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Abstract 
Metastases are the most common tumors of the spine. As an important increase in the annual incidence of spinal metastases (SMs) has 
been observed in the last decade, the aim of this study was to describe the epidemiology and histopathological types of SMs surgically treated 
in the Neurosurgery Clinics of a Regional Hospital in North-Eastern Romania over a period of five years, in order to define a certain tumor 
profile that would benefit from an early screening. We retrospectively evaluated 115 adult patients, searching for demographic data (gender 
and age of the patients), primary tumor characteristics (location and histological type), topography of the SMs, and the time interval between the 
diagnosis of the primary tumor and the surgery for the SMs. The patients were elderly (average age: 58.96 years), with a male predominance 
(67.82%). Main location of SMs was in thoracic region (44.34%), with multiple vertebral metastases in 30.43% of patients. Only 33.04% of 
the patients had a known cancer at the time of admission. Primary tumor was located mainly in lung (47.82%), gastrointestinal tract (15.65%), 
breast (11.30%), prostate (10.43%) and kidney (9.56%). SMs from lung cancer (LC) mostly expressed squamous cell carcinoma (19.13%), 
probably due to patients’ smoking habits, and those from the digestive system mostly exhibited a moderately/poor colorectal adenocarcinoma 
(8.69%). Our data suggest the need for close surveillance of patients diagnosed with LC and colorectal cancer because these malignancies 
most frequently develop SMs. Smoking prevention actions and screening programs for the detection and removal of precancerous colorectal 
lesions must be developed and expanded. 
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 Introduction 

Spinal metastases (SMs) are common in oncology 
practice as they can occur in 70–90% of breast cancer (BC) 
and prostate cancer (PC) [1]. Metastases are the most common 
tumors of the spine, accounting for approximately 90–95% 
of the lesions identified on imaging investigations of this 
segment of the body [1, 2]. 

An important increase in the annual incidence of SMs 
has been observed in the last decade [3], especially of those 
with lung cancer (LC), BC, PC, urological cancer as a starting 
point, although no significant increases were found in the 

incidence of the same primary cancers. More significant is 
the fact that in the next two decades an even more obvious 
increase in the incidence of cancer has been estimated, so 
that in 2040 almost 30 million new cases will be diagnosed 
[4]. On the other hand, however, the possibilities of detection 
and treatment of a cancer will improve, so life expectancy 
will increase, but the possibility of developing metastases 
with various locations, including bones, will also increase. 

Bone is one of the most common sites where advanced 
solid tumors metastasize. But bone metastases (BMs) greatly 
affect patients’ quality of life (QoL), in addition to increasing 
healthcare costs and mortality risk [5]. 
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Aim 

To date there are quite few data on the epidemiology 
and pathological diagnosis of SMs [6], so that new data 
are needed in the conditions of the increase in the survival 
rate of these patients due to improving treatment option. 
As in the coming years there will be an increasing number 
of patients who will present BMs at a certain moment in 
the tumor evolution, the aim of this study was to describe 
the epidemiology and histopathological (HP) types of SMs 
hospitalized in the Neurosurgery Clinics of a Regional 
Hospital in North-Eastern Romania, in order to define a 
certain tumor profile that would benefit from an early 
screening. 

 Patients, Materials and Methods 
We performed a retrospective study on 115 patients 

older than 18 years, with SMs that were diagnosed and 
surgically treated in the Neurosurgery Clinics of Prof. Dr. 
Nicolae Oblu Emergency Clinical Hospital, Iaşi, Romania, 
over a five-year period (January 2015–December 2019). 

The institutional database (Electronic Clinical Observation 
Chart and the Pathology Registers) was searched to identify 
all patients who underwent surgery for SMs during that 
period. 

We included only patients with a well-established 
pathological diagnosis of a vertebral metastasis based on 
the specimens collected intraoperatively. 

Demographic data (gender and age of the patients), 
primary tumor characteristics (location and histological 
type), topography of the SM, medical history, including 
surgical pathology of the primary tumor when it was known, 
and the time period between the diagnosis of the primary 
tumor and the moment of the surgery for the SM were 
collected from electronic medical records. 

During the period of this study, all the surgical specimens 

were submitted from the operating rooms to the Pathology 
Department of the same Hospital for processing. Initially, 
small representative tissue fragments were processed as 
intraoperative squash smear preparation, as well as frozen 
section on cryostat while still in an unfixed state; then, 
Toluidine Blue staining was performed on all slides. After 
that, the remaining tissues were transferred to 10% neutral 
buffered formalin for fixation overnight at 37°C. Next day, 
representative surgical specimens were identified and 
were processed routinely, namely dehydration in acetone 
and xylene, and then embedding into paraffin. Paraffin 
block was cut in 3 μm thickness sections and routine 
Hematoxylin–Eosin (HE) staining was performed. All slides 
were thoroughly evaluated by two pathologists using a 
Leica DM 2500 binocular microscope (Leica Microsystem 
GmbH, Germany). New histological sections with 3 μm 
thickness were obtained from a single representative paraffin 
block to realize histochemical staining, namely Mucicarmine 
and Alcian Blue stainings, for mucin identification, but 
also for immunohistochemical (IHC) staining. For IHC 
investigations, representative 3 μm sections were processed 
according to a two-step IHC staining technique, non-
Avidin–Biotin method [EnVision+ Dual Link System–
Horseradish peroxidase (HRP), Dako Corp.] according to 
the protocol provided by the manufacturer. 

Table 1 documents the panel of all IHC antibodies that 
have been used in the present study. An IHC-positive reaction 
was considered in the presence of a brown membrane 
staining of tumoral cell for human epidermal growth factor 
receptor 2 (HER2), cytoplasm staining in tumoral cells for 
pan-cytokeratin (CK) AE1/AE3, CK7, CK20, CK8/18, 
CK19, vimentin, Melan A, and human melanoma black 45 
(HMB45), and a brown nuclear staining of tumor cells 
for thyroid transcription factor-1 (TTF-1), caudal-related 
homeobox transcription factor 2 (CDX2), GATA3, estrogen 
receptor (ER), progesterone receptor (PR), and Ki67, 
cytoplasmic and nuclear staining for S100 protein. 

Table 1 – Immunohistochemical antibodies that have been used in the present study 

Antibody Clone Manufacturer Dilution Antigen retrieval 

Pan-CK AE1/AE3 Mouse monoclonal AE1/AE3 DAKO 1/50 Citrate, pH 6 

CK7 Mouse monoclonal DAKO RTU Citrate, pH 6 

CK20 Mouse monoclonal DAKO RTU Citrate, pH 6 

TTF-1 Mouse monoclonal DAKO RTU Citrate, pH 6 

CDX2 Mouse monoclonal DAKO RTU Citrate, pH 6 

GATA3 Mouse monoclonal Diagnostic BioSystems RTU Citrate, pH 6 

CK8/18 Rabbit monoclonal Diagnostic BioSystems 1/100 Citrate, pH 6 

CK19 Mouse monoclonal DAKO 1/100 Citrate, pH 6 

ER Rabbit monoclonal DAKO RTU Citrate, pH 6 

PR Mouse monoclonal DAKO RTU Citrate, pH 6 

HER2 Polyclonal rabbit DAKO 1/400 Citrate, pH 6 

PSA Polyclonal rabbit DAKO 1/50 Citrate, pH 6 

Vimentin Mouse monoclonal DAKO RTU Citrate, pH 6 

S100 protein Polyclonal rabbit DAKO RTU Citrate, pH 6 

HMB45 Mouse monoclonal DAKO RTU Citrate, pH 6 

Ki67 Mouse monoclonal Novocastra 1/200 Citrate, pH 6 

CDX2: Caudal-related homeobox transcription factor 2; CK: Cytokeratin; ER: Estrogen receptor; HER2: Human epidermal growth factor receptor 2; 
HMB45: Human melanoma black 45; PR: Progesterone receptor; PSA: Prostate-specific antigen; TTF-1: Thyroid transcription factor-1; RTU: 
Ready-to-use. 
 

Ki67 labeling index (LI) was defined as the percentage 
of positive cells (having brown nuclear staining) counted 
among 100 tumor cells in the fields with the greatest 
number of positive cells. 

The HP and IHC analysis of the samples was performed 
using a Leica DM 2500 binocular microscope (Leica Micro-
system GmbH, Germany) by the same two pathologists for 
each case, to identify the histological type of the spinal 
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tumor. The final diagnosis was established by consensus. 
All tumors were classified according to World Health 
Organization (WHO) classifications. 

Data concerning patients’ age and gender, location and 
pathological diagnosis of the primary tumor as well as of 
the SMs were included into a Microsoft Excel spreadsheet, 
thus obtaining absolute and percentage frequencies. The 
results were illustrated and compared using the above-
mentioned software charting capabilities. 

This study was approved by the Ethics Committee of 
Prof. Dr. Nicolae Oblu Emergency Clinical Hospital, Iaşi, 
by Decision No. 8/05.06.2024 and written informed consent 
was obtained from each patient at the time of admission to 
Hospital. 

 Results 
Socio-demographic characteristics of patients 

In the present study, 115 patients were included, of 
which 67.82% (n=78) were males and 32.15% (n=37) were 
females (Figure 1), with a male-to-female (M:F) ratio of 
2.1. The average age of the entire studied group was 
58.96 years (range: 27 to 84 years). The mean age of female 
patients was 58.56 years (range: 29 to 79 years) and the 
mean age of male patients was 59.15 years (range: 27 to 
84 years). 

 
Figure 1 – Gender distribution of spinal metastases. 

Topography of spinal metastasis 

The location of the spinal metastatic tumor was at the 
cervical level in 10.43% (n=12) of cases, with a M:F ratio 
of 1; in the thoracic region in 44.34% cases (n=51), with 
a M:F ratio of 2.4; 39.13% (n=45) of cases were located 
in the lumbar region, with a M:F ratio of 2; 6.08% (n=7) 
of all cases were registered in the sacral region, with a 
M:F ratio of 1.33 (Figure 2). There were multiple vertebral 
metastases in 30.43% (n=35) of patients (Figure 3). 

Only in 33.04% (n=38) of patients the diagnosis of cancer 
was known at the time of admission to Neurosurgery 
Clinics (Figure 4), but the location of the primary tumor 
was established in all (n=115) patients after the surgical 
intervention due to pathological diagnosis, which included 
both HE staining, histochemical and IHC stainings. 

 
Figure 2 – Topography of spinal metastases. 

 
Figure 3 – Patients’ distribution according to number 
of spinal metastases. 

 
Figure 4 – Patients’ distribution according to known/ 
unknown pathological diagnosis of primary tumor before 
the spinal surgery. 

Location and histological type of the primary 
tumor 

Regarding the location of the primary tumor, vertebral 
BMs originated in a LC in 47.82% (n=55) of patients, 
gastrointestinal (GI) cancer in 15.65% (n=18) of patients, 
BC in 11.30% (n=13) of patients, PC in 10.43% (n=12) of 
patients, kidney cancer (KC) in 9.56% (n=11) of patients, 
skin melanoma in 1.73% (n=2) of patients, germ cell tumors 
(GCTs) in 1.73% (n=2) of patients, thyroid cancer (TC) 
and endometrial carcinoma in 0.86% of all patients for each 
case (n=1) (Figure 5). 

 
Figure 5 – Location of the primary tumor among the 
patients with spinal metastases in the present study. 

From a pathological point of view, a SM from LC 
expressed the following histological types: adenocarcinoma 
(solid, acinar, papillary, and colloid) in 17.39% (n=20) of 
cases, squamous cell carcinoma (SCC; moderate/poorly 
differentiated) in 19.13% (n=22) of patients, neuroendocrine 
tumors (small cell carcinoma and large cell neuroendocrine 
carcinoma) in 9.56% (n=11) of cases, pleomorphic carcinoma 
and adenosquamous carcinoma, each of them in only 0.86% 
(n=1) of LC cases (Table 2; Figure 6). 
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Table 2 – Histopathological types of spinal metastases 
starting from lung cancer 

Histological type 
No. of 
cases 

Percentage 

Adenocarcinoma 20 17.39% 

Solid 9 7.82% 

Acinar 7 6.08% 

Papillary 3 2.60% 

Colloid 1 0.86% 

Squamous cell carcinoma 
(moderate/poorly differentiated) 

22 19.13% 

Neuroendocrine tumors 11 9.56% 

Small cell carcinoma 8 6.95% 

Large cell neuroendocrine carcinoma 3 2.60% 

Pleomorphic carcinoma 1 0.86% 

Adenosquamous carcinoma 1 0.86% 

Total 55 47.82% 

Those SMs originating from the digestive system 
presented various histological types depending on the location 
of the primary tumor, namely: SCC (moderate/poorly 
differentiated) from mucosa of the oral cavity in 1.73% 
(n=2) of cases, signet-ring carcinoma from gastric cancer 
in 0.86% (n=1) of cases, adenocarcinoma (moderate/poor 
differentiated) from colorectal cancer in 8.69% (n=10) of 
cases, trabecular hepatocellular carcinoma (HCC) from 
liver cancer in 3.47% (n=4) of cases, cholangiocarcinoma 
from a biliary tree cancer in 0.86% (n=1) of all cases 
(Table 3; Figure 7). 

Table 3 – Histopathological types of spinal metastases 
originating in gastrointestinal cancer 

Location Histological type 
No. of 
cases 

Percentage 

Mucosa of  
the oral cavity 

Squamous cell carcinoma 
(moderate/poorly 

differentiated) 
2 1.73% 

Stomach Signet-ring cell carcinoma 1 0.86% 

Colorectal 
Adenocarcinoma 
(moderate/poorly 

differentiated) 
10 8.69% 

Liver 
Trabecular hepatocellular 

carcinoma (moderate 
differentiated) 

4 3.47% 

Biliary tree Cholangiocarcinoma 1 0.86% 

Total 18 15.65% 

SMs originating in BCs exhibited two histological types: 
infiltrating ductal carcinoma, not otherwise specified (NOS) 
in 10.43% (n=12) of all cases and oncocytic carcinoma in 
0.86% (n=1) of cases (Table 4; Figure 8). 

Table 4 – Histopathological types of spinal metastases 
starting from breast cancer 

Histological type 
No. of 
cases 

Percentage 

Infiltrating ductal carcinoma, NOS 12 10.43% 

Oncocytic carcinoma 1 0.86% 

Total 13 11.30% 

NOS: Not otherwise specified. 

SMs originating in PC exhibited an acinar adenocarcinoma 
as its histological type in 10.43% (n=12) of all cases (Table 5; 
Figure 9). When primary tumor was located in the kidney, 

then SMs presented the phenotype of a renal clear cell 
carcinoma in 9.56% (n=11) of all cases. SMs from cutaneous 
melanoma exhibited the same histological type and was 
identified in 1.73% (n=2) of all cases. A microscopical exam 
of SMs originating in GCTs revealed two histological types: 
seminoma and embryonal carcinoma, each of them being 
identified in 0.86% (n=1) of all cases. Uterine tumors 
metastasizing in vertebrae showed endometrial endometrioid 
carcinoma as its unique histological type and represented 
0.86% (n=1) of all cases. SMs from TC expressed follicular 
carcinoma as its only histological type and also represented 
0.86% (n=1) of all cases (Table 5). 

Table 5 – Histopathological types of spinal metastases 
with other starting points 

Location Histological type 
No. of 
cases 

Percentage 

Prostate Acinar adenocarcinoma 12 10.43% 

Kidney Renal clear cell carcinoma 11 9.56% 

Skin cancer Melanoma 2 1.73% 

Germ cell 
Embryonal carcinoma 1 0.86% 

Seminoma 1 0.86% 

Uterus 
Endometrial endometrioid 

carcinoma 
1 0.86% 

Thyroid Follicular carcinoma 1 0.86% 

Total 29 25.21% 

Time interval between the diagnosis of  
the primary tumor and the appearance  
of the primary metastasis 

For cases in which the primary tumor was known, the 
time between initial diagnosis and diagnosis of surgical 
intervention for SMs averaged 20.06 months, with variations 
depending on the location of the primary tumor. Thus, the 
time interval between these two significant moments in the 
evolution of the analyzed malignancies was 17.1 months 
for LC, 19.56 months for GI cancer, with variation between 
38 months for HCC and eight months for SCC of the oral 
cavity mucosa, 23 months for BC, 33 months for PC, 
20.75 months for KC, 26 months for cutaneous melanoma 
and one month for GCTs (Table 6). 

Table 6 – Time interval [months] between the initial 
diagnosis and the diagnosis of spinal metastasis 
according to the location of the primary tumor 

Location of primary tumor Time interval [months] 

Lung 17.1 

Gastrointestinal system 19.56 

Colon 22.2 

Liver/biliary tree 38 

Pancreas Unknown 

Mucosa of the oral cavity 8 

Breast 23 

Prostate 33 

Kidney 20.75 

Cutaneous melanoma 26 

Germ cell tumors 1 

Thyroid Unknown 

Uterus Unknown 
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Figure 6 – Microscopic view of a spinal metastasis from a solid adenocarcinoma of the lung: (A and B) Tumor was made 
of solid small nests of poorly-differentiated non-small cells, with abundant cytoplasm, well-defined cell borders, vesicular 
nuclei, and prominent nucleoli; there were osteosclerotic changes of the vertebral bone (arrows); (C) Tumor cells showed 
strong cytoplasmic positivity for CK AE1/AE3; (D) Tumor cells showed strong cytoplasmic positivity for CK7; (E) Tumor 
cells showed strong nuclear TTF-1 immunoreactivity; (F) There were numerous reticulin fibers around small islands 
of tumor cells. HE staining: (A and B) ×200. Anti-CK AE1/AE3 antibody immunomarking: (C) ×100. Anti-CK7 antibody 
immunomarking: (D) ×100. Anti-TTF-1 antibody immunomarking: (E) ×100. Silver impregnation: (F) ×200. CK: 
Cytokeratin; HE: Hematoxylin–Eosin; TTF-1: Thyroid transcription factor-1. 

 

 
Figure 7 – Microscopic view of a spinal metastasis from a moderately differentiated adenocarcinoma of the right colon: 
(A) At the edge of the vertebral tumor there were small areas of carcinoma made of moderately differentiated gland with 
marked desmoplasia, osteolytic changes of the vertebral bone in the upper right corner; (B) In the center of the tumor 
there were sheets of cells with a cribriform pattern; small gland lumen was filled with necrotic debris (dirty necrosis) 
(arrow); (C) Tumor cells exhibited strong cytoplasmic positivity for CK AE1/AE3; (D) Tumor cells exhibited strong cytoplasmic 
positivity for CK20; (E) Tumor cells exhibited strong nuclear positivity for p53; (F) Tumor cells exhibited a very high Ki67 
LI demonstrating an aggressive evolution (anti-Ki67 antibody, x40). HE staining: (A) ×100; (B) ×200. Anti-CK AE1/AE3 
antibody immunomarking: (C) ×400. Anti-CK20 antibody immunomarking: (D) ×100. Anti-p53 antibody immunomarking: 
(E) ×400. Anti-Ki67 antibody immunomarking: (F) ×400. CK: Cytokeratin; HE: Hematoxylin–Eosin; LI: Labeling index. 
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Figure 8 – Microscopic view of a spinal metastasis from an adenocarcinoma of the breast: (A) Mostly infiltrative large 
and solid nests of cells with tubule formation in 30% to 40% of the tumor; tumor cells showed moderately enlarged nuclei; 
there is an osteoid matrix with new osteoid production, which was partially mineralization, due to osteolytic metastasis 
(arrows); (B) Tumor cells exhibited strong nuclear positivity for GATA3; (C) Tumor cells exhibited strong cytoplasmic 
positivity for CK7; (D) Tumor cells exhibited strong cytoplasmic positivity for CK19; (E) Tumor cells exhibited strong 
nuclear positivity for PR; (F) Tumor cell exhibited strong nuclear positivity for ER. HE staining: (A) ×100. Anti-GATA3 
antibody immunomarking: (B) ×100. Anti-CK7 antibody immunomarking: (C) ×200. Anti-CK19 antibody immunomarking: 
(D) ×200. Anti-PR antibody immunomarking: (E) ×200. Anti-ER antibody immunomarking: (F) ×200. CK: Cytokeratin; 
ER: Estrogen receptor; HE: Hematoxylin–Eosin; PR: Progesterone receptor. 

 

 
Figure 9 – Microscopic view of a spinal metastasis from an acinar adenocarcinoma of the prostate: (A) Metastatic tumor 
showed proliferation of small, compact, malignant glands without the basal layer and with an infiltrative pattern among 
osseous lamellae (arrow); (B) With a higher objective, it could be seen a complicated glandular proliferation made of 
tumor cells with amphophilic cytoplasm and round, monomorphic, nuclei with prominent nucleoli; (C) Metastatic tumor 
expressed luminal PSA immunopositivity; (D) Tumor cells exhibited strong cytoplasmic positivity for CK8/18; (E) Tumor 
cells exhibited strong cytoplasmic positivity for CK19; (F) Tumor cells exhibited a very high Ki67 LI demonstrating an 
aggressive evolution. HE staining: (A) ×200; (B) ×400. Anti-PSA antibody immunomarking: (C) ×400. Anti-CK8/18 
antibody immunomarking: (D) ×200. Anti-CK19 antibody immunomarking: (E) ×400. Anti-Ki67 antibody immunomarking: 
(F) ×200. CK: Cytokeratin; HE: Hematoxylin–Eosin; LI: Labeling index; PSA: Prostate-specific antigen. 
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 Discussions 
Over time, various theories have appeared regarding the 

mechanisms of SMs. Thus, various authors assumed that 
they could develop either by hematogenous, venous or arterial 
dissemination, by direct tumor extension, by lymphatic 
dissemination, and by subarachnoid and leptomeningeal 
seeding [7, 8]. Recently, a new theory has emerged, i.e., 
that the center of the vertebral body is the primary niche for 
the development of complex interactions between metastatic 
cancer cells and the vertebral bone environment, with 
subsequent posterior dissemination via pedicles [1]. 

The age of SMs patients varies in the literature, depending 
on the type of patients included in the study group. When 
only adults (≥18 years) are included, as in the present 
study, the mean age is in the seventh decade of life. Thus, 
Truong et al. [9] reported for their series a mean age of 
60.91±9.72 years, and the M:F ratio was in favor of the 
male patients (1.15:1). Similar research [10] with the present 
study but conducted in Brazil on 51 consecutive patients 
with SMs who were evaluated over a period of three years 
(2010–2012), identified a predominance of male patients 
(68.62%). The mean age was 61.07±11.78 years for females 
and 62.74±10.17 years for males. Another epidemiological 
study [11] that investigated the age and gender of 1196 
patients with SMs found out a male predominance (59.95%), 
with a M:F ratio of 1.50:1. Also, most (63.71%) patients 
were elderly, as their age ranged from 50 to 69 years. The 
mean age was 58.6±11.6 years (range: 13 to 89 years), and 
the median age was 59.0 years. The mean age of males 
was 59.4±11.9 years (range: 16 to 89 years) and the mean 
age of females was 57.4±11.1 years (range: 13 to 83 years), 
thus showing that the time of onset of SMs was two years 
earlier in females than in males. These data differ from 
those obtained in the present paper in terms of age because 
those authors also included child patients (age ≤18 years). 

Cerqueira et al. [2] also included both children and adults 
with SMs in their study, so the mean age was 51.9 years, 
and the median age was 54 years. Anyway, also in their 
study, most (33.3%) patients were in their seventh decade 
of life (60–69 years). 

A study conducted in Korea [5] identified that SMs 
predominantly affects male patients (53.05%), mostly elderly 
(51.97%), aged over 60 years. However, in BC and PC, 
SMs occur predominantly in the corresponding gender, 
and the incidence increases with age in PC and decreases 
with age in BC. In cases with genitourinary cancers, SMs 
developed mostly in female patients. Lu et al. [12] reported 
that their female patients presented a median age of 64 years 
(range: 36 to 88 years), but their male patients had a median 
age of 71 years (range: 26 to 92 years) at the time of SMs 
diagnosis. 

On the other hand, in a previous personal work on SMs, 
but focused only on those with a GI cancer starting point 
[13], we also identified an average age of the patients of 
66.42 years, with variations between 35 and 80 years and 
a male predominance (75%). 

Regarding the topography of SMs, there is unanimity 
among researchers, namely that these lesions are more 
frequently found in the thoracic region, followed by the 
lumbar and sacral regions, while the cervical region is the 
least frequently affected by these malignancies [1, 2, 9, 11]. 

As all these authors, we also found out that the thoracic 
region was the most affected by SM. A study similar to the 
present one [9], conducted on 191 patients aged ≥18 years 
who underwent surgery for at least one SM, reported that 
the lesion was predominantly located at thoracic level 
(50.26%), followed by the lumbar (25.13%) and cervical 
(24.60%) levels. Univariate analysis, however, did not 
identify a prognostic role of the region affected by SMs, 
either in terms of patient survival or improvement in patient 
motor function after surgery. 

The literature states that usually, at the time of diagnosis, 
SMs are most often multiple, meaning that two or more 
levels are affected. Wang et al. [11] reported the presence 
of multiple SMs in 36.12% of their cases. In the present 
study, multiple SMs were present in two-thirds of the cases, 
thus demonstrating that the addressability of oncological 
patients in neurosurgery clinics for symptoms determined 
by SMs is delayed. This finding may be due to either a lack 
of medical education or a lower economic-social status, but 
a greater aggressiveness of primary tumors that disseminate 
at the spinal level must also be considered. 

In the present research, two-thirds of the cases admitted 
to the Neurosurgery Clinics did not have any primary tumor 
identified before surgery. The reasons for not knowing the 
primary tumor location could be the relatively small size 
of the tumor, as can be the case of LC, which can escape 
imaging detection, or the lacking of specific symptoms, as 
in the case of colon cancer, liver and biliary tree cancers, 
TCs or KCs, or the primary tumor location in the pelvis, 
such as uterine or PC, for which patients usually delay seeing 
the doctor for personal reasons. 

The identification of the primary tumor is very important 
in the management of SMs because it is of great value in 
selecting the best treatment option to obtain the longest 
possible patient survival, especially in cases with unknown 
primary tumor [14]. Especially in these situations, but even 
in cases with already known cancer, without surgery there 
is no therapy available, and the patient’s survival will be 
very low. As a result, the diagnosis of SMs can be obtained 
with the help of at least one biopsy that ensures the sampling 
of tumor tissue. The biopsy or surgical specimens ensure 
the identification of the site, and the histological type of 
primary tumor based on HP investigations, supplemented 
with IHC and/or histochemical stainings, especially due to 
the fact that SMs are moderately or poorly differentiated 
compared to the morphological appearance of the 
corresponding primary tumor. 

Over time, there have been widely varying reports 
regarding the primary tumor pathology that presents the 
highest incidence of SMs. An earlier study, from 1997 [15], 
analyzed 71 patients with SMs to identify the importance 
of primary tumor location in determining preoperative 
prognosis. The authors found that 47.88% of the analyzed 
patients had TC, 39.43% had KC, and in the remaining 
12.67% of patients the site of the primary tumor was 
unknown at the time of surgery. The authors concluded 
that, when the primary tumor is unknown, the median 
survival period is significantly shorter than in patients with 
known primary tumors at the time of SMs treatment. In 
our study, two-thirds of the patients did not have a known 
primary tumor before surgery for SMs and this fact could 
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be related with the lack of health education of the Romanian 
population, but also with the inadequate implementation 
of screening programs, especially aimed at the early detection 
of LCs and colon cancers. 

A prospective clinical study [16], carried out in 2000 
on 153 patients with SMs identified the site and histology 
of the primary tumor, as follows: BC (37%), PC (28%), 
LC (18%), which included non-small cell lung carcinoma 
(NSCLC) in 12% of cases and small cell lung carcinoma 
(SCLC) in 6% of cases. In 17% of all cases, other solid 
tumors were identified. A magnetic resonance imaging 
(MRI) study [17] performed on 280 patients identified 
the locations of primary tumors in patients with SMs, as 
follows: lung (25.71%), breast (23.21%), prostate (20.35%), 
hematological cells (8.21%), urinary tract (7.5%), GI system 
(4.64%), unknown (4.28%), and others (6.07%). In their 
series of 134 clinically and MRI-investigated oncological 
patients with SMs, Lu et al. [12] identified primary cancer 
in equal percentages (24%) at the breast and lung level, 15% 
of all cases were from the prostate, 10% were hematological 
neoplasms, and 26% of cases had other primary locations. 
In the series of Chaichana et al. [18], primary cancer 
diagnoses for their 162 included patients were diverse, 
reported as follows: hematopoietic cancers (17%), LC (16%), 
BC (16%), KC (13%), and PC (12%). Botelho et al. [10] 
reported that, of the 51 patients with SMs analyzed in 
their study, 23.52% were diagnosed with primary breast 
tumors, 23.52% with PC, 13.72% had a hematological 
malignancy (lymphoma or multiple myeloma), 7.84% of 
patients had LC and 5.88% had colon cancer. Bladder 
cancers, KCs and larynx cancers were reported in 1.96% of 
cases each. Zhang et al. [19] used pathological examination 
to identify the primary tumor in patients with SMs. The first 
three primary tumor sites were as follows: breast (26.6% 
of cases), lung (21.7% of cases), and prostate (19.2% of all 
cases), but they also found lymphoma, multiple myeloma, 
and kidney as fewer common locations. 

A survey conducted in the United States on SMs 
annually diagnosed identified that 16.3% had LC as their 
starting point, 14% were derived from BC, 13.1% from renal 
cancer, 6.8% from PC, 4.1% from cutaneous melanoma, 
and 2.3% from primary TC [20]. 

Correlated with the fact that they studied both adult 
and child patients, but also with the fact that the analyses 
were performed on patients diagnosed with SMs based 
either on clinical symptoms, radiographic examinations 
and/or HP diagnosis and that hematological malignancies 
(myeloma and lymphoma) were also included, the study 
realized by Wang et al. [11] reported similar, but also 
different data from the above studies. The most common 
primary tumor causing SMs was LC (36.54%), followed by 
unknown origin (16.22%), childhood cancer (6.52%), BC 
(6.35%), liver/biliary cancer (6.27%), GI cancer (4.43%), 
myeloma (4.43%), PC (4.43%), TC (3.09%), sarcoma 
(2.76%), and less common primary neoplasia (8.95%), such 
as esophageal cancer, lymphoma, and cervical cancer. 

In 2021, an author from Turkey [21] investigated 156 
patients with SMs and found that among the primary 
tumors that spread to the spine, respiratory system cancer 
was the first (47.44%), BC was the second (21.15%), and 
both were followed by PC (11.54%), GI tract cancer 

(10.26%), urinary tract (6.41%) and gynecological cancer 
(3.21%). 

Although in the present series the same locations of the 
primary tumors leading to the onset of SMs appear as in 
other studies, their order differs. Thus, in the present study, 
LC was the most common primary tumor that determined 
SMs, being identified in 47.82% of non-hematological 
tumor cases and representing three times more cases than 
the second primary tumor, respectively GI cancers. 

Similar aspects were identified by another study 
carried out in Romania by Bratu et al. [22]. These Romanian 
researchers retrospectively analyzed, from imaging and 
pathological points of view, 309 cases of SMs diagnosed 
at a hospital in Bucharest between 2010 and 2014. In 44.33% 
of cases, the patients presented SMs from a hematological 
neoplasia, and 55.66% from another type of cancer. Those 
171 patients with SMs of non-hematological origin presented 
the following primary tumor: LC (44.44%), BC (25.14%), 
PC (8.18%), KC (4.09%), TC (4.09%), GI tract cancer 
(3.50%), bladder cancer (2.92%), malignant melanoma 
(2.92%), pancreatic cancer (2.33%), ovarian cancer (1.75%), 
and neck squamous cell cancer (1.16%). 

In the present series, we identified the highest prevalence 
of LCs as a starting point for SMs, probably because, as 
reported by other authors [3], LC not only is the most 
frequent, but also presents a high risk of dissemination to 
vertebrae. Also, patients with NSCLC mostly disseminate 
to the spinal column as this site is the most common site 
for BM [23]. 

Even though there are studies in the literature stating 
that patients with GI cancer have the lowest risk of spinal 
dissemination [3], we found out in the present series that 
SMs with a GI cancer as a starting point, especially colorectal 
cancer, ranks second. As far as we know, this aspect has 
not been identified by another study. The cause may be 
the fact that such patients do not undergo imaging of the 
spine to detect SMs unless clinical signs appear [24]. 
Also, in an earlier personal study [13], we also reported 
the epidemiological and pathological findings of 40 patients 
with GI cancers and SMs diagnosed and treated during a 
period of nine years in the same hospital, among which 
the colorectal adenocarcinoma was the most frequent 
histological type (40%). These data demonstrate that the 
prevalence of GI carcinomas have increased significantly 
in Romania in the last two decades. These data are confirmed 
by a recently published article [25], which studied all 
colorectal cancer cases reported by all hospitals to the 
National Diagnosis-Related Group (DRG) System, during 
a period of three years (2016–2018). The authors identified 
a colorectal cancer mortality almost twice higher than the 
European average, which also means an increase in the 
corresponding incidence of colorectal cancer in Romania 
compared to the other European countries. It is worth 
mentioning that, even in a country like England, with well-
established national screening programs, the majority of 
colorectal cancers were diagnosed in the late stages, 
mainly T3 and T4 [26], probably because these tumors 
are growing with few symptoms. 

Regarding the histological type of SMs originating in 
colorectal cancer, we have found out that all cases expressed 
a moderate/poorly differentiated adenocarcinoma. The same 



Evaluation of epidemiological and pathological features of symptomatic spinal metastases in Romania – what could… 

 

489 

findings were reported by another group of researchers from 
Romania [27]. 

Although some authors found out that 21.15–42.3% 
of SMs originate from BC [21, 28], placing this primary 
tumor in the first or second place among all primary tumors 
that cause spinal dissemination, in our series BC ranks third. 
In addition, in the case of PC, the present study identified 
SMs with this starting point in fourth place, although this 
type of malignancy is the most common form of cancer 
affecting men. It is well known that this type of neoplasia 
presents a particular tropism for BM. In 2007, approximately 
350 000 patients were diagnosed with BMs in the United 
States [29]. On the other hand, an autopsy study demonstrated 
that approximately 90% of men with metastatic PC also had 
BMs at the time of death [30]. Furthermore, more than 
80% of therapeutically castrated PC patients experienced 
SMs [31]. 

In the present series, new entities of malignant tumors 
that disseminated at the vertebral level, such as GCT, also 
appeared, but in a very small percentage. Some other studies 
have also shown the rarity of this medical condition. Jamal-
Hanjani et al. [32] analyzed 2550 patients with GCTs 
among which they found only 0.74% of cases with BMs, 
most of them (88.23%) at the vertebral level. 

The data obtained in the present research are also 
confirmed regarding the prevalence of SMs originating 
from a cutaneous melanoma. If in the present study this 
type of cancer was identified as the starting point of SMs 
in only 1.73% of cases, the literature reports similar data 
(1.63–4.1% of cases) [5, 20], thus demonstrating that patients 
with cutaneous melanoma rarely disseminate to the vertebrae. 
As such, it can be concluded that this type of dissemination 
appears as a late event in the evolution of a melanoma [33]. 

All these data demonstrate that there is a great variation 
between studies regarding the starting point of SMs, probably 
due to the pattern of development of primary tumors in a 
given population as a result of specific genetics and as a 
result of the temporal trends followed by each tumor type. 
For Romania, the fact that LC ranks first among the primary 
tumors that cause SMs demonstrates the significant increase 
in the incidence of this type of cancer in the last 25 years, 
both in women and in men. Also, the prevalence and long-
term survival of GI cancer, especially colorectal type, have 
increased significantly in recent years. Thus, although in 
previous studies it was considered that this type of cancer 
rarely causes SMs, currently we found a representative 
number of cases. 

Regarding the histological subtypes of LCs causing 
SMs, in the present series there were mostly squamous cell 
LCs and lung adenocarcinomas, the former being slightly 
more frequent. These aspects support previously published 
data regarding the HP types of LC in Romania. Compared 
to other studies, from Asia or Latin America, which reported 
that lung adenocarcinoma was the primary origin of SMs 
in 58.3–69.6% of cases, and SCC was associated with a 
much lower risk of BM, being identified only in 13–17% 
of cases [34, 35], statistical analyzes in Romania show 
that 48% of LC patients have squamous cell LC, 29% 
have adenocarcinoma, 7% have large cell carcinoma and 
16% have SCLCs [36]. These statistical data are also 
confirmed by the present study, in which the histological 
subtype of LC that metastasizes at spinal level most 

frequently was SCC. Similar aspects were identified by a 
study from Turkey [37], where the HP exam of 168 SMs 
revealed the same hierarchy of histological types of LC: 
SCC (48%), adenocarcinoma (31%), small cell carcinoma 
(15%), and large cell carcinoma (6%). 

In our series, SMs from TC were most often of the 
follicular type, an aspect that was similar with other studies. 
Enkaoua et al. [15] reported, in addition to the follicular 
type, other histological types of TC that have disseminated 
to the spine, such as the papillary type and, more rarely, 
medullary carcinoma with amyloid in the stroma. 

In the present series, SMs from renal cancer exhibited 
only clear cell renal carcinoma histological type and the 
same histological aspect was identified by Enkaoua et al. 
[15]. 

From a prognostic point of view, recent research 
identified that patients with SMs from SCLC have a 
median overall survival of only 6.3 months, in contrast to 
those with NSCLC, which have a survival of 8.9 months. 
Notably, within the NSCLC subgroup, patients diagnosed 
with adenocarcinoma showed the most prolonged survival, 
with a survival of 25.3 months [38]. 

The time interval from the diagnosis of the primary 
tumor to the diagnosis of SMs varies widely, depending 
on the histological type of the primary neoplasia. A study 
conducted in Korea [5] evaluated the time interval from 
primary tumor diagnosis to BM for various primary solid 
malignancies. They observed that LC had the shortest 
mean time to BM (9.0±15.2 months), followed by BC 
(14.9 months) and PC (17.4 months). Conversely, in the 
case of colorectal cancer they identified the longest average 
time to BM (28.9±25.5 months). Overall, the median time 
from primary cancer diagnosis to surgery for BM was 
18.9 months. 

Van den Brande et al. [39] also reported that patients 
with LC had the shortest time interval (about nine months), 
while those with BC and PC have a significantly longer 
interval of 14.9 and 17.4 months, respectively. A group of 
researchers from Brazil [40] found that the time interval 
between the diagnosis of the primary tumor and surgery 
for the treatment of SMs was on average 9.6 months, with 
minimum and maximum values between four days and 
3183 days (8.84 years), respectively. 

In the present series, the mean time interval between 
the diagnosis of the primary tumor and surgery for SMs for 
the entire group of patients was similar to that reported by 
Hong et al. [5] in Korea (20.06 months versus 18.9 months). 
However, given the fact that in the present series we 
identified new types of primary tumors as the starting point 
of SMs, the obtained data differ from those published by 
other authors [5, 39, 40]. The longest interval of time 
between those two moments in the evolution of neoplasia 
was in the case of liver cancer (38 months) and the shortest 
was for GCTs (one month). 

As demonstrated by the present study, many of the 
patients with SMs are elderly and have neurological deficits 
due to involvement of several vertebral regions, with spine 
instability. Quantification of vertebral involvement, 
neurological status, general health, and primary tumor 
histology are important factors to consider for surgical 
planning and therapeutic targeting. 

SMs can be treated by chemotherapy, radiotherapy, 
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and surgical treatment. Patients with SMs are difficult  
to treat surgically, because the metastases represent an 
advanced stage of the oncological disease and therefore 
the postoperative prognosis can be very poor [10]. Surgical 
treatment aims to improve QoL by achieving pain control 
and improving neurological deficits [41]. Conventional 
surgery in SMs is highly invasive and requires a long 
hospital stay to stabilize the spine and remove nerve 
compression caused by the tumor. The most commonly 
used is decompression or “detachment surgery”, in which 
the tumor is resected so as to achieve decompression of the 
spinal cord [41]. Preoperative embolization can also be used 
to reduce the risk of hemorrhage and improve outcomes 
with low complication rates [42]. 

For patients with solitary SM without invasion of the 
vertebral canal and a good general status of health, with 
a long-life expectancy because the primary tumor has a 
slow growth rate, curative surgical interventions, such  
as metastasectomy or en bloc resection of tumors [43]  
or en bloc spondylectomy/total vertebrectomy), must be 
considered. Vertebral resection should be followed by 
spinal reconstruction and appropriate instrumentation 
[44]. When the prognosis is poor, local control must be 
obtained in the medium term, intralesional excision methods 
such as piecemeal excision or “eggshell” curettage can be 
used. For patients with the poorest prognosis, i.e., in the 
advanced phase of metastatic disease, palliative surgery 
is recommended, such as spinal cord decompression with 
stabilization, or only supportive care [42]. 

Since 2005, in Japan, minimally invasive spine 
stabilization with percutaneous pedicle screw fixation of 
the spine is used for patients with SMs and advanced 
metastatic disease, in order to reduce pain and allow the 
oncological patient to be able to carry out his daily activities 
related to personal care. At the same time, this treatment 
method of SMs can prevent vertebral pathological fractures 
[45]. A multivariate analysis of the risk factors for poor 
prognosis of patients with SMs surgically treated [46] 
found out that age ≥65 years at surgery, presence of extra-
SMs and poor performance scores were associated with 
180-day mortality. For these reasons, the authors considered 
that multidisciplinary discussions about the benefits and 
risks of surgery in patients with these risk factors are 
necessary. 

 Conclusions 
The present study provides a detailed description of the 

epidemiological and pathological characteristics of SMs, 
which could help orthopedic surgeons understand the 
clinical characteristics of SMs and is of great importance 
in guiding scientific research. Our findings have direct 
implications for the allocation of resources necessary for 
the care of these patients, but also for health policy. In the 
coming years, healthcare systems will face a growing 
population of elderly patients with SMs, for whom direct 
healthcare costs will be high. Moreover, our data suggests 
the need for close surveillance of patients diagnosed with 
LC and colorectal cancer because these malignancies most 
frequently develop SMs. It is becoming clear that smoking 
prevention actions and screening programs for the detection 
and removal of precancerous colorectal lesions must be 
developed and expanded. 
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