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PELLEH3UPYEMbIA HAYYHO-MPAKTUYECKHUHA
[0)xHo-PoccHNCKUIA OHKONOTMYECKUI XYypHAN

YypHan BxoauT B pekomMeHA0BaHHblii BAK PO nepeyeHb peLieH3upyeMbIX HayuHbIX XypPHaNoB v n3paHuii
ANs 0nyb6MKOBaHNA OCHOBHbIX HayuYHbIX Pe3ynbTaToB AUCCEPTALMiA Ha CONCKaHWe YUEHOI CTeNeHN KaHAMAATa U AOKTOpa Hayk.

«l0HO-Poccuiickuii OHKONOrMYecKmii XypHan»: npogeccuoHanbHoe
MeIMLMHCKOE U3faHue. B HeM ny6iuKylTCs HOBOCTU MEeAULIMHCKOrO
1 hapMaLLeBTMYECKOr0 COOBLLECTB, HayUHO-NPAKTUYECKUE CTATbU AN
LieneBoil ayAUTOpuM - BPayeii-OHKONOroB. Pefakuus XypHana cTaBut
cBOeii 3afiaueil nonynspu3aLmMio HayuyHo-MCCNefoBaTENbCKUX PaboT U
LOCTWXEHMIT OHkonoroB I0xHoro dbepepanbHOro okpyra, aHanua npo-
Lecca rny6okoii peopraHusaLum 3gpaBooxpaHeHus B Poccuu. Pepak-
LMsi NpUrnalaeT B Ka4ecTBe aBTOPOB BCEX, KTO WLLET U HAXOAMUT UHTe-
PecHble peLleHnsi MHOTOTPaHHbIX 3afay, CTOALLMX Nepes COBPEMEHHON
MeZMLMHOM, U XOUYET NOAENUTLCS CBOMMMU MbICISIMU W HAGNIOAEHUAMY
C Konneramu.

rMABHbIW PEOAKTOP

Llenb: cnoco6cTBOBaTh Pa3BUTUIO OHKONOTUYECKOi mepuumuHbl H0ra
Poccuun 1 BHeApeHuto e€ AOCTUXEHNIA B MPAKTUKY.

3apaum: ocBewaTb COBPEMEHHbIE [OCTUXEHUS OHKONOTMYEeCKoM
cnyx6bl I0ra Poccum; copeiicTBoBaTH 06MEHY ONbITOM U NepesoBbIMM
3HAHUAMM MeXJay crneuuanucTamu; MHGopMupoBaTh yuTaTenenn 06
UTOrax KpynHblX MeAULMHCKUX GOPYMOB.

B )ypHane pasmeLyalotcs ny6nukauuu pa3nuuHbix py6puk: 063opbl
NUTepaTypbl, MeTa-aHanu3bl, KIMHUYECKUE UCCNEfOoBaHUS, Habnoge-
HUS KIIMHUYECKUX CYYaeB, 06CYXAEHMS, aHOHCbI U OMMCAHUS HOBbIX
METOAOB NIeYeHMS.

)Kypuan NpUHUMaeT K ﬂyﬁﬂMKaU,MM: OpUruHanbHble CTaTbW, OPraHnu3sa-
Unn 34paBOOXpPaHEHU], ﬂyLIEBOVI ANArHOCTUKK, 06MEH OrbITOM, 0630-
pbl, KNIMHKWYecKue HaﬁHKJ,D,EHVIﬂ.
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ORIGINAL ARTICLE

FEATURES OF REPLACEMENT OF EXTENSIVE POST-RESECTION BONE
DEFECTS IN PELVIC AND SACRAL TUMORS

South Russian
Journal of Cancer
H0xHo-Poccuitckuit
OHKO/IOTYECKHi XKypHan
Vol. 3
No. 3, 2022

L. N. Vashchenko, P. V. Chernogorov, R. G. Luganskaya, A. A. Barashey, E. S. Bosenko,
T. V. Ausheva, N. S. Saforyan™

South Russian Journal of Cancer 2022, Vol.3, No. 3, P. 6-14 (c

National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation
B saforyans@mail.ru

ABSTRACT

Purpose of the study. To represent the results of a two-stage surgical treatment in patients with extensive pelvic bone defects.
Materials and methods. Data on 7 patients who underwent surgery for pelvic and sacrum tumors at the National Medical
Research Centre for Oncology from 2016 up to 2020 are presented. The average age of the patients was 36 years. Patients
with massive tumors that required a major resection of the posterior pelvis and the formation of an extensive bone defect
requiring reconstruction with massive allografts and implants were selected for the study. 5 patients underwent different
variations of sacrectomies with the resection of the iliac bones; 2 patients - interiliac-abdominal resections. For all these
patients, surgical treatment was split into 2 stages.

Results. At the first stage we performed: 5 surgical interventions (total or extended sacrectomy at L5-S1 with lumbar-iliac
bilateral stabilization with an 8-screw pedicle system) in patients with sacral tumors. In 2 cases, an interilio-abdominal resec-
tion with the defect replacement with cement articulating spacer. Intraoperative blood loss on average was 1.8L. We used
autohemotransfusion to compensate the intraoperative blood loss.

The 2nd (reconstructive) stage was completed on average after 3 months. The reconstructive stage was not accompanied
by major trauma in all patients. The average blood loss was approximately 800 ml. There were no complications after the
reconstructive surgical stage.

Conclusion. The described two-stage technique allowed to avoid severe infectious complications requiring removal of implants
and grafts in all patients. Adequate spinal pelvic stabilization and/or spacing of the defect contributed to early functional
rehabilitation of patients and the continuation of adequate adjuvant therapy in the interstage period. The delaying of the recon-
struction allowed to reduce the duration and invasiveness of the main intervention without affecting the final result of treatment.

Keywords:
sacral tumors, sacrectomy, lumbar-pelvic stabilization, bone defects, infectious complications, augment
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OPUTUHATIbBHASA CTATbA

OMbIT ABYX3TAMHOIO XUPYPTUHECKOIO JIEHEHWA bOJIbHBIX C OBILUPHBIMU
MOCTPE3EKLIMOHHBIMU KOCTHBIMU LEDEKTAMM NMPU 0NYX0NAX TA3A U KPECTLIA

J1. H. Bawesko, M. B. YepHoropog, P. I. Jlyranckas, A. A. bapawes, E. C. boceHko, T. B. Ayweea, H. C. Ca¢opbsin™

HMWL, oHkonorum, r. PoctoB-Ha-[loHy, Poccuiickas Gegepauus
B saforyans@mail.ru

PE3IOME

Llenb uccneposanus. MNpefctaBuTb pesynbTaTbl 4BYXITAMHOIO XMPYPrmyecKoro neYeHns 60bHbIX C OBGLIMPHBIMU KOCT-
HbIMY fedekTaMu Tasa.

Matepuanbl u Metopbl. [pefcTaBneHbl AaHHble 0 7 naumeHTax, KOTOpbIM BbINOMAHEHbI ONepaTUBHbIE BMeLLaTenbCcTBa no
noeogy onyxoneii Tasa u kpectua B PIBY «<HMULL oHkonorumn» Munsgapasa Poccum ¢ 2016 no 2020 rr. Jns aHanu3a oTo6paHbl
naumeHTbl C MECTHO-pacnpocTpaHeHHbIM NPOLEcCcoM, NOTpeboBaBLUMM 3HAUYMTENIbHOW N0 06beMy pe3eKLMK 3aHNX OTAEN0B
Tasa u ¢ bopMUpoBaHMEM OBLUMPHOIO KOCTHOIO AedeKTa, TPeByoLMM PEKOHCTPYKLMM MaCCUBHBIMM ayTo- U annoTpaHc-
naaHTatamMu U MMNIaHTamMun. 5 NauneHToB — 3TO CaKPIKTOMMM B Pa3HbIX BapuaHTax C pesekumen NoaB3A0LWHbIX KOCTen
1 2 NaumeHTa — MeXNOoAB3A0LHO-OpIoLLIHbIE pe3ekL . Bcem nauuneHTaM XxMpypruyeckoe neyeHue pasgesieHo Ha 2 atana.
PesynbraTbl. Ha 1 aTane 6b1510 BbINOAHEHO: 5 onepaTUBHbIX BMELLATEeNbCTB Y 60/IbHbIX C OMYXONsIMU KpecTLa — ToTanbHas
UM pacLLUMpPeHHast CakpaKTOMMSA Ha ypoBHe L5—S1 ¢ nosicHUYHO-NoAB3AOLWHOM 6unaTepanbHo cTabunusaumer 8 BUHTOBOM
neAnKYNAPHOWM CUCTEMON, U B 2 CNyYasx — MEXMOAB3O0LLHO-6PIOLLIHAA pe3eKkuns ¢ 3aMeLleHnem gedekra LLeMeHTHbIM
apTUKynupyloLwmnm cneitcopom. CpepHsasa kposonoTeps coctasuna 1,8 n. B kayecTse BO3MeLLEHNA MHTpaonepaLnoHHON
KpPOBOMOTEPW HaMM UCMOJIb30BaiaCb MeToANKa ayToreMoTpaHchysnm.

2-11 (PEKOHCTPYKTUBHDIIA) 3Tan BbINOMHEH B CpefjHeM Yyeped 3 Mec. Y BCeX MauMeHTOB PEKOHCTPYKTMBHbIN 3Tarn He comnpo-
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RELEVANCE

Pelvic bones are affected by tumors relatively of-
ten: these tumors make up 10-15 % in relation to
tumors of other bones of the skeleton [1].

According to a number of authors, pelvic bones
are most often affected by malignant tumors (about
50 %), the proportion of benign tumors is 15 %, dys-
plastic processes — 35 %. Among primary malignant
tumors, chondrosarcomas, osteogenic sarcoma, ma-
lignant giant cell tumors are most common; among
benign ones — chondromas, osteoid osteomas, giant
cell tumors [1].

One of the main and distinctive features of malig-
nant formations of the pelvic bones is a long asymp-
tomatic course, this is due to anatomical and topo-
graphic features of the pelvis, as well as insufficient
oncological alertness of doctors of the general net-
work [2]. The main reason for the patient's visit to the
doctor is a pronounced pain syndrome, when the tumor
already reaches an impressive size, and sometimes
internal organs and intra-phase structures germinate.

Surgical interventions for tumors of the pelvic
and sacral bones are associated with a high risk of
massive blood loss, damage to the main vessels,
visceral organs, damage to nerve structures, as well
as often secondary healing or deep suppuration of
a postoperative wound [1; 2].

When performing radical oncoresections on the
anterior semicircle of the pelvis, including branches
of the pubic and sciatic bones, restoration of the
integrity of the pelvic ring is not required even in ad-
vanced cases [1].

In the area of the acetabulum, reconstruction is
usually and quite successfully performed with mod-
ular or individual prostheses with a small number of
complications.

One of the main and most dangerous complica-
tions of extensive oncoresections is infection. In
orthopedic operations, the frequency of infectious
complications after endoprosthetics is 1.5-2.5 %,
but in oncological patients this indicator is signifi-
cantly higher, according to literature data from 10.0
t0 66.0 % [3—5]. And if the issue of two-stage tactics
of prosthetics of bones and joints in peri-implant
infection is beyond doubt, then the defects of bone
tissue obtained during the removal of infected im-
plants, after resection of bone tumors, represent
a significant problem of modern orthopedics. With
diaphyseal and articular traumatic and oncological
defects, we are completely satisfied with the avail-
able modular and individual megaprostheses. The
replacement of extensive defects of the iliac bones
with the hip complex and sacrum does not always
lead to the desired satisfactory results. A large per-
centage of complications (up to 40 %) [4; 6-8]. it

Fig. 1. Pelvic SCT, sacral liposarcoma (arrows showing the tumor).



l0xHo-Poccmitckuii oHkonorunyeckuii xypHan 2022, T. 3, N2 3, C. 6-14

BauteHko J1. H., YepHoropos M. B., Nlyrauckas P. T, bapawes A. A., boceHko E. C., Aywesa T. B., Cadopbsii H. C.2 / OnbIT AByXaTanHoro
XWUPYPrUYECKOro SIeYeHNs 60NbHbIX C 06LIMPHBIMM NOCTPE3EKLMOHHBIMU KOCTHBIMU iedeKTaMu Npu ONyXOoNsX Tasa U KpecTtua

requires analysis, individual correction of tactics
and search for new solutions. The main problem
is infectious complications due to the duration of
the operation, the volume of surgical intervention,
intraoperative blood loss, traumatization of the
altered surrounding soft tissues, the presence of
extensive metal structures and often allografts [4;
6, 7,9-12]. Also, in the postoperative period, lym-
phorrhea is possible, which can last from several
days to several weeks, which is supported by the
presence of allografts and massive implants in-
stalled in the defect. The risk of deep suppuration
increases significantly. After a number of similar
complications, we began to separate (if possible)
the stage of extensive pelvic resection and stabili-
zation (if necessary, with the spacing of the defect
with cement with antibiotics) and the reconstructive
stage using auto- and allografts, the final vertebral-
pelvic stabilization. The time between the stages
depends on the specific clinical situation, ranging
from one to several months. During this period, it
is possible to carefully prepare for reconstruction,
prepare implants, if necessary, perform modeling
and an individual prosthesis exactly according to
the shape of the resulting defect.

The purpose of the study: to analyze the results
of two-stage surgical treatment of patients with ex-
tensive bone defects of the pelvis.

Fig. 2. 3D SCT pelvic reconstruction after the 1%t stage.

MATERIALS AND METHODS

Data on 7 patients who underwent surgical in-
terventions for pelvic and sacral tumors at the Na-
tional Medical Research Centre for Oncology of the
Ministry of Health of Russia from 2016 to 2020 are
presented. For this analysis, patients were selected
with a locally widespread process that required a sig-
nificant volume of resection of the posterior parts
of the pelvis and with the formation of an extensive
bone defect requiring reconstruction with massive
auto- and allografts and implants. The average age
of the patients was 36 years, all women.

All patients at the prehospital stage underwent spi-
ral computed tomography (CT), magnetic resonance
imaging (MRI), trepanobiopsy. All patients have given
informed consent for this type of surgical interven-
tion, for the study.

Five patients underwent sacrectomy in different
variants with resection of the iliac bones (1 patient
had sacral liposarcoma, G3T3NOMO, 1 patient had
malignant chordoma, G2T3NOMO, 2 patients had
sacral chondrosarcoma, T3NOMO.

Two patients underwent ilio-abdominal resections,
one patient had iliac fibrosarcoma, G3T2NOMO, and
one patient had Ewing's sarcoma, T3NOMO.

The group did not include patients with sacral
resection below the S2 level and paraarticular re-
section of the hip joint, when the reconstructive-
stabilizing stage was performed immediately.
Surgical treatment is divided into 2 stages for all
patients.

At the st stage, we performed: 5 surgical inter-
ventions in patients with sacral tumors — total or ex-
tended sacrectomy at the level of L5-S1 vertebrae
with lumbo-iliac bilateral stabilization by an eight-
screw pedicular system. In 2 cases, ileo-abdominal
resection was performed with replacement of the
defect with a cement articulating spacer (2-3 doses
of polymethylmethacrylate) with vancomycin. The
spacer was manufactured in the operating room and
installed on spongy 6.5-7.0 screws inserted into the
remains of the pubic, sciatic bones and sacrum from
the sawdust side.

In order to reduce the volume of blood loss, an
intraoperative system was used to return autolo-
gous blood with Cell-Saver Sorin, thanks to which
it was possible to significantly improve the quality
of infusion-transfusion therapy and obtain an ac-
ceptable level of hematocrit. As compensation for
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intraoperative blood loss, we used the autohemo-
transfusion technique. In the preoperative period,
autologous blood components were harvested in
one or two stages, which had a pronounced positive
effect on the course of the postoperative period, and
also allowed to reduce the number of allogeneic (do-
nor) blood transfusions and related complications.
In order to reduce intraoperative blood loss, three
patients underwent angiography with superselective
embolization of tumor vessels before surgery.

The reconstructive stage was completed in an
average of 3 months. In 1 case, a massive individ-
ual prosthesis of half of the pelvis with a hip joint.
In other cases, combined auto- and alloplasty. Ad-
ditional stabilization (installation, rewiring) of the
vertebral-pelvic pedicular system was required in
4 patients.

Patients (according to indications) received adju-
vant chemo-radiation therapy according to clinical
recommendations [13].

Fig. 3. 3D SCT reconstruction of the pelvis after stage 2 (arrows indicate the zone of additional stabilization of the pelvis).

Fig. 4. 3D SCT pelvic reconstruction six months after stage 2
(arrows indicate the emerging spondyloidesis).

10

Fig. 5. SCT of the right hip joint (indicated tumor).
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RESEARCH RESULTS AND DISCUSSION

The presented cases of two-stage surgical treat-
ment with extensive postresection bone defects in pel-
vic and sacral tumors were evaluated according to the
following criteria: surgical, orthopedic, oncological.

Surgical result. At stage 1, the average duration
of the operation was 3.5 hours, intraoperative blood
loss was 1-4.5|. The average length of hospital stay
was 18 days. All patients were prescribed adequate
antibiotic therapy, anticoagulant therapy, and accom-
panying therapy.

Complications after stage 1: 1 patient had necro-
sis of the wound edges, infection of seroma, which
required necrectomy and wound rehabilitation with
preservation of implants.

In all patients, stage 2 (reconstructive stage) was
not accompanied by great traumatism. The average
blood loss is 800 ml. The average duration of the
operation was 2 hours. There were no complications
after the reconstructive stage of the operation.

Orthopedic result. Patients were activated with
lifting on crutches for 2—4 days (at each of the 2
stages). Rehabilitation doctors and psychologists
worked with patients every day.

The functional result was evaluated according
to the Enneking scale [13]. In 1 patient after recon-
struction of the acetabulum and hip joint with an
endoprosthesis, the functional result was assessed
as good. In patients after sarcectomy, the functional
result was assessed as good and satisfactory.

Oncological result. All patients underwent radical
surgical intervention — according to the morphologi-
cal conclusion, the resection edges are negative (R0)
in all patients. Patients (according to indications)
received adjuvant chemo-radiation therapy according
to clinical recommendations [14].

The follow—up period for patients is 6—36 months.
Relapse in 1 patient (after 1 year), 1 patient died -
generalization of the process (metastases to the
lungs after 12 months), in 5 patients there are no
signs of relapse and metastases.

Clinical case No. 1. Patient R., 39 L., in IX-2017,
complained of pain in the sacrum, weakness in the
n/ extremities, pelvic disorders and impaired walk-
ing function (previously, she had been treated for
polyosteochondrosis for more than six months). She
moved in a wheelchair and for short distances with
a walker. During the examination, a tumor lesion of
the sacrum was diagnosed with a soft-tissue intra-
phase component and compression of the roots of
the sacral canal and extra-channel on the left (Fig.
1). According to the conclusion of trepan biopsy and
IHC - a malignant tumor of sarcomatous nature, the
morphological picture and immunophenotype most
correspond to pleomorphic liposarcoma. She re-
fused the proposed surgical treatment. The patient
underwent 8 courses of polychemotherapy radiation
therapy in 11-2018 (50Gr) - there is a slight positive
effect with partial regression of pain and radicular
syndrome.

Fig. 6. Pelvic SCT, fibrosarcoma of the iliac bone after 4 weeks (the tumor is indicated).
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Fig. 7. Pelvic X-ray in direct projection after stage 1.

Taking into account the volume and duration of
the intervention, radiation changes in the access
area, and the high risk of infectious complications,
it was decided to divide surgical treatment into two
stages. In I1X-2018, the first stage was sacrectomy
with resection of the left sacroiliac joint, lumbo-pelvic
stabilization (Fig. 2). The duration of the operation
was 4 hours 50 minutes, blood loss was 3.0 liters;
the Cell-Saver Sorin system was used.

In 11I-1V-2018, the 2nd reconstructive stage of in-
tervention was planned, but the patient applied only
in V-2019. She complained of pain in the area of sur-
gery. There is no data for a relapse on SCT. Fatigue

—

fracture of the locking rod, instability of the struc-
ture on the side of the greatest defect was revealed.
05/20/2019 - stage 2 reconstructive surgery: fusion
with auto-allografts, supplemented with lumbar-pelvic
stabilization (Fig. 3).

X1-2019, control examination of the patient. The
data for tumor recurrence is not determined, it is
already possible to see the reconstruction of trans-
plants and the emerging spondyloidesis (Fig. 4).

Clinical case No. 2. Patient K., 49 years old. Diagno-
sis: (C41.4) Fibrosarcoma of the right iliac bone, G3T-
2NOMO, Stil, cl. gr. 2. Applied in March 2017 (Fig. 5).

After trepanobiopsy (HA - fibrosarcoma), chirurgi-
cal treatment was offered, which the patient refused.
She reapplied after 4 weeks due to increased pelvic
pain. According to the CT data, rapid progression of
the disease was revealed (Fig. 6). Surgical treatment
(two-stage) was re-proposed.

05/17/2017 resection of the right half-ring of the
pelvis with the right hip joint was performed, the defect
was replaced with a cement articulating spacer and
a femoral component of the endoprosthesis (Fig. 7).

The tumor was removed in one block. The edges
of the resection R0O. Then 3 courses of adjuvant poly-
chemotherapy were conducted.

Histological conclusion: Low—grade fibrosarcoma
with extensive foci of necrosis, hemorrhages, with
destruction of bone beams (G3), in some areas -
undifferentiated fibrosarcoma with the presence of

3

Fig. 8. 3D SCT-pelvic reconstruction, preoperative planning of an individual endoprosthesis.
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multinucleated cells; resection lines without signs
of tumor growth; in the lymph node - hyperplasia of
lymphoid tissue, focal fibrosis.

4 courses of adjuvant polychemotherapy were
performed (doxorubicin 75 mg/m? in the form of
a 72-hour infusion, ifosfomide 2.5 g/m? in the form
of a 3-hour infusion in 1-4 days).

During this time, an individual pelvic endoprosthe-
sis was made (Fig. 8).

09/05/2017 by stage 2 was performed pelvic re-
construction with an individual titanium implant with
hip replacement (Fig. 9).

CONCLUSION

1. The use of the described 2-stage technique al-
lowed avoiding severe infectious complications re-
quiring removal of implants and grafts in all patients.

2. Adequate vertebral-pelvic stabilization and (or)
spacing of the defect contributes to the early func-
tional rehabilitation of patients and the continua-
tion of adequate adjuvant therapy in the inter-stage
period, and also gives the surgeon time to prepare
implants for the reconstructive stage of treatment.

3. The delayed reconstruction makes it possible to
reduce the duration and traumatism of the main inter- Fig. 9. A direct radiograph of the pelvis after stage 2 11-2019.
vention without affecting the final result of treatment. According to the CT data, there is no data on local relapse.
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ABSTRACT

Purpose of the study. To study the effect of SIEL 159-330 coating on the cell clusters formation rate in a hanging drop method
in combination with the use of methylcellulose (MC) and collagen as cell aggregation improving agents.

Materials and methods. BT20 breast cancer cells were cultured in drops of 20 uL (10* cells per drop) on the lid of a polysty-
rene Petri dish coated with SIEL 159-330 silicone elastomer (GNIIKHTEOS, Moscow, Russia) or without coating. The study
tested three concentrations of MC (0.1 %, 0.25 % and 0.4 %) and collagen (150 pug/ml, 300 pg/ml and 600 pg/ml). The rate of
formation of cell conglomerates was assessed by evaluating their area after 4, 24, 48, and 72 hours of cultivation.

Results. The use of SIEL 159-330 coating made it possible to obtain spheroids of the same size as the addition of 0.4 %
MC over a time interval of 72 hours. The silicone coating additionally reduced the size of cell spheroids in the medium with
0.1 % MC at all time points; however, this effect disappeared with increasing concentration of MC. In addition, the use of SIEL
159-330 reduced the relationship between the size of cellular spheroids and the concentration of MC, which allows us to
consider the use of this coating as an alternative to MC or a way to reduce its concentration. In the experiment with the addition
of collagen to the culture medium, the sizes of cell conglomerates formed on the silicone coating were significantly smaller
than on uncoated plastic in all variants of the experiment and time points. The effect was more pronounced for a collagen
concentration of 600 pg/ml. The use of SIEL 159-330 coating, in addition, reduced the variability in the size and shape of the
resulting cell conglomerates.

Conclusion. Accelerated aggregation of cells and fibers of the extracellular matrix in hanging drops, as well as a reduction in
the variability in the size and shape of the resulting cell clusters on SIEL 159-330, allows us to reduce the time of experiments
and material costs, as in experiments with the addition of substances that accelerate the formation of spheroids (MC and
collagen), as well as in their absence.
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OPUTUHATIbBHASA CTATbA

NPUMEHEHWE CUTMKOHOBOT0 NOKPLITUA ANA ONTUMU3ALIMK NMPOLLECCA
MONYYEHUA KJTETOYHBIX COEPOMI0B METOZ0M BUCAYEN KATIU

C. 10. dununnoea™, A. 0. Cutkoeckas, C. B. Tumodeera, T. B. LLlamoea, U. B. Mexxesoea, H. B. leHHas, . A. HoBukoBa

HMWL| oHkonoruwm, r. PoctoB-Ha-[loHy, Poccuiickas Gefepauus
X filsv@yandex.ru

PE3IOME

Llenb uccnepoBanus. MiccnepoBatb BAMsiHWE NOKpbITUA M3 CU3JT 159-330 Ha cKOpOCTb M XxapaKTep 06pa3oBaHus KI1eTOY-
HbIX CKOMJIEHWI B BUCSYEN KanJie B COYETaHWUU C MpUMeHeHneM MeTunuenntonosbl (ML) v konnareHa B Ka4eCTBE areHToB,
ynyyLaloLWwmx arperaumio KneTok.

MaTtepuanbi u MeTogbl. KneTku KynbTypbl paka MonioyHom xenesbl BT20 B konnyecTtse 10* nomellany B Kannsix 06bEMOM
20 MK/ Ha KpbILUKY NOMMCTUPOOBOI YaLlku MeTpu ¢ NOKpbITUEM U3 CUAMKOHOBOTO anacToMepa CUAJT 159330 (AO «THU-
MXT3I0C», r. Mockea, Poccusi) nnu 6e3 NokpbITUs. B uccnefoBaHnM TeCTUPOBaIM No Tpy KoHueHTpauumn ML, (0,1 %, 0,25 %
1 0,4 %) v konnareHa (150 Mkr/mn, 300 MKr/Mn 1 600 MKr/Mi1). CKOpocTb GOPMUPOBAHUS KIIETOYHbIX KOHTTIOMepaToB
oLEeHMBaNn Yepes n3aMeHeHue nx nnowaam cnycta 4, 24, 48 n 72 yaca KynbTUBUPOBaHUS.

Pesynbratbl. MNpumeHeHune nokpbiTusi us CU3J1 159-330 no3Bonuno nonyuymtb cheponabl TakKMX XKe pa3MepoB, YTo U Jo-
6aBnenHue 0,4 % ML, Ha BpeMeHHOM npomexyTke 72 yaca. CUIMKOHOBOE NOKPbITUE JOMNONHUTENBHO YMEHbLUUIIO pasMepbl
KNeTouHbIX chepounpos B cpege ¢ 0,1 % ML, Bo Bcex BpeMeHHbIX Toukax, 0fiHaKo C POCTOM KOHLUeHTpauuu ML aaHHbIR
addekT ncyesan. Kpome toro, ncnonobsosaHne CU3J1 159-330 ymMeHbLUWNIIO CBA3b pa3MepPOB KJIETOYHbIX cheponoB
C KOHUeHTpauuei ML, 4To no3BonsieT paccMaTpuBaTb NPUMEHEHWe aHHOrO NOKPbITUSA, KakK anbTepHaTuBy MLL nnu cnoco6
COKpaTUTb eé KOHLEeHTpaLuto. B onbiTe ¢ fo6aBneHneM B cpefly KyNbTUBUMPOBAHUS KOMnareHa pasmepbl KNEeTOYHbIX KOH-
rnoMepaToB, 06pasyHOLLMXCA Ha CUIMKOHOBOM MOKPbITUW, 6bININ AOCTOBEPHO MEHbLLIE, YEM Ha MacTUKe 6e3 NoKpbITUS BO
BCeX BapuaHTax oMbiTa U BpeMeHHbIX Toukax. [pu aTom addekT 6b11 60nee BbipaXKeHHbIM AN KOHLEHTPaLumM KosiareHa
600 mkr/mn. MpumMeHeHne nokpbiTua 3 CU3J 159-330, Kpome TOro, COKpaTUIO BapnaTUBHOCTb padMepoB 1 hOopMbl
06pasyroLLMXCA KNETOYHbIX KOHTTOMepaToB.

3akntoyeHne. YCKopeHHas arperaums KeToK 1 BONIOKOH BHEK/IETOYHOMO MaTpMKCa B BUCAUYMX KamJisx, @ TaKXKe COKpaLleHue
BapMaTMBHOCTU B pa3Mepax U popme 06pasyoLmxcs KNeTouHbix ckonneHnini Ha CU3J1 159-330 no3BossieT COKpaTUTb
BpeMs NPOBeAEHUS SKCNEPUMEHTOB U MaTepuasbHble 3aTpaThbl, Kak B OMNbITax ¢ f06aBIeHNEM BELLECTB, YCKOPSAOLWMUX
tdopmupoBaHme chepongos (ML, u KonnareH), Tak U B UX OTCYyTCTBUE.

KnioyeBble cnoea:
TpEXMepHas KneTouYHas KynbTypa, KNETOYHbI chepoua, METoA BUCSYEN Kaniu, METUNLIENIIION033, KOJINareH,
CUJIMKOHOBBII 3n1acToMep
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RELEVANCE

High-performance methods of drug screening tra-
ditionally rely on two-dimensional cell cultures grown
on plastic in the wells of multipath tablets. Recently,
the trend has shifted towards three-dimensional drug
screening, especially in cancer therapy, due to the
unique characteristics provided by these cultivation
platforms. It is known that the cultivation of cancer
cells in two-dimensional cultures leads to a change
in their phenotype and a loss of the properties that
these cells possess in vivo in the body of patients, in
particular, to a loss of expression of molecules of key
signaling pathways [1]. Nevertheless, the phenotype
of tumor cells is able to recover in three-dimensional
cultures due to increased adhesion and signaling in-
teractions between cells and the extracellular matrix,
a decrease in the rate of proliferation to the corre-
sponding physiological growth rate, the formation of
limited nonlinear metabolic gradients corresponding
to the natural growth environment of tumor cells and
other factors [2].

One of the most common types of three-
dimensional cell culture are cellular spheroids. At
the moment, there are many methods for obtaining
spheroids, of which the "hanging drop" method is con-
sidered the most affordable, which does not require
special equipment or consumables [3]. The essence
of this method is that the cells are placed in a sus-
pended drop of the medium, and as a result of the
action of gravity and the meniscus that occurs at the
air-liquid interface, the cells are localized at the bot-
tom of the hanging drop [4]. One of the weak points
of the culture of spheroids obtained by the "hanging
drop" method is the variability of the morphology
and structure of the resulting cellular conglomer-
ates, which reduces the accuracy of reproduction of
natural profiles of metabolic gradients and makes it
difficult to compare the effectiveness of drugs. The
introduction of additives that accelerate cell aggre-
gation contributes to improving the reproducibility of
compact round spheroids. Currently, both biological
and synthetic additives are used, which are based on
the ability to cross-link cells with each other, stimu-
late cell adhesion or modify the rheological proper-
ties of the medium to accelerate the sedimentation
of cells in the lower part of the drop. Extracellular
matrix components such as collagen, fibronectin or
a preparation of the basement membrane formed
by the culture of mouse sarcoma cells — Matrigel®

are usually used as crosslinking agents [5]. Various
cellulose derivatives, in particular, methylcellulose
(MC), are most often used as additives that change
the rheological properties of the media [6].

The disadvantages of MC and collagen include the
possible effect on the interaction of cells with each
other and other components of the medium. Thus,
collagen is an active participant in cell signaling [7],
so its presence can change the behavior of cells that
interact with the extracellular matrix of a different
chemical composition under natural conditions, such
as brain tumor cells [8]. Methylcellulose, according
to the general idea, is an inert agent that does not
interact with cells, however, due to the large number
of coordination bonds with other molecules of the
medium, MC can lead to an unpredictable change in
their properties [9].

Due to the existing disadvantages of additives
accelerating cell aggregation, researchers pay at-
tention to the modification of the surface and giving
it hydrophobic properties, which contributes to the
creation of a higher curvature of the drop surface,
leading to accelerated aggregation of cells in its
lower part. For these purposes, Parafilm® laborato-
ry film is most often used [10; 11] and a coating of
polydimethylsiloxane (PDMS) [12] - one of the vari-
eties of silicone. Earlier we showed that the coating
made of biologically inert silicone elastomer SIEL
159-330, produced for medical purposes (GNIIKH-
TEOS, Moscow, Russia) [13] after modification of the
curing mode for working with culture plastic does
not have cytotoxic properties and is not inferior to
Parafilm® film in its ability to accelerate the formation
of cellular spheroids [14]. In this paper, we continued
to study the possibilities of this silicone coating in
the context of improving the protocol for obtaining
spheroids by the hanging drop method.

The purpose of the study was to investigate the
effect of SIEL 159-330 coating on the rate and nature
of the formation of cell clusters in a hanging drop
in combination with the use of methylcellulose and
collagen as agents that improve cellular aggregation.

MATERIALS AND METHODS

BT20 breast cancer culture cells were grown in
DMEM (Gibco, USA) with the addition of 10 % fetal
cow serum (HyClone, USA) without the addition of
antibiotics. Spheroids from BT20 culture cells were
obtained by the hanging drop method, namely by
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applying droplets of culture medium with cells to the
inner surface of the Petri dish lid, followed by turning
over and covering the bottom of the cup, into which
a phosphate buffer was introduced to create a wet
chamber and thereby prevent the droplets from drying
out too quickly. The volume of applied drops was 20
ul, each drop contained 10* VT20 culture cells. The
study tested the coating of culture plastic (polysty-
rene) with silicone elastomer SIEL 159-330, cured at
a temperature of 60 °C for 18 hours, in combination
with the addition of methylcellulose in 3 concentra-
tions (0.1 %, 0.25 % and 0.4 %), as well as collagen in
3 concentrations (150 pg/ml, 300 pg/ml and 600 pg/
ml). In total, 35 repetitions were laid for each version
of the experience and controls. Petri dishes with ap-
plied droplets were kept in a CO, incubator at a tem-
perature of 37 °C and a CO, content of 5.0 % without
changing the medium for 72 hours and photofixation
of the resulting cell conglomerates was performed
after 4, 24, 48 and 72 hours using an inverted Axio
Vert microscope. A1 (Carl Zeiss Microscopy, Ger-
many). The resulting images were used to measure
the area of the resulting conglomerates. The data
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is given as an average value of + 95 % confidence
interval for the average value.

RESEARCH RESULTS AND DISCUSSION

The use of a SIEL 159-330 coating by itself led
to a reduction in the size of the formed cell con-
glomerates, which is clearly seen in the graphs in
samples without MC (Fig. 1A, B) The result obtained
corresponds to the data we previously published [14]
and is confirmed by statistical analysis (Table 1). The
addition of methylcellulose further reduced the size
spheroids on both tested surfaces, which is also con-
sistent with the literature data [6; 15]. Nevertheless,
after 72 hours of cultivation on a silicone coating,
the difference between the control and the medium
with the addition of 0.4 % MC became statistically
insignificant (t = 0.68, t_, = 1.995, df = 68, a = 0.05),
therefore, at this time interval, SIEL 159-330 can be
a replacement for MC.

The minimum size and stabilization of the size of
the spheroid were not observed on uncoated plas-
tic and without the addition of MC, up to 72 hours

——0,1%
==—0.25%
0.4%
i conitrol
2
g . T
" 1.5
o
EE}
W
4
"
T
g
o1
[=]
3]
=
&
0.3
0 T T
4 24 48 72

Cultivation time, hrs

Fig. 1. Size of cell conglomerates with the addition of various concentrations of methylcellulose. A — uncoated polystyrene. B — coated

with SIEL 159-330. Mean 95 % conf. interval.
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of cultivatio (Fig. 1A, control). The use of a coating
from SIEL 159-330 reduced the formation time of
a compact spheroid to 48 hours (Fig. 1 B, control),
and the additional introduction of MC accelerated the
stabilization of the sizes of spheroids to 24 hours. At
the same time, the addition of a coating from SIEL
159-330 did not affect the final size of the spher-
oids — after 72 hours of cultivation, there was no
statistically significant difference in the values of
the area of the spheroids between the two coatings
(Table 1).

The data obtained by us also indicate that the
silicone coating makes a significant contribution
to accelerating the formation of spheroids at low
concentrations of MC. This can be judged by the dif-
ference between the average values of the area of
spheroids formed on uncoated plastic and silicone
coating after 4 hours of cultivation (t = 6.53) and after
48 hours of cultivation (t = 2.32) at a concentration of
0.1 % MC. At other time points, the Student's criterion
value, although close to the critical value (t_, = 1.995,
df = 68), nevertheless did not exceed it (Table 1). For
concentrations of 0.25 % and 0.4 % MC, significantly

significant differences in the average sizes of spher-
oids were observed only after 4 hours of cultivation
(t,s5 = 248, 1, = 3.09), with a sharp decrease in the
Student's criterion value at subsequent time points.
Shortening the time for the formation of spheroids in
the hanging drop method would make it possible to
move earlier to manipulations with them - transfer,
replacement of the medium, introduction of addition-
al components, etc.

The graphs show that on uncoated plastic, the size
of the spheroid clearly correlates with the concentra-
tion of MC - the higher the concentration, the smaller
the size of the spheroids at each time point (Fig. 1A).
At the same time, the difference was statistically
significant, since the values of the Fisher criterion for
all variants exceeded the critical value (F_, = 3.087,
k, =2, k, =102, a = 0.05) with a gradual decrease
by 72 hours (Table 2). On the SIEL 159-330 coat-
ing, the difference between variants with different
concentrations of MC is reduced, but also remains
reliably significant.

The observed pattern corresponds to the data
known from the literature [15]. These observations

Table 1. The Student's t test value of for pairwise comparison of the average values of the area of spheroids formed on the

plastic coated with SIEL 159-330 and uncoated plastic

Cultivation time, hrs.

Cultivation media

4 24 48 72
Control n/a 71.03 11.4 31.18
MC 0.1 % 6.53 1.91 2.32 1.98
MC 0.25 % 2.48 1.87 0.75 1.86
MC 0.4 % 3.09 1.56 0.66 0.37
Collagen 150 pg /ml 6.46 10.55 10.41 9.05
Collagen 300 pg/ml 6.0 12.57 3.15 3.02
Collagen 600 pg/m 4.17 13.58 8.31 5.1

Note: values of the t criterion exceeding the critical value for the significance level adopted in the study a = 0.05 (t_, = 1.995, df = 68) are
highlighted in bold.

Table 2. The Fisher F criterion values of the analysis of variance of the average values of the area of spheroids formed at
three concentrations of methylcellulose for each time point

Cultivation time, hrs.

Coating type

4 24 48 72
Polystyrene without 112.76 26.09 298 14.29
coating

SIEL 159-330 67.86 26.94 3.71 8.12
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allow us to conclude that the use of a coating from
SIEL 159-330 can contribute to a decrease in the
concentration of MC for short exposures and a com-
plete rejection of MC during cultivation for 72 or more
hours in cases where MC can interfere with the ex-
periment.

In addition to accelerating the formation of spher-
oids at the early stages of the experiment, the SIEL
159-330 coating had a noticeable effect on the
shape of the formed cellular conglomerates in the
experiment with MC. So, after 72 hours of cultivation,
the cellular spheroids obtained on SIEL 159-330 had
a more even contour, which is especially noticeable
in the control samples (Fig. 2). Smooth contours
indicate uniform formation of the spheroid and, as
a consequence, its homogeneous structure. The ho-
mogeneous structure of spheroids, in turn, is the key
to a smaller spread of data obtained on such cellular
models when testing various physical and chemical
influences.

In the experiment with the addition of collagen to
the culture medium, the sizes of cellular conglom-

erates formed on silicone coating were significantly
smaller than on uncoated plastic in all variants of
the experiment and time points (Table 1). Compared
with the control, the addition of collagen led to the
formation of conglomerates, the size of which directly
depended on the concentration of collagen (Fig. 3A,
B). First of all, the observed effect is due to the fact
that the resulting fibers of the extracellular matrix are
themselves the material of the conglomerate, and,
therefore, directly determine its volume. To an even
greater extent, the concentration of collagen deter-
mines the observed area of conglomerates, since the
fibers are collected on the surface of the drop and
the cluster formed in this case is a disk, not a ball.
In contrast to the MC experiment, the addition of
a silicone coating led to a significant reduction in
the size of cell clusters at all time points and in all
samples with the addition of collagen. Attention is
also drawn to the change in the regularity of the for-
mation of cell clusters when using a coating from
SIEL 159-330. Thus, in uncoated plastic samples,
the size and concentration are linearly related, as

=

Polystyrene

Methylcellulose

SIEL 159-330

Collagen
Polystyrene

SIEL 159-330

Fig. 2. View of cell spheroids obtained with the addition of methylcellulose or collagen to the medium after 72 hours of cultivation on
polystyrene coated with SIEL 159-330 and uncoated polystyrene. Magnification x20. Scale bar 1000 pm.

20



l0xHo-Poccuitckuii onkonornyeckuii xypHan 2022, T. 3, N2 3, C. 15-23

dununnoea C. 10.%, Cutkosckas A. 0., Tumodeesa C. B., llamosa T. B., Mexesoga W. B., THexHas H. B., Hosukosa W. A. / MpumMeHeHue
CUNNKOHOBOTO MOKPbITUSA AN ONTUMMU3ALIMM NpOLiecca NoNyYeHNs KNeToYHbIX cheponaoB METOAOM BUCAYEl Kanau

indicated by the increase in the size of the disc in
proportion to the increase in the amount of collagen,
which is most clearly seen after 72 hours of culti-
vation (Fig. 3A). At the same time, when cultured
on a silicone coating, the gap between 300 ug/ml
and 600 pg/ml was significantly reduced, with an
almost unchanged difference between 150 pug/mi
and 300 pg/ml (Fig. 3B). This behavior of cellular
conglomerates most likely indicates the accelerated
formation of conglomerates in the early hours after
the experiment was started, which allowed a more
compact cluster to form before the completion of
collagen polymerization, all other things being equal.
This is also evidenced by the high optical density of
the clusters formed on the SIEL 159-330 coating
compared to uncoated plastic at the same collagen
concentrations (Fig. 2).

One of the disadvantages of collagen observed in
our experiment is the long-term stabilization of the
size of spheroids. Regardless of the concentration of
collagen, the area of aggregates formed on uncoated
plastic continues to decrease between 48 and 72
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hours of cultivation (Fig. 3A), which increases the
time for experiments with such 3-dimensional cell
models. However, the use of silicone coating led to
a reduction in the stabilization time of the size of
aggregates from cells and fibers of the extracellular
matrix up to 48 hours, regardless of the concentration
of collagen (Fig. 3B).

Attention is also drawn to a sharp decrease in
the variation in the size of cellular conglomerates
when using a coating from SIEL 159-330 for all time
points. Thus, the standard deviation on uncoated
plastic averaged 0.9 compared to 0.18 on SIEL
159-330 in all variants of the experiment with the
addition of collagen and time points. As in the case
of a uniform surface and structure of spheroids, the
reduced variability in the size of 3-dimensional cell
models makes it possible to reduce the spread of
experimental data in subsequent studies.

CONCLUSION

The use of a coating made of silicone elastomer
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Fig. 3. The size of cell conglomerates with adding different concentrations of collagen. A — uncoated polystyrene. B — coated with SIEL

159-330. Mean + 95 % conf. interval.
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SIEL 159-330 makes it possible to improve the prac-
tice of obtaining cellular spheroids by the hanging
drop method. Accelerated aggregation of cells and
fibers of the extracellular matrix, which we observe
in the first hours of cultivation of drops on SIEL 159-
330, allows us to reduce the time of experiments,

both with the addition of substances that accelerate
the formation of spheroids (MC and collagen), and in
their absence. In addition, the tested silicone coating
also reduces the material costs of conducting studies
in which collagen is used by reducing the variability
in the size of the formed cellular conglomerates.
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CLINICAL CASE REPORT

STEREOTACTIC RADIOSURGERY FOR BRAIN METASTASES IN A CHILD
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ABSTRACT

Ewing's sarcoma is the second most common oncological disease of bones and soft tissues in children and adolescents,
which is characterized by rapid growth and early metastasis. Brain metastases (BMs) occur in 10-12 % of cases and constitute
a factor in the unfavorable prognosis of the disease. The possibilities of surgical treatment are often limited by the localization
of a metastatic tumor, and the vast majority of chemotherapy drugs don’t penetrate the blood-brain barrier, therefore radiation
therapy, particularly stereotactic radiosurgery, the principle of which is a single high dose (15-24 Gy) of ionizing radiation
to the pathological focus, is the most important method of treatment. High accuracy of tumor irradiation is ensured by rigid
immobilization of the patient (using stereotactic frames or individual three-layer thermoplastic masks) in combination with
positioning of the patient and control of his position by orthogonal X-rays. According to various authors, the use of stereotactic
radiosurgery provides local control over BMs in 90 % of patients, regardless of the histological type of the primary focus, age
and gender of the patient. The article describes a clinical case of successful radiosurgical treatment of a child suffering from
extra-skeletal Ewing's sarcoma, in which following the complex treatment, progression of the disease, represented by multiple
metastatic brain damage was revealed; the cumulative volume of metastatic foci was 2.3 cm?® and due to the proximity of
the brain stem, as well as in order to avoid exceeding the tolerant load on healthy brain tissues, the total focal dose did not
exceed 16 Gy. A complete response to therapy in the form of regression of all foci was noted six months after the treatment.
To date, insufficient data has been published on the use of stereotactic radiosurgery in pediatric oncology, but in the available
literature, the authors demonstrate the effectiveness and safety of treatment. Further research is needed to study the effect
of the radiosurgical method on the children.
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KNMMHWYECKOE HABJTIOAEHUE

OMbIT NPUMEHEHUS METOJWUKM CTEPEOTAKCUYECKOW PALUOXUPYPIUU MPK
JIEYEHUN METACTATUHECKOTO NMOPAXEHWA T0JIOBHOTO MO3IA Y PEBEHKA
C BHECKENETHOWU CAPKOMOW HOMHTA

T. C. Poroea™, . I. CakyH, B. U. Bowegackuii, C. I. Bnacos, J1. fl. Po3sehko, E. A. KapnayxoBa, 0. I. PognoHoBa,
M. A. Komanpupos, E. A. FopbyHoga, C. A. KysHeuoB, M. B. Ctapxeukas, I. A. Mkptus, [l. 10. IOpueHko,
E. E. NMak, A. U. becnanoBa

HMWL| oHkonorum, r. PoctoB-Ha-[loHy, Poccuiickas Gepepauus
X coffeecreeps@yahoo.com

PE3IOME

Capkoma lOvHra — BTopoe o pacnpocTPaHeHHOCTM OHKOIOrMYecKoe 3a6oneBaHne KOCTel U MSATKUX TKaHew y AeTel 1 noj-
POCTKOB, KOTOPOE XapaKTepusyeTcsi 6bICTPbIM POCTOM U paHHUM MeTacTasMpoBaHueM. MeTacTaTuyeckoe NopaxeHue ro-
nosHoro mMosra (MIMIrM) sctpeyaetcsa B 10-12 % cnyyaes 1 siBnsieTca GakTopoM HeEGNaronpuATHOrO NPOrHo3a 3aboneBaHus.
B0O3MOXHOCTU XMPYPryecKoro neyeHnst 3a4acTyto orpaHUYeHbl TIoKannsaumen MeTacTaTMyeckon onyxonu, a nogasnstollee
60ONbLUMHCTBO XMMMUOMNPENapaToB He NPOHMKAaeT Yepesd reMaToaHuedannyeckunii 6apbep, NOSTOMY BaXKHEWLLIUM METOAOM
JleyeHun ABNSAETCA lyyesas Tepanus, B YaCTHOCTU, CTepeoTakCUyecKas pagmoxupyprus, npUHLMNOM KOTOpon ABNseTcs
OflHOKpaTHOEe NMoABefeHue BbiCOKOW [03bl (1524 p) MOHU3MPYHOLLEro U3NyYeHUs K MaToNorMyeckoMy odary. Boicokas
TOYHOCTb O6JTyYEHMSI OMYXO/M 06ECTEYNBAETCS XECTKOW MMMOGUIM3aLMel nauueHTa (MCNonb30BaHNWe CTePeoTaKCUYEeCKUX
paM Wnu MHAMBUAYANbHbIX TPEXCNIOMHBIX TEPMONIACTUYECKUX MACOK) B COYETAHUM C MO3ULMOHUPOBAHMEM MaLMEHTA
1 KOHTPOJIEM €ro NMOSOXEHNS NO OPTOrOHaNbHbIM PEHTFEHOBCKUM CHUMKaM. 10 AaHHbIM pasfiMyHbIX aBTOPOB NMPUMEHEHNe
MEeTOAMKN CTEPEOTAKCUYECKON PagNoXUpyprumn obecrneymBaeT noKanbHbIn KOHTposib Hag MMM y 90 % nauneHToOB BHe
3aBUCUMOCTU OT MTMCTOJIONMYECKOro TUMNa NepBMYHOro ovara, Bo3pacTa 1 nosa nauneHTa. B ctatbe onncaH KINnMHUYECKUmn
Cnyyaii ycnewHoro paaMoxupypriuyeckoro ie4eHuns pebeHka, CTpajatoLero BHECKeNeTHoM capkomMoi KOuHra, y KoToporo
nocne KOMMJIEKCHOTO JIe4eHUs 6blno BbISIBIEHO NMPOrpeccupoBaHne 3a6oieBaHNA — MHOXECTBEHHOE MeTacTaTuyeckoe
NMopa)keHWe rosIoBHOro MO3ra; KYMyNSiTUBHbI 06 beM MeTacTaTMYECKMX 04aroB cocTaBun 2,3 cM3, a BBUAY 611M3KOro pacro-
JIOXXEHUSI CTBOJIA MO3ra, @ TaKXe BO M36eXXaHNW NpeBbILLEeHUs TONIepaHTHON Harpy3ku Ha 340pOBble TKaHW roI0BHOMO Mo3ra
CyMMapHas oyarosas f03a He npesbicuna 16 p. [oAHbIN OTBET Ha Tepanuio B BUAE perpecca BCeX o4aroB OTMeYeH yepes
nosrofa nocne NpPoBefeHHOro neveHns. K MOMeHTy nccnefoBaHus nepuog 6espeLanBHoOro HabnoaeHns coctasnn 9 mec.
Ha ceropHsALWHWIA AeHb OMy6IMKOBAHO KpaiiHe Mano AaHHbIX O MPUMEHEHUM METOLMKM CTEPEOTAKCMYECKO PaAMoXUpyprm
B IETCKOI OHKO/OTUW, HO B UMEIOLLIECS NUTepaType aBTopbl AEMOHCTPUPYIOT 3 HEKTUBHOCTb M 6€30MaCHOCTb NEYEHNS.
HeobxoauMmbl AanbHeiilime nccnefoBaHUs Mo U3y4YeHuIo BAVSIHUSE pafMOXMpPYpruyeckoro MeTofa Ha opraHuam pebeHka.

KntoueBble cnoga:
cTepeoTakCcuyeckas pagmoxupyprus, capkoma lOunHra, metactatmyeckoe nopaxeHue roloBHOro Mosra
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RELEVANCE

Ewing's sarcoma ranks second among bone and
soft tissue tumors of childhood and adolescence. The
disease is characterized by an extremely rapid and
aggressive course; distant metastases are detected
in a third of patients by the time of diagnosis [1; 2].
The lungs (40-85 %), bones (30-70 %), lymph nodes
(10-35 %), as well as the brain are most often affect-
ed, where metastases develop in 10-12 % of cases.
The localization and size of the metastatic focus are
of paramount importance for the prognosis of the
disease [3]. Metastatic brain injury (MPGM) is an
unfavorable prognosis factor with a median survival
of 51 days [4]. The possibilities of surgical treatment
are often limited by the localization of a metastatic
tumor, and the vast majority of chemotherapy drugs
do not penetrate the blood-brain barrier, therefore
radiation therapy is the most important method of
treatment.

Stereotactic radiosurgery (SRS) is a modern meth-
od of radiation therapy based on a single application
of a high dose (15-24 Gy) of ionizing radiation to
a pathological focus, while radiation therapy in the
mode of classical fractionation provides a single fo-
cal dose of 1.8-2.2 Gy for several fractions, depend-
ing on the prescribed total focal dose. High accuracy
of tumor irradiation is ensured by rigid immobilization
of the patient (using stereotactic frames or individual
three-layer thermoplastic masks) in combination with
positioning of the patient and control of his position
by orthogonal X-rays. According to various authors
[4-6] local control over intracranial neoplasms of sec-
ondary genesis can be achieved in 90 % of patients,
regardless of the histological type of the primary
focus, age and gender of the patient.

To date, very little data has been published on the
use of the SRS technique in pediatric oncology, but
in the available literature, the authors demonstrate
the effectiveness and safety of treatment. In the
study carried out by Napieralska et al. [7] radiosur-
gical treatment at a dose of 6 to 15 Gy for relapse
of medulloblastoma or ependymoma was received
by 14 patients, including four children aged 3 to 10
years. The authors state the development of local
post-radiation cerebral edema in all patients, which
was not clinically manifested and was determined
only on MRI images. With further dispensary observa-
tion for two years, no other early or late post-radiation
injuries were detected, and the edema was eliminated
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by the administration of systemic glucocorticoste-
roids within a week. Nicolato et al. [8] studied the
irradiation of arteriovenous malformations with high
doses (from 9 to 26.4 Gy) in 100 children aged 3 to
18 years. Bleeding was observed in 9 % of patients
and was due to the peculiarity of the pathology, no
other complications were reported.

The purpose of the study: to demonstrate the clin-
ical effectiveness of the stereotactic radiosurgery
technique in children with metastatic brain damage.

Clinical case description

Patient B., 3 months old, was directed by a pedia-
trician to the National Medical Research Center for
Oncology of the Russian Ministry of Health (Rostov-
on-Don) for examination and determination of treat-
ment tactics for education in the field of soft tissues
of the back, which, according to parents, is marked
from birth. Ultrasound of the soft tissues of the back
from 09/27/2017 - in the soft tissues of the back
on the left, a hypoechoic formation is located with
smooth, clear contours, heterogeneous structure,
with dimensions of 1.4 x 2.7 cm. CT of the thoracic,
abdominal cavity, pelvic organs from 10/13/2017.-
the lung tissue is without foci, there is no fluid in the
pleural cavities, the pleura is not changed, the liver
is diffusely heterogeneous, the spleen, the pancreas
is not changed, there is no ascites. Adrenal glands,
kidneys without pathology, retroperitoneal | / n are not
enlarged, intra-thoracic | /n are not enlarged. In the
ribs, sternum, pelvic bones without destruction. On
the left, a paravertebral multi-nodular soft tissue for-
mation of 4.5 x 3.7 x 3.0 cm with an inhomogeneous
structure, calcinates, spreads through 6.7 intercostals
into the soft tissues of the back. 16.10.2017 in the
conditions of drug-induced sleep, in order to verify the
tumor process, the patient underwent a core biopsy
of the tumor. Histological analysis No. 70830/17
dated 16.10.2017 — the morphological picture is most
characteristic of Ewing's sarcoma, it is necessary
to differentiate with neuroblastoma, rhabdomyo-
sarcoma, lymphoma. IHC from paraffin block No.
70830/17 dated 10/23/2017 — morphological pic-
ture and immunophenotype of tumor cells are most
characteristic of extra-skeletal Ewing's sarcoma.
Based on the above data, a clinical diagnosis was
made: Ewing's sarcoma with paravertebral growth
at the level of 6, 7, 8 intercostal space on the left,
with growth in the soft tissues of the back, T3NOMO,
stage lll. Clinical group 2.



l0xHo-Poccuiickuin oHkonoruyeckuin xxypHan 2022, T. 3, N2 3, C. 24-31

Porosa T. C.%%, CakyH M. T, Bowepackuii B. U., Bnacos C. I, PoseHko J1. 1., KapHayxosa E. A., Pognonosa 0. I, KomaHgupos M. A., FopbyHoBa
E. A., Kysneuos C. A, Ctapxeukas M. B., MkptusiH I. A., IOpuenko . 10., Mak E. E., becnanosa A. 1./ OnbIT npUMeHeHUsi METOANKU
CTEPEOTaKCMYECKOI PaANoXUPYPrii Npu NeYeHU MeTacTaTMYECKOro NopaXeHus rofIOBHOTO Mo3ra y pe6eHKa ¢ BHeCKeneTHol capkoMoii lOuHra

In the period from November 2017 to November
2018, the patient underwent 6 courses of neoadjuvant
chemotherapy according to the EURO Ewing 2008
protocol. On 04/02/2018, surgical intervention was
performed in the following volume: removal of a resid-
ual soft tissue tumor of the middle third of the back
on the left, histological conclusion No. 30576-81/18
of 04/06/2018 - Ewing's sarcoma with pronounced

dystrophic changes in tumor cells, extensive foci of
fibrosis, with areas of angiomatosis. The formation is
removed within healthy tissues. Remote radiation ther-
apy was performed on a Novalis Tx, Varian linear ac-
celerator, according to the planned plan: from 2 arches
using the technology of volume-modulated arc therapy
(VMAT) to the area of primary tumor spread against
the background of drug-induced sleep, from 1.8 G to
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SOD 40 G. The treatment was carried out against the 03/21/2020, according to his parents, he fell off
background of drug-induced sleep. Subsequently, the  the sofa in a dream, screamed a lot. On 03/22/2020,
patient received 8 courses of adjuvant chemotherapy  the parents noted the unsteadiness of the gait, the
according to the above protocol. tilt of the head to the left. A CT scan of the brain was
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performed, conclusion: the formation of up to 16 mm
is determined on the right in the hemisphere of the
cerebellum. In the left hemisphere of the cerebellum,
a 33 x 38 x 30 mm volumetric formation with a cystic
component of 32 x 22 x 30 mm with calcinates is
parasaggitally determined, squeezing and deform-
ing the 4th ventricle, the median structures are not
displaced. On 03/27/2020, an MRI of the brain was
performed: the median structures were shifted to the
right at the level of the PH up to 8.3 mm. In the right
hemisphere of the cerebellum, there is a cystic-solid
formation with moderate vasogenic edema along the
periphery, with a total size of up to 28 x 42 mm. The
formation of a cystic solid structure of the worm,
the left hemisphere, the middle leg of the cerebel-
lum, the left parts of the Varolian bridge with a slight
edema on the periphery, dimensions 55 x 51 mm.
Compression of the IV ventricle, the plumbing of the
brain, the trunk, the legs of the cerebellum, the left
leg of the brain. Displacement of the left amygdala
of the cerebellum below the BZO level by 6.4 mm.
After intravenous amplification, an active heteroge-
neous accumulation of contrast is determined by
a solid component of tumors: on the right, the size
is 18 x 17 x 13 mm, on the left, 29 x 26 x 33 mm. The
presence of tumor contact with the walls of the left
sigmoid venous sinus, without intraluminal invasion.
The lateral ventricles of the brain are asymmetric
D < S, moderately dilated, without periventricular ede-

National Medical Research Center
48231

Head+c

3D BRAVO+c

FS: 1.5
TR: 9.7 TE: 3.9
30.07.2021 8:32:57

WL: 2896 WW: 5793 [D]
T: 1.2mm L: -17.6mm™

ma. lll ventricle up to 5.5 mm. Conclusion: MR is
a picture of the same type of cystic solid formations
in the right hemisphere of the cerebellum, in the left
parts of the cerebellum, brain stem. Differentiate
metastasis and hemangiblastoma. Compression of
the plumbing of the brain and the IV ventricle with
compensated internal hydrocephalus. Lateral dis-
location of median structures at the RF level, initial
manifestations of descending axial wedging. On
03/27/2020, an operation was performed — remov-
al of metastatic tumors of the cerebellum. GA, IHC
No. 32105/20, 800/20: Morphological picture and
immunophenotype of tumor cells, taking into account
clinical data, are characteristic of Ewing sarcoma
metastasis, Ki 67-60 %.

From 04/15/2020 to 09/21/2020, 6 anti-relapse
courses of polychemotherapy were conducted (irino-
tecan, temozolomide.) In the future, he was under
dynamic observation, MRI of the brain 1 time in 3
months, CT scan of the chest, abdominal cavity, pel-
vis 1 time in 3 months.

On the next control MRI of the brain with contrast
enhancement from 06/09/2021, multiple metastat-
ic foci of the following sizes and localizations were
found: 7 x 4 mm, 2 x 2 mm and 2 x T mm in the left
hemisphere of the cerebellum, 13 x 11 mm in the left
bridge-cerebellar corner, 5x 6 mm and 2 x 2 in the
cranial part of the cerebellar worm, 5 x 4 mm and 3
x 3 mm in the left hemisphere of the cerebellum at

WL: 2778 WW: 5557 [D]

: 1.2mm L: -35.4mm™ 30.07.2021 8:32:57

Fig. 5. Regression of metastatic foci a month after treatment, control MRI of the brain from 02/28/2022.
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the level of the quadrilaterals, 3 x 2 mm in the right
hemisphere of the cerebellum (Fig. 1). A consultation
of doctors of the National Medical Research Centre
for Oncology recommended a session of stereotac-
tic radiosurgery. The patient was hospitalized in the
radiotherapy department of the National Medical Re-
search Centre for Oncology, Rostov-on-Don.

On 06/15/2021, preliminary topometric preparation
was carried out: in the conditions of drug—induced
sleep, an individual fixing device was made - a three-
layer thermoplastic mask for stereotactic radiation
therapy, X-ray contrast tags were installed, the iso-
center was determined using the LAP Laser laser
navigation system, topometric tomography was
performed on a Siemens Somatom computer tomo-
graph, the effective dose for the study was 3.7 mdv.
Preliminary topometry data was processed at the
Singo Via virtual simulation station. Segmentation
was performed using the Elements (BrainLab) soft-
ware. The calculation and formation of a treatment
plan (3D planning) (Fig. 3, 4) for the Novalis Tx linear
accelerator (Varian, USA) were carried out.

On 06/17/2021, in the conditions of drug-induced
sleep, a SRS session was conducted on a Novalis
Tx linear accelerator, Varian on the identified meta-
static foci, the total volume of which was 2.3 cm?,
using the SRS technique with an irradiation energy
of 6 MeV and the following target coating param-
eters: V., % 295%, D__ <150 % (Fig. 3). Due to
the close location of the brain stem, as well as to
avoid exceeding the tolerant load on healthy brain tis-
sues (V,,,, = 10 cm,,) the prescribed focal dose was
16 Gy. Positioning was performed using the Exactrac
system (BrainLab). The period after irradiation took
place against the background of standard deconges-
tant therapy. No radiation reactions were observed,
the treatment was carried out satisfactorily.

A month after the SRS session with a control MRI
of the brain from 07/30/2021, according to the cri-
teria of RANO-BM, stabilization of the process in the
brain is noted: regression of the metastatic focus
in the left area of the cerebellum and the focus in
the left bridge-cerebellar corner (Fig. 5). The total
volume of foci decreased by 23 % and amounted
to 1.77 cm? (previously 2.3 cm?). A complete re-
sponse to therapy in the form of regression of all
previously determined metastatic foci was noted six
months later with a control MRI of the brain from
12/01/2021.

Currently, supportive chemotherapy is being per-
formed. Dynamic examination is carried out. There
is no data for progression.

DISCUSSION

Modern methods of treatment can prolong the
life of patients in difficult clinical situations. Despite
multiple metastatic brain damage, with the help of
radiosurgical treatment, it was possible to achieve
complete regression of foci without reducing the
quality of life of the child. By the time of the study,
no early symptoms (nausea, vomiting, headache,
fever, post-radiation dermatitis) were detected or
late (delayed growth of the skull bones) post-radi-
ation injuries. The period of relapse-free follow-up
is 9 months.

CONCLUSION

The technique of stereotactic radiosurgery in pedi-
atric oncology can prove itself as a safe and effective
non-invasive method of treatment. Further research
is needed to study the effect of the radiosurgical
method on the child's body.
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ABSTRACT

The presented clinical case demonstrates the potential of medical technologies with organ replacement in the treatment
for kidney cancer (KC) with a tumor thrombus located in the retrohepatic inferior vena cava (IVC) complicated by thrombo-
embolism of the medium and small branches of the pulmonary artery (PATE). The treatment outcomes in such patients are
usually poor due to a great number of complications and high mortality. The literature data estimates operative mortality
rate of 13 %, and the frequency of early postoperative complications reaches 60 %. Standard approaches to anesthesia in
case of thromboembolism and the threat of massive PATE are ineffective. In this clinical case, we chose the therapeutic
tactics with extracorporeal membrane oxygenation (ECMO) in the intra- and early postoperative period in order to avoid or
minimize life-threatening complications in the KC patient with a tumor thrombus in IVC and PATE. The effective use of ECMO
minimized the risk of fatal complications during nephrectomy with thrombectomy for a malignant kidney tumor in the patient
with pulmonary embolism and subcompensated disorders of the oxygen transport function of the lungs. The main objective
of medical care for this patient involved both the radical treatment of kidney cancer and the elimination of a potential cause
of thromboembolism of the pulmonary artery branches, fragments of hematogenous and tumor microthrombi. The total du-
ration of ECMO was 30 hours. No significant complications in organs and systems were recorded during the surgery and in
the early postoperative period. The development and implementation of new technologies, including devices for oxygen blood
saturation and carbon dioxide elimination, undoubtedly gives a chance for a cure for cancer patients with decompensated
organ and functional capabilities.
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kidney cancer, tumor thrombus, extracorporeal membrane oxygenation, pulmonary embolism, nephrectomy with
thrombectomy, blood gas transport function

For correspondence:

Natalia N. Popova - Cand. Sci. (Med.), anesthesiologist and resuscitator, National Medical Research Centre for Oncology, Rostov-on-Don, Russian
Federation; oncology department assistant, Rostov State Medical University, Rostov-on-Don, Russian Federation.

Address: 63 14 line, Rostov-on-Don 344037, Russian Federation

E-mail: natalyaanest@mail.ru

ORCID: https://orcid.org/0000-0002-3891-863X

SPIN: 5071-5970, AuthorID: 854895

Scopus Author ID: 57215858399

Funding: the work was carried out with the support of the National Medical Research Centre for Oncology.
Conflict of interest: authors report no conflict of interest.

For citation:

Rozenko D. A., Ushakova N. D., Tikhonova S. N., Skopintsev A. M., Popova N. N., Marykov E. A., Smirnov A. A., Rozenko A. D. Effective use of
extracorporeal membrane oxygenation in surgical treatment of kidney cancer patient with tumor thrombosis. South Russian Journal of Cancer.
2022; 3(3): 32-40. (In Russ.). https://doi.org/10.37748/2686-9039-2022-3-3-4

The article was submitted 23.05.2022; approved after reviewing 20.07.2022; accepted for publication 02.09.2022.

© Rozenko D. A., Ushakova N. D., Tikhonova S. N., Skopintsev A. M., Popova N. N., Marykov E. A., Smirnov A. A., Rozenko A. D., 2022

32



l0xHo-Poccuitckuii oHkonornyeckuii xypran 2022, T. 3, N2 3, C. 32-40
https://doi.org/10.37748/2686-9039-2022-3-3-4
KNMMHWYECKOE HABJTIOLEHUE

IDOEKTUBHOE NPUMEHEHUE 3KCTPAK0PI'IOPAﬂbHOl71UMEMBPAHHOVI
OKCUTEHALIMWA B XUPYPTUHECKOM NEYEHWW bOJIBHOWU PAKOM MOYKK
C OMyX0JIEBbIM TPOMBO30OM

L. A. Posenko', H. 1. YakoBa'?, C. H. TuxoHoea', A. M. Ckonuxues’, H. H. Monoea'?~, E. A. MapbikoB',
A. A. CmupHos', A. [l. Po3eHko®

1. HMUL, oHkonoruwm, r. PoctoB-Ha-[loHy, Poccuiickas Gepepauus

2. PoctI'MY, r. PoctoB-Ha-[loHy, Poccuiickas Gegepauus

3. HUA-KKB N2 1 um. C. B. Ouanosckoro, r. KpacHoaap, Poccuiickas depepauus
X4 natalyaanest@mail.ru

PE3IOME

MpeacTaBneHHbIN KIIMHUYECKUIA Cllydar AeMOHCTPUPYET BO3MOXHOCTU MeAMLMHCKMX TEXHOSIOTUIA C OpraHo3amMeLLleHnemM
B NleyeHumn paka noyku (Pr1) c onyxonesbiM TPOMEOM PacroNIOXXEHHbIM B PETPONEYEHOYHOM OTAENE HUXKHEN MO0 BEHbI
(HIMB), 0CNOXHEHHOro TPOM603MBOSINEN CPEAHMX U MESIKUX BETBeil NerouyHoin aptepuu. OnbIT IeYeHns JaHHOW rpynnbl na-
LIMEHTOB ABNSIETCH KpaliHe HeyA0B/IETBOPUTENIbHBIM 13-3a 6OJIBLLIOTO KOJIMYECTBA OCNIOXXHEHWI U BbICOKON NleTanbHocTH. Mo
MMEIOLLMMCA AaHHbIM NIUTepaTypbl, ONepaLMoHHas fieTalbHOCTb COCTaBnAeT okono 13 %, a yacToTa paHHUX Nocneonepauy-
OHHbIX OCNOXXHeHWI pocTuraet 60 %. CTaHAapTHbIE NOAXOAbI aHECTE3MM B CllyYae COCTOsIBLUENCS TPOMB03IMBOIMM U YIPOo3bl
pa3BUTMS MAacCUBHOW TPOMB03aME0MKM nierouHoi aptepum (TAJ1A) aBnstoTcs ManoadhdeKTUBHbIMU. [ BO3SMOXHOCTU
n36exarb MM MUHUMU3MPOBATb XXU3HEYIPOXKatoLLe OCIIOKHEHUS, B AaHHOM KJIMHUYECKOM cryyae 6onbHoi Pl ¢ onyxone-
BbIM TpoM60M B HIMB 1 nposineHmemM TOJTA Hamu 6bina BblbpaHa TakTUKa Tepanum ¢ NPUMEHEHNEM 3KCTpaKopnopasibHo
MeM6paHHoi okcureHaumm (AKMO) B MHTpa- M paHHeM nocrieonepauyoHHoM nepuoge. ddhdekTuBHoe NpumMeHeHne IKMO
NO3BOINMI0 MUHUMU3NPOBATb PUCK Pa3BUTUSA daTanbHbIX OCTOXHEHWIA NMPY BbINONHEHUNU HEDPIKTOMUN C TPOMBIKTOMMEN
no NoBoAy 3/10Ka4ecTBEHHOro HOBOO6GPa30BaHWs NOYKM y nauneHTkn ¢ TAJTA n cy6KOMMNEHCMPOBaHHbIMW HapyLUEHUAMU
KWCIOPOAHO-TPAHCNOPTHOM dyHKLMK nerkmx. OCHOBHOI 3afayeit MeAULMHCKOM MOMOLLY AaHHON NaLMeHTKe ABASNOCH He
TONbKO paAnKanbHOe leYeHne paka Novkm, HO v NMNKBUAALMS NOTEHLMANbHOIO UCTOYHMKA TPOMGOIMOBONINM BETBEN JIEFOYHOW
apTepuu B BUAE pparMeHTOB reMaToreHHbIX M ONyX0neBbliX MUKPOTPOME0B. O6Lasi npogonxuTenbHocTb AKMO coctaBuna
30 yacoB. 3a BpeMs NpoBefeHUsi XMPYPruyecKoro BMeLaTeNbCTBa 1 B paHHEM MocsieonepaLmMoHHOM Nepuoae 3HauuMbIX
OCJIOXKHEHWIA CO CTOPOHbI OPraHoB U cUCTEM 3aPUKCUPOBAHO He 6bl10. PaspaboTka U BHELPEHWE HOBbIX TEXHOJOTUM,
B TOM YuCne YyCTPONCTB AJ15 HACbILLEHNUS KPOBU KMUCTIOPOAOM U 3/IMMUHALUW YTNEKUCOro ra3a, HECOMHEHHO fAaeT LWaHC Ha
n3neyeHme OHKONOMMYECKMM NauneHTaM ¢ AeKOMMNEHCUPOBAHHbIMU OpPraHHbIMU U GYHKLMOHANIbHBIMU BO3SMOXHOCTAMMU.
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RELEVANCE

In the structure of oncological morbidity, kidney
cancer (RP) is one of the leading localizations and
occupies the 10th place [1]. According to the liter-
ature, a feature of the clinical course of renal cell
carcinoma is venous invasion with the penetration
of the tumor into the lumen of the renal vein, which
is fixed in 25-30 % of cases. Invasion of the inferior
vena cava (IVC), up to the right atrium, is registered in
4-10 % of patients, the spread of a tumor thrombus
into the right chambers of the heart is diagnosed in
1 % of patients [2].

The interaction of various branches of science and
medicine contributes to the introduction of new tech-
nologies in modern oncology. It is important to solve
the problems of early diagnosis and pathogenesis of
tumors, including the study of the mechanisms of
normal functioning of the kidneys and their patho-
logical changes in tumor processes [3]. Of course,
the application of multimodal principles of antitu-
mor therapy is of priority importance, but the only
effective method in the treatment of patients with
KCcomplicated venous thrombosis is surgical. At
the same time, until recently, patients with diagnosed
tumor invasion of IVC were considered incurable.
The treatment experience of this group of patients
was extremely unsatisfactory due to the large num-
ber of complications and high mortality [2; 4]. At the
same time, back in 1972, Skinner D. G. et al. It was
determined that KC with widespread thrombosis
in conditions of total tumor removal is potentially
curable. Moreover, the survival rate of patients after
surgery — nephrectomy with thrombectomy depends
on the prevalence of the malignant process [5]. There
is an opinion that the degree of venous invasion and
localization of a tumor thrombus also affect the sur-
vival of patients who underwent combined surgery.
Thus, according to Shiff B. (2021), the 5-year survival
rate of patients with non-metastatic KC and retro-
hepatic thrombi reaches 70 %, and in patients with
suprahepatic tumor thrombosis — 55 % [6].

It should be noted that today the choice of treat-
ment tactics for this category of patients remains
a very difficult problem. According to various data,
the operational mortality is about 13 %, and the fre-
quency of early postoperative complications reaches
60 %. Venous thromboembolic complications (3.8 %),
pneumonia (3.6 %) and acute renal failure (3.1 %) pre-
dominate in patients after nephrectomy with removal
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of a tumor thrombus [2]. Research by Borza T. it was
shown that the number of early postoperative com-
plications depends on the extent of the thrombus, so
at the level of thrombus 0 (renal vein), complications
develop in 8.7 % of cases; at level | (mouth of the
renal vein) —in 15.3 % of cases; at level Il (subhepatic
department of IVC) —in 14.2 %, level lll (retrohepat-
ic department IVC) —in 17.8 %, IV (intra-atrial) - in
30.0 % of cases (p < 0.001) [7]. To minimize complica-
tions and hospital mortality, Marshall V. et al. in 1970,
cardiopulmonary bypass was used for the first time
for surgical removal of a tumor thrombus of Il and
IV grade of spread, which remains relevant today [2].
The main advantage of this medical technology is the
prevention of the development of thromboembolic
complications. At the same time, it should be borne
in mind that cardiopulmonary bypass requires addi-
tional traumatic and complex manipulations, which
can lead to an increase in the risk of perioperative
complications, including fatal ones [4].

The improvement of medical technologies makes
it possible to expand the criteria of surgical and
functional operability of oncological patients with
decompensated concomitant pathology, as well as
with a widespread tumor process. Nevertheless, the
complicated course of cancer causes additional dif-
ficulties in the treatment of patients with KC. Despite
the possibilities of modern diagnostic technologies,
more than 40 % of patients with KC are detected in
common stages, or there is a metastatic lesion. The
absence of obvious clinical signs contributes to the
latent course of the process, and the onset of the
disease, in such cases, may be bleeding, pulmonary
embolism (PE), acute cardiovascular insufficiency
due to a decrease in the ejection fraction of the right
ventricle and /or blocking of the heart valves [2].

The development of surgical technologies and the
possibilities of anesthesiological support, includ-
ing substitution therapy, cardiopulmonary bypass,
hypothermia and other techniques allow optimiz-
ing the treatment of patients with KC with vascu-
lar invasion [4]. An important point is the fact that
thromboembolism has taken place at the diagnostic
stage, which undoubtedly limits the possibility of
radical treatment. Moreover, the choice of tactics
of specialized care in this case is extremely difficult.
Often, patients with KC with signs of PE are doomed
to a fatal outcome. Standard anesthesia approaches
in the case of thromboembolism and the threat of
massive PE are ineffective. In order to avoid or min-
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imize life-threatening complications, in this clinical
case of a KC patient with a tumor thrombus in the IVC
and a manifestation of PE, we chose a therapy tactic
using extracorporeal membrane oxygenation (ECMO).

Extracorporeal membrane oxygenation is a meth-
od of temporarily maintaining the function of the
heart and/or lungs when they are damaged using
hardware extracorporeal circulation combined with
an oxygenator to saturate the blood with oxygen and
eliminate carbon dioxide. The basis of the ECMO
method is the use of a special polymer membrane
that allows oxygenating venous blood circulating
through the extracorporeal circuit. At the present
stage of development of medical technologies,
ECMO is effectively used in the practice of treating
primary pulmonary etiology, as well as extrapulmo-
nary pathology complicated by decompensated
respiratory insufficiency [8; 9]. At the same time,
there is a danger of patients developing pathological
conditions caused by the ECMO procedure itself. In
addition to potential complications associated with
invasive technical features, it is possible to develop
unpredictable and uncontrollable life—threatening
conditions that are associated with forced heparine-
sis during the procedure — these are massive bleed-
ing, intracranial hemorrhages, as well as limb isch-
emia, set thrombosis, neurological complications
(convulsive syndrome, ischemic stroke) [10]. Due to
these circumstances, before performing ECMQ, it is
necessary to evaluate the criteria for the reversibil-
ity of the functional state and the prognosis of the
disease as a whole [11].

It should be noted that the choice of tactics
for the treatment of a patient with KCwith clinical
manifestations of PE and subcompensated lung
function disorders was based on the prevention
of the following complications: cardiorespiratory,
hemorrhagic, water-electrolyte, neurological, etc.
We took into account the initial violations of the
oxygen transport function of the lungs, as well as
the high risk of intraoperative thromboembolic
complications with fatal outcome. When detailing
the upcoming therapy of a patient with KC with
PE, we comprehensively reviewed the principles,
technologies and possible complications of ECMO.
They chose to use the veno-venous ECMO (VV/
ECMO) technique. It is known that VV/ECMO pro-
vides balanced oxygen enrichment of the blood
of patients with hypoxic respiratory insufficiency,
and is also a method of reserving a situation with

a high risk of death, with the underlying disease
that caused respiratory failure. During the pro-
cedure, oxygenated and decarboxylated blood,
passing through the membranes, is injected into
the right atrium, and then released into the pulmo-
nary circulation by the preserved cardiac function
of the patient [8].

In this clinical case, the main task of highly qual-
ified medical care was not only to rid the patient
of a malignant disease, but also the simultaneous
elimination of a potentially dangerous source of PE,
represented by fragments of hematogenous and tu-
mor microthrombs.

The purpose of the study was to demonstrate
a clinical case of the use of extracorporeal membrane
oxygenation during nephrectomy with thrombectomy
for malignant neoplasm of the kidney in a patient with
PE and initial disorders of oxygen transport function
of the lungs.

Clinical case

Patient D., 63 years old, applied at her place of
residence in September 2019, complaining of a per-
sistent cough, weakness, shortness of breath with
little physical exertion, an increase in body tempera-
ture to 38 °C. For five days, she was treated at the
Central District Hospital for lower-lobe pneumonia on
the left, where a further examination revealed the for-
mation of the right kidney. She independently applied
to the National Medical Research Center for Oncology
("NMRC for Oncology"), where the diagnosis — cancer
of the right kidney was confirmed by magnetic res-
onance imaging, and signs of thromboembolism of
small and medium branches of the pulmonary artery,
significant pulmonary hypertension were revealed.
The patient was hospitalized in the oncourology de-
partment for surgical treatment of KC.

Initial data of computed tomography of the chest,
abdominal cavity and pelvis with intravenous contrast:

- there are areas of pneumosclerosis in the lungs
on both sides, in the lumen of the inferior lobar artery
on the left and its segmental branches, filling defects
in the arteries of the lingual segments, narrowing
their lumen to 0.3 cm; intra—thoracic lymph nodes -
aortic windows and preaortic up to 1.4 cm;

— tumor of the upper and middle segments of
the right kidney 12.6 x 7.6 x 10.8 cm with germina-
tion of the pelvis, kidney collar, right adrenal gland,
tumor thrombus in the right renal vein up to 7.2 cm
with spread in the IVC for 5.9 cm; massive extrarenal
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component, inseparable from the right lobe of the
liver (germination of the S1 segment of the liver for
up to 2.5 see).

Laboratory parameters at the time of hospital-
ization: 1. General blood test: hemoglobin 100 g/I,
erythrocytes 3.1 x 10'%/|, color index 0.89, hematocrit
31 %; 2. General urine analysis: specific gravity 1016,
protein, sugar, acetone-not detected, leukocytes -
3-4 in the field of vision, erythrocytes — 3-4 in the
field of vision; 3. Biochemical blood analysis: glu-
cose 7.86 mmol, amylase 48.6 units/L, ASTL 28.6
units / L, ALTL 27.6 units /L, creatinine 95.3 mmol/L,
urea 8.59 mmol/L, total protein 59.6 g/l, bilirubin
16.5 mmol/l; 4. Acid-base state: PCO, — 47 mm Hg,
PO, - 79 mm Hg. pH - 7.32, deficiency or excess of
bases (BE) — 5 mmol/L, bicarbonate (HCO,) — 32.1
mmol/L, SO, — 90 %, Na* — 145.0 mmol/L, K* - 3.8
mmol/L, CI = 104.0 mmol/L, Ca? - 1.08 mmol/L (lab-
oratory signs subcompensated respiratory acidosis).

Electrocardiogram: heart rate (HR) — 112 per min-
ute, sinus tachysystole, decreased recovery process-
es in the myocardium of the posterior parts of the
left ventricle.

Consultation of a pulmonologist: community-
acquired left-sided polysegmental pneumonia; re-
spiratory insufficiency of the 2nd degree, there is no
data for infectious pathology of the lower respiratory
tract. Therapist consultation: myocardiodystrophy,
arterial hypertension stage 3, risk 2, chronic heart
failure stage Il, functional class 2, risk IV.

Comparison of ultrasound and computed tomog-
raphy data made it possible to accurately determine
the topography of tumor formation and thrombus.
Thus, the cranial border of the thrombus was located
in the retrohepatic section of the IVC (gradelll throm-
bosis), and the extrarenal component of the tumor
had signs of germination into the right adrenal gland
and partially the liver capsule.

Based on the above, a clinical diagnosis was es-
tablished: cancer of the right kidney T,N M_ (tumor
thrombus IVC, grade ) clinical group 2. Complica-
tion: thromboembolism of the left pulmonary artery
(tumor genesis), anemia of mixed genesis. Concomi-
tant diagnosis: myocardiodystrophy; stage Il chronic
heart failure, functional class 2, risk IV.

Taking into account the ineffectiveness of con-
servative methods of treatment of the complicated
course of KC, as well as the initial subcompensated
violations of the oxygen transport function of the
lungs and the risk of fatal complications, a consulta-
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tion of specialists of anesthesiologists, resuscitators
and oncologists determined a plan for surgical treat-
ment of the patient using the BB/ECMO technique in
the intra- and early postoperative period. In addition,
we have not ruled out the possibility of emergen-
cy connection of veno-arterio-venous ECMO (VAV/
ECMO) in case of massive PE and total heart failure.

Intraoperative monitoring included: continuous
monitoring of the electrocardiogram and hemody-
namic parameters, monitoring of neuromuscular
conduction and pulse oximetry (Sp0O,). The depth
of anesthesia was monitored using a bispectral in-
dex of brain activity. Data of functional indicators
before surgery: blood pressure (BP) — 168/109 mm
Hg, heart rate — 110 per minute, respiratory rate
(BH) — 22 per minute. Initial indicators of blood gas
composition: partial oxygen tension of arterial blood
(pO,) — 89 mm Hg; partial voltage of arterial carbon
dioxide (pCO,) — 46 mm Hg; pH - 7.32; BE - 3.4;
HCO, - 24.0 mmol/I, SatO, - 89 %. These indicators
demonstrate a subcompensated state of the patient's
blood gas transport function. Anesthetic provision
corresponded to the generally accepted principles of
multicomponent anesthesia: introductory anesthe-
sia — induction: propofol (3 mg/kg), rocuronium bro-
mide (1 mg/kg), fentanyl (4 mcg/kg).; maintenance of
anesthesia — metered administration of propofol (3—-4
mg/kg), anesthesia — fentanyl 100-150 mcg/kg/min.
After tracheal intubation, the patient was transferred
to artificial lung ventilation in volume control mode
(Drager Infinity C 700, Germany). Infusion therapy was
carried out according to the standard procedure with
the dosed administration of a balanced crystalloid
solution (4.5 ml/kg*h).

Before the operation, the right femoral vein (drain-
ing cannula 21 Fr) and the right internal jugular vein
(return cannula 19 Fr) were punctured and catheter-
ized under ultrasound navigation, and the left femoral
artery was cannulated for emergency connection of
the VAV/ECMO. Then, the VAV/ECMO procedure was
started by the Cardiohelp device (Maquet, USA) with
the specified parameters: pump capacity (PC) 3200,
oxygenated blood volume (V) - 3.4 I/min, oxygen flow
(Flow 0,) 4.5 I/min, while the intake pressure (Rven) -
67 mm Hg. art., AP (pressure difference before and
after the oxygenator) 22 mm Hg, SvO, - 60 %. Antico-
agulation with heparin 350 U/h was carried out under
the control of active blood clotting time (ABC), activat-
ed partial thromboplastin time (APTT), prothrombin
time (Automatic clotting timer — "ACT Plus", USA).
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The indicators of the coagulation system in dy-
namics made it possible to rationally dose the level
of heparin in the patient's blood when using the pro-
cedure for organ protection. Optimal heparinization
was displayed on the automatic timer graph taking
into account time intervals and indicating the required
amount of protamine sulfate to neutralize heparin.
Constant monitoring of blood clotting indicators sig-
nificantly reduces complications of a hemorrhagic
nature and, accordingly, minimizes the number of
repeated surgical interventions for developed bleed-
ing. Ventilation parameters after the start of the BB/
ECMO were changed compared to the stage before
the start of the oxygenation procedure. Ventilation
mode: respiratory volume 4.5-5.0 ml/kg, the level
of constant positive pressure in the respiratory tract
8-10 cm H,0, fractional oxygen content in the inhaled
mixture 60 % [12]. The assessment and correction of
the functional state of the patient was carried out
taking into account the data of her oxygen status
(pO,, pCO,, Sat0,) and the dynamics of indicators of
the acid-base state (ABS) of arterial blood.

After organoprotective preparation, the patient
underwent a combined operation in the volume: me-
dian laparotomy, radical nephradenalectomy on the
right with liver resection, cavatrombectomy. Surgical
intervention was performed taking into account the
prevalence of the malignant process and the ana-
tomical topography of the tumor thrombus. A feature
of the combined operation was a phased vascular
mobilization: before the removal of the thrombus,
tourniquets were placed on the hepatoduodenal lig-
ament, contralateral renal vein, on the IVC at the level
of the lower border of the thrombus and above the tip
of the thrombus; after cavatomy and removal of the
tumor thrombus from the IVC, the walls of the vein
were revised and the cavatomic wound was sutured.
The vascular stage of the operation was 1 hour and
25 minutes. To prevent post-hemorrhagic syndrome
and in connection with intraoperative blood loss at
the stage of thrombus removal and liver resection,
a Cell-Saver type device (Haemonetics, USA) was
used. This blood-saving tactic contributed to the ef-
fective correction of hypovolemia while maintaining
a balanced oxygen-transport function of the blood.
The volume of reinfusion was 900 ml, which made
it possible to dispense with additional blood trans-
fusion in the intraoperative period.

At the stage of removal of a tumor thrombus,
the patient had a decrease in blood pressure to

68/52 mm Hg with an episode of compensatory
tachysystole — heart rate 124 per minute. Emergency
connection of vasopressive therapy (dosed admin-
istration of dobutamine — 3 mcg/kg/min) allowed
to normalize hemodynamic parameters in a short
time. Prior to the completion of the operation, the
average blood pressure was maintained at the level
of 65-75 mm Hg. No other serious cardio-respiratory
disorders were recorded before the end of the oper-
ation. The study of the gas state of arterial blood at
the stage of cavatomy and thrombus removal had
no obvious negative dynamics: pCO, — 43 mm Hg,
pO, — 110 mm Hg, pH - 7.41, BE - 7.1 mmol/Il, HCO,
- 31.2 mmol/l, SatO, — 96 %. The total time of anes-
thesia was 4 hours and 50 minutes.

After the operation, the patient, in the conditions of
drug sedation, continued BB / ECMO with the same
parameters. Against the background of compensated
respiratory and hemodynamic parameters, an hour
after the completion of the operation, cardiac arrhyth-
mias were registered in the patient in the form of
episodes of polyphocus atrial tachycardia, which
were stopped within 30 minutes by the introduction
of beta-blockers. These symptoms did not exclude
myocardial ischemia, thromboembolism, impaired
perfusion-transport function of blood, electrolyte
disorders, etc. After additional diagnostic studies,
life-threatening pathological conditions were exclud-
ed, the ECMO procedure was continued for another
12 hours. The parameters of BB/ECMO in the first
hour in the intensive care unit were: RPM 2655 rpm,
V = 3.2 |/min, Flow O, = 3 I/min. To complete the
procedure, the centrifuge pump speed was gradually
reduced by 10—-15 % by analyzing respiratory status
data and indicators of the coagulation and anticoag-
ulation systems (D-dimer, APTT, fibrinogen, activat-
ed coagulation time, antithrombin activity). During
thromboelastometry (Rotem, Germany), no serious
deviations from the norm were recorded. Hemody-
namics with a tendency to hypotension persisted.
The extended artificial ventilator (Hamilton G5, Swit-
zerland) had a pneumoprotective purpose and was
aimed at adequate maintenance of gas exchange,
which was ensured by conducting auxiliary ventila-
tion in pressure support mode with a low respiratory
volume of 3.5 ml/kg. Respiratory deficiency was not
recorded, which was confirmed by the data of the
gas composition of arterial blood. The level of seda-
tion, from 0 to 2 on the Richmond Agitation-Sedation
Scale (RASS), which corresponded to light sedation,
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was maintained by dosed administration of a highly
selective agonist of a2-adrenergic receptors — dex-
medetomidine 0.6 mcg/kg/h. Muscle relaxants were
not used. With stable gas exchange rates, 4 hours
after the completion of the operation, the patient
was transferred to an auxiliary (spont) ventilation
mode with parameters: FiO, — 43 %, PEEP —9 cm H,0,
PS-15cmH,0, f-16-26 in min, Vt — 480-540 ml.

Objective data: consciousness (outside sedation)
is clear, according to the Glasgow scale of 15 points;
the tongue is moist; the abdomen is soft, symmetrical,
moderately painful, with palpation in the area of the
postoperative wound, sluggish peristalsis is heard,
there is no stool; adequate diuresis, corresponds to
parenteral fluid administration. Under the control of
gas exchange indicators, the degree of respiratory
support gradually decreased. The patient is extubat-
ed. Auscultation: vesicular respiration in the lungs,
weakened in the lower parts, more on the left, moist,
wired wheezing, decreasing after coughing; the heart
tones are rhythmic, muted. During the next day of the
patient's stay in the intensive care unit, no significant
complications from organs and systems were record-
ed. The total duration of the BB/ECMO was 30 hours.
According to the data of an automatic timer with ex-
tended blood clotting indicators (APTT, fibrinogen,
activated clotting time, antithrombin activity), we were
guided in choosing the optimal amount of protamine
sulfate to neutralize heparin. After the procedure was
completed, the patient was prescribed the introduc-
tion of unfractionated heparin in a standard dosage.

An hour after the end of ECMO, the patient's func-
tional parameters corresponded to the norm: pCO,
- 40 mm Hg, pO, = 118 mm Hg, pH - 7.40,BE - 5.4
mmol/L, HCO, - 26.2 mmol/L, SatO, — 96 %, BP -
114/52 mm Hg, according to cardiac monitoring —
sinus rhythm, heart rate 89 per minute, pulse at the
periphery of satisfactory tension and filling, pulse
deficit was 10 %.

The planned treatment corresponded to generally
accepted norms and standards. On the 4th day of the
postoperative period, the patient was transferred to
the specialized department in a satisfactory condition
to continue treatment. The final severity of surgical
complications according to the Clavien—Dindo clas-
sification corresponded to the second degree (ane-
mia, increased blood creatinine levels, an episode of
cardiac arrhythmia). Patient D., on the 17th day, was
discharged for planned restorative treatment and,
later, was registered at the dispensary at the place of
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residence. During the next examination of the patient
in the consultative and diagnostic department of the
"NMRC for Oncology" in 2021, no signs of disease
progression were revealed.

DISCUSSION

A characteristic feature of KC is the spread of the
tumor into the lumen of the venous vessels. So, after
damage to the intra-organ network, the tumor grows
into the lumen of the renal vein, and then into the
lumen of the IVC. A common neoplastic process, in
rare cases, reaches the cavity of the right atrium with
prolapse into it. In fact, vascular invasion worsens the
survival of patients with KC, however, radical surgery
with thrombectomy gives a chance for recovery [2].

The risk of an unfavorable outcome (development
of complications and sudden death) in the intra- and
postoperative period depends on the initial somatic
status of the patient, concomitant organ dysfunction,
as well as the features of the combined operation.
Successful nephrectomy with thrombectomy in pa-
tients with KCis possible only in conditions of coordi-
nated work of anesthesiological and surgical teams
of specialists. The technical specifics of the opera-
tion consists in observing certain principles: circular
mobilization of IVC s above and below the thrombus,
ligation of collaterals, as well as compression of the
hepatoduodenal ligament and contralateral renal vein,
removal of the thrombus and reconstruction of the
IVC s with preservation of the venous bed [4].

The task of the anesthesiologist is to ensure that
the operation is performed with the maximum pos-
sible compensation for the functional state of the
patient, including gas exchange. During the stage
of kidney mobilization and IVCs, there is a risk of
thrombus fragmentation with the development of
a massive pulmonary embolism and sudden death
during surgery. Undoubtedly, the use of cardiopulmo-
nary bypass during surgery reduces the likelihood of
thromboembolic complications. However, the facts
accumulated to date indicate a number of compli-
cations of a hemorrhagic nature and technical diffi-
culties of carrying out this bypass technique [4]. The
development of new technologies and optimization of
devices used in artificial blood circulation undoubted-
ly contributes to improving the immediate results of
treatment of patients, including those with oncologi-
cal pathology. The initial disturbances of the oxygen
transport function of the lungs and the high risk of
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massive intraoperative thromboembolic complica-
tions with the development of a fatal outcome were
the basis for the use of the ECMO procedure. The
ECMO technique consists in partially or complete-
ly providing the systemic blood flow with adequate
blood oxygenation and carbon dioxide elimination
using a centrifuge pump [8].

The presented clinical case demonstrates the ef-
fective use of modern technologies in the radical
treatment of KC complicated by thromboembolism
of medium and small branches of the pulmonary
artery. The main goal facing the anesthesiological
team during the combined operation was to prevent
the development of critical hypoxemia and hyper-
capnia, life-threatening cardiac complications with

the control of the dynamics of the coagulation and
anticoagulation systems, as well as the prevention
of pain syndrome and acute renal failure.

CONCLUSION

The use of new medical technologies in anesthesi-
ology and resuscitation gives a chance to cure cancer
patients with decompensated organ and functional
capabilities. Thus, the effective use of extracorporeal
membrane oxygenation made it possible to minimize
the risk of fatal complications when performing ne-
phrectomy with thrombectomy for malignant neo-
plasm of the kidney in a patient with PE and initial
disorders of oxygen transport function of the lungs.
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ABSTRACT

Hodgkin's lymphoma is a malignant disease of the lymphatic system. Hodgkin's lymphoma was first described by Dr. Thomas
Hodgkin in 1832 and later named “Hodgkin's disease” by Samuel Wilkes. Hodgkin's lymphoma accounts for about 24 % of all
lymphomas. Hodgkin's lymphoma is classified as classical and nodular lymphoid-predominant (Nodular type of lymphoid-
predominant Hodgkin's lymphoma). Classical Hodgkin's lymphoma includes the following histologic variants: nodular sclerosis
variant (types | and Il), mixed cell variant, classic lymphocyte-rich variant, and rare lymphoid depletion variant. Epidemiological
and serological studies showed the involvement of the Epstein-Barr virus into Hodgkin's lymphoma etiology, since its genome
was found in the study of the biopsy material samples from patients with Hodgkin's lymphoma. A relationship with the hu-
man immunodeficiency virus (HIV) was revealed as well, and patients infected with HIV have a significantly increased risk of
developing Hodgkin's lymphoma compared to healthy people. An in-depth study of the Hodgkin's lymphoma pathophysiology
revealed new therapeutic targets in the treatment of this disease. All these discoveries changed the understanding of the
Hodgkin's lymphoma pathogenesis, and were important for the development of new methods of treatment. The history of
therapy begins on the cusp of the 19th and 20th centuries. Over the past four decades, achievements in radiation therapy
and combined chemotherapy have significantly improved overall survival of patients with Hodgkin's lymphoma. Currently,
more than 80 % of patients under 60 years old with first diagnosed Hodgkin's lymphoma can be cured from this disease after

first-line chemotherapy.
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3BOJOLIMA NIEKAPCTBEHHOTO IEYEHNA KITACCUYECKON NTUMBOMbI XOXKUHA

H. I0. CamaneBa™, W. b. Jibicenko, H. B. Hukonaeea, E. A. Kanysa, U. A. Kamaega, fl. C. laiicyntaHoBa,
A. B. TmwuHa, T. . Mywkapeea

HMWL| onkonorum, r. PoctoB-Ha-[loHy, Poccuiickas Gepepauus
B4 prettyfairy19@rambler.ru

PE3IOME

Nnmboma XopyKKuHa — 310KayecTBeHHOE 3a6osieBaHne nuMdaTnyeckor cuctemol. Jiumdoma XomKkuHa 6blnia Brepsble
onucaHa AokTopoM ToMacoM XoaKKMHOM B 1832 1., a N03Xe HasBaHa «6051e3Hbto XoaKKMHa» CaMtoanieM Yunkcom. Jium-
homa XomKKrHa cocTaBnsieT okoso 24 % cpeam Bcex nuMdoM. Jiumdoma XoaKKrHa KnaccupuLmpyoT Kak KnacCuyeckyro
1 HOZYNAPHYIO C TMMPONAHLIM NpeobnagaHneM (HoAyNApHbINA TUM IMMdounaHoro npeobnagaHna NMMMAoMbl XOAXKKUHA).
Knaccuyeckas numdoma XofyKKuUHa BKKOYAET CrieflytoLlme rmcToNnornyeckme BapyMaHTbl: BapuaHT ¢ HOAYNSIPHbIM CKJ1epo-
30M (I 1 Il TMNa), cMeLLaHHO-KNETOYHbI BapUaHT, KTaCCUYECKUIA BapuaHT C 60JIbLUMM KONIMYECTBOM IMM(OLUTOB U peiKo
BCTpeyatoLmincs BapuaHT ¢ TIMMGOUIHBbIM UCTOLLEHNEM. INULEMUOSIOTUYECKUE U CEPOTOTMYECKUE UCCTIelOBaHNS BbISIBUMU
NpMYacTHOCTb BUpyca AnwuTeriHa-bapp k aTnonoruv nuMdombl XoKK1Ha: reHoM Bupyca 3nwTterHa-bapp 6bin o6Hapy-
XXEH Mpu uccnefoBaHumn o6pasLoB GUONCUAHOIO MaTepuana nauneHToB ¢ nuMdomon XoaxKuHa. Takxe BbisiBlieHa CBA3b
C BUpycOM MMMyHoZeduumTa Yyenoseka (BMY), sakntovyatowlasicss B TOM, YTO NaumeHTbl, UHGULMpoBaHHble BUY, nmetoT
3HauYUTEsIbHO NOBbILLEHHbIN PUCK Pa3BUTUSA NMMMPOMbI XOAXKKMHA MO CPaBHEHWIO CO 34,0POBbIMU NtoAbMU. Yrny6neHHoe
n3yyeHne natodumamnonornv TMMOoMbl XOMKKMHA MO3BOMUIIO HAWTU HOBbIe TepaneBTUYECKE MULLEHW B JIEYEHUN AaHHOIO
3aboneBaHus. Bce 3T OTKPbITUS MPUHECIN U3MEHEHMS B MOHMMaHWM NaToreHesa AaHHOW NaTosIorMm, U UMerT BaXXHOe
3HayeHuWe B pa3paboTKax HOBbIX METOAOB sledeHust. cTopus Tepanum HaunHaeTcs Ha py6exxe XIX n XX BB. 3a nocnesHue
YyeTblpe AeCATUETUS AOCTUXEHNSA B Iy4EBOW TEPANuUM U UCMOSIb30BaHUE KOMBUHUPOBAHHOW XMMUOTEPANUK, 3HAYUTENbHO
NOBbICWUN YPOBEHb 06LLEN BbIXXMBAEMOCTU NaLMEHTOB C NMMdOoMon XomkkuHa. B HacTosiLee Bpemsi 6onee 80 % nauneHToB
Mosioxe 60 neT c BrepBble 4MarHocTMpOoBaHHON NMM@OMOI XomXKKMHA MOTYT 6bITb U3fieYeHbl OT JaHHOrO 3aboeBaHus
nocrne nNpoBeAeHnNs NepBon JIMHUN XMMHUOTEPanuu.

KntoueBble cnoBa:
numdoma XomkkuHa, BUY, Bupyc dnwteitHa-bapp, UIX, pemuccusi, nporpeccnpoBaHne, pe3MCTEHTHOCTb K
XMMUOTepanum, obLLas BbDKMBAEMOCTb
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RELEVANCE

Hodgkin's lymphoma (HL) is a B-cell malignant
lymphoproliferative disease. Hodgkin's lymphoma
was first published in 1832 in the journal Medical
Chirurgical Transactions under the title "On some
morbidappearance of the absorbent glands and
spleen’, thanks to the persistent work of the Brit-
ish physician Thomas Hodgkin (Thomas Hodgkin,
1778-1866) [1]. However, the etiology of this lym-
phoma remained unclear for a long time. Only in the
last 20 years has the B-cell nature of Hodgkin and
Reed-Sternberg pathognomonic cells been revealed,
as well as several recurrent genetic lesions. It was
noted that there is a relationship between Epstein-
Barr virus infection and the incidence of Hodgkin's
lymphoma. Reed-Sternberg cells in classical Hod-
gkin's lymphoma have some characteristics that are
atypical for lymphoid tumor cells, and extensive in-
flammatory infiltrate prevails in the microenvironment
of Hodgkin's lymphoma. Specific markers PD-1 and
CD30 were also found to express on Reed-Sternberg
cells [2]. This allowed us to take a broader look at
the pathophysiology of Hodgkin's lymphoma and
find new therapeutic targets in the treatment of this
disease. All these discoveries have brought chang-
es in the understanding of the pathogenesis of this
pathology, and is important in the development of
new treatment methods.

Epidemiology

HL is about 24 % among all ymphomas. The in-
cidence of Hodgkin's lymphoma in Russia is 2.1 per
100,000 population per year (3149 newly diagnosed
patients), mortality is 0.74. In the structure of malig-
nant neoplasms — LX is 0.51 %. The disease is more
common in men than in women. People of any age
suffer from Hodgkin's lymphoma, but the peak in-
cidence occurs at the age of 20—35 years. The in-
cidence has not changed much over the past two
decades [3]. In the revised classification of tumors
of hematopoietic and lymphoid tissues WHO 2017
there are: classical HL (cHL) (according to ICD-10
C81.1 — C81.9) and nodular with lymphoid predom-
inance of HL (NLPHL) (according to ICD-10 - C81.0
Nodular type of lymphoid predominance of Hodgkin's
lymphoma). Classical HL includes the following his-
tological variants: a variant with nodular sclerosis
(type I and I1), a mixed-cell variant, a classic variant
with a large number of lymphocytes and a rare variant

9BOJIIOLMS NEKAPCTBEHHOTO IEYEHUS KNTaCCUYECKO NMMPOMbI XOAXKMUHA

with lymphoid depletion (morphological and immu-
nohistochemical diagnostics of various variants of
HL). In addition to determining the type of HL and the
histological variant of cHL, the stage of the disease
should be determined for each patient, and the risk
group for cHL should also be determined [4].

Evolution of therapy

The history of therapy begins at the turn of the XIX
and XX centuries. then for X-ray and gamma radiation
were applied to the foci. In the 1940s, chloromethine,
a derivative of mustard gas, began to be used as
cytostatics.

Then they began to use: vinblastine, cyclophos-
phamide, vincristine, methotrexate, procarbazine,
chlorambucil in monotherapy and in various combi-
nations, as well as in combination with radiation ther-
apy. However, all these options did not give a signifi-
cant therapeutic effect. Until 1964, at the US National
Cancer Institute in Bethesda, V. De Vita proposed
using the MOPP scheme a combination of chlorome-
thine, vincristine, procarbazine in combination with
glucocorticosteroids, which led to a cure in more than
50 % of cases. When using this scheme, 77 % — 4-year
overall survival (OS) were obtained [5]. In 1973 the
protocol of combined chemotherapy according to
the ABVD scheme included adriamycin, bleomycin,
vinblastine and dacarbazine proved to be more ef-
fective in comparison with the MOPP scheme, the
overall survival after 5 years was 82 % [6]. This ther-
apy remained the standard of treatment until 1998,
when the Stanford V protocol was approved, which
included combined chemotherapy with doxorubicin,
vincristine, mechloretamine, vinblastine, bleomycin,
etoposide and prednisone [7]. This 12-week chemo-
therapy regimen was followed by consolidating radio-
therapy to the primary lesion. The Stanford Protocol
did not give better results in comparison with ABVD
chemotherapy in relation to OS, but this treatment
really increased the effectiveness of treatment [8].
Five years later, the German Hodgkin's Lymphoma
Group presented the BEACOPP scheme, consisting
of a combination of bleomycin, etoposide, doxoru-
bicin, cyclophosphamide, vincristine, procarbazine
and prednisone, a scheme that was later improved
by increasing the doses of drugs. This allowed the
majority of patients with advanced stages to have
a high percentage of a complete cure of the disease.
When comparing ABVD with escalated BEACOPP,
the latter had a significant advantage in terms of
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better progression-free survival (PFS) and allowed
to achieve a 5-year overall survival in more than 94 %
of patients, but it is often accompanied by hema-
tological toxicity of IlI-1V degree [9]. At the same
time, in patients with early stages of the disease, the
ABVD +/- radiation therapy chemotherapy regimen
remains the gold standard of treatment, which allows
achieving an 8-year overall survival rate of about 95 %,
but the emergence of new drug therapy options in
the form of targeted drugs reduces the number and
intensity of adverse events.

In the last few years, various targeted drugs for
the treatment of HL have been investigated, of which
the most promising results have been shown by the
anti-CD30-antibody conjugate- brentuximab vedotin -
is an antibody-drug substance conjugate (ADSC),
which delivers an antitumor substance to CD30-pos-
itive tumor cells, which leads to their apoptosis and
death [10]. Brentuximab vedotin monotherapy has
been investigated as an induction therapy and as
a consolidating treatment after high-dose chemo-
therapy and autologous stem cell transplantation.
In a one-cent study conducted at Memorial Sloan
Kettering Cancer Center in New York, 45 patients
with recurrent HL received weekly infusions of bren-
tuximab vedotin at a dose of 1.2 mg/kg over two
4-week cycles. Patients with a PET-negative result
switched to further therapy and subsequent stem
cell transplantation, while patients with a PET-pos-
itive result continued treatment with two cycles of
CT according to the ICE scheme (ifosfamide, carbo-
platin, etoposide). The two-year event-free survival
of these patients was 92 % and, thus, is compara-
ble to the two-year event-free survival of patients
with a PET-negative result after ICE chemotherapy
(91 %) [11]. Taking into account the results of a mul-
ticenter study, brentuximab vedotin before high-dose
chemotherapy and transplantation shows good re-
sults in about 1/3 of patients with HL with relapse
of the disease after 1-line treatment. A study was
conducted to evaluate the effectiveness of brentux-
imab vedotin in combination with chemotherapy for
newly diagnosed HL. A multicenter study from the
USA included 30 patients with an early unfavorable
stage of the disease [12]. The study treatment con-
sisted of four courses of brentuximab vedotin (1.2
mg/kg every two weeks) in combination with doxo-
rubicin, vinblastine and dacarbazine, followed by ra-
diation therapy in the affected areas with a dose of
30 Gy. Intermediate PET was performed after 2 and
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4 CT cycles. Metabolic remission after 2 and 4 cycles
of treatment was observed in 93 % of patients. Due
to its high efficacy, this drug is included in clinical
recommendations [12].

A study was conducted, which included patients
with classical HL with a relapse or refractory course
of the disease, in which the effect of lenalidomide
was evaluated (inhibits the proliferation of certain
malignant hematopoietic cells, enhances immunity
mediated by T-lymphocytes and natural killer cells
(NK cells), increases the number of NK (T cells),
suppresses angiogenesis, blocking migration and
the adhesion of endothelial cells and the formation
of microvessels, increases the production of fetal
hemoglobin CD34+ by hematopoietic stem cells and
inhibits the production of proinflammatory cytokines)
at doses of 25 mg/day for 1-21 days with cycles of
28 days. Patients received the drug before the pro-
gression or occurrence of unacceptable toxicity. 38
patients who received an average of 4 courses of pre-
vious chemotherapy courses were studied, of which
the percentage of refractory patients was (55 %) and
87 % of them who had previously received high-dose
chemotherapy. The overall response rate was 19 %.
Among the phenomena of undesirable toxicity: he-
matological toxicity of 3—4 degrees: neutropenia
(47 %), anemia (29 %) and thrombopenia (18 %). All
this indicates the presence of the desired effect of
lenalidomide therapy in relation to HL, which needs
to be studied further [13]. At the moment, it is not
included in the clinical recommendations.

A study was conducted on the use of a targeted
drug mTOR inhibitor (everolimus is an inhibitor of the
transmission of proliferative impulse in cells. The
blockade of this signal leads to the arrest of cell divi-
sion at the G1 stage of the cell cycle), with the use of
everolimus at a dose of 10 mg/day in 19 patients with
refractory or recurrent HL, while 84 % of them had
autoHSCT transplantation, the overall response was
47 %, 8 patients had a partial response, and only one
patient had a complete response. The average time to
disease progression was 7.2 months [14]. In another
study, 37 patients on the same treatment received an
overall response of 35 %. Stabilization of the process
was observed in 27 %, survival without progression
was 7.2 months. Treatment was accompanied by
hematological toxicity of 3—4 degrees: thrombocy-
topenia — 38 %, fatigue — 43 %, neutropenia - 8 % and
anemia — 8 %. As in the case of other previously de-
scribed studies, it is reported that there is a good
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response to treatment in patients who have received
treatment. This allows us to think that everolimus
may have a clinically significant role in recurrent or
refractory HL. In addition, there is evidence of its
possible synergism with other RAF inhibitors [15].
It is not included in the clinical recommendations.
A study was also conducted to study the use
of nivolumab in patients with HL. Checkpoint drug
therapy is a new word in the treatment of cancer
patients, nivolumab is a human monoclonal antibody
that blocks the interaction between the programmed
death receptor (PD-1) and its ligands. The study ob-
tained encouraging results — 87 % of patients man-
aged to achieve a complete response to treatment,
and this treatment has an acceptable toxicity profile.
This study included patients who failed to undergo
chemotherapy followed by bone marrow transplan-
tation and therapy with brentuximab vedotin [16].
Based on the results obtained, several studies were
launched using anti-PD-1 drugs. In 2020, the results
of a 5-year follow-up of a multicomponent study
called CheckMate 205 were published. The study
included 243 patients with HL who had a relapse
of the disease after 1 line of CT with subsequent
autotransplantation of stem cells and treatment with
brentuximab vedotin. The average duration of treat-
ment was 14 months. The overall response rate was
71 %, and the full response rate was 21 %. The me-
dian PFS was 15 months. The frequency of OV after
2 and 5 years was 87 % and 71 %, and the frequency
of PFS was 37 % and 18 %, respectively. This 5-year
CheckMate 205 analysis demonstrated favorable
survival and confirmed the high efficacy and safety
of nivolumab [17]. After the studies conducted with
the use of immune checkpoint drugs, the European
Medical Agency approved nivolumab and pembroli-
zumab in a single mode for the treatment of patients
with HL, but in the Russian Federation, to date, only
nivolumab has been registered. Anti-PD-1 have shown
significant activity in patients with recurrent/refrac-
tory HL, and they also have an acceptable toxicity
profile with side effects that are usually treatable [18].
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The results of a study using the drug anti-CD30
CAR by T cells in adult patients with HL were pub-
lished, currently this type of treatment is actively used
only in pediatric hematology. Anti-CD30 is a promis-
ing target for immunotherapy in Hodgkin's lympho-
ma. The use of autologous anti-CD30 CAR T-cells in
Hodgkin's lymphoma was studied in 41 patients in
two different centers, the complete response rate was
59 %. Unfortunately, after 1 year, PFS was only 36 %,
and the one-year overall survival rate was 94 % [19].
This method of treatment allows patients with a re-
sistant course of the disease to achieve a positive
effect; however, CAR T-cell therapy is associated with
extremely severe adverse events in the form of cy-
tokine release syndrome, which must be taken into
account when planning this type of treatment.

CONCLUSION

Taking into account the interest of the world com-
munity in studying this group of lymphoproliferative
diseases, this review gives an idea of modern chang-
es in the process of diagnosis and treatment tac-
tics in this cohort of patients. Despite the fact that
patients suffering from Hodgkin's lymphoma have
the possibility of a complete cure from the disease,
at the moment a large percentage of refractory or
recurrent course remains after first-line therapy and
even after subsequent transplantation of autologous
stem cells. Relapse of the disease after high-dose
chemotherapy and autologous stem cell transplan-
tation remains the main cause of death in patients
with recurrent or resistant Hodgkin's lymphomas. But
the new treatment options that have appeared make
it possible to improve progression-free survival and
overall survival. Many of them are undergoing clinical
trials and demonstrating efficacy, but it is too early
to say whether all of these drugs will contribute to
increased survival more than the standard treatments
we use for these patients. Nevertheless, long-term
observation and further research are necessary for
final conclusions.
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ABSTRACT

Colorectal cancer (CRC) is a relevant issue of modern oncology and ranks the third place among most common malignan-
cies. Every year, more than 1 million new cases of CRC are diagnosed worldwide, with approximately the same frequency of
prevalence among the male and female population. Colon cancer (CC) amounts for more than half of all cases of CRC, and
it's incidence and mortality remain rather high.

Surgery remains the main method of CRC treatment, and determining the extent of surgery and lymph node dissection remains
an urgent problem.

For the first time in Japan, a classification of groups of lymph nodes (I.n.) was proposed depending on the level of lymph
outflow and location in relation to the main vessels. According to the numbering of I.n. groups by the Japanese Society for
Cancer of the Colon and Rectum (JSCCR), all lymph nodes are numbered with three digits.

As a rule, lymphogenic metastasis occurs in one direction, bilateral spread is possible if the tumor is located at the same
distance from two feeding vessels. With tumors of the right-sided localization, all groups of I.n. located along the branches
of the superior mesenteric artery are removed, and with tumors of the left half of the colon, all |.n. located along the trunk of
the inferior mesenteric artery are removed. The presence of affected I.n. is important for assessing the prognosis and further
determining the need for adjuvant therapy. Some literature data demonstrate good results of surgical interventions performed
in accordance with the concept of embryonic planes and complete mesocolonic excision. D3 lymph node dissection is not
performed in daily practice in some European countries and North America, unlike a number of Eastern countries. However,
the level of vessel ligation remains the subject of scientific discussion.

The purpose of this review was to analyze the available literature on the problem of choosing the level of lymph node dissec-
tion in CC surgery.
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PO/Nb D2, D3 IUMMOANCCEKLIMA B XUPYPTUN PAKA 060J04HON KUILKK

E. A. IxxeHkoBa, 3. A. Mup3oan™, A. A. Macnos, 10. A. leBopksH, [l. A. Xapare3os, A. I. Munakun, 0. H. CtaTewHbii,
0. 10. Kaiimakuu, A. B. [lawkos, I. B. Kamunckuii, B. E. Konechukoe, C. A. Manuuun, P. E. Tonmax, J1. X. YanxaxsH,
B. A. CaBuenko, M. B. Bonowun, A. B. CHexko, H. B. CongaTkuHa

HMWL| oHkonorum, r. PoctoB-Ha-[loHy, Poccuiickas Gepepauus
X4 ellada.mirzoyan@yandex.ru

PE3IOME

KonopekTanbHblit pak (KPP) aBnseTca akTyanbHoW Npo61eMoit COBpeMeHHO OHKOOMMU 1 3aHMMaeT TpeTbe MecTo
B CTPYKTYpe 06LLeil OHKONOrMyeckon 3aboneBaemMocTy. ExxerogHo BO BCeM MUPe AnMarHocTupytoTcst 6onee 1 MiH. HOBbIX
cnyyaeB 3a6oneBaHust KPP, npu6nvauntenbHO ¢ OANMHAKOBOI YacTOTOW pacnpoCTPaHEHHOCTU CPEAU MY>XCKOMO U XEHCKOro
HaceneHusi. Bonee nonoBuHbl Beex cnyyaeB KPP npuxogsaTtes Ha pak o6o804Hoi kuwwku (POK), 3a6oneBaeMocTb U CMepT-
HOCTb OT KOTOPOrO OCTaeTCsi Ha AO0CTAaTOYHO BbICOKOM YPOBHE, HECMOTPS Ha COBPEMEHHbIE IMarHOCTUYECKME BO3MOXHOCTH
1 NpUHLUMNbI Tepanun. OCHOBHbIM METOAOM JiIeYeHUsi NaLMEHTOB C ONYXONsiMU 060A04YHOW KMLLKN OCTAeTCA XMPYPruyecku,
a onpepeneHne o6beMa onepaTUBHOIO BMeLLaTeNbCTBA M YPOBHS IMMGbOAMCCEKLUM OCTAETCA aKTyanbHOW Npo6nemMoii
COBPEMEHHOW OHKOMPOKTOIornu. Bnepsble B ANoHMM 6bina npeasioxeHa knaccuukaums rpynn nanMmdaTmyecknx ysnos
(n.y.) B 3aBUCMMOCTU OT YpOBHS NMMM(MOOTTOKA M PACMONOXKEHUS MO OTHOLLEHWIO K MarucTpasibHbIM cocyaaM. CornacHo
HyMepauuu rpynn n.y. no Japanese Society for Cancer of the Colon and Rectum (JSCCR) Bce nuMdaTtnyeckume y3snbl NpoHy-
MepoBaHbl Tpex3HauHbIMK b pamu. Kak npaBuno, TMMgporeHHoe MeTacTasmpoBaHue NPOMCXOAMT B OAHOM HarpaBieHuu,
6unaTepanbHoOe pacnpocTpaHeHne BO3MOXHO B Cllyyae, eC/IN OMyXoJib PacrofioXXeHa Ha OANHAKOBOM PacCTOAHUM OT ABYX
nuTaroLwmnx cocyaos. Mpu onyxonsx NPaBOCTOPOHHEN JIOKann3aLunm yaanatoTcs BCe rpynnbl 1.y., pacnonaratolmecs BAOMb
BeTBel BepXHeit 6pbKeeyHO apTepuu, a Npu OMyxossxX NeBo NMONOBUHbI 060A0YHOW KULLIKM — BCE 1.Yy., HAXOAALLMECS BLOMb
CTBOMA HWXHEN GpbIXXeevyHoW apTepun. Hannume nopaxeHHbIX J1.y. BaXHO AJ151 OLeHKMN NPOorHo3a v fanbHenLwero onpeae-
NeHusi Heo6XO0AUMMOCTM NPoBefeHUs1 afbloBaHTHON Tepanuu. B nuTepaType nmeeTcs AaHHble, KOTOpble CBUAETENLCTBYOT
0 XOPOLUMX pe3ysibTaTax onepaTUBHbIX BMeLLATeIbCTB, KOTOPbIE BbINOJSIHEHbI C UCNOb30BaHUEM NPUHLMNOB 3MBPUOHANBHO-
OpPUEHTUPOBAHHOW XMPYPrumn U TOTasIbHOM ME30KONOHIKTOMUK. B HEKOTOPbIX eBponenckux ctpaHax u CesepHoin AMepuke
D3 numdopaunccekums (paclumpeHHas TMMAOANCCEKLMS) He BbIMOMHAETCS B NMOBCEAHEBHO NpaKTWKe, B OT/IMYKE OT psja
BOCTOYHbIX CTpaH. O4HaKo, ypoBEHb NepeBA3KN COCY0B OCTaeTCs NMpeaMeTOM HayyHbIX CMOPOB.

Llenb faHHoro o63opa: NpoBECTU aHann3 UMeoLLENCs TMTepaTypbl, NOCBALEHHON Npo6eme BbiGopa ypoBHA nnMdoauc-
cekuuu B xupyprum POK.

KnioyeBble cnopa:
KOJIOPeKTaNbHbIN pak, pak 060404HON KMLLKW, XUpypruyeckoe nedenHve, D2/D3 numdboaunccekums
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D2, D3 lymph node dissection importance in colon cancer surgery

RELEVANCE

Colorectal cancer (CRC) is an urgent problem of mod-
ern oncology and ranks third in the structure of general
oncological morbidity both in Russia and in foreign
countries [1; 2]. More than half of all cases of CRC occur
in colon cancer (CC), the morbidity and mortality from
which remains at a fairly high level [3]. The main method
of treatment of CRC remains surgical, and determining
the volume of surgery and the level of lymph dissection
remains an urgent problem of oncosurgery.

There are data in the literature that indicate good
results of surgical interventions performed using the
principles of embryonic-oriented surgery and total
mesocolonectomy (complete mesocolon excision,
CME). In some European countries and North Ameri-
ca, D3 lymph dissection is not performed in everyday
practice, unlike in a number of Eastern countries.
However, the level of vascular ligation remains a sub-
ject of scientific debate [4].

The purpose of the study: to analyze the available
literature on the issue of choosing the level of lym-
phodissection in CC surgery.

Japanese classification of lymph node groups

For the first time in Japan (1977), a classification
of groups of lymph nodes was proposed depending
on the level of lymph outflow and location in relation
to the main vessels [5; 6]. According to the numbering
of the I.n. groups by the Japanese Society for Cancer
of the Colon and Rectum (JSCCR), all lymph nodes
are numbered with three digits [6] (Fig. 1).

L.ns. are divided into 3 levels:

N1 - paracolitic,

N2 - mesocoliic,

N3 - central I.n.

Usually, lymphogenic metastasis occurs in one
direction, bilateral spread is possible if the tumor is
located at the same distance from two feeding ves-
sels. With tumors of the right-sided localization, all
groups of LV located along the branches of the upper
mesenteric artery are removed, and with tumors of
the left half of the colon, all I.n. located along the
trunk of the lower mesenteric artery are removed [9].

D2, D3 lymphodissection in colon cancer

surgery: meta-analysis

The presence of affected |.ns. is important for as-
sessing the prognosis and further determining the
need for adjuvant therapy.
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The aim of the Tsai H. L. et al. study was to deter-
mine whether the number of removed I.ns. can affect
the prognosis of the clinical course of patients who
underwent surgery for CRC. The authors noted that
the amount of tumor invasion and the number of
removed lymph nodes are independent prognostic
factors for the development of postoperative relapse
(p < 0.05). The 5th overall survival of patients who
had 18 or more lymph nodes examined was signifi-
cantly higher than those who had less than 18 nodes
examined (p = 0.015). The results of this work show
that the removal and examination of at least 18 HP
can be taken into account for more reliable and cor-
rect postoperative staging [10].

According to Willaert W. et al. the described meth-
od of total mesocolonectomy (complete mesocolon
excision, CME) with complete removal of I.n. should
be subjected to a prospective randomized study.
However, there is undoubtedly a proven relationship
between the number of removed I.ns. and survival
in CRC [11].

The question of whether extended lymphadenecto-
my in CC leads to an increase in postoperative com-
plications or improves survival is still controversial.
In some European countries and North America, D3
lymph dissection is not performed in everyday prac-
tice, unlike in a number of Eastern countries. How-
ever, the level of vascular ligation remains a subject
of scientific debate. There are data in the literature
that indicate good results of surgical interventions
that are performed using the principles of embryonic-
oriented surgery and CME.

In a randomized RELARC phase 3 trial, the hypothe-
sis is considered that survival after D2 lymphodissec-
tion is better than after CME. The primary endpoint
is 3-year relapse-free survival. To date, researchers
have presented the results of comparing the following
criteria: intra- and postoperative complications within
30 days after surgery (according to the Clavien-Dindo
classification), mortality (death from any cause within
30 days after surgery) and the frequency of metas-
tasis to the central I.ns. only in the CME group. The
frequency of postoperative surgical complications
was 20 % (97 out of 495 patients) in the CME group
compared with 22 % (109 out of 500 patients) in the
D2 group (p = 0.39). The frequency of Clavien-Dindo
grade I-Il complications was the same between the
groups and amounted to 18 %, and grade IlI-IV com-
plications They were significantly less common in the
CME group than in the D2 group (1 % and 3 %, respec-
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tively, p = 0.022). There were no fatal outcomes in the
compared groups. In the structure of intraoperative
complications, vascular damage was significant-
ly more common in the CME group than in the D2
group (15 (3 %) vs. 6 (1 %), p = 0.045). Metastases
in the central I.n. were detected in 13 (3 %) of 394
patients, but none of the patients had their isolated
metastatic lesion. Thus, the authors concluded that
CME can increase the risk of intraoperative vascular
damage, but in general it seems safe and feasible
for experienced surgeons [12].

A number of papers have been published indicat-
ing a significant decrease in the frequency of local
relapses and an increase in the overall 5-year survival
after surgical intervention using the CME technique.

So in the work of Bertelsen C. A. et al. It was
proved that 4-year relapse-free survival was 85.8 %
(95 % C1 81.4-90.1) after CME and 75.9 % (72.2—
79.7) after surgery without using the CME technique
(p = 0.0010), and Cox regression showed that CME
was a significant independent prognostic factor for
higher relapse-free survival for patients. Thus, ac-
cording to the authors, CME can improve the results
of treatment of patients with CRC [13].

A prospective study by Galizia G. et. al. showed
that the number of removed I.n. and the length of
vascular ligation were significantly better in the CME
group (p < 0.01). A larger number of affected I.n. were
removed, which allowed for an adequate selection
of adjuvant treatment. The authors proved that CME
with CVL is a safe and effective surgical approach
for right colon cancer, reduces local recurrences and
improves survival, especially in patients with N+ [14].
However, no increase in the frequency of postopera-
tive complications was found in these studies.

In a retrospective study by K. Kotake et al. The ad-
vantages of D2 and D3 lymph node dissection in CC
surgery were studied. In all groups of patients, there
was a statistically significant difference in overall
survival between patients who underwent dissec-
tion of lymph nodes D3 and D2 (p = 0.00003). It was
found that dissection of D3 lymph nodes in pT3 and
pT4 colon cancer is associated with a significant
advantage in improving patient survival, which can
serve as a basis for dissection of D3 lymph nodes
in radical surgery of pT3 and pT4 colon cancer [15].

The aim of the Hwang D. Y. et al. study was the
assessment of the safety and oncological results of

@ : Napakonuueckue NApapexTansHbie NUMGOY3Insb
. Mesoxonuueckne nuMpoyansl
. AnukanbHele (natepansbie) Numgoy3ns
: Iumpoy3anul NPOKCHMANbLHEE anukanbHLIX

@: Apyrve numdoyans

A Y
} Tasosoe cnnetenue

===~ 3anuparenbHbié HepBbl

Fig. 1. Numbering system of lymph node groups according to
JSCCR.

Note:

1st digit — anatomical department (2 — abdominal cavity, pelvis).
2nd digit — anatomical area corresponding to the lymphovascular
peduncule:

« iliac-colon artery,

* right colon artery,

» middle colonic,

« left colonic artery.

3rd digit - the degree of remoteness from the intestine:

+ episodic and parabolic lymph nodes,

+ mesoscopic lymph nodes,

« apical, or main lymph nodes.
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laparoscopic CME with D3 in cancer of the right colon
in elderly patients. Patients who underwent right-
sided hemicolectomy were divided into groups A (age
> 70 years, n = 80) and B (age < 70 years, n = 127).
Short-term and long-term results were analyzed. It
was found that the overall and relapse-free survival
rates were the same between the compared groups,
and laparoscopic CME with D3 lymphodissection is
a safe and feasible surgical option for cancer of the
right half of the colon in the elderly [16].

In our country, an international multicenter ran-
domized COLD Trial was launched in 2017, the main
purpose of which is to evaluate and compare the over-
all 5-year survival after D2- and D3-lymphodissection
performed in CC [4]. Patients with resectable CC were
randomized for D2 or D3 dissection in a 1:1 ratio.

The data obtained were analyzed to assess the
safety of D3 lymph dissection

In the work of Karachun A. et al. the results for the
first 100 patients are presented. There were no fa-
talities. The 30-day postoperative morbidity rate was
47 % in group D2 and 48 % in group D3 with a RR1.04
(95 % Cl from 0.68 to 1.58) (p = 0.867). There were
two anastomosis failures (5 %) in group D2 and none
in group D3. Postoperative recovery, the frequency

of complications and repeated hospitalizations did
not differ between the groups. N-positive status was
more common in group D3 (46 % vs. 26 % in group
D2) with RR 1.81 (95 % Cl from 1.01 to 3.24) (p =
0.044). The authors concluded that D3 lymph node
dissection is possible and may be associated with
a better staging of the process [17].

CONCLUSION

After the carried out analysis of the available up to
date literature, the following conclusions can be drawn.
On one hand, the relationship between the number
of removed HP and a more accurate determination
of the N status has been proven, which is important
for assessing the clinical prognosis and further de-
termining the need for adjuvant therapy. On the other
hand, it is indisputable that D3 lymph dissection can
increase the risk of intraoperative vascular damage.
Thus, due to the lack of a convincing evidence base, it
is difficult to talk about the advantages and long-term
results of performing D2 and D3 lymphodissections in
CC surgery. The recruitment of patients in some large
studies continues to this day, and the publication of
the results of others is expected in the near future.

Reference

1.Kit Ol, Jenkova EA, Mirzoyan EA, Sagakyants AB, Bondarenko ES, Zlatnik EYu, et al. Features of local cellularimmunity in colon
cancer, depending on the localization of the tumor process. Modern problems of science and education. 2022;(3). (In Russ.).
https://doi.org/10.17513/spn0.31695

2. Kit Ol. The problem of colorectal cancer at the beginning of the XXI century: achievements and prospects. Russian Journal
of Gastroenterology, Hepatology, Coloproctology. 2013;23(3):65-71. (In Russ.).

3. 0sombaev MSh, Dzhekshenov MD, Satybaldiev OA, Abdrasulov KD, Makimbetov EK, Kuzikeev MA. Epidemiology of colorectal
cancer. Scientific review. Medical sciences. 2021;(1):37-42. (In Russ.). https://doi.org/10.17513/srms.1169

4. Karachun AM, Panayotti LL, Petrov AS. The choice of optimal lymph node dissection extent in surgical treatment for colon
cancer: protocol the clinical trial. Pelvic Surgery and Oncology. 2017;7(2):11-19. (In Russ.).
https://doi.org/10.17650/2220-3478-2017-7-2-11-19

5. Rectum JR General rules for clinical and pathological studies on cancer of the colon, rectum and anus. Part Il. Histopatho-
logical classification. Jpn J Surg 1983;13(6):574-598. https://doi.org/10.1007/BF02469506

6. Watanabe T, Itabashi M, Shimada Y, Tanaka S, Ito Y, Ajioka Y, et al. Japanese Society for Cancer of the Colon and Rectum
(JSCCR) Guidelines 2014 for treatment of colorectal cancer. Int J Clin Oncol. 2015 Apr;20(2):207-239.
https://doi.org/10.1007/s10147-015-0801-z

7. Colon cancer: practical recommendations. Edited by: V. P. Petrov, R. V. Orlova, V. A. Kashchenko. 2nd edition. St. Petersburg:
X-PRINT, 2014, 39 p. (textbook). (In Russ.).

8. Tan KY, Kawamura YJ, Mizokami K, Sasaki J, Tsujinaka S, Maeda T, et al. Distribution of the first metastatic lymph node in co-
lon cancer and its clinical significance. Colorectal Dis. 2010 Jan;12(1):44-47. https://doi.org/10.1111/j.1463-1318.2009.01924.x
9. Watanabe T, Itabashi M, Shimada Y, Tanaka S, Ito Y, Ajioka Y, et al. Japanese Society for Cancer of the Colon and Rectum
(JSCCR) Guidelines 2014 for treatment of colorectal cancer. Int J Clin Oncol. 2015 Apr;20(2):207-239.
https://doi.org/10.1007/s10147-015-0801-z

52



l0xHo-Poccuitckuin oHkonornyeckuii xxypHan 2022, T. 3, N2 3, C. 48-54

[xenkosa E. A., MupsosH 3. A=, Macnos A. A., FesopkaH 10. A., Xaparesos [I. A., MunakuH A. T, Ctatewnbiii 0. H., Kaitmakuu 0. 10.,

[Lawkos A. B., KamuHckuii I. B., KonecHukos B. E., Manuuun C. A., Tonmax P. E., YanxaxsH J1. X., CaBuenko [. A., BonowuH M. B., CHexko A. B.,
Conpatkuna H. B. / Ponb D2, D3 numdopuccekumii B Xupyprum paka 060404HOM KULIKN

10. Tsai HL, Lu CY, Hsieh JS, Wu DC, Jan CM, Chai CY, et al. The prognostic significance of total lymph node harvest in patients
with T2-4NOMO colorectal cancer. J Gastrointest Surg. 2007 May;11(5):660-665. https://doi.org/10.1007/s11605-007-0119-x
11. Willaert W, Mareel M, Van De Putte D, Van Nieuwenhove Y, Pattyn P, Ceelen W. Lymphatic spread, nodal count and the extent
of lymphadenectomy in cancer of the colon. Cancer Treat Rev. 2014 Apr;40(3):405-413.
https://doi.org/10.1016/j.ctrv.2013.09.013

12. Xu L, Su X, He Z, Zhang C, Lu J, Zhang G, et al. Short-term outcomes of complete mesocolic excision versus D2 dissection
in patients undergoing laparoscopic colectomy for right colon cancer (RELARC): a randomised, controlled, phase 3, superiority
trial. Lancet Oncol. 2021 Mar;22(3):391-401. https://doi.org/10.1016/S1470-2045(20)30685-9

13. Bertelsen CA, Neuenschwander AU, Jansen JE, Wilhelmsen M, Kirkegaard-Klitbo A, Tenma JR, et al. Disease-free survival
after complete mesocolic excision compared with conventional colon cancer surgery: a retrospective, population-based study.
Lancet Oncol. 2015 Feb;16(2):161-168. https://doi.org/10.1016/S1470-2045(14)71168-4

14. Galizia G, Lieto E, De Vita F, Ferraraccio F, Zamboli A, Mabilia A, et al. Is complete mesocolic excision with central vascular
ligation safe and effective in the surgical treatment of right-sided colon cancers? A prospective study. Int J Colorectal Dis. 2014
Jan;29(1):89-97. https://doi.org/10.1007/s00384-013-1766-x

15. Kotake K, Mizuguchi T, Moritani K, Wada O, Ozawa H, Oki |, et al. Impact of D3 lymph node dissection on survival for patients
with T3 and T4 colon cancer. Int J Colorectal Dis. 2014 Jul;29(7):847-852. https://doi.org/10.1007/s00384-014-1885-z

16. Hwang DY, Lee GR, Kim JH, Lee YS. Laparoscopic complete mesocolic excision with D3 lymph node dissection for right co-
lon cancer in elderly patients. Sci Rep. 2020 Jul 28;10(1):12633. https://doi.org/10.1038/s41598-020-69617-4

17. Karachun A, Panaiotti L, Chernikovskiy I, Achkasov S, Gevorkyan Y, Savanovich N, et al. Short-term outcomes of a multi-
centre randomized clinical trial comparing D2 versus D3 lymph node dissection for colonic cancer (COLD trial). Br J Surg. 2020
Apr;107(5):499-508. https://doi.org/10.1002/bjs.11387

Information about authors:

Elena A. Dzhenkova - Dr. Sci. (Biol.), associate professor, scientific secretary, National Medical Research Center of Oncology, Rostov-on-Don,
Russian Federation. ORCID: https://orcid.org/0000-0002-3561-098X, SPIN: 6206-6222, AuthorID: 697354, ResearcherID: K-9622-2014, Scopus
Author ID: 6507889745

Ellada A. Mirzoyans@ - PhD student, National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation. ORCID:
https://orcid.org/0000-0002-0328-9714, SPIN: 2506-8605, AuthorID: 1002948, Researcher|D: AAZ-2780-2021, Scopus Author ID: 57221118516
Andrey A. Maslov - Dr. Sci. (Med.), professor, chief doctor, National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation.
ORCID: https://orcid.org/0000-0001-7328-8074, SPIN: 5963-5915, AuthorID: 817983

Yuriy A. Gevorkyan - Dr. Sci. (Med.), professor, head of the department of abdominal oncology No. 2, National Medical Research Centre of Oncology,
Rostov-on-Don, Russian Federation. ORCID: https://orcid.org/0000-0003-1957-7363, SPIN: 8643-2348, AuthorID: 711165

Dmitriy A. Kharagezov - Cand. Sci. (Med.), surgeon, head of the department of thoracic oncology, National Medical Research Centre for Oncology,
Rostov-on-Don, Russian Federation. ORCID: https://orcid.org/0000-0003-0640-2994, SPIN: 5120-0561, AuthorID: 733789, ResearcherID: AAZ-3638-
2021, Scopus Author ID: 56626499300

Anton G. Milakin - MD, surgeon of the department of thoracic oncology, National Medical Research Centre for Oncology, Rostov-on-Don, Russian
Federation. ORCID: https://orcid.org/0000-0002-2589-7606, SPIN: 7737-4737, AuthorID: 794734

Oleg N. Stateshniy - MD, oncologist of the department of thoracic oncology, National Medical Research Centre for Oncology, Rostov-on-Don,
Russian Federation. ORCID: https://orcid.org/0000-0003-4513-7548, SPIN: 9917-1975, AuthorID: 1067071

Oleg Yu. Kaimakchi - Dr. Sci. (Med.), associate professor of oncology, National Medical Research Centre for Oncology, Rostov-on-don, Russian
Federation. AuthorlD: 335064

Andrey V. Dashkov - Cand. Sci. (Med.), senior researcher of the department of abdominal oncology No. 2, National Medical Research Centre of
Oncology, Rostov-on-Don, Russian Federation. ORCID: https://orcid.org/0000-0002-3867-4532, SPIN: 4364-9459, AuthorID: 308799

Gennadii V. Kaminskiy - Cand. Sci. (Med.), surgeon at the abdominal oncology department No. 2, National Medical Research Centre for Oncology,
Rostov-on-Don, Russian Federation. ORCID: https://orcid.org/0000-0003-4905-4977, SPIN: 3308-4107, AuthorlD: 794670

Vladimir E. Kolesnikov - Dr. Sci. (Med.), MD, surgeon at the department of abdominal oncology No. 2, National Medical Research Centre of Oncology,
Rostov-on-Don, Russian Federation. SPIN: 9915-0578, AuthorID: 705852

Sergey A. Malinin - Cand. Sci. (Med.), oncologist at the abdominal oncology department No. 2, National Medical Research Centre for Oncology,
Rostov-on-Don, Russian Federation. ORCID: https://orcid.org/0000-0002-1220-7143, SPIN: 7229-1610, AuthorID: 794691

Roman E. Tolmakh - Cand. Sci. (Med.), MD, surgeon at the Department of Abdominal Oncology No. 2, National Medical Research Centre of Oncology,
Rostov-on-Don, Russian Federation. SPIN: 4559-2047, AuthorID: 733791

Lusegen Kh. Chalkhakhyan - Cand. Sci. (Med.), surgeon at the Abdominal Oncology department No. 2, National Medical Research Centre for
Oncology, Rostov-on-Don, Russian Federation. ORCID: https://orcid.org/0000-0001-8397-4393, SPIN: 6534-5911, AuthorID: 794696

Dmitry A. Savchenko - MD, oncologist of the consultative and diagnostic department, National Medical Research Centre for Oncology, Rostov-on-
Don, Russian Federation. ORCID: https://orcid.org/0000-0002-2496-2728

53


https://doi.org/10.1016/S1470-2045(20)30685-9
https://doi.org/10.1016/S1470-2045(14)71168-4

South Russian journal of cancer 2022, Vol. 3, No. 3, P. 48-54

Dzhenkova E. A., Mirzoyan E. A.™, Maslov A. A., Gevorkyan Yu. A., Kharagezov D. A., Milakin A. G., Stateshniy 0. N., Kaymakchi 0. Yu., Dashkov A. V.,
Kaminskiy G. V., Kolesnikov V. E., Malinin S. A., Tolmakh R. E., Chalkhakhyan L. Kh., Savchenko D. A., Voloshin M. V., Snezhko A. V., Soldatkina N. V. /
D2, D3 lymph node dissection importance in colon cancer surgery

Mark V. Voloshin - MD, pathologist of the pathomorphological department, National Medical Research Center of Oncology, Rostov-on-Don, Russian
Federation. ORCID: https://orcid.org/0000-0002-2302-3542, SPIN: 6122-4084, AuthorID: 969003

Aleksandr V. Snezhko - Dr. Sci. (Med.), MD, surgeon ar the Abdominal Oncology department No. 1, National Medical Research Center of Oncology,
Rostov-on-Don, Russian Federation. ORCID: https://orcid.org/0000-0003-3998-8004, SPIN: 2913-3744, AuthorID: 439135, Scopus Author ID:
6701854863

Natalya V. Soldatkina - Dr. Sci. (Med.), senior researcher at the department of abdominal oncology No. 2, National Medical Research Centre for
Oncology, Rostov-on-Don, Russian Federation. ORCID: https://orcid.org/0000-0002-0118-4935, SPIN: 8392-6679, AuthorID: 440046

Contribution of the authors:

Dzhenkova E. A., Mirzoyan E. A. - scientific editing, data analysis, writing a text;

Maslov A. A., Gevorkyan Yu. A., Kharagezov D. A., Milakin A. G., Stateshniy 0. N., Kaymakchi 0. Yu., Dashkov A. V., Kaminskiy G. V., Kolesnikov V. E.,
Malinin S. A., Tolmakh R. E., Chalkhakhyan L. Kh., Savchenko D. A., Voloshin M. V., Snezhko A. V., Soldatkina N. V. - technical editing, references
design.

54



South Russian Journal of Cancer 2022, Vol.3, No. 3, P. 55-64
https://doi.org/10.37748/2686-9039-2022-3-3-7
REVIEW

MODERN ASPECTS IN ANESTHESIA OF SMALL LABORATORY
ANIMALS

South Russian
Journal of Cancer
H0xHo-Poccuitckuit
OHKO/IOTYECKHi XKypHan

Vol. 3
No. 3,2022

S. V. Gurova™, M. V. Mindar, D. V. Khodakova

[@)ey a0 |

National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation
B4 gurova.sophie@gmail.com

ABSTRACT

Experiments with small laboratory animals are required for better understanding of a disease flow, for studying the mecha-
nisms of it's development and for the development of new therapeutic strategies. A significant part of experimental studies
involve anesthesia. In this regard, the choice of the optimal anesthesia protocol is an important point of research, since an
inadequate depth of anesthesia or the influence of undesirable factors can lead to death; the type, duration, and goals of the
procedure should be also taken into account.

We have aimed to find out what has changed in anesthesia of laboratory animals lately, which drugs are currently relevant
and what is the reason for their popularity.

Anesthesia of mice is challenging for several reasons: animal size, metabolic rate, and high risk of hypothermia and hypogly-
cemia. In addition, anesthetics affect physiological parameters and therefore even more affect the results of experiments.
At the moment, there is a large list of drugs used in laboratory animals. Since they are divided into groups depending on the
routes of administration, we selected the following drugs from a number of articles: injectable anesthetics (medetomidine,
dexmedetomidine, zoletil-100, ketamine, xyla, propofol) and inhalation anesthetics (isoflurane, sevoflurane). Advantages and
disadvantages of the drugs and their combinations were studied and described.

An analysis of the literature showed that injection anesthesia is considered the main method of anesthesia for experimental
animals and is relatively well tolerated by animals; it also does not require additional bulky equipment and additional staff
qualifications, there are antagonists for a number of drugs, and is also affordable.

In the majority of studies inhalation anesthesia was used in long-term complex manipulations/operations, since it is more
manageable, agents require minimal metabolism, and in some cases do not require additional sedation.
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PE3IOME

OKCNepUMEHTbI C UCMOIb30BaHWEM NabopaTOPHbIX XXUBOTHbIX HEOGXOAUMbI AJI NyYLIEro MOHUMAHUA TEYEHUS! TON UK UHOW
naTosIorum, 3y4yeHms MeXaHM3MOoB ee Pa3BUTUS U Pa3paboTKX HOBbIX TepaneBTUYECKUX CTpaTernii. 3HaunTenbHas YyacTb
3KCMNEepPUMEHTaNbHbIX UCCNE0BaHU TpebyeT BbIMOMHEHWSs! NpoLleaypbl aHecTe3un. B cBsi3u ¢ 3TUM BbI6Op ONTUMasibHOro
NPOTOKOJ1a N0 aHECTe3WM ABNSIETCA BaXXHbIM MYHKTOM UCCNelOBaHWUI, TaK Kak HefocTaTouHas rny6buHa Hapkosa u BMsiHue
HeXkenaTenbHbIX (haKTOPOB Ha OpraHM3M 06bekTa MOryT NPUBECTU K NIETanlbHOMY UCXOAY.

[na Hac NpefCTaBNsN0 MHTEPEC BbISICHUTb, YTO NMOMEHANOCH B 06/1aCTV aHeCTe3un nabopaTopPHbIX XXMBOTHbIX 3a NocreHee
BpeMs, Kakue npenapartbl akTyasibHbl Ha AaHHbI MOMEHT U B YeM MPUYMHA UX NOMYNIAPHOCTM.

AHecTesusl MbilLeit ABNSETCA CMIOXHOMN 3afadelt Mo HECKOIbKMM NpUYNHaM: pasMep XUBOTHOIO, CKOPOCTb MeTabonnsma
1 BbICOKMIA PUCK FTUMOTEPMUN U TUNOrnKeMun. KpoMe Toro, aHeCTETUKU AENCTBYHOT Ha pU3NOOrMyeckme napameTpbl, YTO
ele 60nblue BNUSIET Ha pesynbTaTbl 3KCMEPUMEHTOB. Ha JaHHbIi MOMEHT CYLLLeCTBYeT 60/bLUOW NepeYeHb npenapaTos,
NPVYMEHSIEMbIX Ha NabopaTOPHbIX XXMBOTHbIX. [TOCKONbKY OHM NOAPA3AENAOTCA Ha FPyNnbl B 3aBUCMMOCTM OT NyTel BBe-
LeHunsi, U3 psipa cTaTeit Mbl 0TO6panu cneaytoLue npenapara: MHbeKLMOHHbIe — «MefeTOMUANHY, «[leKCMeAeTOMUANHY,
«3o0neTun-100», «KeTamuH», «Keunay, «lMponodon» n nHransuuoHHble — «M3odnypan», «CeodnypaH». Usyumnu n onucanum
npenmMyLLecTBa U HeJOCTaTKM NPenapaToB U UX COYETAHUNA.

CornacHo aHanuay nutepaTypHbIX UCTOYHMKOB, MHbEKLNMOHHAA aHeCcTe3ns cYMTaeTcss OCHOBHbIM METOA0M HapKo3sa Afisl
3KCNEPUMEHTAbHbBIX XXMBOTHbIX U CPaBHUTESIbHO XOPOLLO NEPEHOCUTCS XXMBOTHBIMMU, Tak e He TpebyeT fO0MNONHUTENbHOM
rpoOMO3KOW annapaTypbl, 4ONOMHUTENbHOW KBann@uUKaLmMm COTPYAHMKOB, Ha psf NpenapaToB CyLEeCTBYIOT aHTaroHUCTbI,
MMeeT JOCTYMHYH CTOUMMOCTb.
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RELEVANCE

A significant aspect for understanding the patterns
of disease development and the development of new
antitumor drugs are studies performed on laboratory
animals [1]. The goal of the scientific direction for
the creation of effective tumor models is the fullest
reproduction in the body of experimental animals of
human oncogenesis and related systemic changes,
which leads researchers to a deeper study of anes-
thesiology [2].

Currently, various versions of anesthesia proto-
cols are widely used in practice, depending on the
tasks and the type of laboratory animals used: white
mice, white rats, various types of hamsters, guinea
pigs, rabbits, etc. [3]. One of the most frequently used
types of experimental animals are mice [3; 4].

The provision of anesthesia and anesthesia for
these animals is an important practice in the labora-
tory, which is necessary for performing invasive pro-
cedures, achieving prolonged immobility, for sensitive
imaging techniques and pain relief [4; 5]. Thus, the
safe and effective use of anesthesia is an important
aspect of improving experimental methods, taking
into account the specific effect of the selected agents
on the physiological parameters that are relevant
to the results of the study. For these reasons, the
choice of an appropriate anesthetic procedure is an
important factor in experimental studies and should
correspond to the type and duration of the procedure,
as well as their purpose [3].

Laboratory mice have specific physiological and
anatomical features that affect the effect of seda-
tives. Due to their small size and metabolism, the
excretion of drugs from the body occurs very quickly.
These features bring their own nuances to the pro-
cedure of introduction into anesthesia [6].

Also, when choosing anesthesia, the following
factors should be taken into account: the weight and
age of the animal, the model of the disease being
investigated and the type of procedure [7].

At the moment, there is a large list of anesthetics
used on laboratory animals. They are grouped de-
pending on the routes of administration: inhalation -
based on the introduction of drugs into the body in
the form of steam or gas through the respiratory
tract ("Isoflurane”, "Sevoflurane", etc.) and non-in-
halation — based on the introduction of anesthetics
parenterally ("Propofol", "Xyla", "Medetomidine", "Zo-
letil" etc.) [8; 9].

It was interesting to find out what has changed
in the field of anesthesia of laboratory animals, in
particular mice, which drugs are relevant at the mo-
ment and what is the reason for their frequent use.

In this regard, the purpose of our review is to ana-
lyze and systematize the data obtained from scien-
tific articles on anesthetics.

Literature search methods

We conducted a systematic search in the PubMed
database, using the keywords "anesthesia, laboratory,
mice, inhalation, injection" and e-Library: "anesthesia,
laboratory mice, experiment". For 10 years, 4180 re-
sults were found by search queries in the PubMed
database, by keywords, and 2812 articles were found
in the e-Library.

The exclusion criteria were:

1. studies in which there was no name of the an-
esthetic;

2. studies in which laboratory animals were not
mice;

3. studies that did not describe the condition of an-
imals when anesthetics were administered, and
there were no data on the condition of animals
after manipulations under the influence of anes-
thetics

4. studies for which there was only a summary in
the public domain;

5. articles that can only be accessed on a paid ba-
sis;

6. studies that did not describe side effects on the
animal's body.

As aresult of the work done, we selected 106 arti-
cles on inhalation and 251 on injection anesthesia in
laboratory mice and 46 publications were analyzed
in detail.

Analysis of research results

Mice are one of the most widely used types of
experimental animals. A lot of manipulations are per-
formed on these rodents, which require either a mild
sedative effect or deep anesthesia [10]. In the publi-
cations we have studied in recent years, the method
of "balanced anesthesia" is indicated, which is the
introduction of a mixture of sedatives, analgesics
and anesthetics to create high-quality anesthesia.
It also allows the use of lower doses than if each
component was used in a single mode [7; 11]. This
practice has the advantage of synergy and avoids
undesirable effects observed when using increased
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doses of individual components [11]. Depending
on the route of administration, anesthetics can be
divided into inhalation — based on the introduction
of drugs into the body in the form of steam or gas
through the respiratory tract ("Isoflurane”, "Sevoflu-
rane’, etc.) and non-inhalation — based on the intro-
duction of anesthetics parenterally ("Propofol", "Xyla",

"Medetomidine", "Zoletil", etc.)

Injection anesthesia

According to the analysis of literature sources,
injection anesthesia is considered the main method
of anesthesia when conducting experimental proce-
dures in small rodents [12]. This type of anesthesia
has its advantages, since it can be used in almost any
conditions, does not require additional bulky equip-
ment, and is relatively well tolerated by animals. But
there are also disadvantages, these include: poor
handling, the possibility of developing cardiac and
respiratory complications a few hours after anes-
thesia [13-15]. Doses of anesthetics for injectable
agents depend on the types of animals used, routes
of administration, age, gender, stress, body condition,
environment, experimental setup, previous drug treat-
ment and the required level of anesthesia. During the
initial period of use, it is important to closely monitor
the animals and make any adjustments necessary
for future use [14].

For the administration of these drugs, one of the
methods is used: intravenous, intramuscular, intra-
peritoneal [15].

The analysis of the literature showed that the most
common drugs in the articles are: "Medetomidine",
"Dexmedetomidine”, "Zoletil-100", "Ketamine", "Xyla",
"Propofol" and their combinations. In this review, we
have reviewed several of the most common drugs
and their combinations.

Drugs:

"Medetomidine"

It stimulates peripheral and central a2-adrenore-
ceptors, has a selective effect, which reduces the
drug load on the animal's body. It is one of the most
popular drugs because of its high a2 selectivity
against receptors. "Medetomidine" is a sedative and
analgesic. Its main side effects include bradycardia,
hypotension, respiratory depression, hypothermia
and diuresis. To stop the effect of "Medetomidine"
on the animal's body, drugs containing such an active
substance as atypamezole hydrochloride are used

58

in practice. Due to the antagonistic effect on a2 re-
ceptors, the release of norepinephrine is suppressed
and, as aresult, the effects caused by Medetomidine
are stopped [16].

"Dexmedetomidine”

"Dexmedetomidine” has been identified as the ac-
tive enantiomer, aka the mirror drug "Medetomidine".

"Dexmedetomidine” is an a2-adrenergic receptor
agonist similar to "Medetomidine", but it lacks the phar-
macologically inactive enantiomer of levomedetomi-
dine. "Dexmedetomidine" has a stronger anesthetic
effect than "Medetomidine" and is 40 times stronger
than "Xyla" [7; 17]. "Dexmedetomidine” provides excel-
lent muscle relaxation and pain relief during surgical
interventions. In addition, the administration of the drug
with the active substance — atypamezole hydrochloride,
provides rapid elimination of the anesthetic effect and
leads to rapid recovery of physiological parameters [17].

"Ketamine"

"Ketamine" causes a state of "dissociative anesthe-
sia", in which deep anesthesia, sedation and muscle
rigidity (stage of catalepsy) are observed. It does
not depress the central nervous system (CNS), so
reflexes remain intact. Side effects are as follows: the
eyes remain open, so it is additionally recommended
to use eye ointment; the presence of spontaneous
movements and muscle tension, which causes an
initial increase in blood pressure [18]. Unlike other
anesthetics, Ketamine does not inhibit breathing or
cardiac output. Also, this drug, used in mono mode,
does not provide sufficient anesthesia. But the com-
bination with "Xyla", "Medetomidine" or "Diazepam"
creates an effective anesthesia [19].

"Propofol”

The drug is an isopropylphenyl compound avail-
able for intravenous administration. Propofol exerts
its influence on the central nervous system by mod-
ulating gamma-aminobutyric acid (GABA) channels
through sites other than barbiturates, steroids or ben-
zodiazepines. It quickly causes loss of conscious-
ness, recovery is faster and more complete with
minimal residual effects, has good potential as an
anesthesia regimen for functional studies. However, it
does not cause analgesia, so when performing pain-
ful manipulations, additional analgesic drugs should
be used. Cerebral blood flow, perfusion pressure and
intracranial pressure decrease after administration
of Propofol. It is a powerful respiratory depressant,
so apnea often occurs during induction if the drug
is not administered slowly [15].
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Table 1. Drugs and their combinations for anesthesia

Drug and/or drug N Method of drug Specific
combination Indication Adverse effects administration antagonist References
Bradycardia, hypotension,
Medetomidine Sedation respiratory depression, IM; SC Atipamezole [6;11;16]
hypothermia and diuresis
Dexmedetomidine Sedation No information was found in IM; SC Atipamezol [17; 23]
the studied articles
Skeletal muscle tone, risk No information
Ketamine Anesthesia of depression or respiratory IM was found in the [7;13;18]
arrest. studied articles
No information was found in No information
Propofol anesthesia the studied articles IV slowly was found in the [13;14;19]
studied articles
Transient hypertension,
prolonged hypotension, a
decrease in cardiac output No information
Zoletil 100 + Xyla Sedation + by 30-50 %, diuresis, . IM was found inthe  [15;20-23]
anesthesia hypothermia, hyperglycemia, studied articles
cerebral hypoxia and a
decrease in intestinal motility
lasting for several hours
Hypotension and
hypoventilation have a
Sedation + significant effect on the . _
Alfaxalon + Xyla anesthesia cardiovascular system, M Atipamezol [24-26]
manifested by a low pulse
rate.
Hypotension and
hypoventilation have a
. Sedation + significant effect on the . [16; 20;
Ketamine + Xyla anesthesia cardiovascular system, IM Atipamezol 27-29]
manifested by a low pulse
rate.
Inhalation Circadian rhythm disorders, No information
Isoflurane anesthesia as well as hypothermia and Inhalation was found inthe  [30; 32-36]
hypoglycemia studied articles
Inhalation Circadian rhythm disorders, No information [13:31;
Sevoflurane anesthesia as well as hypothermia and Inhalation was found in the 37-39]

hypoglycemia

studied articles
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"Xyla" + "Zoletil-100"

The drug "Xyla" is used both as a sedative and
as a component of balanced combinations of an-
esthesia. It is believed that the sedative effect of
a2-adrenoreceptor agonists is carried out by stimu-
lating the subtypes of a2-adrenoreceptors in the blue
spot of the brain stem, which reduces the release
of norepinephrine [20]. Although newer drugs "Me-
detomidine" and "Dexmedetomidine" have a higher
specificity to the a2-adrenergic receptor, "Xyla" is still
widely used in veterinary medicine [21]. Side effects
of this drug are: transient hypertension, prolonged
hypotension, a decrease in cardiac output by 30—
50 %, diuresis, hypothermia, hyperglycemia, cerebral
hypoxia and a decrease in intestinal motility lasting
for several hours [22].

The main advantage of a2-adrenergic receptors
is the availability of antagonists. Effective relief of
xylazine sedation by an antagonist leads to a rapid
awakening of the object, as well as to the leveling
of most of the previously listed side effects. When
deciding on the administration of an antagonist, the
researcher responsible for anesthesia should take
into account some factors: the antagonist should not
be administered until the need for sedative, anxiolytic
and analgesic effects of the agonist disappears [23].

To enhance the anesthetic effect, the drug "Xyla"
is combined with "Zoletil 100". "Zoletil 100" is used
for general anesthesia of animals, it consists of two
components: tiletamine and zolazepam. Tiletamine
is a general anesthetic of dissociative action, caus-
ing a pronounced analgesic effect, but insufficient
muscle relaxation. Zolazepam inhibits subcortical
areas of the brain, causing anxiolytic and sedative ef-
fects, relaxes striated muscles. Zolazepam enhances
the effect of tiletamine, and also prevents seizures
caused by tiletamine, improves muscle relaxation and
accelerates recovery after anesthesia [7].

"Alfaxalon” + " Xyla"

When searching for articles on this drug, we found
that "Alfaxalon” was evaluated as an anesthetic in mice.

Alfaxalon is a neuroactive steroid that acts as
a GABA agonist. The early version of "Alfaxalon”
was insoluble in water, and polyoxyl 35 castor oil
was added to it to increase solubility. However, this
composition of this drug, which was used as a vet-
erinary anesthetic, was discontinued because the
solubilizing agent induced the release of histamine,
which contributed to the appearance of anaphylactic
reactions [24; 25].

60

Subsequently, the composition of the drug was
changed using 2-hydroxypropyl-B-cyclodextrin as
a solubilizing agent, which eliminated these side ef-
fects. After the changes, "Alfaxalon” began to gain
great popularity in veterinary medicine as a sedative
and a component of intravenous general anesthesia
in various animal species [24; 26].

One of the studies showed that "Alfaxalon" in com-
bination with "Xyla" can be administered intraperi-
toneally [25]. The authors found that "Alfaxalon” +
"Xyla" provides a longer duration of anesthesia during
prolonged manipulations than "Ketamine" + "Xyla”.
After analyzing this study, the following conclusions
can be made: intraperitoneal administration of "Alfax-
alon" + "Xyla" provided effective immobilization and
anesthesia, which may be suitable for orthopedic
operations, imaging or other invasive procedures [25].

"Ketamine" + "Xyla"

Ketamine is used as an additional anesthetic due
to its limited ability to provide adequate relaxation
of skeletal muscles. In addition, the use of a combi-
nation of anesthetics with "Xyla" as an anesthetic in
rodents has limitations, including a long induction
time and weak local tolerance with intramuscular
administration [20; 27].

Analysis of the literature data showed that the com-
bination of "Ketamine" + "Xyla" is one of the most
frequently used schemes for anesthesia of mice. Its
main disadvantage is a gentle dose — effect curve,
which leads to unpredictable consequences. It is note-
worthy that comparable dosage regimens of "Ket-
amine" + "Xyla" in mice can give a variety of results,
ranging from surgical anesthesia to death [16; 28].

Combinations of "Ketamine" + "Xyla" can affect
the hemodynamics of the brain, causing a decrease
in cerebral blood flow and affecting brain oxygen-
ation, which can have mixed effects when visualizing
perfusion [28; 29]. In addition, the combination of
"Ketamine" with "Xyla" has a significant effect on the
cardiovascular system, manifested by a low pulse
rate and hypotension [29].

Inhalation anesthesia

This type of anesthesia is based on the introduction
of anesthetics into the body in the form of steam or gas
through the respiratory tract. The saturation of the body
with anesthetics occurs due to their diffusion through
the alveoli and depends on the concentration, type of
anesthetics, their solubility in blood and tissues, the
state of blood circulation and respiratory system [30].
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Gas anesthesia has many advantages, including:
1) increased control over the depth of anesthesia;
2) minimization of research variability due to the pres-
ence of agents (for example, "Isoflurane”) that require
minimal metabolism; 3) reduction of cardiopulmonary
depression, which leads to increased safety during
induction and reduced recovery time [31].

From the proposed spectrum of inhalation anes-
thesia, we selected the following substances: "Isoflu-
rane" and "Sevoflurane". This is due to the frequency
of occurrence of these anesthetics in the literature.

“Isoflurane”

"Isoflurane” is a common inhalation anesthetic in
laboratory animal medicine and veterinary practice,
although the exact mechanism of its action is com-
plex and not fully understood, it is widely used due
to the fact that it is minimally metabolized (< 0.17 %)
in the liver and, therefore, less toxic to animal metab-
olism compared to with injectable anesthetics [32].

"Isoflurane” causes moderate depression of the
respiratory and cardiovascular systems, but sup-
ports better cardiac function than the combination
of "Ketamine" and "Xyla" [33]. However, in addition
to these benefits, it has also been found that "Isoflu-
rane" causes reversible object recognition memory
deficits, impaired learning function, circadian rhythm
disorders, as well as hypothermia and hypoglycemia,
which can negatively affect the recovery period. In
mice and rats, repeated administration of “Isoflurane”
causes a pronounced rejection than a single admin-
istration [34-36].

“Sevoflurane”

Sevoflurane was first synthesized in the late
1960s, but was not approved for medical use until
1990 due to concerns about the decomposition of
sodium lime and the release of fluorine ions during
metabolism, which can also cause nephrotoxicity
[37]. After a while, it was proved that none of these
problems has clinical significance for humans or
animals [38—-39]. It is less soluble than Isoflurane,
which means that induction and recovery occur even

faster. "Sevoflurane" is better tolerated by induction
through a facial mask and a camera, since it has low
acuity and low irritant effect on the respiratory tract
[40]. "Sevoflurane”, depending on the dose, causes
reversible loss of consciousness and pain sensitivity,
suppression of voluntary motor activity, decreased
autonomic reflexes, as well as sedation of the respi-
ratory and cardiovascular systems.

CONCLUSION

According to the literature data, the range of top-
ical anesthetics has increased significantly over the
past 10 years. Specific antagonists are used for
a number of injectable drugs. Analysis of the liter-
ature data has shown that inhalation anesthesia is
the preferred option for prolonged, complex manip-
ulations/operations, since it is more manageable,
agents require minimal metabolism, as a rule, does
not require additional sedation with third-party drugs.

But it is also worth considering a number of dis-
advantages in this method: the cost of equipment,
the need for a cleaning system for the removal (with-
drawal) of exhaust gases and protection of personnel
(oversaturation of employees with gas leads to dizzi-
ness, loss of consciousness, tachycardia poisoning,
etc.), as well as to work on this equipment requires
qualified team and annual maintenance, which carries
additional financial costs.

For minimally invasive manipulations, the use of
injectable anesthesia is recommended. This type of
anesthesia has a number of advantages: the use of
the drug and its combination in any conditions, does
not require additional cumbersome equipment, staff
qualifications, antagonists are used, affordable cost.

There are also disadvantages: poor handling, dif-
ficulty in selecting the dosage and administration
of the drug due to the small weight of the animal.

All of the above indicates the dynamics of devel-
opment in the field of anesthesia protocols of labo-
ratory animals.
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