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AGE AS A DETERMINANT OF VERTEBRAL TRABECULAR BONE
STATUS IN HODGKIN LYMPHOMA PATIENTS AFTER COMPLETION
OF CHEMOTHERAPY: A PROSPECTIVE STUDY - Bone density
alterations are often reported in patients with solid tumors and
hematologic malignancies except cases of Hodgkin lymphoma,
when this problem remains understudied. The aim of this study
was to investigate the significance of patients’ age and ABVD standard
chemotherapy regimen as the determinants of vertebral trabecular
bone tissue status changes. The study included 40 HL patients of
different age groups (median age 35.38+2.22). Densitometric and
structural parameters were obtained from pre-treatment and after
chemo CT scans. Analysis of these parameters after chemotherapy
compared to the initial values revealed significant decrease of bone
density (maximum up to 24.9 %) in all age groups, as well as in
patients who were treated with ABVD regimen. Structural parameters
values (BV/TV, SMI, BS, FD, textural parameters) had also suggested
trabecular transformation dependent on patients’ age and
chemotherapy treatment. Age and ABVD standard chemotherapy
may be considered as predisposing risk factors for trabecular bone
structural alteration and there is a need for timely diagnosis and
prevention.

BIK 9K OETEPMIHAHTA CTAHY TPABEKYNIAPHOI TKAHVHI
XPEBUIB Y MNALIEHTIB I3 IIMPOMOIO XOOXKIHA MICSA 3A-
BEPLLUEHHSA XMIOITEPAIT — YpaxxeHHs KiCTKOBOI TKaHWUHW 4acTo
6epyTb OO0 yBarn y nauieHTiB i3 cofigHMMK nyxaMHamu Ta rema-
TOJIOTIYHOIO NATOJIONiED, OMUHAYM NauieHTiB 3 Nimdomoto Xo-
IXKKiHa, B Skux U5 npobnemMa 3anviiaeTbCcst He[oCTaTHbO BUBYE-
Holo. MeTolo LUbOro AoChiaXeHHs1 6yi0 BUBYMTU 3HAYEHHS BiKy
naujeHTa Ta cTaHgapTHOro NpoTokony ximiotepanii (ABVD) sk ae-
TEPMiHaHT 3MiH CTaHy TpabeKynsipHOi TKaHWHM XpeobuiB. Y aochi-
IKeHHs1 6yno 3anydeHo 40 naujeHTiB pi3HMX BiKOBUX rpyn (ce-
penHin BiK ((35,38+2,22) poky). JeHCUTOMETPUYHI Ta CTPYKTYPHI
napameTpu JOCNiaXyBanu, BAKOPUCTOBYIOYM KOMM'OTEPHI TOMO-
rpamun oo Ta nicns ximiotepanii. Y pedynbTtaTti NOpiBHANBHOIO aHa-
nigy nicng ximiotepanii 3 BUXIGHUMW 3HAYEHHSMW OTPUMan 3HaY-
He 3MEHLUEHHS KICTKOBOI LWiIbHOCTI (MakcumanbHO 0o 24,9 %) y
BCiX BIKOBMX rpynax, a TakoX i B NaujeHTIB, aKki oTpumManu ximiore-
panito 3rigHo 3 npoTtokonom ABVD. 3MiHa CTPYKTYpHUX NapameTpis
nicng oTpuMaHHs ximiotepanii (BV/TV, SMI, BS, FD, Tekctypu) Ta-
KOX BKadyBasia Ha TpabekynspHy TpaHchopmaLilo aK B Pi3HUX
BIKOBUX rpynax, Tak i y nauieHTiB nicna ximiotepanii 3rigHo 3 npo-
Tokonom ABVD. Bik Ta npoBefeHHs CTaHAAPTHOI XimioTepanil 3a
npoTtokonom ABVD MOXyTb BBaxaTucs dakropamm puauky Loao
BUHUKHEHHSI ypaXKeHHs TpabekynspHoi TKaHWHU XpebuiB, Lo €
niacTaBolo A4y NoTpedu iX BYACHOI AiarHOCTUKM Ta npodinakTu-
KN BUHUKHEHHS.

BO3PACT KAK AETEPMWHAHTA COCTOAHUNA TPABEKYJTAP-
HOWM TKAHW MO3BOHKOB Y MALUVEHTOB C JIMM®MPOMOW XO-
OXXKKWHA NOCJIE OKOHYAHUA XUMNTEPAIMNN — MopaxeHne
KOCTHOI TKaHW 4acTo MPUHUMAIOT BO BHUMaHMWE Yy NaLMeHTOB C
CONNAHBIMU OMYXOASMU U TeMaTONOrM4yeckoin naTonormen, Mu-
Hys MauMeHTOB C NMM@OMON XOmXKKMHA, B KOTOPbIX 3Ta Mpo-
6nemMa ocTaeTcs HeAOCTaTOYHO U3yvyeHHoi. Llenbio aToro uc-
cnefoBaHMs BbIN0 N3YYNTb 3HAYEHME BO3pacTa nalmeHTa 1 cTaH-
[apTHOro npoTtokona xumuotepanuun (ABVD) kak geTepMuHaHT
M3MEHEHWUI COCTOSHMA TpabeKyNapHOM TKaHM NO3BOHKOB. B nc-
cnepoBaHue 6blno BoBsieyeHo 40 MaLMEHTOB pasfiMyHbIX BO3-
pacTHbIX rpynn (cpegHnin BospacT (35,38+2,22) net)). deHcu-
TOMETPUYECKNE U CTPYKTYpHblE MapameTpbl U3yyanu, UCMOob-
3ysi KOMMbIOTEPHbIE TOMOrPaMMbl 10 1 Mocie xuMmuoTepanuu. B
pes3ynbTaTte CPaBHUTENIbHOMO aHann3a Mnocsie XMmuoTepanuu ¢
WNCXOAHBIMWU 3HAYEHUSIMW, MOSYYUNIN 3HAYUTENbHOE YMEHbLUe-
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HME KOCTHOW MJIOTHOCTU (MakcmmanbHO 00 24,9 %) BO Bcex
BO3paACTHbIX rpynnax, a Takke U B NauneHTOB, MNOAYYUBLLUUX XU-
MuoTepanuio no npotokony ABVD. MIameHeHne CTPYKTYPHbIX
napmeTpoB nocne nonyvyeHus xmmmortepanun (BV/TV, SMI, BS,
FD, TekcTypbl) Takxke ykasblBanu Ha TpabekynsipHyto TpaHchop-
Maumio Kak B pa3HblX BO3PACTHbIX rpynnax, Tak 1y nauveHToB
nocne xmmuoTtepanun no npotokony ABVD. BospacT un npose-
OEHNsa CTaHO4apTHOM XxMmuoTepanun no npotokony ABVD moryt
cunTaTbes dakTopamu prcka BO3HMKHOBEHMUS MOpaXeHus Tpa-
6eKynspHO TKaHW MO3BOHKOB, YTO SIBASIETCS OCHOBaHVEM [Nsi
HeoBXoAMMOCTU UX CBOEBPEMEHHOWN AMarHOCTUKN 1 npodunak-
TUKN BO3HUKHOBEHMSI.

Key words: Hodgkin lymphoma, vertebral trabecular
bone status, chemotherapy. ABVD regimen, age

KniouoBi cnoea: nimpoma XopxkiHa, TpabekynspHa
KicTkoBa TkaHuHa XpebuiB, ximioTepanis, npotokon ABVD, Bik.

KnioueBble cnoBa: numdoma XoaxkuHa, Tpabekynsap-
Hasi KOCTHas TKaHb MO3BOHKOB, XMMWOTEpPanus, MpPoTOKON
ABVD, BogpacrT.

INTRODUCTION Patients with solid tumors, acute and
chronic leukemias are more commonly diagnosed with
bone density alterations, however, only a few studies have
been published exploring the dynamics of bone mineral
density in Hodgkin lymphoma (HL) patients [9,10].
Although several studies have reported bone mineral
density changes in patients with HL [2], there are no
prospective studies indicating the impact of age and
chemotherapy regimen on vertebral trabecular bone
status (VTBS) and it remains unclear.

The aim of the work was to investigate the impact of age
as a determinant of VTB changes; to explore the VTB changes
in Hodgkin lymphoma patients at the diagnostics and after
treatment with ABVD chemotherapy regimen.

MATERIALS AND METHODS 40 patients with newly
diagnosed HL were hospitalized in Ternopil Regional
Oncology Hospital and involved in this study. A definitive
diagnosis was been established according to histopathologic
subtype of HL (Figure 1), immunohistochemical pattern and
national diagnostic criteria.

HL patients were divided according to median age in
order to investigate the impact of this determinant on VTBS.
We performed an estimation of VTB parameters at the mid-
vertebral levels using CT slices (performed on Philips
Brilliance 64 CT Scanner and Siemens SOMATOM Definition
AS) and obtained densitometric values of thoracic
trabecular bone at diagnosis and after completion of
chemotherapy. Densitometry was performed in trabecular
bone of thoracic vertebrae using CT image analysis
software DICOM format — ClearCanvas Workstation. Direct
measurements were conducted at mid-vertebral slices of
vertebrae in 5 areas avoiding the cortical bone. The results
were obtained in Hounsfield units (HU) [7].

For assessing the structure of VTB at the mesoscopic
level we chose a method of virtual computer-based biopsy
of thoracic and lumbar vertebrae (image resolution 1 pixel
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Figure 1. Histological subtypes of Hodgkin lymphoma.

— 1 milimeter). We used specialized medical image analysis
software Imaged with Boned plugin which is freely distributed
by The Natinal Institue of Health (USA). In order to standardize
and stabilize an image obtained, we used Mexican hat
wavelet filtering [4]. Trabecular structural parameters
calculated in this study were the following [12]: bone surface
(BS) [5] which is a basic 2D parameter of vertebral
trabecular structure, bone volume fraction (BV/TV) [1,11]
reflecting bone mineralization, structure model index (SMl)
[13] for determining trabecular geometry, fractal dimension
(FD map-counting and box-counting algorithm) [3] that
reflects the complexity of branching trabeculae and texture
parameters (Angular Second Moment that reflects image
uniformity, Inverse Difference Moment, Entropy, Contrast

describing image heterogeneity and may reflect trabecular
structural transfmation) [8]. All statistical analyses were
performed with statistical software (OpenStat» (v. 3.5.5) and
Statgraphics (v. 3.0). The robust Brown-Forsythe Levene
test was used as a main criterion for statistical analysis [6].

RESULTS AND DISCUSSIONS We conducted a
comparative analysis of bone density changes (HU units) at
the diagnostics and after completion of chemotherapy in
male, female and common group. The differences between
median age in those groups were not statistically significant
(median age in male group — 36.86%2.50, in female group
— 33.74+£83.82, in common group — 35.38+2.22).

Table 1 summarizes bone density values in all age
groups of HL patients at diagnosis and after completion

Table 1. Densitometric values (HU) of thoracic and lumbar vertebral trabecular tissue in older, younger and
common group of HL patients at diagnosis and after completion of chemotherapy

AT DIAGNOSIS AFTER CHEMOTHERAPY
HU Common group Younger age grou | Older age group | Common group |[Younger age gro| Older age group
(n=40)’ p (n=18)" (n=22)Q © (n=29)* up (n=16)* (n=13)2°
Th, 241,59+6,16 260,23+9,42 226,34+6,69 © 227,07£7,68 239,18+9,01 212,17%£12,20
Th, 240,13%6,38 257,53+9,51 225,89+7,48 © 216,21+8,07* 220,18+11,22 A| 166,42+12,13"%
Th, 236,19+5,88 249,13%+10,07 225,59+6,14 213,49+8,49* 216,79+12,09 |185,43+9,89'Q ¥
Th, 229,68+6,55 243,69+11,05 218,22+7,09 205,23%6,32* 213,10+8,36 A | 180,54+8,76 'Q ¥
Ths 225,48%5,97 244 ,50£9,06 209,93+6,35 6 190,32+8,31* 204,20+9,04 A |173,15+8,59'Q "
Thg 218,28+6,63 232,69+9,78 206,48+8,40 195,79+6,79* 199,08+9,40 175,08+12,50 'Q
Th, 216,67%6,54 226,97+9,85 208,24+8,53 190,77+6,62* 199,34+10,61 A| 170,74+12,88
Thy 220,48+7,06 235,64+9,39 208,07+9,68 187,60+7,31* 207,53+9,50 A |168,51£11,47'Q "
Thy 223,92+7,14 244,22+9,12 207,31+9,37 © 192,98+8,13* 209,74+9,04 A |165,08+13,09'Q "
Thy 222,74+5,85 241,47+7,79 207,41+7,09 © 194,23+8,58* 213,31£9,34 A 211,32+11,89
Thy, 217,08%6,35 234,38+8,54 202,92+8,17 186,14+7,56* 200,48+8,78 A 209,43+12,16
Thys 209,52+5,94 227,50+8,27 194,81+7,15 182,54+7,89* 196,73+8,31 A 195,54+9,28
AT DIAGNOSIS AFTER CHEMOTHERAPY
Common group Younger age grou | Older age group | Common group |Younger age gro| Older age group
(n=30)* p (n=14) A (Nn=16)’'Q © (n=21)* up (n=10) (n=11)’'Q
L, 208,36%8,97 233,49+8,68 184,80+13,00 © 176,80+9,44* 184,96+13,07 A| 169,38+13,74
L, 202,67+7,96 225,39+8,68 181,36+10,83 © 167,32+9,41* 181,42+13,75 A| 154,51+£12,20
[ 211,91£10,48 241,96%£11,28 185,63+14,25 © 167,25+8,58* 183,48+13,55 A 152,49+9,22
L, 224,71%£13,88 272,20£18,57 183,15+13,78 © | 191,08+16,63* 214,42+29,85 167,74+12,50
Lg 224,16%x10,31 262,63%10,78 188,44+10,32 © 201,97%£13,90 219,80+21,37 184,14+17,00

Note. Here and in the following tables : A; 'Q; ¥ ~ statistically significant difference (0,001<p<0,05) between groups according to the Brown-
Forsythe Levene test (" - between common group at diagnosis and after completion of chemotherapy; * — in younger age group at diagnosis and
after completion of chemotherapy; - in older age group at diagnosis and after completion of chemotherapy; © — younger and older age groups at
at diagnosis; ¥ — between younger and older age group after completion of chemotherapy).
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of chemotherapy. Comparative analysis of bone denstity
changes revealed a significant decrease of BD in thoracic
(up to 12.4 %) and lumbar (up to 17.2 %) vertebrae in
common age group after completion of chemo compared
to the same group at diagnosis, in older age group (up
to 17.9 %) compared to the same age group after
chemotherapy, in younger age group in thoracic (up to
13.5 %) and lumbar (up to 21.5 %) vertebrae compared
to the same age group after chemo, in common group
(up to 9.96 %) compared to the same group at the
presentation of the disease, in older age group after
chemo (up to 17.4 %) compared to younger age group,
in older age group in thoracic (up to 13.9 %) and lumbar
(up to 24.9 %) vertebrae after chemo compared to
younger age group at diagnosis. The calculation of pair
correlation by Pearson criterion indicated reliable inverse
(negative) correlation between age and densitometric
density in all investigated vertebral areas.

Among parameters reflecting trabecular structure and
mineralization BS values were significantly higher in older
group than in younger group after chemotherapy in
almost all thoracic vertebrae as well as BV/TV index was
higher in older group (Th2, Th5, L3) compared with
younger age group values at diagnosis, in younger age
group after chemo compared to the same age group at
diagnosis (Th8, Th9), in common group after chemo
compared to the same age group at diagnosis. BV values
were significantly lower in the following groups: in older
age group than in younger age group after completion
of chemotherapy, in all lumbar vertebrae in common
group after chemo compared to the same group at
diagostics, in younger age group after chemo compared
to the same age group at diagnosis. FD values were
significantly lower in the following groups: in older age
group (Th1,Th8) compared to younger ager group at
diagnosis, in common group (Th7, L4, L5) after chemo
compared to the same group at diagnosis, in younger
age group after chemo (Th8, Th11, L2, L4).

SMI values were significantly higher in the following
groups: in older age group compared to younger age

group at diagnosis, in older age group compared to the
same age group at diagnosis, in common group
compared to the same group at diagnosis and SMI was
lower in younger age group than in the same age group
after chemo. Texture parameters were also studied by
using comparative analysis that showed significant
decrease of angular second moment, Correlation, Inverse
Difference moment values in older age group compared
to young age group after completion of chemotherapy,
Anglular Second moment values were significantly lower
after chemo in older age group compared to the same
group at diagnosis, Contrast and Angular Second
moment values were lower in younger age group after
chemo than in the same group at diagnosis, Inverse
difference moment values were significantly lower in
older age group compared to younger group after
chemo and in common group after it (L1, L5).

We also conducted a comparative analysis of
densitometric values (listed in table 2) of thoracic and
lumbar vertebral trabecular tissue in groups of HL
patients who received ABVD chemotherapy regimen,
which is the most common protocol for HL treatment,
compared to initial values (HU) at diagnosis.

There were no statistically significant differences
between BD values (listed in table 1) in common group
of HL patients and the group of patients at diagnosis who
would receive ABVD chemotherapy regimen. Analysis
showed significant decrease (up to 13.8 % in thoracic
and up to 19.9 % in lumbar vertebrae) of BD values in a
group of HL patients who received 4-6 cycles of
chemotherapy and the approximate total treatment
duration and therefore the time of bone density loss is 4-
6 months respectively.

Further analysis of structural parameters showed
significantly higher values of BV (Th5-Th12) on a group
of patients who received chemotherapy compared to
patients at diagnosis, BV/TV index was significantly higher
after chemo compared to a group of patients at diagnosis.
SMI that indicates trabecular transformation was
significantly higher in patients after chemotherapy

Table 2. Densitometric values (HU) of thoracic and lumbar vertebral trabecular tissue in groups of HL patients who
received ABVD chemotherapy regimen compared to initial values at diagnosis

HU AT Diagnosis AFTER CHEMOTHERAPY
ABVD (n=27) ABVD (n=21)
Th, 236,56+6,54 228,54+9,64
Th, 238,10+7,94 215,09+10,58
Th, 240,20+7,44 216,96£10,55
Th, 232,50+8,25 206,19%8,22
Ths 220,91+9,59 184,24%10,52
The 226,53+7,93 199,89%8.61
Th, 213,90£8,62 188,64%8,08 "
Thy 217,51%8,72 188,00%9 42
The 220,69+9,94 188,59%9.79
Thy, 201,42+7,62 188,02+10,22
Thyy 220,07+7,55 184,14%9,28 °
Thy, 209,78+7,51 179,37£10,46
ABVD (n=16) ABVD (n=15)
L 204,54+11,99 172,72+12,26
L 201,83+11,78 159,49211,32
L, 208,73+15,08 160,43%10,20
L, 223,35%21,16 192.11223,44
L 215,99%12,79 194,51+18,28

Note. Here and in the following tables: *- statistically significant difference between groups at diagnosis and after completion of chemotherapy.

39



ISSN 1681-276X. BICHUK HAYKOBUX OOCJIIAXXEHb. 2015. Ne 2

compared to those patients at diagnosis. FD values were
controversial (significantly lower in Th7 and higher in
TH11, Th120 after chemotherapy. Analysis of texture
parameters revealed that Angular Second moment values
were significantly lower (Th7, Th8) after chemotherapy
than in patients at diagnosis, however Entropy values
tended to increase after chemotherapy in thoracic
vertebrae. No statistically significant differences were
found in lumbar vertebrae.

CONCLUSIONS The above mentioned findings
suggest that age and standard chemotherapy regimen
for HL treatment are important predisposing factors for
VTB qualitative and quantitative changes of structural
trabecular parameters and therefore may cause structural
alteration. Significant percentage of bone density loss in
both thoracic and lumbar segments of the vertebral
column during 4-6 months of chemotherapy should be
taken into account as a major risk factor in all age groups
of HL patients for prior evaluation of VIBTS and timely
prevention of these side effects.
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