution of intrathecal agents when needed (12). In some
patients with diffuse and multifocal LMs, radiation protocols
targeting the whole spine axis or extending to the brain axis
have been implemented for prolonging local tumor control
(28, 46, 49, 55). These protocols should be carefully
discussed in multidisciplinary teams, weighting the expected
clinical benefits in such patients with dismal prognoses to
the high risks of severe radiation-induced complications. The
role of chemotherapy, with or without intrathecal
administration, has also been largely studied in patients with
LMs from CNS and non-CNS tumors, and various agents
used also for spine LMs, as we found in this review (8, 75).
In the current clinical practice, chemotherapeutic regimens
are planned on the basis of primary tumors and anticipated
responses. While systemic chemotherapy may be limited by
the BBB, showing better penetration in patients with BBB
disruption, pharmacotherapy can be also delivered
intrathecally via lumbar punctures or intraventricular devices
to achieve superior concentrations within the CSF. Yet, the
higher toxicity of intrathecal agents should be considered,
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especially in patients with LM-induced CSF obstruction (65,
75). As reported for patients with primary gliomas, surgery
is limited for spine LMs, mostly intended to relieve
compression-related  symptoms  with decompressive
laminectomy and tumor debulking, but carries severe risks
of complications and shows no impact on patients’ prognoses
(8, 23, 26, 56). Finally, newer molecular therapies and
immunotherapies have been showing promising results for
the treatment of intracranial LMs by simultaneously
modulating microenvironments of primary tumors and
metastatic lesions, but their role in spine LMs has been
poorly studied (69, 77). In this review, Wu et al. (57)
reported the unique case of melanoma nodular LM treated
with lumbosacral radiotherapy followed by 11 cycles of
nivolumab therapy. Prolonged local tumor control (27
months) and survival (35 months) were achieved,
corroborating the theory that such strategies may serve as
game-changers for the management of these complex
patients and should be investigated on spine LMs.

In line with the current literature on intracranial LMs and
spine LMs from primary CNS tumors, we found that patients
with spine LMs from primary non-CNS tumors have poor
prognoses, with median LC of 2 months and median OS of
3 months (range=0.3-60 months) (8, 65). This may be
explained by the fact that spine LMs occur at later disease
stages in patients with multiple concurrent systemic
metastases and high tumor burden, which vastly limit the
survival benefit of available treatments, as confirmed by the
absence of survival differences between radiotherapy and
chemotherapy in our cohort. For the same reasons, although
management strategies mostly focus on palliation, we report
low rates of post-treatment clinical (32%) and radiological
(28.3%) improvement in patients with spine LMs,
comparable to the ones reported in recent studies on spine
LMs from primary gliomas (8). In view of the increasing
incidence and impact of spine LMs in the current clinical
practice, coupled with the growing number of promising new
anti-tumoral therapies, physicians and scientists should steer
their vision towards tailored treatment approaches targeting
molecular and immunologic tumors’ microenvironments,
simultaneously controlling primary neoplasms, circulating
tumor cells, and LMs.

Limitations

Our study has several limitations. All included articles
comprised case reports and retrospective case series
subjected to publication and selection biases, and also
covered a 42-year time-period characterized by important
advances in imaging and treatment protocols, which may
have introduced some confounding variables into our
analysis. The low level of evidence of included studies
precluded a meta-analysis and challenged the statistical

power of this study. Finally, pre- and post-treatment patients’
performance status scores could not be analyzed and
compared due to the lack of granular data.

Conclusion
Spine LMs represent severe and late complications of

systemic significantly ~worsening the
functional status of affected patients. In this systematic

malignancies,

review of 72 cases, we comprehensively summarized clinical
presentation of patients with spine LMs from non-CNS
tumors, evaluating the role of available treatments on
patients’ quality-of-life and survival. Although locoregional
radiotherapy, chemotherapy, and surgical decompression are
frequently performed for palliation, clinical outcomes are
discouraging, and prognoses are dismal. Future studies are
required to assess the role of newer molecular and immune
treatments in the multimodal management of spine LMs.
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