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Objective. To analyze and compare the measured values of apparent diffusion coefficient (ADC) in tumors of the spinal canal with cell
density and Ki-67 index of proliferative activity.

Material and Methods. The study included diffusion-weighted MR images of 36 patients with different types of tumors of the spinal ca-
nal. In the morphological study of tumors, the degree of malignancy according to the WHO classification, the value of the Ki-67 index,
and cell density were assessed.

Results. The average ADC of the extradural tumors G = I—II and G = III—1V was 1390.0 + 94.8 mm?2/s and 821.3 + 111.1 mm?/sec, respectively.
For intradural extramedullary neoplasms G = I—II, the ADC was 1328.7 + 172.1 mm?/sec, for G = I1I — 957.6 + 50.7 mm?2/sec. Intramedullary
tumors G = I—II had an average ADC value of 1604.6 + 28.7 mm?2/sec, and tumors G = III — 1066.5 + 74.2 mm?2/sec. For extradural tumors
G = 111, the Ki-67 index varied from 2 to 4 %, and for tumors G = III—1V — from 12 to 27 %; in the group of intradural extramedullary tumors
G=I1-II—from1to5%,fortumors G = III —from 7 to 11 %; forintramedullary tumors G = I—II —from 2 to 6 %, and for G = 1] tumors — from 7to 19 %.
Conclusion. The diffusion-weighted MRI with ADC counting can be used as an additional non-invasive method for preoperative evalua-
tion of the proliferative potential of a number of spinal canal tumors.
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Spinal canal tumors include a large
group of heterogeneous space-occupying
lesions. This group of tumors is charac-
terized by a high prevalence of malignant
forms, mainly due to metastases [2, 3].
Currently, MRI is the gold standard in
diagnostics of spinal canal tumors [11].
However, many space-occupying lesions
have similar signal characteristics on
standard T1- and T2-weighted images
(T1WI, T2WI), which significantly
complicates the differential diagnosis
and the choice of adequate management
of patients [8, 14].

Diffusion-weighted MRI is an instru-
mental technique providing tumor tissue
images that are weighted by diffusion of
free water molecules at the cellular level.

In this case, the degree of water mole-
cule diffusion can be estimated numeri-
cally by the apparent diffusion coeffi-
cient (ADC). The array of ADC values
for a given biological structure is a func-
tional map of diffusion-weighted images
(DWIs) [4].

Studies on the use of diffusion-
weighted MRI in spinal canal tumors are
not numerous and often contradictory. A
number of authors have noted [7, 12, 17]
that certain histological tumor types are
characterized by a cortelation among the
ADC value, cell density, and proliferative
activity index (Ki-67). Other researchers
do not see this relationship [0, 19]. Given
the histological diversity of spinal canal
tumors and a high rate of metastases, it
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is important to correctly assess the pro-
liferative potential of a space-occupying
lesion as early as at the stage of neuroim-
aging examination in order to plan the
scope and type of surgery [1, 5, 18].

The study objective was to analyze
and compare the ADC values with the
cell density and proliferative activity
index Ki-67 in spinal canal tumors as
well as to assess the applicability of diffu-
sion-weighted MRI in a complex study of
the proliferative potential of these space-
occupying lesions.

Material and Methods

The study involved diffusion-weighted
MR images of 36 patients with spinal
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canal tumors who underwent surgery at
the Neurosurgical Center of the Railway
Clinical Hospital at the Irkutsk-Passenger
Station in the period between 2014
and 2017. There were 19 females and
17 males; the mean age of patients was
52.8 = 114 years.

MR images (T1WI, T2WI, and DWI)
were acquired with a Siemens Magne-
tom Essenza 1.5 T apparatus before
and after administration of a contrast
agent (Fig. la—c). In a TIWI study,
the following parameters were used:
matrix 384 x 387, repetition time
(TR) = 650 ms, echo time (TE) = 9.6 ms,
number of excitations (NEX) = 1, slice
thickness = 4 mm, and field of view
(FOV) = 30 x 30. In a T2WT study, the
parameters were as follows: matrix
384 x 288, TR = 4,000 ms, TE = 43 ms,
NEX = 1, slice thickness = 4 mm, and
FOV = 30 x 30. In 2 DW1 study, the follow-
ing set of parameters for DW MRI with SE-
echoplanar imaging (EPI) was used: matrix
160 x 128, TR = 7,500 ms, TE = 83 ms,
NEX = 6, slice thickness = 4 mm, and
FOV = 30 x 30. We used b-factor values
of 400 and 800 s/mm?. The scan time
was 6 min 30 s, on average. The ADC was
calculated using DWI with the largest
diameter of a space-occupying lesion, the
region of interest did not involve cystic
and necrotic tumor areas. The ADC was
calculated using the “RadiAnt DICOM
Viewer” software.

In all cases, tumors were resected, as
radically as possible, using a microneu-
rosurgical techniques and an operating
microscope. In a number of cases, resec-
tion of spinal canal tumors involved the
use of 5-aminolevulinic acid-based flu-
orescence navigation in the “Blue-400”
imaging mode, an ultrasonic surgical
aspirator, an intraoperative neuromoni-
toring system, and a carbon dioxide laser.

All removed space-occupying lesions
were examined by an experienced patho-
morphologist. In the morphological study
of tumors, the following parameters were
evaluated: the WHO tumor grade, pro-
liferative activity index Ki-67 (by using
monoclonal antibodies MIB-1), and cell
density of the tumor tissue (Fig. 1d, e).
Cell density was calculated using the

“Image J” software, under total micro-

scope magnification of 400 ; the density
value was expressed as cells/mm3,

Data were statistically processed using
the “Microsoft Excel 2010” software. All
measurements were verified for the nor-
mality by means of the Kolmogorov-
Smirnov test. The obtained data were
evaluated using methods of descriptive
statistics (absolute and relative values).
Categorical variables are expressed as
a percentage. A comparative analysis of
ADC values was performed using the
Mann-Whitney U-test.The Spearman
coefficient was used to evaluate a cor-
relation among ADC values, cell density,
and Ki-67 index values in tumors. The
significance threshold p was selected to
be 0.05. The study was approved by the
ethics committee of the Irkutsk State
Medical University. All patients includ-
ed in the study gave written informed
consent.

Results

Based on the anatomical principle, spi-
nal canal tumors were represented by
the following types: extradural tumors
(n=09), intradural extramedullary tumors
(n = 22), and intradural intramedullary
tumors (n = 5). Histological tumor
variants are shown in Table.

In the group of extradural space-
occupying lesions, the mean ADC val-
ues for tumors of low-grade (I-1I)
and high-grade (III-1V) malignan-
cy were 1390.0 = 4.8 mm?/s and
821.6 £ 111.1 mm? respectively. Com-
parison of the mean ADC values revealed
a significant difference between grade
[-1I and grade III-1V tumors (p = 0.008,
Fig. 22). In the group of intradural extra-
medullary neoplasms, grade I-1I and
grade III tumors had the mean ADC
values of 1328.7 = 172.1 mm?2/s and
957.6 + 50.7 mm?/s, respectively. A sig-
nificant difference was found upon com-
parison of the mean ADC values among
extramedullary tumors of varying degrees
of malignancy (p = 0.003, Fig. 2b). The
group of grade I-II and grade III intra-
medullary tumors had the mean ADC
values of 1604.6 £ 28.7 mm?/s and
1066.5 + 74.2 mm?/s, respectively. Com-
parison of the mean ADC values for these
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tumor groups revealed no significant dif-
ferences (p = 0.817, Fig. 2¢).

The cell density in tumors of dif-
ferent grades of malignancy varied
widely: from 895 to 1772 cells/mm3
(mean, 1144 =+ 353cells/mm?) in the
group of extradural neoplasms; from
862 to 1616 cells/mm3 (mean,
1354 + 186 cells/mm?) in the group
of intradural extramedullary tumors;
from 862 to 1616 cells/mm3 (mean,
1254 + 247cells/mm?) in the group of
intradural intramedullary space-occupy-
ing lesions. In all groups, there were no
significant differences in the cell density
between tumors of different grades of
malignancy (p = 0.623, p = 0471, and
p =0.533 for extradural, intradural extra-
medullary, and intramedullary space-
occupying lesions, respectively).

The proliferative activity index in dif-
ferent tumor groups also varied widely.
For example, the index amounted to 2 to
4 % (mean, 280 = 0.83 %) and 12 to 27 %
(mean, 19.75 £ 6.60 %) for grade -1l and
grade III-IV extradural tumors, respec-
tively; 1 to 5 % (mean, 2.90 = 1.50 %)
and 7 to 11 % (mean, 9.00 £ 2.80 %) for
grade I-1I and grade III intradural extra-
medullary tumors, respectively; 2 to 6 %
(mean, 23 £0.57 %) and 7 to 19% (mean,
174 +7.35 %) for grade I-1I and grade IIl
intradural intramedullary tumors, respec-
tively. Comparison of the mean Ki-67 val-
ues among tumors of varying degrees of
malignancy revealed significant differ-
ences in groups of extradural and intra-
dural extramedullary space-occupying
lesions (p = 0.007; p = 0.002; Fig. 3a, b).

A correlation analysis between ADC
values and cell density in different tumor
groups showed no statistically significant
dependence. Evaluation of a correlation
between the ADC and the proliferative
activity index Ki-67 revealed a marked
inverse correlation in groups of extra-
dural (r =-0.88; p = 0.004) and intradu-
ral extramedullary tumors (r = -0.699;
p=10.0057; Fig. 4a—c).

Discussion
To date, there are a number of studies

devoted to the use of diffusion-weighted
MRI in the differential diagnosis of
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Fig. 1

MRI and a pathomorphological picture of an intradural extramedullary space-occupy-
ing lesion at the L2 level: a — a T1-weighted image; b — a T2-weighted image; ¢ — a dif-
fusion-weighted image with an apparent diffusion coefficient of 978 mm?/s; d - light
microscopy, hematoxylin-eosin staining, hemangioblastoma (grade I), cell density of
1372 cells/mm3; e - staining with MIB-1 monoclonal antibodies, Ki-67 proliferative

activity index =3 %

various tumors. However, the results of
these studies are interpreted ambiguously.
For example, Hasan et al. [10] found
significant differences in ADC values
of intramedullary low- and high-grade

gliomas. Hakyemez et al. [9] clearly
demonstrated that ADC values of typical
brain meningiomas (grade I) were
significantly higher than those of atypical
and anaplastic meningiomas (grade II
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and grade III). On the other hand, an
analysis of brain meningiomas of varying
degrees of malignancy by Sanverdi et al.
[15] revealed no significant differences
among ADCs. Similar results were
obtained in a study by Pavlisa et al. [13].

An analysis of the world literature
revealed single reports on the correla-
tion between ADC and Ki-67 values for
different tumors. A study by Karaman
et al. [12] demonstrated a strong inverse
correlation between ADC and Ki-67 val-
ues for non-small cell lung cancer. Wang
et al. [17] obtained similar results for
endocrine tumors of the pancreas. On
the other hand, Wu et al. 19] found no
correlation between ADC and Ki-67 val-
ues for diffuse large B-cell and follicular
lymphomas. Contradictory results were
also obtained for central nervous sys-
tem tumors, in particular meningiomas.
Tang et al. [16] noted a statistically sig-
nificant correlation between ADC and
Ki-67 values for both grade I meningio-
mas and grade II and grade III menin-
giomas. Ginat et al. [7] reported no sig-
nificant correlation between ADC and
Ki-67 values for grade III meningiomas.
Fatima et al. [6] also found no significant
correlation between ADC and Ki-67 val-
ues. In our opinion, this ambiguity of the
findings may be explained by different
approaches authors calculate the ADC
using the DWI data.

Our findings are largely consistent
with the world literature data. The mean
ADC values of low-grade tumors are
significantly higher than those of high-
grade tumors, in particular in groups of
extradural and intradural extramedullary
space-occupying lesions. Furthermore,
these groups of spinal canal tumors are
characterized by a statistically significant
correlation between values of the ADC
and the proliferative activity index Ki-67.
The obtained data suggest that the ADC
indirectly reflects pathomorphological
changes in tumor tissue.

The main purpose of this study is to
use the ADC in preoperative assessment
of the proliferative potential of spinal
canal tumors. Our findings suggest that
extradural and intradural extramedullary
tumors have a high proliferative potential
at ADC values of less than 900 mm?/s
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Table

Histological variants of spinal tumors

Tumor

Extradural (n =9)

Grade I

Cavernous hemangioma (n
= 2), capillary hemangioma
(n = 1), angiomyolipoma

(n=1)

WHO tumor grade

Grade IT

Myxoidliposarcoma (n = 1)

Grade 11T

Mesenchymal
chondrosarcoma (n = 1)

Grade IV

Metastases of pulmonary
adenocarcinoma (n = 1),
papillary thyroid cancer

(n = 1), and squamous cell
carcinoma of the prostate
(n=1)

Intradural Hemangioblastoma Clear cell meningioma Papillary meningioma —
extramedullary (n = 3), neurinoma (n=1) (n = 3), rhabdoid
(n=22) (n=17), meningioma (n = 2)
meningotheliomatous
meningioma (n = 2),
fibrous meningioma (n = 1),
mixed meningioma (n = 3)
Intramedullary Mixopapillary ependymoma Protoplasmic astrocytoma Plasma cell myeloma —
(n=15) (n = 1), pilocytic (n=1) (n = 1), anaplastic
astrocytoma (n = 1) ependymoma (n = 1)
and less than 1000 mm?/s. The prolifera-
moers s tive potential is known to be an essen-
o] oo ] tial factor for tumor growth, progression,
1400 4 % 1600 4 aggressive behavior, and metastasis [20].
oo . In this regard, assessment of the tumor
= o SR proliferative potential in the preoperative
o) - period is of great value. Diffusion-weight-
% 1000 1 — ed MRI with calculating the ADC allows
o] o] the operating neurosurgeon, as early as
emrt e b e e-m at the preoperative preparation stage, to
a oo suppose the nature of tumor, choose the
0 = approach to patient management (the
type and amount of surgery, degree of
g ] surgical aggression, use of fluorescence
navigation, need for intraoperative neu-
% romonitoring or chemoradiotherapy,
. o] etc.), and predict the outcome.
o p— This study has its shortcomings. For
example, this is a retrospective study
with a low sample representation and
Fig. 2 a small number of analyzed malignant
Comparison of mean (M =+ SD) apparent diffusion coefficient (ADC) values in differ- tumor forms for each of the groups. Stu-
ent grade tumors: a — between extradural grade I-1I/grade III-1V tumors (p = 0.008); dies in a larger number of patients and
b - between intradural extramedullary grade I-1I/grade III tumors (p = 0.003); a comprehensive analysis of data for all
¢ — between intramedullary grade I-II/grade III tumors (p = 0.817) types of spinal canal tumors are required
for higher reliability of results.
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G = I-1V
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Conclusion

The study has clearly demonstrated that
ADC values and the proliferative activity
index Ki-67 in extradural and intradural
extramedullary tumors have significant
differences. There is also a correlation
between ADC and Ki-67 values for these
tumor groups. Diffusion-weighted MRI
with calculating the ADC can be used
as an additional noninvasive technique
for preoperative assessment of the
proliferative potential of some spinal
canal tumors.

The study did not bave sponsorship.The authors
declare no conflict of interest.

TUMORS AND INFLAMMATORY DISEASES OF THE SPINE



HIRURGIA POZVONOCHNIKA 2017;14(3):93-99

V.A. BYVALTSEV ET AL. APPLICATION OF THE APPARENT DIFFUSION COEFFICIENT IN PREOPERATIVE ASSESSMENT OF SPINAL TUMORS

References

Babchin IS. Spinal cord tumors. In: Malignant Tumors, ed. by N.N. Petrov, SA. Kholdin.
Vol. 3, Pt. 1. Leningrad, 1962. In Russian.

Byvaltsev VA, Barza P. Capabilities of surgical treatment for cervical spine
metastases. Hir Pozvonoc. 2009;(1):42-48. In Russian. DOL http://dx.doi.org/10.14531/
§52009.142-48.

Byvaltsev VA, Sorokovikov VA, Damdinov BB, Belykh EG, Sereda EV,
Panasenkov SIu, Grigorev EG. Factors affecting the outcome of surgical
management for extramedullary spinal cord tumors: a multicenter study. Zh Vopr
Neirokhir Im N.N. Burdenko. 2014;78(6):15-23. In Russian.

Byvaltsev VA, Stepanov IA, Kalinin AA, Shashkov KV. Diffusion-weighted
magnetic resonance tomography in the diagnosis of intervertebral disk degeneration.
Biomedical Engineering. 2016;50:253-256. DOIL: 10.1007 /510527-016-9632-0.
Duong LM, McCarthy BJ, McLendon RE, Dolecek TA, Kruchko C, Douglas LL,
Ajani UA. Descriptive epidemiology of malignant and nonmalignant primary spinal
cord, spinal meninges, and cauda equina tumors, United States, 2004-2007. Cancer.
2012;118:4220-4227. DOI: 10.1002/cner.27390.

Fatima Z, Motosugi U, Waqar AB, Hori M, Ishigame K, Oishi N, Onodera T,
Yagi K, Katoh R, Araki T. Associations among g-space MRI, diffusion-weighted MRI
and histopathological parameters in meningiomas. Eur Radiol. 2013;23:2258-2263.
DOI: 10.1007/s00330-013-2823-0.

Ginat DT, Mangla R, Yeaney G, Wang HZ. Correlation of diffusion and perfusion
MRI with Ki-67 in high-grade meningiomas. AJR Am J Roentgenol. 2010;195:1391-
1395.DOL: 10.2214/AJR.10.4531.

Grimm S, Chamberlain MC. Adult primary spinal cord tumors. Expert Rev Neurother.
2009,9:1487-1495. DOL: 10.1586/ern.09.101.

Hakyemez B, Yildirim N, Gokalp G, Erdogan C, Parlak M. The contribution of
diffusion-weighted MR imaging to distinguishing typical from atypical meningiomas.
Neuroradiology. 2006:48:513-520. DOL 10.1007 /s00234-006-0094-z.

. Hasan DI, Abowarda MH, Taha MM. Diffusion-weighted MRI and apparent

diffusion coefficient value in assessment of intra-medullary spinal cord masses. Egypt
J Radiology Nucl Med. 2016;47:1575-1584. DOI: 10.1016/j.¢jrnm.2016.06.010.

. Hirano K, Imagama S, Sato K, Kato F, Yukawa Y, Yoshihara H, Kamiya M,

Deguchi M, Kanemura T, Matsubara Y, Inoh H, Kawakami N, Takatsu T, Ito Z,
Wakao N, Ando K, Tauchi R, Muramoto A, Matsuyama Y, Ishiguro N. Primary
spinal cord tumors: review of 678 surgically treated patients in Japan. A multicenter
study. Eur Spine J. 2012;21:2019-2026. DOL 10.1007/s00586-012-2345-5.

. Karaman A, Durur-Subasi I, Alper F, Araz O, Subasi M, Demirci E, Albayrak M,

Polat G, Akgun M, Karabulut N. Correlation of diffusion MRI with the Ki-67
index in non-small cell lung cancer. Radiol Oncol. 2015:49:250-255. DOL: 10.1515/
raon-2015-0032.

98

20.

. Pavlisa G, Rados M, Pazanin L, Padovan RS, Ozretic D, Pavlisa G. Characteristics

of typical and atypical meningiomas on ADC maps with respect to schwannomas. Clin
Imaging. 2008;32:22-27. DOL: 10.1016/j.clinimag.2007.07.007.

. Samartzis D, Gillis CC, Shih P, O’Toole JE, Fessler RG. Intramedullary spinal

cord tumors: Part I - Epidemiology, pathophysiology, and diagnosis. Global Spine J.
2015;5:425-435. DOL: 10.1055/5-0035-1549029.

. Sanverdi SE, Ozgen B, Oguz KK, Mut M, Dolgun A, Soylemezoglu F, Cila A. Is

diffusion-weighted imaging useful in grading and differentiating histopathological
subtypes of meningiomas? Eur ] Radiol. 2012;81:2389-2395. DOL: 10.1016/j.
¢jrad.2011.06.031.

. Tang Y, Dundamadappa SK, Thangasamy S, Flood T, Moser R, Smith T,

Cauley T, Takhtani D. Correlation of apparent diffusion coefficient with Ki-67
proliferation index in grading meningioma. AJR Am J Roentgenol. 2014;202:1303-1308.
DOI 10.2214/AJR.13.11637.

. Wang Y, Chen ZE, Yaghmai V, Nikolaidis P, McCarthy RJ, Merrick L, Miller FH.

Diffusion-weighted MR imaging in pancreatic endocrine tumors correlated with
histopathologic characteristics. ] Magn Reson Imaging. 2011;33:1071-1079. DOL:
10.1002/jmri.22541.

. Weinstein JN, McLain RF. Primary tumors of the spine. Spine. 1987;12:843-851.
. Wu X, Pertovaara H, Dastidar P, Vornanen M, Paavolainen L, Marjomaki V,

Jarvenpaa R, Eskola H, Kellokumpu-Lehtinen PL. ADC measurements in diffuse
large B-cell lymphoma and follicular lymphoma: a DWT and cellularity study. Eur J
Radiol. 2013;82:¢158-¢164. DOL 10.1016/j.¢jrad.2012.11.021,

Yildiz E, Gokce G, Kilicarslan H. Ayan S, Goze OF, Gultekin EY. Prognostic
value of the expression of Ki-67, CD44 and vascular endothelial growth factor,
and microvessel invasion, in renal cell carcinoma. BJU Int. 2004;93:1087 1093.
DO 10.1111/}.1464-410X.2004.04786.x.

Address correspondence to:
Byvaltsev Vadim Anatolyevich
PO.B. 62, Irkutsk, 664082, Russia,
byval75vadim@yandex.ru

Received 19.03.2017
Review completed 04.04.2017
Passed for printing 12.04.2017

TUMORS AND INFLAMMATORY DISEASES OF THE SPINE



HIRURGIA POZVONOCHNIKA 2017;14(3):93-99
V.A. BYVALTSEV ET AL. APPLICATION OF THE APPARENT DIFFUSION COEFFICIENT IN PREOPERATIVE ASSESSMENT OF SPINAL TUMORS

Vadim Anatolyevich Byvalisev, DMSc, Chief neurosurgeon of the Health Department of JSCo «Russian Railways», bead of the Cenire of Neurosurgery, Road Clinical
Hospital at drkuisk-Passazbirskiy» station of JSCo Russian Railways», director of the course of neurosurgery, Irkuisk State Medical University, bead of scientific-
clinical department of neurosurgery of the Irkuisk Scientific Centre of Surgery and Traumatology, Professor of the Department of Traumatology, Orthopaedics and
Neurosurgery of Irkuisk State Medical Academy of Continuing Education, Irkuisk, Russia, byval7 Svadim@yandex.ru;

Vyacheslav Viadimirovich Stupak, DMSc, Prof., neurosurgeon, Head of Neurosurgical department No.1, Novosibirsk Research Institute of Traumatology and
Orthopaedics n.a. Ya.L. Tsivyan, Novosibirsk, Russia, niito@nigio.ru;

Ivan Andreevich Stepanov, posigraduate student, Irkuisk State Medical University, Irkuisk, Russia, edmoilers@mail.ru;

Alexandr Ivanovich Kichigin, postgraduate student, Irkuisk State Medical University, Irkuisk, Russia, sam@211.ru.

9

TUMORS AND INFLAMMATORY DISEASES OF THE SPINE



