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Background. Statistical analysis of spinal tumors in children is difficult because of its rarity and different morphology.
Benign tumor and tumor-like processes are not included in modern oncology literature even though intracanal tumors
have the most severe prognosis and influence on a patient’s quality of life.

Aim. To evaluate the incidence, epidemiological structure (anatomical, sex, morphological structure), clinical
characteristics, and survival of pediatric patients with tumors and tumor-like diseases of the spine and spinal cord in
a single region of Russia.

Materials and methods. The data of 110 children with tumors and tumor-like diseases of the spine and spinal cord
from the Leningrad region who received surgical treatment in Leningrad regional children's hospitals between 1998
and 2016 were included in the study. The authors evaluated the incidence, mortality, and survival rates adjusted for
age, sex, morphology, and primary site of growth.

Results. The average annual morbidities of pediatric spinal tumors (including the spine and spinal canal) in the
Leningradsaya oblast region from 1998 to 2016 were 1.93 per 100 000 pediatric patients and 0.3 per 100 000 for neuro-
epithelial tumors of the spinal cord. The mortality rate was 0.2 per 100 000 pediatric patients. Spinal cord tumors of
the cranio-vertebral and cervical zones as intramedullary low-malignant and extramedullary malignant metastatic
spinal tumors had a negative effect on survival.

Conclusions. The Leningrad regional data were generally comparable with the cancer registry data of other countries.
The data suggest that pediatric spinal cord patients should be treated in regional neurosurgical pediatric clinics.
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AKTya/IbHOCTB. BBUIY pPeKOCTV IIaTONIOTMY IIpU pa3HO0Opa3ny MOpONIOIrMIecKMX BapMaHTOB OIyXOJIell II03BOHOY-
HIKA ¥ TI03BOHOYHOTO KaHasla PEeTMOHa/IbHBIE SINAEMIO/IOTNYECKUe NCCIefOBAHNA Ha 3Ty TeMY IIPefCTaB/IAIT HECOM-
HEHHBIII MHTEPeC, TaK >Ke KaK U VX COIIOCTaB/IeHNe C JaHHBIMI CTPaH, BeAYIINX COOTBETCTBYIOLINE PAKOBbIE PETUCTPBL.
Ilenb MccnemoBaHMA: B paMKaxX OFHOTO cy6bekra PO m3yunth 3a60/1€BaeMOCTb, CTPYKTYPY (AHATOMMYECKYIO, BO3-
pacTHy0 1 MOPGONIOrMIecKyI0), 0COOEHHOCTM KIMHNIECKNX IIPOSIBIEHNIT, @ TAK)Ke BBDKMBAEMOCTb OOMBHBIX TETCKO-
r0 BO3pacTa C OMyXOJSIMM ¥ OITYXOJIEIOfOOHBIMIU 00pa30BaHMAMY [TO3BOHOYHNMKA U TO3BOHOYHOTO KaHasIa.

Marepuanst u MeTopbl. 3a 19-nmetHuit nepuop B JIOI'BY3 «JKb» onepuposanst 110 metest (>kuteneit JleHMHrpascKoi
0071aCTI) C OMYXOJISIMM ¥ OITYXOJIEIIOJOOHBIMY HOBOOOPA30OBaHNSAMI II03BOHOYHMKA U CHMHHOTO Mo3ra. OnpesesieHs

1 For citation: Snishuk VP, Viadovskaya MD, Vissarionov SV, et al. Selected aspects of the epidemiology of tumors and tumor-like diseases of the spine and spinal cord in
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HOKasaTe/y 3a00/1eBaeMOCTI, CMEPTHOCTY, BBDKVMBAEMOCTY Y COIOCTAB/ICHbI ¢ BO3PACTHO-IIOJIOBBIMY U IVMCTOJIOTIYE-
CKVIMM OCOOEHHOCTSIMM ¥ JIOKQ/IM3AI[iell MaTOIOIMIeCKuX 00pasoBaHmIL.

Pesynprarel. 3a60/1eBaeMOCTb fieTell C OMYXO/LSIMU M OMYXOJIEHOZOOHBIMIU 3a00/IeBaHMAMM CIIMHA/IBHOI JIOKAJIM3a-
uuu B JleHunrpajckoit obmactu 3a mepmox 1998-2016 rr. cocraBmaa 1,93 Ha 100 ThIC. JETCKOTO HacCeleHMs, Heli-
pO3NUTENINAIBHBIMU OIYXO/AAMM CIIMHHOrO Mosra — 0,3 Ha 100 TbIC. [JeTCKOTO HaceleHMA B IO IIpM IIOKasarTeie
cvmeprHocT 0,2 Ha 100 TbIC. Hace/leHMsA COOTBETCTBYIOLEN BO3PACTHON TIpymmbl. JlocTOBEpHOE OTpUIIATEIbHOE
BIMAHNME Ha BbDKMBAEMOCTb OKa3blBAIOT JIOKA/IM3aLMA ONYXOIM B CTBOJIE M IIEHHOM OT/ele CIMHHOTO MO3Ia,
a TaKx>Ke TMCTONMOTMYECKME BapUAaHThl ONYXOJeil — BHYTPUMMOSIOBbIE OITYXO/IM HM3KOJ CTEIEHM 37I0KaueCTBEHHOCTH,
BHEMOSTOBbIE 3/I0KAYECTBEHHbBIE OIIyXO/M, METACTa3bl OIYXOJel APYroil JOKalIM3aLVu.

3aknrouenue. HecMoTpss Ha 0COOEHHOCTM BefjeHNUs HAlMOHATbHBIX PaKOBBIX PEIVCTPOB, IPOLEMOHCTPUPOBAHA CO-
IOCTaBMMOCTb PErMOHAIbHBIX ITOKasaTenell JIeHMHrpaackoi 00/IacTy ¢ JaHHBIMM OTEYeCTBEHHBIX M 3apyOe>KHBIX
uccnepopaterneil. CucreMa OpraHU3alMM OKa3aHVA HEVPOXUPYPrUYecKoll oMo feTsAM B JIeHMHIpaacKoil 06macTu
[03BOJISIET BECTH yU€T 1 HAGIIONATh BCEX MALVEHTOB C OIYXOJISIMU U OIYXO/IeNOf0OHBIMI 3a00/IeBaHISIMI TIO3BOHOY-
HIKA VI I03BOHOYHOTO KaHa/la Ha 6ase eIIHOro e4e6HOro yIpexaeHuns.

KnroueBbie cmoBa: fety; 60/1e3Hb; OMYX0mM; HOBOOOPA30BaHMsl; IIO3BOHOYHNUK; CIMHHOI MO3T; OHKOJIOTHSE; HEpOXN-

Pyprus; AMarHoCTKa; BbDKMBA€MOCTbD.

Introduction

Spine and spinal cord tumors in pediatric
patients are rare, and there are few comprehensive
publications on the pathology. A set of clinically
reliable material on this topic will probably require
many years to accumulate. The first distinctive
feature of this pathology in pediatric patients is
the absolute prevalence of primary spinal tumors,
which is in contrast to the predominance of
secondary (metastatic) tumors (>95%) in adults.
The second feature of these tumors in children
is their polymorphism, which hinders collection
and generalization of the material because of the
diversity of tumor characteristics. The third feature
is the present ability to estimate the incidence of
malignant tumors of pediatric patients from data
collected in cancer registries and the proactive
contributions of children’s oncologists. However,
low-grade tumors, benign tumors, and tumor-
like neoplasms are not subject to such strict
consideration, despite the fact that intracanal
tumors are one of the most severe clinical types.
The timeliness of diagnosis, the capabilities of the
technical equipment of a medical institution, and
the qualification of the doctors are the main factors
influencing the survival and quality of life of pediatric
patients with spine and spinal cord tumors [1-9].

Thus, the aim of this study, which was conducted
within the fairly large Leningrad Region, was to
comprehensively evaluate the problem of tumors in
childhood by analyzing the disease epidemiology,
clinical and neurological symptoms, histological
structure, localization of tumors and tumor-like
formations of the spinal canal as well as factors
associated with patient survival.

Materials and methods

This was a retrospective single-center cohort
study. We examined the medical documentation
(medical records, surgical records, morphologists’
conclusions) as well as data on the catamnesis of
110 children who were residents of the Leningrad
Region and had undergone surgery for tumors and
tumor-like diseases of the spine and spinal canal
in the Leningrad Regional State Budget Health
Institution Children’s Clinical Hospital. The patients
ranged in age from 20 days to 18 years (inclusive)
who were treated during the period from 1998
to 2016. For statistical data processing, the open
software environment R was used.

Results and discussion

The system of organization of neurosurgical
care for children in the Leningrad Region enables
maintaining records and monitoring of all patients
with tumors and tumor-like diseases of the spine and
spinal canal in the Leningrad Children’s Regional
Hospital. For 19 years, we monitored 110 pediatric
patients who underwent 114 surgical interventions
for neoplasms of the spine and spinal canal, with
the number of interventions ranging from 1 to 12
per year (Fig. 1).

The average incidence of children <18 years
old with spinal neoplasms in the Leningrad
Region during the study period was 1.93 per
100,000 children per year, including 0.3 per
100,000 of primary intracerebral (neuroepithelial)
tumors and 0.75 per 100,000 children per year of
malignant tumors of the spinal canal and spinal
cord.
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Fig. 1. Dynamics of the number of surgical interventions

performed in the Leningrad Regional State Healthcare

Institution Children’s Clinical Hospital in pediatric patients
with tumors and tumor-like diseases from 1998 to 2016

When comparing the incidence rate of pediatric
patients with primary intracerebral tumors of
the spinal cord with the rates of these patients
in similar regional (St. Petersburg) and foreign
(Germany, USA) countries, both their similarities
and differences of the pathology according to age
are striking (Table 1).

15-19 years
22 (19%)

< 1year
18 (16%)

1-4 years

10-14 years
29 (25%)

25(22%)

5-9 years
20 (18%)

Fig. 2. Age distribution of the patients who underwent
surgery

The age distribution of patients requiring surgical
treatment shows significant increase of tumors in
children aged <5 years (41%) and similar rates in
subsequent 5-year periods (Fig. 2).

The overall sex distribution of patients
(Table 2) was relatively uniform, but among
children <1 year, 5-9 years, and 15-18 years, boys

Table 1

Incidences of spinal cord tumors in pediatric patients

Incidence per

Age category

(1989-1999)

M.D. Vladovskaya

Region 100,000 children (years) Data source Comments
Leningrad Region 0.3 0-18 inclusive | Author’s research Neuroepithelial tumors:
(1998-2016) Low-grade astrocytoma — 10

Low-grade ependymoma — 3
USA 0.26 0-19 Central registry Neuroepithelial tumors
of brain tumors
(cBTRuS)
Germany 0.26 0-15 German Cancer Neuroepithelial tumors
Register (GceR)
St. Petersburg 0.15 0-14 Thesis of Benign and malignant

intramedullary tumors
(except mts and tumors
that have spread from
neighboring locations)

Bone tumors

with canal stenosis
6 (5%)

Malignant

non-cerebral tumors

20 (18%)

Fig. 3. Histological structure of the operated tumors

Metastases
4 (3%)

18 (16%)

Benign neoplasms
54 (47%)

Extracerebral
benign tumors

Intracerebral
low-grade tumors
12 (11%)
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Table 2
Distribution of patients according to age and sex
Age groups Boys Girls Total %
<1 year 12 6 18 16
1-4 years 9 20 29 25
5-9 years 12 8 20 18
10-14 years 14 11 25 22
15-18 years 14 8 22 19
Total 61 53 114 100
54% 46% 100%

predominated, whereas in the 1-4-year age group,
girls predominated. However, the sex composition
of different age groups of the Leningrad Region
population was not evaluated, which meant that we
were unable to reliably determine the age and sex
structure of the pathology.

Considering the location of the tumor relative
to the lumen of the spinal canal, 2 groups were
formed: 108 (95%) patients had tumors exhibiting
intracanal spread, and 6 (5%) patients had
bone tumors that caused spinal stenosis due to
expansive intravertebral growth. In the spinal
cord, intramedullary and extramedullary tumors
were noted in 47 (41)% and 6 (59%) cases). The
structures of the operated neoplasms exhibited
quite diverse morphology that was classified into 6
groups according to the localization and degree of
malignancy (Figure 3).

After the surgical stage, the relevant categories
of patients received treatment from oncologists—
hematologists. In addition, 1 patient was diagnosed
as having acute myeloid leukemia associated
with therapy (bone marrow transplantation was
performed for the patient). In another patient, the
development of cholesteatoma was preceded by
multiple lumbar punctures that he received for acute
lymphoblastic leukemia. In some patients, benign
tumors and tumor-like formations of the spinal canal
were accompanied by defects in their development.

1. Metastases of malignant tumors of extra-
spinal localization. Four patients (3%) had
intramedullary metastases: 1 case of metastasis of
the germ cell tumor of the pineal region, 1 case
of a teratomatous rhabdoid tumor, and 2 cases of
medulloblastoma metastasis.

2. Benign intracanal neoplasms. This group
consisted of 54 (47%) patients, 14 with arachnoid

and epidermoid cysts, 5 with cholesteatomas,
and 35 with lipomas, including 1 in combination
with diastematomyelia and 2 in combination with
meningoradiculocele. The fact common to patients
with these tumors (lipoma is a mesenchymal non-
meningothelial tumor, ICD-O code 8850/0) and
tumor-like formations is that the specific treatment
of such patients is limited to surgical intervention
and does not require further treatment by an
oncologist.

3. Bone tumors of the spine with spinal
stenosis. As noted above, this group consisted of
6 (5%) patients, including 3 with Langerhans cell
histiocytosis and 3 with fibrous dysplasia of the
spine. These patients did not have an intracanal
tumor spread, but because of deformation of bone
structures, local stenosis of the spinal canal was
generated, and compression of the spinal cord or its
roots developed.

4. Intracerebral (intramedullary) low-degree
tumors. This group included 12 (11%) patients
with neuroepithelial low-grade tumors: 10 patients
in which astrocytoma (grades I-II) was verified,
and 2 patients in which low-grade ependymoma
was noted. It should be noted that the term
“intracerebral” largely indicates the origin of the
tumor (from the substance of the spinal cord)
rather than its formal localization. According to
ICD-O, ependymomas of low malignancy are not
benign and can have both code 9391/3 (malignant
tumors) and 9394/1 (malignancy is not specified).
The coding of a low-grade astrocytoma (9421/3,
9420/3, 9410/3) confirms their malignant nature,
which is based on the following 2 criteria: 1) the
tumor develops in a space in which the vital and
functionally significant structures are densely located
and 2) there is a probability of their transformation
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into high-grade tumors. These patients require
monitoring by an oncologist regardless of the
radical degree of the surgery. In the case of
continued growth or a significant residual volume
of the tumor after surgery, radiation therapy, and/
or chemotherapy may be performed.

5. Extracerebral malignant tumors. Out of the
20 (18%) patients with malignant extramedullary
intracanular tumors, 1 patient had verified non-
Hodgkin’s lymphoma, 6 patients had neuroblastoma
of the paravertebral ganglia or adrenal gland
with invasion of the vertebral canal, 3 patients
had primitive neuroectodermal tumor, sarcoma
(not specified) was noted in 7 patients, and
teratoblastoma (malignant teratoma of immature
teratoma grade III) was noted in 3 patients. In all
patients, the tumor had spread to the spinal canal
and was located in the spinal cord in 3 of them.
The treatment of these patients necessarily included
conservative antitumor treatment (chemotherapy
+/— radiotherapy); therefore, the program of their
treatment should be planned in cooperation with
the childrens’ oncologists.

6. Extracerebral intracanal benign tumors. The
group comprised 18 (16%) patients. In 3 patients,
hemangioblastoma (ICD-O code 9161/1) was
diagnosed, and despite intramedullary localization,
the tumor did not originate from the brain tissue
and is a tumor of the meninges of unknown genesis.
Other morphological variants were represented by
mature teratoma (9080/0) in 4 patients, neurinoma
in 1, ganglioneuroma in 2, neurofibroma (9540/0)
in 6, angiofibroma in 1, and meningioma (9539/0)
in 1. Patients of this group require postoperative
follow-up by an oncologist. Relapses of the disease
in this group are extremely rare, but transformation
into malignant tumors is possible.

When comparing age and morphological aspects
of neoplasms (Figure 4), certain differences were
revealed.

Thus, in children <I-year old, “benign neo-
plasms” accounted for 67% of the total number
(12 of 18 cases), including dermoid cysts (4 cases)
and lipomas (8 cases). “Malignant extracerebral tu-
mors~ were represented by neuroblastoma (2 cases)
and malignant teratoma (1 case). Three patients
underwent surgery for an extracerebral benign tu-
mor, which was a mature teratoma. The group of
children from 1 to 4 years was characterized by an
increase in the incidence of neoplasms of the spi-

nal cord and spinal canal. The number of malignant
tumors (6 cases) increased twice as much as those
in the group of children <1 year, which included
3 cases of neuroblastoma, 1 case of teratoblastoma,
1 case of primitive neuroectodermal tumor, and
1 case of metastasis of the teratomatous rhabdoid
tumor. “Benign neoplasms” (17 cases) accounted for
12 cases of lipoma, 2 cases of dermoid cyst, 1 case
of cholesteatoma, and 1 case of arachnoid cyst.
“Extracerebral benign tumors” were represented by
ganglioneuroma, ganglioneurofibroma, mature tera-
toma, meningioma, and neurofibroma, which were
noted as 1 case of each morphological variant. In-
tracerebral low-degree astrocytoma was diagnosed
in a child of 4 years.

In the age group of children from 5 to 9 years,
the number of intramedullar tumors was sharply
increased (5 cases), including low-grade astrocytomas
(4 cases), and low-grade ependymoma (1 cases).
“Benign and non-neoplastic formations” were
represented by lipoma (5 patients), cholesteatoma
(3 cases), and spinal canal cyst (1 case). Additionally,
1 patient had a bone tumor that was a histiocytoma,
which causes spinal stenosis. In this age group, the
level of malignant tumors was high: neuroblastoma
(1 case), teratoblastoma (1 case), and sarcomas
(Ewing’s sarcoma, chondrosarcoma) (3 cases) were
observed for the first time.

Among children from 10 to 14 years, “extrace-
rebral benign tumors” (6 cases) were represented by
neurofibroma (3 cases), hemangioblastoma (2 cas-
es), and neurinoma (1 case). Practically the same
level of neuroepithelial low-degree tumors (4 cases
of astrocytoma) were observed. Three patients were
operated for metastases in the spinal cord of malig-
nant tumors of other localization (gonadoblastoma
of the pineal region and medulloblastoma), 1 case
of non-Hodgkin’s B-cell lymphoma with spinal cord
injury (primary presentation), and 1 case of the sa-
crum sarcoma that had spread into the spinal canal
were also identified. Three patients had bone tu-
mors with canal stenosis: histiocytosis (1 case) and
tibrous dysplasia (2 cases).

In the older age group (15-19 years) “benign
neoplasms” were diagnosed in 9 patients (4 lipomas,
1 cholesteatoma, 4 spinal canal cysts), low-grade
neuroepithelial (intracerebral) tumors (astrocytoma
and ependymoma) were diagnosed in 2 cases,
intracerebral and “extracerebral benign tumors”
(2 cases of neurofibroma, 1 case of hemangioblastoma,
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Fig. 4. Special aspects of the distribution of patients by age and morphological group of tumors
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Fig. 5. Distribution of surgical interventions depending on the localization (level) of the neoplasm
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Fig. 6. Level and histological structure of the neoplasms

1 case of angiofibroma) were diagnosed in 4 cases.
In addition, there were 5 cases of “malignant
extracerebral tumors” (2 cases of peripheral neuro-
ectodermal tumor and 3 of sarcomas) as well
as 3 cases of bone tumors with canal stenosis.

The distribution of patients according to the
location of the neoplasm is shown in Figure 5, and

a comparison with their morphological variants is
shown in Figure 6.

As can be seen from the diagrams, malignant
neoplasms were found in all parts of the spine, and
the sacrum was more often affected by malignant
processes. The greatest specific weight of benign
formations was noted in the lumbosacral localization.
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Table 3

Distribution of mortality causes according to localization and histological tumor* group

Histologv/localization Sacral (7) Lumbar | Thoracic | Cervical Cervical |Total of the | Share of the
gy (21) (18) (13) trunk (6) deceased | deceased, %

Metastases (4) 1 1 1 3 75
Intracerebral low-grade 3 3 25
tumors (12)
Benign neoplasm (54) 1 1 1.9
Extracerebral high-grade 4 1 1 2 1 9 52.9
tumors (17)
Total 4 2 2 4 4 16 14
Share of the deceased from 57 9.5 11 30.8 66.7 14
the total number of patients
in this category, %

ITpumeuanue: *the total number of patients with this characteristic in the cohort is indicated in parentheses.

When analyzing the catamnesis, it was established
by September 1, 2017 that out of 110 patients,
16 (14%) died of progression of the tumor process,
and 94 (86%) were alive. Thus, according to the
regional cohort of the Leningrad Region, the
mortality from this type of pathology was 0.2 per
100,000 children per year. The distribution of the
deceased according to the level of lesion and the
morphological variant of the tumor is presented in
Table 3.

The deceased were distributed according to
age as follows: <1 year (early lethality), 1 child;

1 to 4 years, 5 children; 5 to 9 years, 3; 10 to
14 years, 4; and 15 to 19 years, 1 adolescent. The
cumulative survival rate at the median follow-up
of 81 months was 84.6% (Figure 7), 1 patient was
lost to observation (with a high probability of
the event). There were no significant differences
in the survival rates of patients according to sex,
age, or localization of the neoplasm with respect
to the spinal cord (intra- or extramedullary). The
survival rates for patients with tumor location are
shown in the Kaplan-Meier curve (Figure 8) and in
Table 4.

Table 4
Survival rates of patients according to level of tumor lesion
Localization Cumulative survival rate, % Median follow-up, months
Cervical trunk 33.3 69.5
Cervical section 64.8 36
Cervicothoracic 100 130.5
Thoracic 85.6 114
Lumbar 95 117
Lumbosacral 100 70
Sacral 50 56.5
Table 5
Survival of patients with different morphological variants of tumors
Histological group Cumulative survival rate, % Median follow-up, months.
Intracerebral low-grade tumors 61.4 100
Benign neoplasms 100 73.5
Extracerebral benign tumors 98.1 136
Bone tumors with canal stenosis 100 139
Malignant extracerebral tumors 54.6 38
Metastasis of tumors of other localization 25 44.5
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Fig. 8. Cumulative survival rates of patients with tumors of the spinal canal according to tumor location
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Fig. 9. Cumulative survival rates of patients with different histological variants of the spinal canal tumor
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In the pairwise comparison of the groups, the
following prognostic relationships were statistically
proved: the best prognosis for survival was for
patients with tumors of the cervicothoracic,
thoracic, and lumbosacral localization, and the
worst prognosis was for patients with tumors of
sacral localization as well as lesions at the level of
the cervical trunk and cervical region. The survival
parameters according to the morphological variant
of the tumor are shown in Figure 9 and in Table 5.

Conclusion

1. The morbidity rate of pediatric patients with
spinal tumors and tumor-like diseases in the
Leningrad Region for the period 1998-2016
was 1.93 per 100,000 children per year, and the
rate for those with neuroepithelial tumors of
the spinal cord was 0.3 per 100,000 children per
year, which are comparable to epidemiological
data for the United States and St. Petersburg.
The incidence of malignant tumors of the
spinal canal was 0.75 per 100,000 children per
year.

2. Among the patients who underwent surgery, the
mortality rate was 14% and was 0.2 per 100,000
for the corresponding age group population.
The data from the epidemiological analysis
showed that there were 3 prognostic groups with
statistically significant differences in survival:

e DPatients with metastases of extravertebral tumors
had the worst prognosis

e DPatients with intracerebral low-grade tumors
(61.4%) and malignant extracerebral tumors
(54.6%) did not show significant differences in
survival rate

e Patients with bone tumors with canal stenosis
and benign intra- and extracerebral neoplasms
had the best prognosis.

3. The survival rate of patients with spinal tumors
with a median follow-up of 81 months was 86%,
and the cumulative survival rate was 84.6%.
The sex and age of the patients as well as the
location of the tumor with respect to the spinal
cord did not have a significant effect on survival
rate.

4. The survival rates of the patients decreased for
patients with tumors located at the level of the
trunk and the cervical section of the spinal cord
and of the patients with certain histological

variants, such as intracerebral low-degree
tumors, extracerebral malignant tumors, and
tumor metastases of other localization.
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