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Pestome

JNinmdpoma XozmKuHa yalle BCTpeyaeTcsa B NOMY/AALMM MOOALIX NaLMEHTOB. YBeanyeHve obuiein 1 6e3peLnimBHO BbKMBAEMOCTY yBeMYMBaeT
BEPOATHOCTb Pa3BUTUA MOCTLUUTOCTATUYECKMX OC/IOKHEHUI B BUJLE CHUDKEHUA MUHEPa/IbHO NI0THOCTM KOCTHOM TKaHW U CBA3AHHbIX C 3TUM HU3KO-
3HepreTuyeckux nepenomos. Liesbio paboThl ABNAETCA OLeHKa GaKTOPOB PUCKa CHUMKEHWA MUHePasIbHOMN MIOTHOCTU KOCTHOW TKaHM y NaLMeHTOB C
NMMPOMOIi XOMKKMHa NOCe CTaHAaPTHON NOIMXMMMOTEPanun 1 ayTONOMMYHON TPaHCMNAHTaLL MM FeMOMO3TUHECKMX CTBO/IOBLIX K1eToK. MaTepuan
1 MeToabl. B uccnegoBaHme BkaoyeHbl 118 yenoBek, M3 HUX 88 YenoBek — nauueHTbl ¢ MMPOMO XogKunHa 1 30 YenoBek — rpynna KOHTPOAA.
Wccneayemas rpynna naumeHToB ¢ AMMdoMoii XOAKKMHa pa3jesieHa Ha 2 rpynnbl: NalUMeHTbl, NONyYMBILME CTaHAAPTHYO NOAUXMMUOTEPanuIo,
1 NauueHTbl, NONYYMBLILME CTaHAAPTHYIO MOAMXMMUOTEPANMIO U ayTONOTUYHYIO TPaHCNaHTALMIO FeMONO3TUYECKUX CTBO/IOBBIX KNETOK. [nA Bcex
NaLMeHTOB M3MEpeHUs MUHEPaNbHOM MIOTHOCTU KOCTU MPOBOAWINCE C UCMO/b30BaHWeM ckaHepa HologicDiscovery QDR (CLUA) B nosicHu4yHOM
oTAene No3BOHOYHUKa (L2 — L4) n B 061acTu 6eapa (oblwas naowasb 6eapa v weiiku 6e4pa). bbiav BbIGpaHbl MUHUMA/IbHBIE M3MEPEHUS MUHEpasb-
HOW NNOTHOCTM KOCTHOW TKaHu 1 T-KpuTepures B 061acTu 6egpa u Wweliku 6eapa, A8 MONOABIX NaLMEHTOB NOACYUTAH Z-KpUTepuid. PesynbTaThbl.
Mo pe3ynbTaTaM AeHCUTOMETPUM B 06eUx NCCaeayeMbiX rpynnax He HabtoAan0Ch CHUMKEHME MUHePaIbHOM MIOTHOCTU KOCTHOMN TKaHU HUXKe BO3-
pacTHoit HopMbl. Y 13 naumeHToB (30 %), MOAYUMBLUKMX ayTONOMMYHYIO TPAHCMIAHTALMIO FEMOMOSTUYECKUX CTBO/IOBbIX KNETOK, BbISB/IEHO CHIKE-
Hue T-KpUTepUsA, YTO COOTBETCTBYET OCTEOMNeHNM 1 ocTeonoposy. B rpynne crangapTHol MXT cHkeHne T-kpuTepua HabnlogaeTca y 6 NauueHToB
(14 %): po ocreneHun — y 3 naumeHToB (7 %), A0 ocTeonoposa — y 3 nauneHToB (7 %). Bce naumeHTsbl ¢ IMMGOMOI XOAKKUHA, BKAIOYEHHbIE B
nccael0BaHne, Noy4any BbICOKME 03kl FIIOKOKOPTUKOCTEPOMA0B. He BbiIAABAEHO 3aBUCUMOCTM CHUXeHNA MK, Z-KpuTepus 1 pucka HU3KO3Hepre-
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TUYeCKOro nepesnoma oT CTaZnu 1 BapuaHTa 3abos1eBaHMA. 3aKa04eHMe. Bbicokas YacToTa BCTPEYaeMOCTU CHUXEHWUA NJIOTHOCTU KOCTHOW TKaHM C
y4eToM 61aronpUATHOrO NPOrHO3a A XMU3HWU NaLMeHTOB C IMMGOMOI XOKKMHA YKa3biBaeT Ha HEO6XOAMMOCTb pa3paboTKM cxeM NPOPUNAKTUKM
pa3BUTVA OCTEOMNOPO3a U OCTEONEHNM.
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Abstract

Hodgkin's lymphoma is more common in the younger patient population. An increase in overall and recurrence-free survival increases the likelihood
of developing post-cytostatic complications in the form of a decrease in bone mineral density and associated low-energy fractures. The aim of
the work is to evaluate risk factors for bone mineral density decrease in patients with Hodgkin's lymphoma after standard polychemotherapy and
autologous hematopoietic stem cell transplantation. Material and Methods: The study included 118 people, of which 88 people were patients
with Hodgkin's lymphoma and 30 people were the control group. The study group of patients with Hodgkin's lymphoma was divided into 2 groups:
patients who received standard polychemotherapy and patients who received standard polychemotherapy and autologous hematopoietic stem cell
transplantation. For all patients, measurements of bone mineral density were performed using the HologicDiscovery QDR scanner (USA) in the lumbar
spine (L2-L4) and in the thigh region (total area of the thigh and femoral neck). The minimum measurements of bone mineral density and T-scores in
the hip and femoral neck were selected, and the Z-score was calculated for young patients. Results: According to the results of densitometry in both
study groups, there was no decrease in bone mineral density below the age norm. In 13 patients (30 %) who received autologous hematopoietic stem
cell transplantation, a decrease in T-score was found, which corresponds to osteopenia and osteoporosis. In the standard PCT group, a decrease in the
T-criterion was observed in 6 patients (14 %): to stagnation — in 3 patients (7 %), to osteoporosis — in 3 patients (7 %). All patients with Hodgkin's
lymphoma included in the study received high doses of glucocorticosteroids. There was no correlation between the decrease in BMD, Z-criterion and
the risk of low-energy fracture on the stage and variant of the disease. Conclusion: The high incidence of bone density reduction, taking into account
a favorable prognosis for the life of patients with Hodgkin's lymphoma, indicates the need to develop schemes for the prevention of osteoporosis
and osteopenia.

Key words: Hodgkin's lymphoma, densitometry, osteoporosis, bone mineral density
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Introduction

Hodgkin lymphoma (HL) is a malignant disease of
lymphatic system that develops in the impaired lympho-
poiesis of B-lymphocytes in a lymph node and is charac-
terized by typical lymphogenous metastasis [1]. This dis-
ease develops in people of any age group, with the peak
incidence at the age of 20-35 years [2].

In recent years, the morbidity rate of HL has not
changed significantly, however, the mortality rate has
decreased along with the increased life expectancy of

patients [3]. Survival prognosis for this disease is rela-
tively favorable if advanced methods of treatment are
used. Most patients can be cured after a standard first-
line polychemotherapy (PCT) [2].

An advanced and very effective treatment method
for relapsed or refractory HL is autologous hemato-
poietic stem cell transplantation (aHSCT) associated
with the increased number of cured patients. How-
ever, the increased survival rate in HL is associated
with increased possibility of complications (including
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disabling and life-threatening) of previous cytostatic
therapy. Many delayed complications of PCT and aHSCT
include the pathological condition of musculoskel-
etal system that develops as a result of metabolic bone
lesions — osteoporosis and the associated low-energy
fractures [2, 3]. The mechanisms of osteoporosis devel-
opment in patients with HL are poorly known. Several
literature sources describe decreased bone mineral den-
sity (BMD) as a consequence of impaired formation and
destruction of bone tissue, as well as increased bone
resorption due to such factors as cytostatic agents, glu-
cocorticosteroids (GCs), nutritional deficiency, seden-
tary lifestyle 3, 4]. In this context, the issues of diagnosis
and preventing osteoporosis seem to be very relevant for
oncohematology.

Objective of the study: to evaluate risk factors for
BMD decrease in patients with Hodgkin lymphoma after
standard PCT and aHSCT.

Materials and Methods

The retrospective study included 118 individu-
als, 30 of them were enrolled in the control group and
88 patients were admitted to the Department of Hematol-
ogy, Chemotherapy and Bone Marrow Transplantation
of the Sverdlovsk Regional Clinical Hospital No. 1 with
confirmed HL.

The patients with proven diagnosis were divided
into two study groups with equal number of partici-
pants (n = 44): group 1 — patients who received stan-
dard PCT (15 males (34 %), 29 females (66 %), median
age 32.5 years), group 2 — patients who received stan-
dard PCT and aHSCT (22 males (50 %) and 22 females
(50 %), median age 28 years). Group 3 — the control
one — included 30 healthy volunteers (12 males (40 %),
18 females (60 %), median age 29 years). These groups

Table 1. Characteristics in all study groups

were comparable in terms of demographic parameters
and morphological characteristics of the disease.

Inclusion criteria were as follows: 1) reliable diagnosis
of Hodgkin lymphoma; 2) indications for standard PCT
and/or PCT + aHSCT. Exclusion criteria were as follows:
1) endocrine disorders (hypercorticism, thyrotoxicosis,
etc.); 2) rheumatic diseases (rheumatoid arthritis, sys-
temic lupus erythematosus); 3) gastrointestinal diseases
(malabsorption syndrome, conditions after gastrointesti-
nal surgery, liver failure); 4) history of cancer; 5) alcohol-
ism and drug addiction.

HL was diagnosed based on the results of histological
and immunohistochemical tests of biopsied lymph node.

This disease has two morphological forms: classi-
cal HL and nodular lymphocyte-predominant Hodgkin
lymphoma that develops in only 5% of total cases [1].
Classical HL, in turn, has 4 histological types with a
common immunophenotype: nodular sclerosis (types I
and II), mixed cellularity type, lymphocyte-rich classical
type, and lymphocyte-depleted type [1]. The types with
poor prognosis, i.e., lymphocyte-depleted and type II
nodular sclerosis HL develop in no more than 10% of
cases [1, 2].

The patients in the groups were divided depending
on the histological type of the disease. Most of them had
nodular sclerosis — 40 patients (91 %) in group 1 and
41 patients (93%) in group 2. There were only few
patients with lymphocyte-depleted type — 1 patient
(2%) in group 2, as well as with mixed cellularity type —
4 patients (9 %) and 2 patients (5%) in groups 1 and 2,
respectively. Lymphocyte-rich classical type was not
found (Table 1).

Depending on the stage of the disease, distribution
in groups was as follows: group 1 — most patients had
stage II of the disease; group 2 — most patients had
stage III or IV. According to the results of the iliac bone
trepanobiopsy in group 1, a tumor lesion of bone marrow

Categories PCT Group The PCT+autoTGSK Group Control Group
§ (n=44) (n=44) (n=30)
Stage
I 0 (0.0%) 0(0.0%)
I 22 (50.0 %) 13 (30.0%) -
11T 7 (16.0 %) 14 (32.0 %)
v 15 (34.0%) 17 (39.0 %)
A/B
A 11 (25.0 %) 11 (25.0 %) -
B 33 (75.0%) 33 (75.0%)
Variant
nodular sclerosis 40 (91.0 %) 41 (93.0%) B
mixed-cell 4(9.0%) 2 (5.0%)
lymphoid depletion 0 (0.0%) 1(2.0%)
Gender
Female 22 (50 %) 29 (66 %) 18 (60 %)
Male 22 (50 %) 15 (34 %) 12 (40 %)
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was found in 3 patients (7 %), in group 2 — in 12 patients
(27 %).

The ratio of asymptomatic (A) and intoxication forms
(B) in both groups was equal and amounted to: 11 indi-
viduals (25%) with A form and 33 individuals (75 %)
with B form, respectively. Thus, the predominance of
B form in all groups was observed.

The most common first line therapy for patients
with advanced HL is ABVD and enhanced BEACOPP
regimen — escBEACOPP. Most patients in the aHSCT
group received PCT according to BEACOPP regi-
men — 32 patients (73%); according to ABVD regi-
men — 11 patients (25 %); according to COPDAC regi-
men — 1 patient (2%). In the PCT group, most patients
received treatment according to escBEACOPP regi-
men — 40 patients (91%); 3 patients (7 %) — accord-
ing to ABVD, besides, 1 patient (2%) received therapy
according to Gem-P regimen.

The number of courses was determined depend-
ing on the progression of the tumor process and
the response to treatment. The average number of treat-
ment courses was 4 (2 to 8). The average duration of PCT
was (6 + 2) months in aHSCT group and (8 + 2) months
in the PCT group. The patients did not receive radiation
therapy for residual tumor.

As a result of the first line PCT, more than half of
the patients in group 2 — 32 patients (73 %) — dem-
onstrated partial response (PR). Eight patients (18 %)
achieved stabilization of the disease (SD). The progres-
sion of the disease (PD) developed in 4 individuals in this
group (9 %). In group 1, 33 patients (75 %) had complete
response (CR) after the first line therapy; 11 patients
(25%) had PR.

After restaging, patients who had no CR received
reserve therapy (2 to 7 courses), with the average number
of 4 courses; in the PCT group, no reserve therapy was
required.

The largest number of patients in group 2 received
reserve therapy courses according to the following regi-
mens: DHAP — 34 patients (77 %), escBEACOPP —
10 patients (23%), DexaBEAM — 4 patients (9%),
Gemzar-including courses — 9 patients (20 %), HdCph,
BEACOPP, BEACVPP — 1 patient each (2 %).

Generally, reserve therapy courses have improved
treatment results: PR was achieved in 34 patients (77 %);
it is 6 % higher compared to the first line of therapy. SD
was established in 3 patients (7 %); it is 62 % less com-
pared to the first line. CR was found in 6 patients (14 %);
it is 67 % higher compared to the first line. PD was regis-
tered in only 1 patient (2 %); it is 75 % less than the previ-
ously obtained treatment result.

Currently, aHSCT is indicated as the standard of care
for patients with relapsed or refractory HL. All patients
of group 2 received this type of treatment. According

to several researchers, aHSCT can increase long-term
disease-free survival in HL patients from 30 to 65 %.
According to our data, aHSCT was accompanied by CR
in 29 patients (65 % of cases), and PR in 15 patients (35 %
of cases).

All patients of study groups received no osteotropic
therapy for osteoporosis as a preventive measures or reg-
imen. Amount of treatment performed was determined
in accordance with the response to the basic pathoge-
netic therapy. The patients received supportive treatment
with proton pump inhibitors and diuretics.

The ongoing antineoplastic regimen therapy was
associated with several side effects; among these, poten-
tial risk factors for decreasing BMD that increase the risk
of fractures were analyzed. Development of changes in
hormonal status after PCT and aHSCT was demon-
strated, in particular, decreased androgenic function in
men and decreased fertility in women [5]; there was also
the onset of bowel diseases. Moreover, prolonged immo-
bilization after aHSCT and weight loss are the risk fac-
tors for bone resorption disorders [3, 4].

Bone tissue disorder is assessed based on the measure-
ment of BMD using dual-energy x-ray absorptiometry
method (DXA). The assessment of densitometric param-
eters and bone tissue was carried out using dual-energy
x-ray absorptiometry with HOLOGIC device (Hologic
Inc, Bedford). Bone mass is calculated by the content of
minerals per bone area unit (BMD, g/cm?), a percent-
age of normal values in patients of the corresponding
gender and age and peak bone mass [6]. At the same
time, Z-score relative to age norm and T-score relative to
peak bone mass were also calculated [6].

Values of DXA parameters depend on age, gender,
and the onset of menopause. Normal T-score is con-
sidered to be > —1.0; decreased BMD, or osteopenia, is
T-score from —1.0 to —2.5; osteoporosis is characterized
with T-score less than —2.5 standard deviations. In young
individuals, normal Z-score is > —2.0; decreased BMD,
or osteopenia, is Z-score < —2.0. If young patients have
a history of fractures of lower extremities, compression
fractures of the spine, two or more fractures of the tubu-
lar bones of arms, as well as Z-score < —2.0, it refers to a
decrease in BMD and/or osteoporosis development [6].

T-score is recommended for the assessment of osteo-
penia and osteoporosis in 50+ patients [6], however, sev-
eral sources admit using this parameter for this purpose
in younger patients, if there are additional risk factors
for decreased BMD [5, 7]. In patients with hemoblastosis
who receive pathogenetic therapy, such factors include
decreased androgenic and fertile function, long-term
use of glucocorticoids, and cytostatic therapy [7]. In this
regard, in the course of this study, T-score was used as an
additional parameter characterizing the risk of decreased
BMD.
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During the study, a questionnaire survey of patients
was conducted in order to identify risk factors, namely:
previous fractures, hip fractures in parents, smoking,
alcohol consumption, a history of diseases that contrib-
ute to the development of secondary osteoporosis (dia-
betes mellitus, hyperthyroidism, hypothyroidism, etc.).

In males 50+ and females in menopause, the signs of
osteoporosis are more often found in the area of femoral
neck, and in individuals younger than 50, in the area of
lumbar spine [3, 8].

Data gathering, the subsequent correction, sys-
tematization of source information and visualization
of the obtained results were carried out in Microsoft
Office Excel (2016) spreadsheets. Statistical processing
of the results was carried out using Python 3.8. Built-
in functions from modules and Scipy were used for
calculations. Quantitative parameters were assessed
for compliance with normal distribution. To this end,
the Shapiro — Wilk test was used. Samples of quanti-
tative parameters with distribution other than normal
were described using the values of median (Me) and
the lower and upper quartiles (Q1-Q3) (Me [Q1; Q3]).
The Mann — Whitney U test was used to compare inde-
pendent samples. When comparing several samples of
quantitative data with distribution other than normal,
the Kruskal — Wallis test was used that is a non-para-
metric alternative variant to one-way analysis of vari-
ance. Nominal data were described with the indication of
absolute values and percentages (%). The comparison of
nominal data was carried out using the Pearson x2 test.
When the number of expected observations in any of
the cells of the four-field table was less than 10, Fisher’s
exact test was used to assess the level of significance of
the differences. We used the odds ratio (OR) and 95%
CI as a quantitative measure of effect when comparing
relative parameters. In order to study the relationship
between events represented by quantitative data with
distribution other than normal one, a nonparametric
method was used — the calculation of Spearman’s rank
correlation coeflicient. The difference between parame-
ters and identified relationships were considered statisti-
cally significant at p < 0.05.

The protocol was approved by the local ethics com-
mittee. Written informed consent was obtained from all
patients prior to enrollment in the study.

Results

According to the results of densitometry, there was
no decrease in BMD below the normal range in both
study groups compared with the control group, as shown
in Table 2.

In 11 patients (25 %) who received aHSCT, decreased
T-score was found that corresponds to osteopenia

(T-score in the range —1.0 to —2.5); in 2 patients (5 %)
T-score was equal to -2.6 and -3, respectively.
In the group of patients who received standard PCT,
decreased T-score was found in 6 patients (14 %): in
3 patients (7 %) to osteopenia, and in 3 patients (7 %) to
osteoporosis. BMD values in treatment groups demon-
strated no statistically significant difference. In the con-
trol group, registered BMD, Z-score and T-score were
within normal range.

The decrease in BMD in group 2 was 12 % higher
than in the comparison group. At the same time,
the degree of BMD decrease did not depend on the dura-
tion of the disease, the number of PCT courses, however,
aHSCT caused significant decrease in BMD.

The relationship between BMI, the number of PCT
courses, the dose of GCs, and the number of smoking
patients is shown in Table 3.

When analyzing the prevalence of risk factors for
decreased BMD, there were no significant differences
in BMI and the number of smokers in studied groups
(Table 3). Most patients in both groups were with over-
weight — 21 (48 %) and 24 patients (55 %), respectively.
Body weight deficiency was found only in 2 patients
(4.5%) in group 1.

Due to certain differences in the dosing of GCs used
to achieve remission in patients with HL, it seemed rea-
sonable to analyze BMD values in groups that differed
depending on the total dose of agents used in this group.
Unfortunately, in the PCT group, such analysis turned
out to be very difficult to perform due to the inclusion
of a single case of a total dose of GCs less than 7,000 mg
and the difficulty of its comparison with a subgroup of
43 individuals. However, in the group of HL patients
who received aHSCT in addition to PCT, the detailing
of this issue turned out to be quite consistent and dem-
onstrated a definite aggravation of the decrease in BMD
due to GCs in high doses when analyzing this parameter
in any of the examined anatomical regions (Table 4).

The results of assessment the correlation of BMD in
the examined area L1-L4 with disease stage are shown
in Figure 1.

As one can see on Figure 1, no significant correlations
could be identified between decreased BMD, Z-score,
and the risk of low-energy fractures with the stage of
the disease.

As known, the development of menopause is a sig-
nificant risk factor for decreased BMD. The decrease
in fertility in females and of androgenic function in
males develops due to cytostatic agents. Alkylating
agents (cyclophosphamide, procarbazine) in PCT regi-
mens cause cytostatic damage to the ovaries in women
and lead to a decrease in anti-Miillerian hormone level.
PCT suppresses ovarian function and leads to secondary
menopause [3, 5, 7].
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Table 2. Parameters of bone mineral density in the studied groups

Parameters PCT Group The PCT+autoTGSK Control Group P
Group

Number of patients n=44 n=44 n=30 -

BMD (g/sm?) 1.0 [0.97; 1.05] 0.93 [0.82; 1.03] 1.03 [0.0; 0.0] -
p2-1: < 0.001*
Z-criterion -0.4 [-2.8;0.2] -1.1 [0.55 -3.2] -0.3[0.2; -1.9] p2-3: =0.0167*
p1-3: =0.056
p2-1: =0.0235*
T-criterion L1-L4 -0.5 [-1.1;-0.2] -1.27 [-0.4; -3] 0.0 [0.0; 0.0] p2-3: < 0.001*
p1-3:=0.0128*
p2-1: =0.025*
T-criterion hip neck -0.5 [-1.1; -0.2] -0.12 [-0.2; -2] 0.0 [0.0; 0.0] p2-3: <0.001*
p1-3: =0.0486*
p2-1: =0.0018*
The T-criterion is general -0.7 [-0.1; -1.2], -0.39 [-0.1; -1.6] 0.0 [0.0; 0.0], p2-3: < 0.001%
p1-3: =0.0414*

Note: p1-2 — reflects the differences between groups 1 and 2, p2-3 — reflects the differences between groups 2 and 3, p1-3 — reflects the differences between groups 1 and 3;
* statistically significant differences were noted at p <0.05

Table 3. Risk factors for a decrease in BMD in the studied groups

The PCT+autoTGSK Control Grou
Factors PCT Group (n=44) Group (n=30) P P
(n=44) B
Body mass index, kg/m? 23.28 24.82 2371 II;;:; ig(a)igi
[22.3;28.35] [22.78;29.9] [21.64; 25.35] p1-3:=0.0770
Number of PCT courses 612 8+2 - pl-2: < 0.001*
GCS:
up to 7000 Mr/mg 1(2%) 11 (25%) - p1-2: =0.0058*
more than 7000 Mr/mg 43 98 %) 33 (75 %)
p2-3: =0.1825
Smokers, people 16(36 %) 13 (30 %) 6 (20 %) p2-3:=0.2885
pl-3: =0.3109

Note: p1-2 — reflects differences between groups 1 and 2, p2-3 — reflects differences between groups 2 and 3, p1-3 — reflects differences between groups 1 and 3;
* statistically significant differences were noted at p <0.05

Table 4. BMD values in groups of patients with LH in accordance with the total dose of GCS used

PCT Group The PCT+autoTGSK Group
Evaluation
Area Parameter Up to More than Up to More than
7000mr /mg GCS | 7000Mr/mg GCS P 7000mr /mg GCS | 7000Mr/mg GCS P
The number of patients
depending on the received n=1 n=43 - n=11 n=33 -
dose of GCS
0.81 0.82 0.81 0.72
Hipneck  BMD 2 3182 0122°
1p nec (g/sm’) [0.81;0.81] [0.8;0.94] 0.318 [0.76;0.88] 0.64;0.78] 0.0
0.91 0.95 0.91 0.86
1 BMD 2 3762 0167°
Genera (g/sm’) [0.91;0.91] [0.88;0.99] 0.376 [0.89; 0.99] [0.71;0.91] 0.0167
0.99 1.0 0.98 0.91
- 2 "
L1-L4 BMD (g/sm’) [0.99;0.99] [0.97; 1.05] 04686 [0.91; 1.07] 0.82;1.02] 0.0307

Note: p1-2 — reflects the differences between groups 1 and 2, p3-4 — reflects the differences between groups 3 and 4; * statistically significant differences were noted at p <0.05
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In this connection, we assessed bone density in post-
menopausal women (with the absence of menstruation
for more than 6 months) in studied groups, as shown in
Table 5.

As one can see in Table 5, postmenopausal women
in the aHSCT group had a decrease in BMD compared
with the standard PCT group. No decrease in Z-score
was found in the female patients of the studied groups.
T-score levels in the female patients of the studied
groups revealed no significant difference. There were no
significant differences in the densitometric parameters of
lumbar spine area in the groups of menopausal female
patients.
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The prevalence of osteopenia/osteoporosis based on
BMD value in menopausal and non-menopausal women
in the studied groups is shown in Figure 2.

Asfollows from the Figure 2, non-menopausal women
in the studied groups more often demonstrated BMD
levels within normal range; a decrease in this parameter
to the level of osteopenia and osteoporosis was less often.
These differences were revealed both in the PCT group
and in the aHSCT group.

In the total cohort of enrolled patients, in the stan-
dard PCT group, fractures were registered in 11 patients
(25%); 3 of them (7%) had the fractures of forearm,
8 patients (18 %) had the fractures of radius and ankle

MIK (r/cm2)/BMD (g/sm?2)
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= Ipynna NXT /PCT Group
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Figure 1. Correlation between bone mineral density in the studied region of the lumbar spine (L1-L4) and the stage of

the disease

Table 5. Characteristics of BMD in postmenopausal women in the study groups

Evaluation Area Parameter PCT Group The PCT+autoTGSK Group P
(n=11) (n=19)

BMD (g/sm?) 0.82[0.725 0.88] 0.7 [0.65; 0.78] 0.0509

Hip neck T-criterion 0.0 [-1.15; 0.0] -0.8 [-0.8;-0.8] 0.2755
Z-criterion -0.1 [-1.35; 0.35] -1.2 [-1.7; -0.5] 0.0273*
BMD (g/sm?) 0.98 [0.79; 1.04] 0.85 [0.73; 0.91] 0.0194*

General T-criterion 0.0 [-0.84; 0.4] -0.2 [-0.2;-0.2] 0.2787
Z-criterion 0.3 [-1.45;0.7] 0.7 [-1.6; -0.25] 0.0262*

BMD (g/sm?) 0.97 [0.81; 0.99] 0.9 [0.75; 1.0] 0.2066

L1-L4 T-criterion 0.4 [-2.1; 0.0] 1.0 [-1.0; -1.0] 0.500
Z-criterion -0.8 [-1.95; -0.25] -1.2 [-2.35; -0.15] 0.2518

Note: pl1-2 — reflects the differences between groups 1 and 2; * statistically significant differences were noted at p <0.05
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rpynna ayroTI'CK 6e3 menonay3sbl/autoTGSC | | 9 | |o
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Figure 2. The prevalence of osteopenia/osteoporosis based on bone mineral density in the study groups of patients without

menopause and with menopause

Note: all differences in the frequency of cases of osteopenia, osteoporosis and the registration of normal values in subgroups of patients with and without advanced menopause

are significant at p <0.05 in the groups of PCT and autoTGSK

joint bones. Eleven patients (25%) in the aHSCT group
had the fractures of radius, humerus, and ankle joint
bones, and one patient (2 %) had the fractures of fore-
arm bones. X-ray of the spine in lateral view revealed no
evidence of compression fractures of vertebrae. All frac-
tures in patients of both groups took place in childhood
and adolescence as a result of traumatic injury.

According to the results of the X-ray of bones, avas-
cular necrosis of femoral head was found in 2 patients
(4%) in the standard PCT group and in 3 patients (7 %)
in the aHSCT group. Areas of avascular necrosis were
in the stabilization phase and required no surgical treat-
ment; patients received non-surgical therapy. Due to
the relatively small sample of patients and the fact that
this complication was uncommon for the patients in both
study groups, it was not possible to analyze the risk of its
development in connection with the ongoing pathoge-
netic therapy.

According to the questionnaire completed by
the patients of both groups, only 6 patients (7 %) had
no risk factors, 10 patients (11 %) had one risk factor,
28 patients (32%) had 2 risk factors, and 44 patients
(50 %) had three or more risk factors.

Discussion

Questions of the pathogenetic relationship between
HL and decreased BMD remain undetermined to a large
extent. The clinical relevance of the disease in increasing
the risk of osteoporosis and associated fractures appears

to be controversial. Pathogenetic therapy is potentially of
first importance in this respect.

The regimen management of HL has made it pos-
sible to achieve success in the form of more than 90 %
cure rate [2, 3]. However, with the reference to improved
results of disease management, physicians face the ques-
tion of ensuring the adequate quality of life for patients,
as well as preventing delayed complications of therapy,
including osteoporotic changes in bone tissue. In this
regard, the issue of routine diagnosis of the state of bone
tissue after PCT remains unresolved.

According to the results of the study performed by
M. Voitko et al. (2019), PCT and glucocorticoids in high
doses lead to a negative effect on bone remodeling in half
of patients with HL that is present in impaired collagen
renewal in bones and elimination of microcracks, as well
as in decreased mechanical properties of collagen and
bone tissue [3, 9].

Osteopenia and osteoporosis as the complications
of therapy for lymphoproliferative diseases are more
common in HL patients [3]. Bone tissue disorders asso-
ciated with pathogenetic therapy in this category of
patients are clinically significant complications [3, 5, 9].

According to different literature sources, bone tissue
acquisition takes place at the age of 20-30 years, there-
fore, patients in this age group are more susceptible to
the development of osteopenia and osteoporosis due to
ongoing cytostatic and GCs therapy [5, 9, 10].

Delayed effect after polychemotherapy (PCT) remain
a considerable problem at the present time. HL develops
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predominantly at the age of 16-35 years, that is, during
peak bone acquisition. At the same time, impaired devel-
opment of collagen cartilage of the bone matrix, impaired
process of bone renewal, and angiopathy of periosteal
vessels after PCT result in impaired quality parameters of
bones [11, 12]. The use of cytostatic agents, glucocorti-
coids, as well as disease onset in the young age are prob-
ably the critical factors in osteoporosis development in
this group of patients [2, 5, 10].

Main risk factors for a decrease in BMD after stan-
dard PCT and aHSCT include high-dose PCT, GCs, pro-
longed immobilization, low body mass index, nutritional
deficiency [3, 5, 10]. The main evidence of the pathoge-
netic significance of these factors in the development
of decreased BMD was demonstrated in the model of
primary postmenopausal osteoporosis. This research
generally confirms the role of pathogenetic therapy as a
risk factor for osteoporotic fractures in HL patients who
receive pathogenetic therapy.

At the same time, the most important risk factor
for low-energy fractures in bone tissue disorders in HL
patients is long-term use of GCs [2, 3, 5]. High doses
of corticosteroids used in PCT regimens exacerbate
the processes between bone formation and resorption,
thus increasing the risk of developing bone tissue disor-
ders. GCs, on the one hand, cause a slowdown in bone
formation due to the later maturation of osteoblasts and
inhibition of the activity of prostaglandins in relation to
growth factors and mature osteoblasts, and on the other
hand, they increase bone resorption due to decreased
levels of calcitonin and calcium [6].

For patients who frequently receive GCs in high doses,
repeated courses of GCs therapy have a negative effect on
bone tissue increasing the risk of fractures by 20 % [3, 5,
9]. Modern regimens of PCT and HSCT increase the risk
of a decrease in BMD by several times [3].

According to Kanis et al. (2004), previous fractures
increase the risk of subsequent fractures with the same
frequency in men and women [11]. There is evidence
that a fracture in a common location (proximal femur,
spine, humerus) significantly increases the risk of
subsequent fractures [11]. In the studied groups of
patients, previous fractures in individuals who received
standard PCT and aHSCT in addition to PCT were
found in an equal number of patients (11 individuals,
25%). All fractures in patients of the studied groups
were the result of traumatic injuries in childhood and
adolescence.

The decrease in bone density was more pronounced
in the aHSCT group than in the standard PCT group
indicating a corresponding increase in the risk of osteo-
porosis. A similar pattern is observed when analyzing
the risks of decreased BMD in postmenopausal women
[10]. In postmenopausal women on aHSCT, there is a

decrease in BMD that is not observed in the standard
PCT group. At the same time, it is important to empha-
size that, in general, HL patients at different stages of
treatment require the analysis of bone tissue during
the early period after therapy in order to assess the risk
of decreased BMD and timely start the prevention and
management of osteoporosis.

Conclusion

HL patients who receive PCT with GCs are at the high
risk of osteopenia and osteoporosis. Such known factors
as the stage and type of the disease have no effect on
the decrease in BMD in HL patients. However, aHSCT
significantly increases the risk of BMD decrease. Con-
sidering a favorable prognosis, the high incidence of
decreased bone density requires the development of
osteoporosis- and osteopenia-preventing regimen for
this category of patients.
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