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ABSTRACT

Purpose of the study. To evaluate the effectiveness and possibility of wide clinical use of denosumab in neoadjuvant
mode in patients with giant-cell bone tumors to simplify the operation by reducing the size of the tumor, consolidating
pathological fractures, improving the quality of life, restoring the function of adjacent joints, by conducting 2 courses
of denosumab as neoadjuvant targeted therapy for patients with giant-cell bone tumors, as well as evaluating morpho-
logical changes in tumor.

Materials and methods. Considering the data on the efficacy of denosumab, all 10 patients underwent 2 courses of
Denosumab 120 mg subcutaneously 1 time per month, as a neoadjuvant targeted therapy for a giant cell bone before
performing a surgical treatment. The morphological picture was analyzed before and after the start of treatment, and
the clinical and radiological results were evaluated.

Results. A similar clinical picture was observed in all 10 cases involving pain relief and restoration of support ability
of the bone. X-ray changes demonstrated the development of sclerotic processes in the foci of lytic destruction.
Consolidation of pathological fractures was observed.

The main changes determining the clinical and radiological characteristics were associated with the morphological
processes occurring in the tumor under the influence of denosumab.

The morphological picture in the surgically removed bone samples was associated with the development of fibro-
sclerotic processes leading to the consolidation of pathological fractures.

The histological changes were assessed at the light-optical level. Tumor cells (osteoblasts and osteoclasts) were
replaced with fibrous tissue of varying maturity. That is, a response to the therapy (pathomorphosis in the tumor) was
observed under the action of denosumab.

Conclusions. Denosumab in neoadjuvant targeted therapy for patients with giant cell bone tumors prior to surgical
treatment allows reduction in tumor sizes and consolidation of pathological fractures. The functions of adjacent
joints were restored during Denosumab treatment. Improvements in the quality of life of patients were registered.
The clinical and radiological effect of the therapy corresponded to the morphological changes occurring in the tumor.
All of the above made it easier to perform surgery.

Keywords:
giant cell tumor of bone, denosumab, targeted therapy, therapeutic pathomorphosis, tumor sclerosis,
a monoclonal human antibody.

For correspondence:

Tatyana V. Ausheva - Cand. Sci. (Med.), oncologist at the Department of bone, skin, soft tissue and breast tumors N2 1, National Medical Research
Centre for Oncology of the Ministry of Health of Russia, Rostov-on-Don, Russian Federation.

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

E-mail: tatanaauseva@gmail.com

ORCID: https://orcid.org/0000-0002-7073-9463

SPIN: 5069-4010, AuthorID: 264138

Researcher ID: AAQ-9943-2020

Information about funding: no funding of this work has been held.
Conflict of interest: authors report no conflict of interest.

For citation:
Barashev A.A., Mozulyaka V.V., Ausheva T.V., Vinnik Yu.R., Vashchenko L.N., Nepomnyashchaya E.M., Chernogorov P.V. The first results of combined
treatment of giant cell tumor of bone. South Russian Journal of Cancer. 2020; 1(4): 6-14. https://doi.org/10.37748/2687-0533-2020-1-4-1

Received 21.01.2020, Review (1) 02.07.2020, Review (2) 07.07.2020, Accepted 01.12.2020

6



lOxHO-poccuincknit oHkonornyeckui xypHan 2020, 1.3, N4, c. 6-14
https://doi.org/10.37748/2687-0533-2020-1-4-1
OPUTUHATIBHASA CTATbA

MEPBbIE PE3YNbTATbI KOMBUHWUPOBAHHOIO IEYEHWSA TMTAHTOKNETOYHON
0MnyXxo0Jin KOCTH

A.A.bapawes, B.B.Mosynska, T.B.Aywesa*, |0.P.Bunnuk, J1.H.Bawenko, E.M.Henomuswas, .B.YepHoropos

®rbY «<HMUL onkonorum» Munagpasa Poccuw,
344037, Poccuiickas ®egepauus, r. PoctoB-Ha-[loHy, yn. 14-9 nuuus, a. 63

PE3IOME

Lienb uccnepoanus. OueHnTb 3hHEKTUBHOCTb ¥ BOSMOXHOCTb LUMPOKOro KJIMHUYECKOro MCNONb30BaHNA npena-
paTa fleHocymab B HeOabloBaHTHOM PEXUME Y 60JIbHbIX C FTMraHTOKIETOYHOM ONYXOMbio KOCTEW ANS YIPOLLEHUs
BbIMOJIHEHMSA OMepaLMmn 3a CHET yMeHbLLEHNSA pa3MepoB OMyX0Jn, KOHCONnAaLuy naTonornyecknx nepesiomos,
YNyJLLIEeHUsi KaYeCcTBa XXWU3HW, BOCCTAHOBEHWS PYHKLIMM CMEXHbIX CYCTaBOB, MYTEM NPOBEAEHUS 2-X KYPCOB AEeHO-
cyMaba B KayecTBe He0abloBaHTHOW TapreTHOM Tepanuun 60J1bHbIM C FTUraHTOKIETOYHLIMU OMYXONSIMU KOCTeN, a
TakKXXe oLEeHKN MOP(ONOrMyecKnx USMeHeHUA B ONyxXosu.

Matepuanbl u MeToabl. YunTbiBas faHHble 06 apPeKTUBHOCTU AeHocymaba, BceM 10 naumeHTam 6b110 NpoBeAeHO
2 Kypca feHocyMaba 120 Mr NoaKoXHO 1 pa3 B MecsiL, B Ka4eCTBe Heoa broBaHTHOW TapreTHoOM Tepanum no noBoay
rMraHTOK/IETOYHOM ONYXOJIM KOCTU Mepes MpoBeAeHNEM XMPYPruyecKoro fedeHunst. OcyLLecTBNeHO ndyyeHne mopdo-
JIOrMYecKOmN KapTUHbI A0 W MOCNE NIeYeHUs, a TakXKe OLeHeHbl KITMHUKO-PEHTIeHONorn4yeckune pesynbTaThl.
Pesynbratbl. Bo Bcex 10 HabntofeHuax 6blna oTMeYeHa OAHOTUMHAA KIIMHUYeCKas KapTMHa, BblpaXkaBLuascs
B YMEHbLUEHUM 60N1EBOro CUHAPOMA, BOCCTAaHOBNEHUM (PYHKLIMMN KOHEYHOCTMU.

PeHTreHonornyeckme usMeHeHns NO3BONWN KOHCTaTMPOBaTb pa3BUTHE CKIIEPOTUYECKMX MPOLIECCOB B 04arax nnTu-
YeCKOW AecTpyKumMK. B MecTax naTonornyecknx nepesioMoB Habnofanm ux KoHconuaaumo. OCHOBHbIE MSMEHEHNS,
06yCnoBNBaOLLME KITMHUKO-PEHTIEHONTOMMYECKME XapaKTEPUCTMKM 6binn CBA3aHbI C MOP(ONOrMyecKnmm npoLeccamu,
NPOMCXOAALLMMU B OMYXONN NOf AeNCTBUEM fieHocymaba. Mopdonornyeckas KapTuHa B yAaneHHbIX onepaunoHHbIX
npenaparax KocTei 6blsia CBA3aHa C pa3BuTMeM GUOPO3HOCKIEPOTUYECKMX NPOLIECCOB, MPUBOASLLMX K KOHCONMMAALMUM
naToNorM4yeckmx nepesioMoB. MMCTonornyeckne N3MeHeHms 6blIn OLEHEeHbl Ha CBETOONTUYECKOM YPOoBHe. [pn aToM
NPOMCXOAMUIO0 3aMeLLieH1e ONYXO/eBbIX KNETOK (0CTeo61acToB M OCTEOKNACTOB) GUBPO3HOI TKaHbIO pa3HoW CTeneHu
3penocTu. To ecTb NoA AeNCTBUEM fleHocyMaba HabtoAancs OTBET OT NPOBOAMMOI Tepanuy (maToMopho3 B Onyxonu).
3akntouyeHue. [laHHbI cnoco6 NpUMeHeHWs feHocymaba B KayecTBe HeoaAbloBaHTHON TapreTHOMN Tepanuu 60s1b-
HbIX C FTMraHTOKNETOYHBIMU ONYXONSIMU KOCTeW Nepes, NpoBeAeHNEM XUPYPruyecKoro neyeHnst No3BonsieT o6UTbCA
YMeHbLUEHUSA pa3MepoB OMyX0sn, KOHCONMAALIMM NaToNorMyecknx nepenomos. loa aencTenem npenapara B xofae
Jle4yeHuMs NPONCXOANNI0 BOCCTaHOBEHME BYHKLMM CMEXHbIX CyCTaBOB. bblf1o 0TMeYeHo ynyylleHne KayecTaa
YKM3HMW NaumeHToB. [loka3aTeNlbCTBOM KJIMHWUKO-PEHTreHoornyeckoro addexkTa NpoBoAVMONI Tepanuu ABASAIUCH
Mop®donorniyeckne nsMeHeHus, MPONCXOAALLME B ONYXOSN.

Bcé BblLLen3noxeHHoe AaBasio BOSMOXHOCTb BbIMOJIHEHWSA OMepaTUBHOIoO BMeLLaTebCTBa.

KntoueBble cnosa:
rMraHTOKNETOYHas! OMyXosb KOCTU, AEHOCYMab, TapreTHasa Tepanus, TepaneBTUYecKuii natoMopdos,
CKN1epo3 0OMnyxoiv, MOHOKJIOHa/IbHOE Ye/IoBe4YeCcKoe aHTUTENO.
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INTRODUCTION

Bone tumors are one of the most difficult sec-
tions in the diagnostic aspect, so they occupy
a special place in human pathology.

Giant cell tumor of bone (GCT) — a tumor of the
skeleton that are related to tumors with uncertain
potential of malignancy. In the mid-20th century,
J.C. Bloodgood considered this tumor to be abso-
lutely benign, but now this view is revised, since
according to a number of authors, primary malig-
nant variants (up to 5% of cases) and the ability
of this tumor to malignancy (in 1.5-13% of cases)
are described [1]. The peak incidence of GCT is
detected in the age group from 18 to 40 years, in
children under 12 years of age practically does not
occur. Currently, due to the use of immunohisto-
chemical (IHC) research methods, it is possible
to isolate malignant fibrous histiocytes from the
group of malignant giant cell tumors, which have
a similar microscopic picture, and formed a group
of malignant giant cell tumors. The most frequent
localization of a giant cell tumor is the epimetaphy-
sis of long tubular bones, somewhat less often-the
pelvic bones, spine, scapula, and ribs [2].

Clinical manifestations in giant cell tumors are
non-specific. The disease manifests itself in dis-
comfort and moderate pain at rest. Patients go
to the clinic, in the absence of sufficient exam-
ination, they are prescribed non-steroidal anti-in-
flammatory drugs, physiotherapy, blockades, at
the initial stages with a positive clinical effect. In
the absence of adequate treatment, the clinical
symptoms progress, the pain syndrome becomes
persistent. It is also possible to establish a diag-
nosis of a giant cell bone tumor when contacting
a doctor after a previous injury, where an x-ray
examination diagnoses a pathological fracture
against the background of a giant cell tumor [1].

The x-ray picture of a giant cell tumor is char-
acterized by an eccentrically located focus of
destruction of a rounded shape, bone swelling is
characteristic, the cortical layer is thinned, and in
some places it may not be traced at all. In half of
the patients, the lesion is clearly separated from
the healthy bone, which takes the form of a scle-

rotic rim. When the tumor is located in the pelvic
bones, ribs, spine, sternum, and scapula, the con-
tours are usually indistinct [1, 3—-6].

To date, the method of choice in the treatment
of giant cell tumors has been surgical, but with the
deepening of knowledge about the pathogenesis
of development and molecular genetic features of
giant cell tumors, it has been proposed to use in
its treatment a targeted effect on RANKL of an in-
hibitory monoclonal antibody — denosumab. Most
of the cases described in the available literature
indicate the use of denosumab in the treatment
of giant cell cancerous bone tumors as the only
treatment method that does not involve surgical
removal of the tumor at one stage due to its un-
resectability [1, 7].

Molecular pathophysiological aspects of a giant
cell tumor are characterized by proliferation of
mesenchymal stromal cells-bone progenitors that
serve as a trigger and support osteoclastogenesis
instead of differentiation into osteoblasts and os-
teocytes. It follows that the main component of the
tumor is stromal cells. Resorbing giant cells are
the product of interaction between stromal cells
and attracted monocytes, which are transformed
into tumor cells. Cell markers give a positive re-
action with CD45 in multicore giant cells, which
indicates that they belong to monocytes. In addi-
tion, overexpression of receptors to the ligand of
nuclear factor-b activators (RANKL) and stromal
factor SDF-1 is detected. Stromal cells produce
chemoattractants that can attract monocytes and
transform them into resorbing giant cells. Stromal
cells also secrete various chemokines, monocyte
chemoattractant proteins, and SDF-1 factor, which
attract monocytes from the bloodstream and pro-
mote their migration to the tumor tissue. These
monocytes eventually turn into osteoclast-like mul-
tinucleated giant cells. Monocytes Express RANK,
which is necessary for differentiation of Mature
osteoclasts and their activation in the presence of
co-factor, macrophage colony-stimulating factor
M-CSF. These osteoclast-like giant multinucleated
cells resorb bone tissue leading to osteolysis [8].

Denosumab is a fully human monoclonal an-
tibody (1gG2) that has a high affinity and speci-
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ficity for the ligand of the nuclear factor activa-
tor receptor APPA B (RANKL) and prevents the
activation of the only RANKL receptor — the nu-
clear factor activator kB (RANK) located on the
surface of osteoclasts and their precursors. The
RANK ligand is a protein present in the body as
a membrane-bound and soluble form. RANKL is
the main mediator of the metabolic pathway nec-
essary for the formation, functioning, and survival
of osteoclasts, the only cell type responsible for
bone resorption. Increased osteoclast activity
induced by RANKL is the main cause of bone
destruction in metastases of solid tumors to bone
tissue and in multiple myeloma. Preventing the
RANKL/RANK interaction inhibits the formation,
activation, and survival of osteoclasts. As a re-
sult, denosumab reduces bone resorption and
destruction of bone tissue caused by malignant
neoplasms [9-11].

The purpose of the study: to evaluate the effec-
tiveness and possibility of wide clinical use of the
drug denosumab in neoadjtuvant mode in patients
with giant cell bone tumors to perform surgery
by reducing the size of the tumor, consolidating
pathological fractures, restoring the function of
adjacent joints, and morphological changes occur-
ring in the tumor tissue by conducting 2 courses
of denosumab as a neoadjuvant targeted therapy
for patients with giant cell bone tumors.

KOM6VIHVIpOBaHHOF0 NeYeHUs TMraHTOKNETOYHOM onyxonu Koctu

MATERIALS AND METHODS

The authors ' research has shown that 2 courses
of denosumab as a neoadjuvant targeted therapy
for patients with a giant cell bone tumor before
surgical treatment reduces the size of the tumor
(Fig. 1A, B), promotes the fusion of pathological
fractures, helps restore the function of adjacent
joints, and causes sclerotic processes in the tumor
tissue (Fig. 2 A-D) [12].

All patients underwent a comprehensive exam-
ination, including anamnesis, physical examina-
tion, General clinical analysis of blood and urine,
biochemical blood analysis, coagulogram, EKG,
radiation diagnostic methods (radiography, spiral
computed tomography).

In the biopsy material, the tumors had the usu-
al histological structure characteristic of a giant
cell tumor with destruction of bone beams, focal
hemorrhages, and the presence of osteoblasts and
osteoclasts (Fig. 2A). After treatment, all observa-
tions showed marked signs of therapeutic patho-
morphosis. Between the preserved bone beams,
the tumor tissue underwent pronounced dystrophic
changes with edema, the disappearance of giant
multinucleated cells, and the formation of connec-
tive tissue. There were areas of hemorrhage, but
a much larger area was occupied by foci of fibro-
sis, sometimes with the presence of hemosiderin

Fig. 1. Type of macroslides on the cut after neoadjuvant targeted therapy with denosumab and in the absence of treatment. A — the lower
third of the femur after 2 courses of neoadjuvant targeted therapy with denosumab, a significant reduction in the size of the tumor, and
sclerosis of the tumor tissue. B — the lower third of the femur with a tumor before neoadjuvant targeted therapy with denosumab, a large
tumor, liquid.
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(Fig. 2B, C). In some cases, the tumor tissue was
completely absent and was represented by loose
and dense fibrous connective tissue with a small
number of osteoblasts (Fig. 2G).

Using this method, we treated 10 patients with
giant cell bone tumors of various localization.

Clinical, radiological and morphological dynam-
ics were evaluated after 2 courses of denosumab
treatment.

In the course of our study, all patients showed
a clinical effect of the treatment.

By gender, the patients are distributed equally:
5 men and 5 women.

The median age was 3613.14 years. The local-
ization of tumors was as follows: the upper third of
the tibia-3, the lower third of the tibia-3, the llium,
the heel bone, the lower third of the femur and the
lower third of the humerus according to one ob-

servation. Operations performed after neoadjuvant
therapy were as follows: bone defect reconstruc-
tion using bone grafting for marginal resections
and endoprosthetics for segmental resections.
Before starting treatment and including patients for
treatment, all patients signed an informed consent.

Here are clinical examples of the use of this
method of treatment.

1. Patient A. 51 years old. In June 2017, he
was injured at home and received conservative
treatment with a temporary positive effect. At the
place of residence, he was examined by radiation
diagnostic methods: R-gr from 11.12.2017-signs
of osteolytic formation of the proximal part of
the right femur, pathological fracture (Fig. 3A).
Independently asked NMRCO surveyed. A trepan
biopsy was performed. The trepan biopsy contains
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Fig. 2. Morphological changes in giant cell tumors before and after treatment. A — giant cell tumor with hemorrhages-biopsy. B, C - fibrotic
tumor tissue with focal hemorrhages, hemosiderin deposition. D — pronounced fibrosis of the tumor between the preserved bone beams.
Color: G-E. Magnification: X200
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extensive layers of giant cell tumor with hemosid-
erin deposition and destruction of bone beams.
Diagnosis: giant Cell tumor of the upper third of
the right femur. Three courses of neoadjuvant
therapy with denosumab (120 mg once a month)
were performed. After that, the patient had a de-
crease in pain, he completely refused painkillers,
and partially restored his ability to support himself.
Radiologically, we observed sclerosis of the focus
of lytic destruction, signs of consolidation of the
pathological fracture (Fig. 3B). Then the operation
was performed in the following volume: segmental
resection of the upper third of the right femur with
a tumor, replacement of the defect with a hip re-
placement (Fig. 3B). When examining the surgical
material, macroscopically complete consolidation
of the pathological fracture of the upper third of
the femur. On the cut, the pathological focus is
filled with a dense whitish tissue. Histological ex-
amination of the surgical material between the
bone beams shows fibrous tissue with hemorrhag-
es and foci of myxomatosis.Significant response
to the therapy is admitted.

2. Female patient G., aged 45 years. Since Oc-
tober 2016, | have been concerned about pain

KOM6VIHVIpOBaHHOF0 NeYeHUs TMraHTOKNETOYHOM onyxonu Koctu

in my left elbow joint. The pain syndrome grad-
ually increased, there was a restriction of exten-
sion. She was observed by an orthopedist at the
place of residence, received conservative therapy
without effect. In may 2017, she applied to the
NMRCO and was examined. SCT of the chest, ab-
dominal cavity, and pelvic organs was performed,
but no pathology was detected. On the radiograph
of the left elbow joint, there is a focus of lytic
destruction in the distal metaepiphysis of the hu-
merus (Fig. 4A). A trepan biopsy was performed.
In the biopsy among the blood bundles, single
bone beams layers of giant cell tumor. Diagno-
sis: giant Cell tumor of the lower third of the left
humerus. Two courses of neoadjuvant targeted
therapy with denosumab (120 mg once a month)
were performed. Repeated radiography of the left
elbow joint was performed, where sclerosis of the
focus of lytic destruction was observed (Fig. 4B).
The patient experienced relief of pain, restoration
of full range of motion in the left elbow joint. After
that, the operation was performed in the following
volume: segmental resection of the lower third
of the left humerus with a tumor, replacement of
the defect with an endoprosthesis of the elbow

Fig. 3. x-Ray images of the patient. A — before the start of neoadjuvant therapy with denosumab, signs of osteolytic formation of the
proximal part of the right femur, pathological fracture. B — after completion of neoadjuvant therapy with denosumab, sclerosis of the focus
of lytic destruction, signs of consolidation of the pathological fracture. C — condition after segmental resection of the upper third of the
right femur with a tumor, replacement of the defect with a hip replacement.
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joint (Fig. 4 C, D). In macroscopic assessment
of the surgical material, the lower third of the
left humerus with a lumpy bone density tumor
in the condyle region, the pathological focus is
filled with dense whitish tissue on the cut. When
histological examination of the surgical material
in the preparations after treatment, there are ex-
tensive fields of fibrous tissue with few cellular
elements, which can be regarded as a response
to the therapy (therapeutic pathomorphosis).

3. Patient K., 68 years old. Pain in the right wrist
joint is noted for 6 months. He received conserva-
tive treatment with a temporary effect. Radiography
was performed at the place of residence, and the
volume formation of the distal third of the radi-
us on the right was revealed (Fig. 5A). Asked for

a consultation in NMRCO. A trepan biopsy ofthe
lower third of the right radius was performed. In
the trepan biopsy, there are extensive fields of gi-
ant cell tumor among the blood clots. SCT of the
forearm and hand bones most likely show signs of
the cellular-trabecular phase of a giant cell tumor.
SCT of the chest cavity, abdominal cavity and small
pelvis from 20.10.2018 year-without a pathology.
Diagnosis: giant Cell tumor of the distal third of the
right radius. Three courses of neoadjuvant targeted
therapy with denosumab (120 mg once a month)
were performed. After that, the patient had a de-
crease in pain, which allowed more than twice to
reduce the dose of analgesics taken. X-ray sclerosis
of the destruction site (Fig. 5B). Then the operation
was performed in volume: segmental resection

Fig. 4. x-Ray images of the patient. A — before starting neoadjuvant targeted therapy with denosumab, the image shows the presence
of a focus of lytic destruction. B — after completing the course of neoadjuvant targeted therapy with denosumab, reducing the size and
sclerosing the focus of lytic destruction. C, D — show condition after segmental resection of the lower third of the left humerus with

a tumor, replacement of the defect with an elbow joint endoprosthesis in direct and lateral projections.

Fig. 5. X-Ray images of the patient. A — before the start of neoadjuvant targeted therapy with denosumab, volume formation of the distal
third of the radius on the right. B — after completion of neoadjuvant targeted therapy with denosumab, sclerosis of the focus of lytic

destruction is determined. C — condition after segmental resection of the lower third of the right radius with a tumor, replacement of the
defect with a wrist joint endoprosthesis.
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of the lower third of the right radius with a tumor,
replacement of the defect with an endoprosthesis
of the wrist joint (Fig. 5B). In macroscopic assess-
ment of the surgical material, the lower third of the
right radius is uneven, bumpy, and the pathological
focus is filled with dense whitish tissue on the cut.
Histological examination of the surgical material
in the tumor has extensive fields represented by
fibrous tissue. There are tumor fields consisting
of loose fibrous connective tissue with multiple
myxomatosis, a small number of cellular elements.
Histological picture of a giant cell tumor with pro-
nounced therapeutic pathomorphosis.

CONCLUSION

This method of using denosumab as a neoad-
juvant targeted therapy for patients with giant cell

KOM6VIHVIpOBaHHOF0 NeYeHUs TMraHToOKNeTOYHOM 0onyXxonu Koctu

bone tumors before surgical treatment allows
to reduce the size of the tumor and consolidate
pathological fractures. Under the influence of the
drug during treatment, the function of adjacent
joints was restored. There was an improvement
in the quality of life of patients. The clinical and
morphological effect of the therapy correspond-
ed to the morphological changes occurring in
the tumor.

The duration and number of courses are dis-
cussed in the literature. However, there is no clear
opinion on this issue. In this regard, the observed
clinical and radiological data that occur during 2
courses allowed us to implement this technique. At
the same time, the result was similar for 2-course
therapy. Our results are consistent with the liter-
ature data on morphological changes that occur
when using denosumab.
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ABSTRACT

Purpose of the study. To evaluate the diagnostic significance of accelerated and affordable verification of a bloodstream
infection pathogen using biomarkers: procalcitonin and the Platelia™ Candida Ag Plus mannan antigen.

Patients and methods. 349 cancer patients with febrile fever were examined from 6 medical and diagnostic oncological
hospitals in the Southern Federal District of the Russian Federation during 2019. Patients aged from 1 to 85 years were
hospitalized in intensive care, pediatric oncology and hematology oncology departments. Patient informed consent for
the study was obtained. The diagnostic algorithm included: a blood test using an automatic BacT /ALERT 3D analyzer
and a parallel study of the level of biomarkers with enzyme immunoassay. Identification of strains and determination of
sensitivity to antimicrobial agents was determined on a Vitek 2 automatic analyzer (BioMerieux, France). Procalcitonin
levels greater than 10 ng/ml were registered to determine the development of bacterial inflammation. Procalcitonin
was determined with Procalcitonin — ELISA-BEST kits (Russia). Mannan antigen was determined using Platelia Candida
Ag kits (France). The result was considered positive at the antigen concentration of 2125 pg/ml. Candida mannan
antigen allowed us to decide on the involvement of Candida spp. in the infectious process.

Results. An integrated approach to the diagnosis of bloodstream infections increased the percentage of detection of
pathogens up to 58.7%. Bacterial infection testing both with the blood culture method and the procalcitonin determi-
nation in blood serum revealed similar diagnostic values. Candida mannan antigen testing significantly improved the
early diagnosis of Candidal infection, despite negative blood culture, which was probably associated with prolonged
cultivation of Candida spp. in the blood (from 2 to 5 days). The inclusion of biomarker testing in the diagnostic algo-
rithm in cases of suspected bloodstream infection allowed early pathogen identification and starting an adequate
antibacterial or antifungal therapy.

Conclusion. An integrated approach to the diagnosis of bloodstream infections improved and, just as importantly,
significantly accelerated the pathogen verification. Bacterial infection cases showed comparable results of hemocul-
turing and biomarker testing; however, in case of candidal infection, determination of Candida mannan antigen appears
critical, as it was significantly more sensitive than the result of blood culture and allowed to identify the etiology of
fever of unknown origin in many patients.

Keywords:
procalcitonin, mannan, bloodstream infection, Candida spp., diagnosis of sepsis, biomarkers.
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OPUTUHATIBHASA CTATbA

KOMI'IﬂEKQHbIﬂ MNoAX0A K AUATHOCTUKE BAKTEPUANIbHBIX N TPUBKOBbBIX
WHOEKLUM KPOBOTOKA Y MALIMEHTOB OHKONOTUYECKOIO NPOGKUIIA

0.10.Kyuesanosa*, 10.10.Kosenb, B.B.[imutpuesa, 0.B.Ko3siok, U.B.JIbiceHko

®rbY «<HMUL onkonorum» Munaapasa Poccuu,
344037, Poccuiickas Gegepauus, r. Poctos-Ha-[loHy, yn. 14-9 nuHus, 4. 63

PE3IOME

Llenb uccnepoBanus. OLEeHUTb ANArHOCTUYECKYH 3HAYUMOCTb YCKOPEHHOM M [OCTYNHON BepubuKkaLmumn Bo3dyau-
Tenst UHhEeKUMN KpOBOTOKA C MOMOLLbIO 6UOMapKepOB: NPOKasibLMTOHNHA U MaHHaHOBOro aHTuUreHa Platelia™
Candida Ag Plus.

MaumeHTbl n MeTogbl. 06cnefoBaHo 349 OHKONIOrMYECKUX 60MbHbIX B TeuyeHne 2019 roaa ¢ hebpunibHON TMXopaaKon
13 6 neyebHO-ANarHoOCTMYECKMX CTaLMOHapoB OHKoornyeckoro npoduns K0xHoro ®efepanbHoro okpyra Poccuiickon
®depepaumu. MaumeHTbl B Bo3pacTe oT 1 roga Ao 85 neT HaxoAWAUCh B OTAENEHNAX peaHMMaLnu, LETCKOW OHKOI0rm
1 oHKorematonoruu. UHGopMupoBaHHble cornacus NauMeHToB Ha UCCNefoBaHWs NoyyeHbl. [lnarHocTUYeCKuii anro-
pUTM BKJIKONAN UCcefoBaHNe KPOBU C MOMOLLbIO aBTOMaTu4eckoro aHanusatopa BacT/ALERT 3D u napannenbHoe
uccrnefioBaHue YypoBHSI 6OMapKepoB UMYHHOMEPMEHTHbIM MeTofoM. MaeHTUdMKaLMIO LITaMMOB U UX YyBCTBUTESb-
HOCTb K aHTUMWUKPOGHBIM MNpernapaTamM NpoBoAUM Ha aBToOMaT4YeckoM aHanusatope Vitek 2 (BioMerieux, ®paHuus).
OAHOBPEMEHHO OMNpeaensy ypoBeHb NPOKanbLMTOHMHA C MOMOLLbH0 Ha6opoB MpokanbuuToHuH — UDA-BECT (Poccus)
1 MaHHaHoBOro aHTureHa Candida spp.—Platelia Candida Ag (dpaHLWs) COOTBETCTBEHHO. YUMTbIBANU 3HaYeHUs NPo-
KanbLUTOHWHa 6onee 10 Hr/MN Ans onpefeneHnst pa3BuTus 6akTepuanbHoOro BocnaneHus. PesynbtaT onpegenexus
MaHHaHOBOro aHTUreHa pacLeHMBanNcs Kak NonoXnTenbHbIA NpU KOHUEeHTpauuu =125 nr/mna. MaHHaHOBbIV aHTUreH
Candida spp. no3BosiMA cyauTb 0 NPUYACTHOCTH K MHPEKLMOHHOMY npoueccy rpuéos Candida spp..

PesynbraTbl. KOMnneKcHbIn nogxoa K AnarHoCcTUKe MHMEKLUMIn KpOBOTOKA YBENUYNIT MPOLIEHT BbISIBNEHWUSA NaTOrEeHOB
10 58,7%. CnepyeT NpUHATL BO BHUMaHWE, YTO TECTUPOBaHWE 6aKTepUanbHON MHDEKLMM KaK METOLOM reMOKYNbTH-
BUPOBaHMSA, TaK 1 METOAOM OMnpeAeneHns NPoKaabLMTOHNHA B CbIBOPOTKE KPOBM BbISIBUIO UX MOYTU OANHAKOBOE
AnarHoctuyeckoe 3HadyeHue. TecTupoBaHMe MaHHAHOBOrO aHTUreHa Candida spp. 3HaUUTENbHO YNYYLLIWIIO PaHHIOK
OMarHOCTUKY KaHAWA03HOM MHEKLMM HECMOTPS Ha OTPULLATENBHYIO FrEMOKYbTYPY, YTO, BEPOSITHO, CBSI3aHO C ANN-
TeNbHbIM KynbTuBMpoBaHueM Candida spp. B Kpoeu (0T 2 Ao 5 cyTok). BkoyeHue TecTupoBaHus 6MoMapKepoB
B a/IrOPUTM AMAarHoCTUKM Npu NOLO3PEHUMN Ha MHPEKLMIO KPOBOTOKA NO3BOJIMIIO BbISIBUTL BO36YANTENSI KAK MOXHO
paHblUe U HayaTb afleKBaTHYO aHTUGaKTepuanbHyO AN NPOTMBOMPUOKOBYHO TEPANUIO.

3akntoyeHne. KoMnieKkcHbl Noaxos K AMarHocTuke HGEKUUA KpOBOTOKA MNO3BOMWA YNYYLWNUTb U, YTO HE MeHee
Ba)HO, CYLLLECTBEHHO YCKOPUTL Bepudukaumio Bo3byautens. Ecnu B criyyae 6akTepuanbHON MHPeKLMM pesynbTaThbl
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INTRODUCTION

Worldwide, cancer is the second leading cause
of death and it kills about 8.8 million people ev-
ery year, according to statistics from the World
Health Organization (www.who. Int / mediacentre
/ factheets / fs297). Severe bloodstream infec-
tions and sepsis complicate treatment and the
outcome of recovery, antitumor treatment, and
have a significant negative impact on the life
expectancy and cost of treatment of cancer pa-
tients. Rapid diagnosis of sepsis and initiation of
treatment are key factors in reducing mortality in
cancer patients [1-5]. Infection-mediated mortality
during chemo-induced immunosuppression is an
urgent issue that requires studying risk factors
and developing strategies to reduce mortality by
optimizing diagnostic methods and accompa-
nying therapy [6]. In the etiology of bloodstream
infection, both gram-positive and gram-negative
bacteria are most common. Yeast-like fungi of
the genus Candida play a significant role. Using
modern equipment to get the pathogen from the
blood is still problematic. In addition, it takes from
a day to several days. In this situation, biomarkers
are an objective and reliable way for a clinician to
quickly respond to the possible development of
an infectious complication [7-8].

It was discovered by chance that bacterial infec-
tion increases the concentration of procalcitonin
in the blood. This contributed to the procalcitonin
usage as a marker of bacterial infections. In con-
trast to all known markers of inflammation, the
method for determining procalcitonin is more
sensitive and highly specific for severe bacterial
infection [9-14]. Yeast fungi of the genus Candi-
da spp are one of the most common pathogens
of invasive mycoses. Diagnosis of invasive can-
didiasis is difficult due to the non-specific clini-
cal symptoms and insufficient sensitivity of the
hemocultivation method. One of the available
biomarkers of invasive candidiasis that allow us
to judge the presence of invasive candidiasis is
mannan, one of the Candida spp. antigens, which
is a soluble polysaccharide bound to the walls of
yeast cells [15].

So, the development and application of new and
improvement of existing methods for determining
the pathogen, which allow to accelerate and clarify
the etiological factor of bloodstream infection for
the earliest possible start of specific treatment, is
an urgent task of modern medicine.

The purpose of the study: to evaluate the diag-
nostic significance of accelerated and accessible
verification of the bloodstream pathogen using
biomarkers: procalcitonin and mannan antigen.

PATIENTS AND METHODS

349 cancer patients with febrile fever from 6 med-
ical and diagnostic hospitals of the southern Federal
district of the Russian Federation were examined
during 2019. Patients (men and women) aged from
1 to 85 years were in intensive care units, pediatric
oncology and oncohematology departments. There
are informed patient consents for research.

The diagnostic algorithm included a blood test
using an automatic bact/ALERT 3D analyzer. Two
sets of vials were used for one septic episode.
Each set included: for patients with a body weight
of more than 36 kg: a bottle for aerobic and anaer-
obic cultivation and a volume of 10 ml of blood
in each bottle. For children with a body weight
of up to 36 kg (inclusive), two pediatric vials and
a volume of blood from 0.5 to 5.0 ml per vial, also
depending on body weight. Each blood culture
was accompanied by a parallel study of the level
of biomarkers by the immune-enzyme method.
Identification of strains and their sensitivity to
antimicrobial agents was performed using an
automatic Vitek 2 analyzer (BioMerieux, France).
Simultaneously with the seeding, a sample was
taken into a vacuum tube for an enzyme-linked
immunoassay (determination of the level of
procalcitonin and the mannan antigen Candida
spp). Procalcitonin values of more than 10 ng/ml
were taken into account to determine the develop-
ment of bacterial inflammation. The Candida spp.
manann antigen, as one of the available biomark-
ers of invasive candidiasis, allowed us to judge the
involvement of Candida spp fungi in the infectious
process. The result was considered positive at an
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antigen concentration of 2125 PG/ml. Given the
low specificity of the study of the Candida spp.
manann antigen, the results were compared with
risk factors for the development of invasive candi-
diasis (perforation or surgery of the gastrointesti-
nal tract, infected pancreonecrosis, Central venous
catheter, broad-spectrum antibiotics, diabetes
mellitus, complete parenteral nutrition, severe
patient condition, steroids, immunosuppressors,
acute renal failure, colonization of Candida spp.
more than 2 loci) [16]. The level of procalcitonin
was studied using Procalcitonin-ELISA-BEST (Rus-
sia). Determination of manann antigen — using
kits Platelia Candida Ag (France). Statistical data
processing was performed using the statistical
package STATISTICA 13.3 (StatSoft Inc., USA).
Pearson's Chi-square test was used to compare
the data.

The results of the study and their discussion

As aresult of the microbiological study, positive
blood cultures were obtained in 84 patients, which
was 24.1%. Pathogens were distributed as follows:
bacteria made up 73.8% (65 strains), yeast-like fun-
gi of the genus Candida spp. they made up 22.6%
(19 isolates). Bacterial-Candida associations were
detected in 3 (3.6%) cases in particularly severe

patients, which significantly worsened the condi-
tion of patients.

In a parallel study of biomarkers (procalcitonin
and manann antigen Candida spp.), an increased
level of one of them was found in 205 (58.7%) pa-
tients (Fig.1). Procalcitonin values of 10 ng/ml or
more were observed in 68 (33.2%) patients, which
indicated in favor of severe bacterial inflammation.
A positive result of the Candida spp. manann anti-
gen was found in 118 (57.6%) patients. The results
allowed us to suggest Candida infection of the
bloodstream in the presence of appropriate clini-
cal signs and risk factors for the development of
invasive candidiasis. In 19 (9.2%) patients, two bio-
markers were elevated, indicating a possible mixed
infection. The results obtained when comparing
the informative characteristics of the two methods
for diagnosing blood flow infection showed statis-
tically significant indicators (p<0.0001).

The results obtained made it possible to opti-
mize treatment tactics and start adequate etiotro-
pic therapy in a timely manner.

In a comparative analysis of the study using
biomarkers and hemocultivation for bacteria, al-
most comparable values were obtained: positive
hemoculture in 65 (73.8%) patients and 68 (33.2%)
patients with procalcitonin levels of 10 ng/ml or

Table 1. Characteristics of patients

Characteristics Abs. numbers Percentage
Male 140 40.1
Sex
Female 209 59.9
1-7 years 5 1.4
8-12 years 12 3.4
Age, years 13-17 years 42 12.0
18-40 years 40 11.4
41 and more 250 71.6
oncohematological 212 60.7
Leading disease tumors of the gastrointestinal tract 89 25.5
Lung Tumors 48 13.8
Surgical 122 35.0
The management
polychemotherapy 227 65.0
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more. According to Pearson's Chi2 criterion, the dif-
ference was significant, p=0.0001. Slightly different
results were obtained for the yeast-like fungi Candi-
da. Candida from the blood was isolated in only 19
(9.2%) patients, at the time, as the level mannopova
antigen R. Candida was elevated in 118 (57.6%)
patients (according to Pearson's Chi2 criterion, the
difference was significant, p=0.0006). Taking into
account the clinical manifestations and risk fac-
tors, despite the negative result of blood seeding,
which was probably due to long-term cultivation of
Candida spp. antifungal therapy was prescribed to
all patients, with the positive dynamics. Positive
results with the use of biomarkers suggested the
presence of bacterial-Candida associations in 19
(9.2%) patients, while associations were obtained
only in three (according to Pearson's Chi2 criteri-
on, the difference in this case was not significant,
p=0.12). All these patients were in the departments
of anesthesiology and intensive care after surgery.
Their condition was assessed as extremely serious.
In this case, the measurement of the mannan anti-
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Positive biomarkers
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80
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60
50
40
30
20
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%
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gen Candida spp. compared with the risk factors for
the development of invasive candidiasis, allowed
suggesting an invasive candidiasis infection and
prescribing an adequate timely therapy. The data
obtained are shown in figure 2.

When diagnosing a bacterial pathogen of blood
flow, the culture method showed an advantage and
amounted to 73.8%. The use of the biomarker in this
study was 33.2%. The advantage of the culture meth-
od was the identification of the pathogen and the
determination of antibiotic sensitivity. However, the
culture method for diagnosing the bacterial patho-
gen was significantly comparable with the results
of the study of the level of procalcitonin (p=0.0001).

When diagnosing Candida infection, the best
result was obtained when using the Candida spp
mannan antigen and was 57.6%, and in hemoculture
- 22.6%, which was a statistically reliable indica-
tor (p=0.0006). The result can be explained by the
complexity of fungal cultivation in hemoculture.

In bacterial-Candida Association, diagnosis
using biomarkers was 9.2%, and in blood culture

Fig. 1. Comparative characteristics of the
information content of two methods for
diagnosing bloodstream infection.

m Biomarkers
m Blood culture

Fig. 2. Comparative values of diagnostics

Bacteria Candidas

Associations

of bacteria and Candida by two diagnostic
methods in percent.
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— 3,6%. During statistical processing, the differ-
ence was not significantly significant (p=0.12).
The result can be explained by a small number of
cases of bacterial-Candida Association.

Additional and/or repeated clinical and labora-
tory tests were performed for 60 (17.2%) patients
with negative hemoculture and biomarker levels
within the normal range.

As a result of these studies, much later, but
the pathogen was verified in 10 more patients.
All 10 patients had a positive level of biomarkers,
of which 4 had an increased level of procalcitonin,
and 6 had positive values of the Candida spp man-
nan antigen. When repeated blood cultures were
sown in 6 patients, the growth of hemoculture was
also obtained (bacteria were isolated from 4 sam-
ples, and Candida from 2 samples).

In 26 patients with persistent febrile fever, the con-
dition was regarded as a manifestation of cancer.

24 patients were diagnosed with fever of un-
known origin (no infectious agent was detected in
additional studies, and no data were found for the
progression and recurrence of the cancer process).

Thus, the culture method of hemoculture re-
search allowed us to verify the causative agent of
blood flow infection in 24.1% of cancer patients
during the initial study and with additional repeated

blood cultures in 6 more patients. Multiple (dy-
namic) studies of the level of biomarkers in this
diagnosis improved the result to 61.6% with a sig-
nificant difference of p<0.0001.

CONCLUSION

In case of bacterial infection of the bloodstream,
the culture method showed an advantage in iden-
tifying the pathogen and allowed to determine an-
tibiotic sensitivity in comparison with the use of
a biomarker, but the determination of procalcitonin
allowed to reduce the time for obtaining the result,
which is extremely important for determining the
direction of the pathogen of bloodstream infection
in cancer patients.

The use of the mannan antigen Candida spp.
in diagnostics demonstrated a significantly high-
er sensitivity than the result of hemocultivation,
which is probably due to the extended period of
cultivation of Candida in the blood.

An integrated approach with the study of the lev-
el of biomarkers in the diagnosis of bloodstream
infections in cancer patients allowed to improve
and significantly accelerate the verification of the
pathogen, which in turn contributed to timely ade-
quate antibacterial or antifungal therapy.
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ABSTRACT

Purpose of the study. On the basis of the accumulated experience to optimize approaches to the preoperative prepara-
tion, technical aspects of X-ray surgical antegrade minimally invasive endobiliary interventions, rational postoperative
management of patients in order to reduce postoperative complications, improving treatment outcomes and quality
of life of patients.

Materials and methods. We analyzed 1610 percutaneous transhepatic endobiliary surgeries with separate examina-
tion of 1186 X-ray surgical procedures of percutaneous external biliary drainage (PEBD) and 424 cases of antegrade
endobiliary stenting (AEBS)

Results. Complications after PEBD were developed in 9 (0.76%) patients: the procedure-related bleeding was noted
in 3 (0.25%) cases, and bleeding caused by the progression of hepatic failure, hypocoagulation in 6 (0.5%) cases. 3
patients (0.25%) of this group died. Complications after AEBS were registered in 35 (8.3%) patients: acute postopera-
tive pancreatitis in 24 (5.7%) cases, progression of liver failure, hypocoagulation in 9 (2.1%), tumor-induced duodenal
stenosis in 2 (0.47%) cases. One patient (0.24%) of this group died. Reduction in complications after PEBD and AEBS
is directly associated with surgery techniques, the use of special tools, and tactics of patient management.
Conclusion. The prevention of complications, treatment outcomes, and the quality of life of patients receiving inter-
ventional antegrade endobiliary surgery are inextricably associated with the technical aspects of interventions, the
tools and tool materials, necessary correction of endogenous toxicosis, pancreatitis, hepatic failure, and hemostatic
system disorders. Constant monitoring of the results of new technologies is necessary to analyze gathered experience
for possible correction and optimization of tactical approaches and schemes for more effective treatment of patients
with this severe pathology.

Keywords:
oncological interventions, obstructive jaundice, biliary stenting, biliary drainage, hepatoduodenal tumors,
pancreatic cancer.
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OPUTUHATIBHASA CTATbA

MUHUMUHBA3UBHBIE XUPYPTUYECKME OMEPALIAW NMPU OBTYPALIMOHHON XENTYXE,

BbI3BAHHON 3/I0KAYECTBEHHbBIMI ONYXONAMM

E.H.KonecHukos, C.C.Me3eHueB*, A.B.CHexko, M.H.Yepusak, ®.H.Tpeukun, T.M.KeuepiokoBa, 0.10.Kaiimakun

®rbY «<HMUL onkonorum» Munagpasa Poccuw,
344037, Poccuiickas ®egepauus, r. PoctoB-Ha-[loHy, yn. 14-9 nuuus, a. 63

PE3IOME

Lienb nccnepoBaHusi. Ha ocHoBe HaKoMIeHHOro oMnbIiTa ONTUMU3NPOBATL NOAXOAbI K NpeAonepaLmMoHHON NOArOTOBKE,
TEeXHUYECKMM acnekTaM BbINONHEHWS PEHTrEHOXMPYPrMYeCKUX aHTerpaHblX MUHUMHBA3NBHbIX SHA0BUINAPHbIX
BMelLLaTe/IbCTB, CXeMaM paLMoHanbHOro NocaeonepaumMoHHOro BeAEeHNA NaLMeHTOB A CHUXEHWS nocneonepa-
LIMOHHbIX OCJIOXXHEHWI, YNYYLLIEHUA pe3y/ibTaToB JIeYEeHUA N KavyeCTBa XXU3HM NaLneHToB.

Matepuanbl n MeTogbl. B cTaTbe npoBeaeH aHanm3 1610 YpecKOXHbIX YpecrneYEHOUHbIX SHA0OUNNAPHBIX XUPYPrnt-
YecKunx onepaLmii ¢ pasfenbHbIM UCCrieJOBaHNEM PEHTIEHOXMPYPIrUYECKNX HAPYXXHbIX YPECKOXHbIX APEHMPOBaHUN
YKEMYHbIX MPOTOKOB neveHn (PYOXKI) — 1186 cnyyas u aHTerpafHbiX 3HA06MANAPHbBIX CTEHTUPOBAHMI XKEMUHBIX
nyTen (ACXI) — 424 cnyyas.

Pesynbratbl. OcnoxHenus npu PYIKM paseunuck y 9 (0,76%) NaLmeHTOB: KpOBOTeUYeHUe, CBA3aHHOE HENocpes-
CTBEHHO ¢ MaHunynsaumen, otMedeHo B 3 (0,25%) Habno4eHUsX, BbI3BaHHOE MPOrpeccMpoBaHeM NeYeHOYHoM
AncohyHKUMK, runokoarynsiumein — B 6-u (0,5%) cnyyasx. B atoit rpynne ymepno 3 nauyuenTa (0,25%). OCnoxHeHus
npu ACXKIM oTMeyeHbl y 35 (8,3%) 60nbHbIX: OCTPbI NOCcNeonepaLnoHHbIil naHkpeaTuT — B 24 (5,7%) cnyJasx,
nporpeccupoBaHue NeYEHOYHOM HeLOCTAaTOMHOCTH, rMNokoarynsaumm B 9 (2,1%), AyoAeHanbHblA ONyXoneBbli
cTeHo3 — B 2-x (0,47%) cnyyasx. B atoi rpynne ymep 1 60nbHo (0,24%). CHUXEHUE KONMYECTBA OCNOXHEHWA Npu
BbInosHeHnn PHONKI n ACTX HanpaMYyto CBA3aHO C TEXHUKOW BbINOSIHEHUS onepaLmi, NpUMEHEeHNeM crieunarb-
HOro MHCTPYMeHTapus, TakTUKON BeAEHUA NaLUeHToB.

3akntoueHue. MpodunakTuka OCNOXHEHWUIN, UCXOL, NEYEHUA U KaYeCTBO XU3HW NaLMEHTOB NPU BbIMOIHEHWUWN UHTEP-
BEHLMOHHbIX aHTErpagHbIX dHA0OMIMAPHBIX ONepaLynini HepaspbIBHO CBA3aHbl C TEXHUYECKUMUM acneKTamu BbInoJi-
HEeHWsl BMeLLaTeNbCTB, UCMOJIb3YeMOro MHCTPYMEHTapua U MaTepuanoB A1 UX U3rOTOBMIEHUS], HEO6XOAUMOCTbIO
KOPpeKL N SHAOreHHOro TOKCMKO3a, NaHKpeaTuTa, NeYEHOYHON ANCHYHKLMN N HapyLLIEHU A CUCTEMbI reMoCcTasa.
Heo6xoanMbIM NpefcTaBnseTcs NOCTOAHHbIA MOHUTOPUHT Pe3y/IbTaToOB UCMONb30BaHUsA HOBbIX TEXHOMOMUIA C LieNblo
aHann3a HaKoMIEHHOro onbiTa AJ18 BO3MOXHOW KOPPeKLUn 1 ONTUMMMU3aLnmn TakTUYeCKUX NOAXOA0B U CXeM ANA
60onee apHeKTUBHOMO NleYeHNs NaLMEHTOB C 3TOW TSKENOW NaToNornen.
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xenesbl
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RELEVANCE

Today, percutaneous transhepatic endobiliary
surgery (PTES) is an important branch of inter-
ventional radiology, especially when applied to
the treatment of patients with obstructive jaun-
dice (OJ) caused by malignant neoplasms (MN).
The combination of minimally invasive surgical
interventions makes it possible to solve a large
number of emerging medical and diagnostic
problems in this severe pathology. Such opera-
tions are usually characterized by a low degree
of trauma and a small number of complications
compared to traditional "open" surgery. In the
practice of treatment of malignant tumors com-
plicated by OJ, the commonly used methods of
PTES are operations of antegrade cholangiosto-
my. The variety of clinical situations determines
the features of using various technical options
for the purpose of solving A wide range of tasks
facing the Clinician. Large multi-specialty med-
ical institutions in our country have a rich expe-
rience in using minimally invasive percutaneous
operations. at present, their implementation in
surgical practice is quite well developed, and the
methods of PTES have become every day and
routine [1-3].

After performing PTES, complications associat-
ed with the manipulation itself develop in patients
in the range from 2.4 to 32.7%, and their mortality
is from 0.4 to 13.8% of patients [4—6]. such signif-
icant fluctuations determine the relevance of the
search for unified approaches and techniques for
performing these interventions. There is no doubt
that there is a need for a clearer definition of the
indications for performing PTES in various types
of cholestasis and localization of the level of bile
tree obstruction [7, 8].

Over the past 10 years, the operation of choice
for the syndrome of tumor origin is minimally in-
vasive surgical operations of internal and external
bile drainage in the FSBI "NMRC of Oncology" of
the Ministry of health of the Russian Federation.
The most commonly used methods are x-ray sur-
gery for percutaneous external biliary drainage
(PEBD) and antegrade endobiliary stenting (AEBS).
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Sufficient experience has been accumulated in
these operations, which requires analysis to opti-
mize and standardize approaches to all aspects
of treatment of these patients.

The purpose of the study: based on the accu-
mulated experience, to optimize approaches to
preoperative preparation, technical aspects of
performing x-ray surgical antegrade minimally
invasive endobiliary interventions, and rational
postoperative management of patients with ob-
structive jaundice, caused by malignant tumors
to reduce postoperative complications, improve
treatment results and quality of life of patients.

MATERIALS AND METHODS

In 2010-2019, 1610 percutaneous transhepatic
endobiliary surgeries were performed at the FSBI
"NMRC of Oncology" of the Ministry of health of
the Russian Federation, of which 1186 patients un-
derwent PEBD and 424 patients underwent AEBS.
In the majority of patients (408 cases — 96.3%),
AEBS surgery was performed as the second stage
of palliative minimally invasive treatment of sub-
hepatic jaundice of tumor etiology after reducing
the level of bilirubin in the blood to 40-60 mmol/I,
and only in 16 (3.7%) patients such intervention
was performed simultaneously.

The number of patients with OJ events of tu-
mor etiology who underwent PEBD surgery was
1,145. In 841 patients (73.5%) of them, according
to the survey, a tumor of the periampular region
was detected, in 157 (13.7%) cases, MN of the
liver and/or proximal bile ducts was detected, in
147 (12.8%) patients, OJ was the result of local or
metastatic progression of malignant neoplasms
of other localities, in most cases of cancer of the
stomach, breast, colon and rectum.

In 919 patients, PEBD surgery was the first stage
of surgical treatment, which accounted for 77.5%
of all cases. At the second stage, 270 (29.4%)
patients underwent gastropancreatoduodenal
resections, and 354 (38.6%) patients underwent
biliodigestive and/or gastroenteroanastomoses.
In patients with advanced tumors, only external
drainage was performed in 295 (32%) cases.
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Antegrade endobiliary stenting of the biliary
tract was performed in patients with malignant
neoplasms that were morphologically verified in
all cases (from the primary or metastatic focus). In
247 (58.4%) cases, these were mn of the periampu-
lar region, in 132 (31.2%) cases — of the liver and
proximal bile ducts. Other complicated MN was an
indication for AEBS in 45 (10.4%) patients. In 19
cases, AEBS was performed for metastatic bowel
cancer, in 11 cases for stomach cancer, in 9 cases
for breast cancer, in 2 and 1 cases for kidney and
lung cancer, respectively. In 3 patients, mechan-
ical jaundice was a manifestation of metastatic
lesions of the lymph nodes of the retroperitoneal
space and the hepatoduodenal ligament MN with-
out a primary focus.

RESULTS OF THE STUDY

In all patients who underwent an X-ray external
percutaneous drainage of the bile ducts of liver
under ultrasound guidance (1186 cases), bile
was obtained intraoperatively during puncture of
the segmental or lobar bile duct and the drain-
age system was reliably installed in the bile tree.

Complications during the implementation of PEBD
developed in 9 (0.76%) patients are introduced in
the Table 1. All of them were associated with the
bleeding.

The development of bleeding directly related to
manipulation was observed in 3 (0.25%) cases:
the first patient was found to have a wound to the
hepatoduodenal ligament with a portal vein injury
and massive intra-abdominal bleeding. The sec-
ond had an intraparenchymatous hematoma with
a rupture of the liver along the puncture channel
and blood entering the free abdominal cavity. In
these two cases, urgent surgical intervention was
required to suture the bleeding site, and after the
end of treatment, patients were discharged to pre-
pare for the next stage of treatment at their place
of residence. The third patient suffered damage
to intercostal vessels with massive intrapleural
bleeding. The cause of death of this patient was
post-hemorrhagic shock, despite urgent thoracot-
omy and stopping bleeding on the 2nd day after
urgent intervention. The development of bleeding
associated with severe coagulopathy (hypocoagu-
lation), due to the progression of hepatic dysfunc-
tion, was noted in 6 (0.5%) cases after successful

Table 1. Complications in PEBD

Causes of complications

The nature of the complications

Outcome of hospitalization

damage to the hepatoduodenal ligament with intra-abdominal

bleeding: 1 case

Releases

bleeding directly related
to manipulation: 3 cases

(0.25%) rupture: 1 case

development of intraparenchymatous hematoma with its

Released

damaged intercostal vessels with intrapleural bleeding: 1 case

Passed away

bleeding associated with

angiodysplasia of the small bowel: 1 case

Passed away

hepatic dysfunction,
hypocoagulation: 6 cases

development of acute erosive and ulcerative bleeding: 3 cases

1 passed away

(0.5%)

the development of hemophilia: 2 cases

Released

Table 2. Complications after AEBS

Complications’ character

Hospitalization outcome

Development of acute postoperative reactive pancreatitis: 24 cases (5,7%)

Released

Progression of liver failure, hypocoagulation: 9 cases (2.1%)

1 passed away

Development of duodenal stenosis 3-4 degrees: 2 cases (0.47%)

Released
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drainage surgery. The first patient died of profuse
small bowel hemorrhage due to congenital vas-
cular angiodysplasia of the small intestine. Three
other patients from them developed acute erosive
gastrointestinal bleeding, which led to a fatal out-
come in one patient against the background of DIC
progression. Two more patients were complicated
by the development of hemobilia within 2 days af-
ter the operation. In these cases, the bleeding was
conservatively stopped against the background of
hemostatic and hepatotropic therapy.

Complications after performing antegrade en-
dobiliary stenting of the biliary tract were noted
in 35 (8.3%) patients, which is comparable to the
data of other authors of 8—18% [9-12], presented
in table 2.

The most frequent of them was acute postoper-
ative pancreatitis, the development of which was
noted in 24 (5.7%) patients. 9 (2.1%) patients were
diagnosed with progressive liver failure, accom-
panied by severe coagulopathy, manifested by
significant hypocoagulation. 2 patients (0.47%)
were diagnosed with duodenal stenosis of the 3rd
degree during hospitalization, which required per-
forming bypass gastroenteroanastomosis. After
performing AEBS, 1 patient (0.24%) with general-
ized pancreatic head cancer, multiple metastatic
lesions of retroperitoneal lymph nodes, liver, and
bones died. The cause of death was massive gas-
trointestinal bleeding, the source of which was nu-

merous erosions of the stomach and upper small
intestine against the background of pronounced
hypocoagulation. In other patients, the phenomena
of hypocoagulation were managed to be stopped
conservatively. Overall postoperative mortality af-
ter PTES was 0.19%.

DISCUSSION

According to the literature, it is mini-invasive
PTES in OJ of tumor Genesis that have become
one of the most widespread mini-invasive inter-
ventions in General clinical practice. Tactical ap-
proaches to the use of biliary drainage techniques
to eliminate OJ of tumor and non-tumor Genesis
are different [13]. To date, antegrade (external or
external-internal) and retrograde (internal) drain-
age of the bile tree in OJ caused by malignant
neoplasms have taken the character of routine
minimally invasive intervention. Depending on
a particular surgical school, specialists performing
these operations prefer the first or second method,
as well as combined "rendez-vous” methods. The
Russian and world literature describes the posi-
tive and negative aspects of each of them, and
a huge experience has been accumulated for each
of them. According to summary statistics, it is not
possible to perform endoscopic papillosphincter-
otomy in 5-12% of patients, complicated cases oc-
cur in 6-10%, and the mortality rate is 1-4% [14].

Fig. 1. Variants of surgical access for PEBD used in NMRC Oncology: A — vectors of directions for access to the right 1, 2 and left 3, 4 lobe
bile ducts of the liver; B — variants of skin puncture sites depending on the intraoperative ultrasound picture and the height of the costal-

diaphragmatic pleural sinus.
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The production of antegrade intervention has an
undeniably higher percentage of successful re-
sults, allows you to leave the tumor block intact,
minimize the development of the perioperative
inflammatory process (pancreatitis, papillitis), and
create prerequisites for a more unhindered and
rapid fusion of the anastomosed tissues in the
upcoming radical intervention. Today, based on
our experience, we can confidently state that the
most safe for patients and convenient for surgeons
in prognostic terms (before performing radical
surgical interventions) method of decompression
of the bile tree in 0J of tumor Genesis is precisely
antegrade x-ray external percutaneous drainage of
the bile ducts of the liver under ultrasound guid-
ance and x-ray control.

Technical aspects of performing PEBD are the
most important factor in reducing the number of
complications [4, 7, 15]. We associate the funda-
mental aspect of successful execution of the PEBD
with the use of seldinger puncture access along
the anterior or mid-axillary line on the right side in
the 6, 7 or 8 intercostal spaces. In this case, the
vector of the puncture needle runs almost parallel
to the course of the right lobar bile duct (Fig. 1)

Often, with such access, the puncture trajectory
affects elements of the right costal-diaphragmatic
pleural sinus, and various complications may oc-
cur, but we have not noted cases of lung injury or
bile entering the pleural cavity. Only in one case,
hemothorax developed due to damage to the inter-
costal artery against the background of severe hy-
pocoagulation, which required urgent surgical inter-
vention. In some cases, x-ray examination showed
a slightly pronounced pneumothorax, which had
no clinical manifestations and was resolved in-
dependently within 3-5 days after manipulation.

The second important aspect of the successful
completion of PTES is the evolution of the cre-
ation of special tools and materials used for their
manufacture. In particular, one of the factors that
we achieved relatively few complications when
performing PEBD is the use of catheters for drain-
ing ducts made of structural polyurethane resins
(ultratan) instead of plastic materials. In our ex-
perience, ultratane drainage systems do not injure

the wall of the choledochus, minimize the risk of
intraoperative bleeding, dislocation of drainage,
bile leaks into the abdominal cavity, have a good
hydrophilic coating and x-ray contrast marks for
atraumatic and easy installation, are installed in
the choledochus or lobar bile duct with virtually no
radial ruptures of the liver capsule and the walls
of the segmental or lobar bile ducts, are resistant
to kinks, well maintain patency, consist of a very
smooth and soft material, providing high comfort
for the patient, they provide a reliable fixation in-
side the bile duct and have a large internal lumen.
Drainage perforations (side holes) are located on
the inner diameter of the fixing ring "pig-tail” of the
drainage, which prevents blocking of the holes.

The use of modern consumables has led to the
correction of management tactics for patients with
biliary tract tumor obstruction. It is considered that
if the patient is not shown to perform radical sur-
gery due to the local spread and/or generalization
of the cancer process and the predicted life ex-
pectancy is less than 3—4 months, biliary stenting
should be performed after performing the PEBD.
With a longer predicted life expectancy, it is prefer-
able to perform an open (or endoscopic) pallative
surgical aid — the formation of a bypass biliodiges-
tive anastomosis (most often a hepaticoentero-
anastomosis on a small bowel loop that is turned
off by Rue) and the imposition of a gastroentero-
anastomosis according to indications [16, 17]. In
our opinion, this is justified in cases where plastic
tubular stents with side holes are used. During the
period of use of such stents, the ratio of patients
who underwent AEBS and patients with the forma-
tion of these bypass anastomoses was 1to 1.5
(180 stents, 269 anastomoses).

When using self-extracting Nickel-titanium
stents in the subsequent period, we noted a de-
crease in the number of complications (reduction
of cholangitis by 73% (p<0.01), pancreatitis by 52%
(p=0.05), pain syndrome by 68% (p<0.01) and, as
a result, an improvement in the quality of life of pa-
tients, no need for frequent periodic maintenance/
replacement of stents (the average stent main-
tenance interval increased from 1-3 months to
1-1.5years), as well as due to the lack of access
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to the skin (under the skin) of the end face plastic
stent tube. The internal diameter of the lumen of
such stents reaches 8—-10 mm, which makes it
possible to adequately and reliably perform bile
drainage into the 12-and duodenum (Fig. 2).
Nowadays we do not perform balloon dilation
of the stent lumen during its installation and leave
a closed safety cholangiostomy after stenting
for 3 months. This reduced the incidence of early
postoperative pancreatitis and cholangitis by 84%
(p=0.01). During this time, patients receive special
antitumor treatment. If after 3 months during the
control study (cholangiography and MRI) there is
no deformation of the lumen and funnels of the
stent, the safety cholangiostoma is removed on

an outpatient basis. At the moment, we perform
balloon plastic surgery (dilation) of the tumor block
only for extremely dense and extended strictures,
in case of severe difficulties in removing the deliv-
ery device of the stent-endoprosthesis.

We have experience in monitoring a fairly large
number of patients with installed Nickel-titanium
stents-endoprostheses for 18—24 months or more
without any complications from the stent and ma-
nipulations for its maintenance. If stents fail due
to tumor growth or lumen obstruction, we perform
stent-to-stent restenting. The number of such obser-
vations during 2 years was 6 cases. In this regard,
we consider the presence of signs of duodenal tu-
mor stenosis or a high risk of its development to be

Fig. 2. Cholangiograms of patients after installing self-extracting stents with a proximal block of choledoch (a), a proximal block at the
level of confluence of the lobe ducts in a Klatskin tumor - Y-shaped stenting (b) and distal blocks (c, d) of the biliary tract.
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an absolute indication for the formation of bypass
anastomoses. After the start of using self-extracting
stents, the ratio of the number of patients who un-
derwent stenting or bypass anastomosis formation
was 3.5:1.0 (244 and 69, respectively).

It seems appropriate to differentiate the man-
agement tactics of patients with the prospect of
performing radical surgery in the future and pa-
tients with unresectable forms of MN. Thus, when
the lobular ducts of the liver were separated (15
cases of Klatskin's tumor and metastatic lesion of
lymph nodes or liver gate parenchyma), we used
separate drainage of the lobular bile ducts of the
liver. In these cases, the operation was performed
simultaneously or at intervals of 3 to 7 days during
one hospitalization. We consider it impractical to
drain more than two bile ducts when liver seg-
ments are separated. According to our experience,
in these cases, the probability of complications of
drainage operations increases dramatically (three
patients had 3 segmental ducts drained; in all cas-
es, we observed bleeding from puncture wounds
of the liver capsule, which could be stopped by
active conservative therapy), while the clinical
effect (elimination of mechanical jaundice) due
to the progression of the tumor process is very
short-term and does not affect life expectancy and
its quality. Radical surgery was performed only in
3 patients of this observation group.

During the analyzed period of time, we per-
formed percutaneous transhepatic drainage of the
gallbladder through its bed only in 3 cases (due to
insufficient diameter of the ductal system of the
liver for conducting the conductor and catheter).
This manipulation is technically simpler, but has
a number of disadvantages. The main ones are
edema of the gallbladder duct in the postoperative
period, a high probability of inadequate drainage
of the bile tree due to the spread of the tumor to
the hepatoduodenal ligament with the “shutdown”
of the gallbladder, the inability to perform AEBS if
radical surgery is not possible. When performing
percutaneous drainage of the gallbladder (includ-
ing according to our earlier experience), more pro-
nounced pain syndrome is often observed com-
pared to drainage of the ductal system of the liver.

This is probably due to the good innervation of the
gallbladder bed from the hepatic plexus. In one
case, we were able to perform AEBS after chole-
cystostomy in a clinic from the place of residence.
The need to perform an attempt to perform this
manipulation was dictated by the severity of the
patient's condition, due to large losses of bile, and
the inability to perform General anesthesia due to
water-electrolyte disorders. It is impossible to per-
form such interventions in everyday practice due to
the narrowness and tortuosity of the specified duct.

Prevention of complications during intervention-
al PTES in patients with OJ, especially caused by
MN, is inextricably linked with the need to correct
endogenous toxicosis, hepatic dysfunction, and
hemostatic disorders [5, 7, 18]. According to our
experience, patients with an international normal-
ized ratio in the coagulogram greater than 1.8 and
a prothrombin index less than 45% need to under-
go preoperative preparation for 5-7 days to correct
the phenomena of hypocoagulation. All patients
with an initial level of total blood bilirubin over 300
mmol/l during the first day after performing the
operation were treated with gravitational plasma-
pheresis. Some patients needed 2-3 sessions of
plasmapheresis to correct hepatic dysfunction at
1-2-day intervals. The plasmapheresis procedure
was also performed as planned in all patients who
were predicted to perform radical surgery after
the elimination of OJ in order to prevent liver fail-
ure [19]. This allowed us to normalize homeostasis
indicators 2-3 weeks faster than when perform-
ing only traditional infusion detoxification therapy,
reducing the likelihood of tumor progression by
reducing the time before radical intervention. In
most cases, patients after performing AEBS ex-
perienced reactive pancreatitis, accompanied by
hyperamylasemia, which is more pronounced when
using self-extracting Nickel-titanium stents. This
is due to the pressure of the opening device in the
process of “shrinking” (increasing the diameter
of the lumen of the installed stent by reducing its
length) on the pancreas. The perioperative therapy
regimen for all patients with AEBS necessarily in-
cluded octreotide, as well as proteinase inhibitors
(when the level of pancreatic amylase is higher
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than 200 u/l). Octreotide was used in a dosage of
0.1-0.3 mg (depending on the severity of pancre-
atitis) subcutaneously 1-3 times a day. This thera-
py was performed in the acute period for 3—7 days
before the elimination or clinically pronounced
reduction of pancreatitis. After performing AEBS,
patients received ursodeoxycholic acid 250 mg
1-3 times a day to improve the rheological proper-
ties of bile, reduce the phenomena of biliary sludge
and reflux of intestinal contents through a stent.

CONCLUSIONS

The use of minimally invasive drainage opera-
tions on the biliary tract is currently the most effec-
tive and frequent method of treating patients with
obstructive jaundice of tumor Genesis. According
to our data, when using minimally invasive ante-
grade percutaneous biliary interventions, there is

a relatively low level of complications (0.76% for
drainage operations and 8.3% for stenting, which
is comparable to the data of other authors) and
mortality (the total postoperative mortality for
these two methods was 0.19%). This depends
both on the experience of specialists (over the
past 10 years, FSBI " NMRC of Oncology" has per-
formed more than 1,610 of these techniques), and
on the improvement of tools and supplies used in
interventional Oncology (the use of catheters for
drainage of ducts made of structural polyurethane
resins, the use of stents made of Nickel-titanium
threads with thermal memory, covered with a sil-
icone membrane). It is necessary to constantly
monitor the results of using new technologies in
order to analyze the accumulated experience for
possible correction and optimization of tactical
approaches and schemes for more effective treat-
ment of patients with this severe pathology.
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ABSTRACT

Purpose of the study. The primary study presents an analysis of the results of stereotactic radiosurgery (SRS) and
hypofractionated stereotactic radiotherapy (SRBT) of extra — and intracranial tumors obtained during four years of
observation at «National Medical Research Centre for Oncology».

Material and methods. The study enrolled 277 patients. 184 patients (66.4%) received SRS, 54 patients (19.5%)
received intracranial SRT, 39 patients (14.1%) received extracranial SRBT. Radiation treatment plans were developed
with iPlan and Elements planning software, BrainLab. Radiation therapy was performed with Novalis Tx, Varian linear
accelerator. Outcome assessment was performed with iPlan and Elements software, BrainLab, by comparing tumor
volumes based on brain MRI series for brain tumors (or CT imaging for extracranial pathology) before the treatment
and during four-year follow-up. Stereotactic radiosurgical and hypofractive radiotherapy techniques were used. In
radiosurgical surgery, radiation therapy was performed with a single high-precision approach of the therapeutic dose
to the target for the purpose to reach biological effect in the irradiated volume with minimal impact on the surround-
ing tissues. Single focal doses (SFD) were selected due to histology, and the dose was prescribed according to the
accepted criteria of The International Commission on Radiation Units and Measurements (ICRU) (2010) Report 83.
Hypofractionated stereotactic radiotherapy was performed using 2-5 Fractions (FR) with an average range of 3-10 Gy.
Results. During the entire period of observation tumor volume and clinical symptoms in patients who received SRS
were reported to reduce in 69.8%, to be stable in 19.6%, increased in 9.8%, respectively. For patients, who received
intracranial SRT, tumor volume and clinical symptoms were reported to reduce in 59.3%, increased in 21.4%, to be stable
in 9.3%. For patients with extracranial tumors, who went SRBT, tumor volume and clinical symptoms were reported to
be stable in 58.9%, reduced in 38.5%, increased in 6.7%.

Conclusion. The analysis of the obtained data shows the high efficiency of SRS and SRBT methods, which allow to
achieve local control over both malignant and benign tumours.
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OPUTUHATIBHASA CTATbA

ONbIT MPUMEHEHUA PAAVOXUPYPTUHECKOTO KOMIJEKCA NOVALIS TX
B MPAKTUKE ®IBY «HMWL| OHKOJIOTUM» MUH3IPABA POCCHK

0.1.Kut, B.W.Bowepckuii, N.I.Cakyn*, M.A.lycapesa, C.l.Bnacos, K.H.Myceiiko, M.A.Komangupos, 10.A.KyntbieBa

®rbY «<HMUL, onkonorun» Munagpasa Poccuu,
344037, Poccuitickas degepauus, r. PoctoB-Ha-[loHy, yn. 14-9 nuHus, 4. 63

PE3IOME

Llenb nccnepoBanusi. AHanM3 Nosly4YeHHbIX B TEYEHWE YeTbIpex NIeT HabntoAeHW pedynbTaToB NPOBEEHHON CTe-
peoTakcuyeckoi paauoxupyprum (SRS) 1 cTepeoTakcUYecKoi paguoTepanuu B pexxume runodpakLyoHUpoBaHus
(SRBT) akcTpa- ¥ MHTpakpaHuanbHbix onyxonei B ®rBY «<HMUL, onkonorun» M3 PO.

MaumneHTbl M MeTOAbI. B ccnefoBaHne BKIOYEHO 277 NauneHTOB, pasfeneHHble Ha 3 rpynnbl. B nepsoin rpynne
184 naumeHTa (66,4%) ¢ NnpumeHeHHoM SRS, Bo BTOpoii rpynne 54 naumeHTa (19,5%) ¢ npumeHeHHoM SRT, B TpeTbei
rpynne 39 6onbHbIxX (14,1%) ¢ npoBefeHHON SRBT aKkCTpakpaHuanbHbIx onyxonei. Paspa6oTka nnaHoB ny4YeBow
Tepanuu NpoBoAMach Ha cuctemax nnaHupoBaHus iPlan u Elements, BrainLab. JlyueBas Tepanus nposogunacb
Ha nuHeltHomM yckopuTene Novalis Tx, Varian. OueHka npoBogmnach ¢ UCNo/ib30BaHWEM NPOrpaMMHOro obecneve-
HuA iPlan n Elements, BrainLab, nyTem cpaBHeHuUs 06beMOB onyxosnei no fgaHHbiM MPT uccnefjoBaHusi ronoBHOro
Mo3ra v CPKT gnsi akcTpakpaHuanbHON NaToNorMm B MOMEHT JIEYEHUS U B TeYEHWE YeTbIpex NeT HabMoAeHNS.
Wcnonb3oBanuch cTepeoTakcMyeckne paguoxmpypruyeckume n runodpakuMoHHble METOAMKM NTy4eBO Tepanuu.
Mpun papnoxnpypruyeckom feveHnm nyyesas Tepanusa NpoBoAnIach C O4HOKPaTHbIM BbICOKOTOYHbIM NOABEAEHNEM
TepaneBTUYECKOM [03bl K MULLEHU C Lienbto 6uonornyeckoro apdekra B 061y4aeMom o6beMe Npu MUHUManbHOM
BO3ENCTBUN Ha OKpYXatoLLme TKaHU. Pa3oBble ouarosble Ao3bl (PO[l) noaéupanucb B 3aBUCUMOCTM OT TUCTONOT UK,
a npegnucaHve [03bl MPOBOAUIIOCH COrNacHoO NpUHATBLIM Kputepusam The International Commission on Radiation
Units and Measurements (ICRU) (2010) Report 83. lmnodpakuMoHUpoBaHHas cTepeoTakcuyeckas JiyueBast Tepanms
npoBoaunach ¢ ucrnosnb3oBaHnem 2—5 dpakuuii (Pp) co cpegHum auanasoHom PO, 3-10 Ip.

Pesynbratbl. B TeueHune Bcero nepuopa HabnoaeHuid B rpynne nauneHTo nocne SRS B 69,8% crnyyaeB oTMeyeHa
nonoXxuTenbHas AMHamMuKa, B 19,6% oTMeuyeHa cTabunusauusi npouecca, B 9,8% — oTpuuyatenbHas AuHaMuka.
B rpynne SRT y 59,3% 60onbHbix HabntogaeTcs NoNoXuTebHas AMHaAMKKA, B 21,4% — oTpuuaTefibHas AUHaMMKa
n B 9,3% — cTtabunuaauus npouecca. B rpynne SRBT akcTpakpaHuanbHbIx onyxonei B 38,5% — nonoxuTtenoHasn
AMHamuKa, B 58,9% oTMeueHa cTabunusaums npouecca, B 6,7% — oTpuuaTenbHas juHaMuka.

3aknioyeHune. AHanU3 NoJTyYeHHbIX AaHHbIX FOBOPUT O BbiCOKOW addekTnuBHOCTM MeToanK SRS n SRBT, koTopble
NO3BONSAIOT AO6GUTLCS NOKANIbHOrO KOHTPONSA Kak Haf, 3/1I0KayecTBEHHbIMY, Tak U JO6pOKayeCTBEHHbIMU HOBO-
06pa3oBaHUsAMMU.

KnioueBble cnoBa:
nyyeBasi Tepanus, paguoxupyprus, SRS, SBRT, SRT, HoBoo6pasoBaHusi.
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INTRODUCTION

Recently, stereotactic methods of radiation
therapy for various pathological formations have
come to the forefront of combined treatment of
neoplasms [1]. In the classical version, radiation
therapy was based on the quantitative doctrines
of classical radiobiology and was performed with
single focal doses up to 2 Gy. the goal of standard
fractionation was to reduce the risk of damage to
surrounding tissues. However, the appearance of
stereotactic techniques that provide high accuracy
and conformality of irradiation of the pathological
focus, and the development of target visualization
techniques, significantly increased the single dose
of radiation and reduced the number of radiation
fractions without increasing the risk of damage to
normal tissues, increasing the effectiveness of ra-
diation exposure [2]. For example, in the treatment
of vestibular sutures, recent articles confirm that
the control of tumor growth after radiosurgery is
achieved in 93-100%. Lunsford L. D. with co-authors,
he studied the results of treatment after 5 and 10
years in 829 patients with vestibular schwannom-
as who underwent radiosurgery at the University
of Pittsburgh. This article reported 98% control of
tumor growth during long-term follow-up. In 62% of
cases had positive dynamics in the form of a reduc-
tion of lesions in 33% of the stabilization process,
6% negative trend in higher education [3]. Today,
stereotactic radiosurgery has been considered as

the first line of treatment for patients with metastatic
brain damage [4]. The management of patients with
brain metastases has become a serious problem due
to the increasing frequency and complexity of diag-
nostic and therapeutic approaches [5, 6]. in 2014, the
European Association of neuro-oncologists (EANO)
created an interdisciplinary working group to develop
evidence-based recommendations for patients with
brain metastases from solid tumors [7]. Stereotactic
radiation therapy and radiosurgery today play a cru-
cial role in the treatment of not only cancer lesions,
but also vascular and functional pathologies of the
brain and spinal cord. For a number of diseases, this
is an important part of combined treatment, and if it
is impossible or there is an increased risk of surgical
intervention, it is an alternative to direct surgery,
often the only possible method of influencing the
pathological process [8]. Available clinical data con-
firm the important role of stereotactic radiosurgery
in achieving high local control of brain metastases.

The purpose of the study: analysis of four —year
results of stereotactic radiosurgery (SRS) and ste-
reotactic radiotherapy in hypofractionation mode
(SRBT) of extra-and intracranial tumors in the Fed-
eral state budgetary institution NMRC of Oncology
of the Russian Ministry of Health.

PATIENTS AND METHODS

The study included 277 patients divided into 3
groups. In the first group, there were 184 patients

Table 1. Dynamics in groups of stereotactic radiation therapy for 4 years

Positive dynamics

Process stabilization Negative dynamics

Patients’
number Benign Malignant Benign Malignant Benign Malignant
formation formation formation formation formation formation

Group | -
(SRS) 184 68 60 19 17 8
The percentage 69.8 % 19.6 % 9.8%
Group Il -
(SBRT) 57 9 5 14 8 1
The percentage 38.5% 58.9 % 6.7 %
Group IIl (SRT) 23 8 9 11
The percentage 59.3 % 9.3% 214 %
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(66.4%) with SRS: 77 (41.8%) with metastatic brain
damage; 57 (31.0%) with meningiomas; 31 (16.8%)
with cranial nerve neurinomas; 9 (4.9%) patients
with recurrent glial tumors, 8 (4.3%) with vascular
malformations, 2 (1.0%) with hemangiopericytoma
and pineoblastoma.

In the second group, 54 patients (19.5%) with
SRT: 23 (42.6%) with meningiomas; 14 (25.9%)
with cranial nerve neurinomas; 11 (20.4%) with
metastatic brain damage; 3 (5.6%) with recurrent
glial tumors; 1 (1.9%) with vascular malforma-
tions; 1 (1.9%) patient with hemangiopericytoma,
1 (1.9%) patient with craniopharyngioma.

In the third group, 39 patients were (14.1%) with
SRBT extracranial tumors: 21 (53.8%) with verte-
bral body hemangiomas; 12 (30.8%) with primary
and metastatic lung lesions, 3 (7.7%) with vertebral
neurinomas, 3 (7.7%) with metastatic vertebral
lesions.

All patients with intracranial pathology were im-
mobilized using a three-layer thermoplastic mask.
In patients with extracranial pathology, immobili-
zation was performed using a thermoplastic head-
neck-shoulders mask and a vacuum mattress for
lesions of the cervical and upper thoracic spine,
and using the Stradivarius™ SBRT system using an
abdominal press to exclude mobility of the area
of interest during breathing of the patient with
lesions of the lower thoracic, lumbar and sacral
spine. Topometric computed tomography was
performed on a Siemens SOMATOM tomograph.
Contouring and planning was carried out using
iPlan/ELEMENTS software, BrainLab. The prescrip-
tion dose coverage, D95%=100%. Verification of
the radiation therapy plan was performed by in-
dependent recalculation of the dose by another
algorithm, verification of the treatment plan on
the matrix of the ArcCheck detector, Sun Nuclear.
The assessment was performed using the iPlan
RT Image, Elements (BrainLab) software and by
comparing tumor volumes based on MRI data of
the brain and IPT for extracranial pathology from
the beginning of treatment and after four years
of follow-up. Stereotactic radiosurgical and hy-
pofractive radiotherapy techniques were used. In
radiosurgical radiation, radiation therapy was per-

formed with a single high-precision approach of
the therapeutic dose to the target for the purpose
of biological effect in the irradiated volume with
minimal impact on the surrounding tissues. Single
focal doses were selected depending on histology,
and dose prescribing was performed according to
the accepted criteria of The International Commis-
sion on Radiation Units and Measurements (ICRU)
(2010) Report 83. Hypofractionated stereotactic
radiotherapy was performed using 2-5 fractions
(FR) with an average range of 3-10 Gy.

STUDY RESULTS AND THEIR DISCUSSION

After four years of observation in the first group
of SRS (184 patients), 69.8% of cases showed pos-
itive dynamics (68 patients with benign tumors,
60 with malignant brain tumors), 19.6% showed
stabilization of the process (19 patients with be-
nign tumors, 17 with malignant brain tumors), 9.8%
showed negative dynamics (8 patients with ma-
lignant brain tumors).

In the SRBT group of extracranial tumors, 58.9%
showed stabilization of the process (14 patients
with benign lesions of the spine and 8 patients with
malignant lesions of the lungs and spine), 38.5%
showed positive dynamics (9 patients with verte-
bral body hemangiomas, 5 patients with malignant
lesions of the lungs and spine), and 6.7% showed
negative dynamics only for malignant formations
(1 patient with metastatic lung damage).

In the SRT group, 59.3% of patients showed pos-
itive dynamics (23 patients with benign tumors and
8 patients with malignant brain lesions, respective-
ly); 9,3% — stabilization of the process in 5 people
with benign formations and 21.4% negative dy-
namics (11 patients with malignant brain lesions).

CONCLUSION

During the past few decades, clinical studies have
provided insight into the effectiveness of stereotac-
tic radiotherapy techniques. Initially, stereotactic
methods of treatment were used as an adjunct to
surgical and systemic methods of treatment. Over
the past 20 years, data from clinical and scientific
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studies of foreign and domestic sources have be-
gun to use radiosurgical effects on pathological
formations in the first line of treatment, pushing
aside such methods of radiation exposure as total
irradiation of the entire brain. Increased indications

for SRS, SBRT, and SRT methods for benign intra-and
extracranial formations. The analysis of our own
data shows the high efficiency of SRS and SRBT
methods, which allow us to achieve local control
over both malignant and benign neoplasms.
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ABSTRACT

Purpose of the study. Amplifying the effects of low-intensity modulated electromagnetic radiation (EMR) of the ex-
tremely high frequency range (EHF) on the tumor and adaptational status of old tumor-bearing rats with the help of
complexes of essential amino acids enriched with vitamins and microelements (AaVM).

Materials and methods. In experiments on 50 old white outbred male rats with transplantable sarcoma 45, the effects
of EMR EHF and the combined effect of EMR EHF and AaVM were studied. For exposure to EHF EHF, the "Yav-1"
medical device was used. The frequency modulation with 42.2 GHz as a center frequency was applayed. The duration
of treatmaent was 4 weeks. We studied the dynamics of tumor size, adaptive status (according to hematological
indicators of the character and tension of the general nonspecific adaptational reactions of the body), structural and
functional changes in the tumor tissue, thymus and liver. In the statistical analysis of the results, student's t test and
Wilcoxon-Mann-Whitney test were used.

Results. The anti-stress effect of EMR EHF on the organism of old tumor-bearing rats, accompanied by temporary
inhibition of sarcoma 45 growth was shown. The combination of EMR EHF exsposure and AaVM (as an additional
metabolic factor) leaded to a persistent pronounced antitumor effect in 60% of animals. Inhibition of tumor growth
in 4 times or more, as well as individual cases of its partial regression were observed. At the same time, a higher
adaptational status including more numerous signs of activation of the thymus and liver than in the cases of using
only EHF EMR were noted.

Conclusion. The results indicate the promise of a combination of activation electromagnetic therapy and application
of complexes of essential amino acids enriched with vitamins and microelements in the development of effective
methods of accompanying and supportive treatment of cancer patients.

Keywords:
accompanying and supportive treatment, antitumor effect, adaptational status, electromagnetic radiation
of an extremely high frequency range, essential amino acids, activation electromagnetic therapy.
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OPUTUHATIBHASA CTATbA

IOOEKTbI KOMBUHUPOBAHHOIO BO3AENCTBUSA HU3KOMHTEHCMBHOTO
JJIEKTPOMATHUTHOTO U3NY4EHNA MANJIUMETPOBOTO AMANA30HA U
KOMM/EKCOB HESAMEHMMbIX AMUHOKMCIOT Y KPbIC-0MYXO0EHOCUTENEN
CTAPYECKOTO BO3PACTA

.B.XXykoBa'*, A.W.LLUuxnspoea’, JI.H.JloruHoea?, T.M.MpoTtacosa’

1. ®rbY «HMWL, oHkonoruu» Munsgpasa Poccun,
344037, Poccuiickas Gegepauus, r. Poctos-Ha-[LoHy, yn. 14-9 nunus, a. 63

2. ®rb0Y BO «Camapckuii rocyaapCTBEHHbI Me[ULIMHCKMIA YHUBepcuTeT» MuHucTepcTBa 3apaBooxpaHeHmns Poccuiickoin depepaumm,
443099, Poccuiickas ®epepauus, r. Camapa, yn. Yanaesckas, a. 89

PE3IOME

Llenb nccnenoanus. YeuneHne apdekToB HUBKOMHTEHCMBHOIO MOAYSIMPOBAHHOMO 3N1€KTPOMarHUTHOro U3ny4ye-
HUA (AMU) MUNIMMETPOBOMO UNK KpaitHe BbicokoYacToTHoro (KBY) ananasoHa Ha onyxosib U aganTauuoHHbIN
cTaTyC KpbIC-OMyXo/IeHOCUTENEN CTapyecKoro Bo3pacTa C NOMOLLbIO KOMIMIEKCOB HE3aMEHUMbIX aMUHOKUCOT,
o6oralleHHbIX BUTaMWHaMU U MUKpoanemMeHTaMm (AKBM).

MaTtepuanbl u MeToAbl. B akcnepumMeHTax Ha 50 6eibix 6€CNOpPOfHbIX KpbiCax-caMuax CTapyeckoro BospacTa
C nepeBuUBHON capkomoW 45 nsyyanu apdexktol IMU KBY 1 koM6UHUpoBaHHoro Bosgenctems SMU KBY n AkBM.
Onsa Bospencteus SMN KBY ncnonbsoBanu MeguumMHCKUin annapart «ABb-1». [pUMeHsiIM 4aCcTOTHYO MOAYNSALMIO
C LeHTpanbHoW yactoTom 42,2 I'Tu. MNpogomKuTenbHOCTb BO3AEUCTBUI — 4 Heaenu. M3yyany AguHaMmnky pasmepos
ornyxosnu, afanTalMoHHOro ctatyca (Mo reMaToslorMyeckuM nokasaTensiM xapakTepa W Hanpsi)XeHHOCTM 06LLuUX
Hecrneundryecknx aganTalUoHHbIX PeakLmMi opraHnuamMa), CTpyKTypHO-QYHKLMOHANbHbIE U3MEHEHUS B TKaHU
onyxonu, TUMyce v neveHun. lNpun cTaTUCTUYECKOM aHannse pesynbTaToB MCNONb3oBanu t-kputepuin CTbloaeHTa
1 KpuTepuin BunkokcoHa-MaHHa-YUTHM.

PesynbTtatbl. BbI10 NokasaHo aHTUcTpeccopHoe BavaHne MU KBY Ha opraHu3m cTapbIx KpbiC-OMyXoneHoCUTenen,
COMpPOBOXAaBLLUeecs BpeMeHHbIM TOPMOXXEHNEM pocTa capkoMbl 45. Mpy KOMBGUMHMPOBaHHOM Ucnonb3oBaHu MU
KBY 1 AKBM (KaK BONONHUTENBHOrO METaboNMYecKoro hakTopa) CTOMKMIA BbipaXKEHHbI NPOTUBOOMYX0SEBbI ahdeKT
6b11 nonyyeH y 60% >XMBOTHbIX. Habntofanocb TOpMOXeHWe pocTa onyxosin B 4 pasa u 60see, a TakxXe OTAeSbHble
cnyyau e€ YacTu4Ho perpeccum. MNpu 3Tom 6bl1 OTMEYEH 60J1ee BbICOKWIN afanTaLMOHHbIN CTaTyc, B TOM Yuche,
60s1ee MHOTOYMCIEHHbIE NMPU3HaKN akTUBK3aLMK TUMYyCa U NeYeHn, YeM B crlydae npuMeHeHuns Tonbko MU KBY.
3akntoyeHue. [onyyeHHble pe3ynbTaTbl YKasblBatOT Ha NEPCNEKTUBHOCTb COYETAHUA aKTUBALIMOHHOM 3/1eKTPOMarHUTo-
Tepanuu v NPUMEHeHUst KOMMNNEKCOB He3aMeHUMbIX aMUHOKMCIIOT, 060raLleHHbIX BUTaMUHAMU U MUKPO3JIEMEHTaMM,
npw pa3paboTke ap(eKTUBHbIX METOLOB COMPOBOAUTENBHOTO U NMOAAEPXKMBAIOLLENO SIHEHUA OHKONOrMYECKUX BOMbHBbIX.

KnioueBble cnoea:

COMpPOBOAMTENBHOE JSIeYeHNE, MPOTUBOOMYXOJIEBbIN 3 HEKT, aaanTaLMOHHbIN CTaTyc, 3NIEKTPOMAarHUTHoe
N3nyyYeHune KpaiiHe BbICOKOYACTOTHOrO AManasoHa, HedaMeHUMble aMUHOKWUCOTbI, aKTUBALMOHHAs
3N1eKTPOMarHuToTepanus.
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INTRODUCTION

MATERIALS AND METHODS

Systemic disorders caused by the malignant
process and aggressive methods of antitumor
treatment determine the relevance of the issue
of developing effective technologies for supporting
and accompanying therapy of cancer patients [1].
As a means of such therapy, chemical and physi-
cal factors are used, including low-intensity elec-
tromagnetic radiation (EMR) of the millimeter
(or extremely high-frequency, EHF) range [2-4]
and various nutraceuticals [5, 6].

Previously, in vivo experiments showed antitu-
mor effects obtained using weak EMR of various
ranges used in activation therapy modes, even
without the use of special antitumor agents [7-9].
Such effects affected the regulatory centers of the
neuroendocrine and immune systems, activating
processes that lead to an increase in non-specific
antitumor resistance of the body. It is known that
the effectiveness of regulatory actions largely de-
pends on the metabolic resources of cells, their
availability of biologically active substances that
play an important role in maintaining tissue ho-
meostasis and regulating systemic processes [7,
10]. It is advisable to use preparations containing
complexes of essential amino acids, vitamins and
trace elements as factors of biochemical support
of activation electromagnetotherapy. These drugs
are designed to compensate for protein, mineral and
vitamin deficiencies that are characteristic of the
body in conditions of malignant growth, especially in
elderly and senile patients [11, 12]. In addition, it has
been shown that the use of complex preparations
of essential amino acids in antitumor treatment, as
well as some enzymes involved in their metabolism,
contributes to inhibition of growth and reduction of
tumor metastasis, potentiates the action of antitu-
mor monoclonal antibodies, improves the condition
and increases the life expectancy of cancer patients
and laboratory tumor-bearing animals [13-15].

The purpose of the study: enhancing the effects
of low-intensity modulated EMR EHF on the tumor
and adaptational status of senile tumor-bearing
rats using complexes of essential amino acids
enriched with vitamins and trace elements.

40

The study was performed on 60 white outbred
male rats of senile age (28-30 weeks) weighing
370-410 g with a 45-graft sarcoma (C-45) in com-
pliance with international rules for the humane
treatment of laboratory animals.

The tumor was transplanted according to the stan-
dard procedure [16]. After reaching the C-45 size of
0.8-1.2 cm3, at which its spontaneous regression is
considered unlikely, the treatment began. Low-inten-
sity (10 mW/cm?/s) modulated EMR EHF, complexes
of essential amino acids, vitamins and trace elements
(AaVM), and combined impact of EMR EHF and AaVM
were used as active factors. Frequency modulation
of EMR EHF was performed in the range 42.1-42.3
GHz using a sequence of signals of low biologically
significant frequencies selected based on previous
experiments or close to the frequencies of Schumann
resonances [8]. Frequency modulation (as opposed
to amplitude modulation) in electronic shifting of the
radiation frequency in the range of 42.1-42.3 GHz
at a rate determined by the modulation frequency.
A medical device for EHF therapy "Yav-1" was used for
exposure to modulated EMR EHF, as well as a mod-
ulator designed at the Rostov research Institute of
radio communications based on a special-form signal
generator G6-37. In accordance with the recommen-
dations for EHF therapy [4], the impact was performed
on the occipital region of the animal's head, which
was in a plexiglass chamber, through an opening
covered with a radio-permeable membrane (Fig. 1).
Exposure varied in the range of 15-30 min according
to activation therapy algorithms [8, 9]. The modulation
algorithm and other parameters of the impact were
described in more detail earlier [8].

As AaVM, polyvalent biologically active additives
from the company "Kordea" were used, which con-
tained native I-amino acids in free form, as well as
basic vitamins and a number of trace elements,
including selenium. AaVM diluted with boiled water
was administered peros through feeding tube at
a dose of 260 mg/kg after exposure to EMR EHF.
Three different AaVMs were used in the experi-
ments: "L—-Lysine-Active Aviton", which contained
18 amino acids with a predominance of L-lysine
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(37%); "Vita Active Amiton", which included 19
amino acids with the largest amount of glutam-
ic acid, leucine, glycine, lysine and serine (44%);
"Zinc Iron Copper Aviton', which included 18 amino
acids, as well as zinc, iron and copper in a dose
exceeding the daily requirement of the body for
these metals under normal conditions. Each of
the listed AaVM also included vitamins and trace
elements ("F. Hoffman-LaRoche", Switzerland). On
one day, the animals received only one complex
out of three. At the same time,"L—Lysine-Active
Aviton "was used 2 times more often than the other
two AaVMs due to the known information about
the pronounced immunomodulatory and antiviral
effects of L-lysine and the antitumor effects of
L-lysine-a-oxidase [15, 17].

Combined impact was performed 4-6 times a week
for a total duration of 4.5 weeks. The study evaluated
the weekly weight of each animal, the size of the tu-
mors (calculating the volume by the formula of Shrek
for ellipsoids) and hematological parameters, includ-
ing differential blood count leucocytes (on 200 cells),
leucocyte count and haemoglobin level in peripheral
blood. Hematological parameters were used to deter-
mine the character and tension of General non-specific
adaptational reactions of the body (AR) [7, 10, 18].

At the end of the experiment, animals were
over-anesthetized and fragments of tumor tissue, as
well as internal organs, thymus and liver were taken
for histological and histochemical study. For review
purposes, hematoxylin-eosin staining was used,
Brachet staining was used to identify nucleoproteins,
and complex staining was used to study structures in-
cluding carbohydrate — containing biopolymers using
the A. L. Shabadash method with Azur | and an acidic
solution of basic brown using the Shubich-Lopunova-
Mogilnaya method. At the same time, morphometric
study of changes in the thymus was performed with
the determination of indicators that reflected the ac-
tivity of lymphoproliferative processes — the width of
the cortical and medullary substance in the thymus
lobules, as well as the stromal-parenchymal coeffi-
cient. Also the signs of interaction between tissue
basophils and thymocytes were evaluated.

Due to the old age of animals, which caused
age-related thymus involution and the develop-

CTapyeckoro Bo3pacTta

ment of degenerative changes in the thymus and
liver, which can "mask" microstructural shifts as-
sociated with the tumor process when considered
separately, we find it appropriate to use generalized
characteristics of the state of the studied organs
based on a semi-quantitative assessment of signs
that reflected various structural and functional
changes. At the same time, a number of indica-
tors that characterized both positive and negative
structural and functional changes in both organs
studied were ranked according to their significance
in the range from - 1 to +1.These indicators were
evaluated in 10 fields of view (with magnification
of 10x10, 10x40 or 10x90 - depending on the fea-
ture). In addition, if the ratio of the width of the
cortical and cerebral layer of the thymus, as well as
the size of the lobules, corresponded to the most
favorable anti-stress AR or increased activation,
the maximum positive score of "+1"was added.
The picture typical for AR training was evaluated
with a lower score — "+0.5". In the case of severe
hypoplasia of lymphoid tissue and other signs that
corresponded to AR stress, the maximum negative
score was assigned — "-1". The simultaneous pres-
ence of signs characteristic of the stress response
and anti-stress reactions in the organ micro imag-
ing, indicating the development of tensioned an-
ti-stress AR of low reactivity levels, was evaluated
with a zero score. In addition, positive half points
were added in the following cases:

—r

Fig. 1. Experimental setup for the impact of modulated EMR EHF
on the occipital region of the head of a rat in a plexiglass chamber.
Note: 1 — medical device for EHF therapy "Yav-1", 2 — frequency
modulator (based on the G6-37 generator).
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— in the presence of signs indicating the ac-
tivation of interactions between thymocytes and
tissue basophils as local regulators of tissue ho-
meostasis, affecting the processes of maturation
and differentiation of thymocytes;

— if there are signs of activation of hormone-
producing epithelial-reticular complexes in the
thymus (non-keratinized Gassal bodies).

In the analysis of micro imaging the liver of the
experimental animals were evaluated as paren-
chyma and hemocirculation channel of the body.
Positive points were assigned in cases of moder-
ate fullness of the central and interlobular veins
and preservation of the normal structure of the
beams- "+1", uniform distribution and the absence
of a pronounced decrease in the content of nucle-
oproteins and glycogen in hepatocytes — "+1", as
well as in the presence of binuclear hepatocytes —
"+0.5". Negative evaluations were carried out in
cases of signs of hemostasis perivascular edema
and disruption of the structure beams — -1, and
in the presence of marked perivascular edema
without disrupting the structure beams — "-0.5",
and also in focal vacuolization of cytoplasm and
lysis of chromatin in hepatocyte —"-0.5".

Statistical analysis of the experiment results
was performed using the student's t-test and the
Wilcoxon-Mann-Whitney test.

STUDY RESULTS AND THEIR DISCUSSION

Table 1 provides information on the dynamics
of the size of sarcoma 45 within 4 weeks from the
beginning of exposure. 2 weeks after the start of the
treatment, tumor growth was inhibited in the group
with EMR EHF and in the group with combined im-
pact by 1.8 and 3.2 times, respectively. In the case
of EMR EHF, the effect was unstable, whereas with
combined impact, a marked decrease in the vol-
ume of sarcoma 45 compared to the control value
was maintained until the end of the experiment. No
anti-tumor effect of AaVM was observed (table 1).
Therefore, the results obtained in this group were
not considered in the course of further analysis.

An almost two-fold difference in the average tumor
volume in the group with combined impact from the
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values of the indicator in the other groups after 4
weeks of treatment was obtained due to a significant
antitumor effect in 60% of rats (12 out of 20). In these
animals, tumor growth was inhibited by 4 times or
more compared to the control group and male rats
exposed to EMR EHF, and in some cases, partial re-
gression of the tumor was noted. In the remaining
40% of the animals in the study group, the volume of
the tumor at the end of the experiment did not differ
statistically from the indicator in the other two groups
(Fig. 2A).The impacts of the tumor tissue during in-
hibition of sarcoma 45 growth was characterized
by a decrease in the density of growing malignated
cells, a clear lymphocytic shaft, and a large amount
of fibrin (Fig. 2B). In these cases, the proportion of
viable tumor cells could be reduced to 1/8 of the field
of view (at 10x40 magnification) (p<0.01). With par-
tial regression of sarcoma 45, areas of tumor tissue
replacement with connective tissue were observed.
Thus, a pronounced antitumor effect was observed
only with the combined action of EMR EHF and AaVM.
In the future, we considered it appropriate to conduct
a comparative analysis of the studied indicators in
the order that only cases of effective influence of
EMR EHF and AaVM (subgroup 1) should be taken
into account in the group with combined exposure.
Table 2 provides information about the adap-
tive status of tumor-bearing rats during the entire
experiment. As can be seen from the table, the
effect of EMR EHF and combined impact on the
growth of sarcoma 45 fully corresponded to the
features of the adaptational status of animals in
the studied groups. The adaptational status of
rats that managed to achieve significant growth
inhibition or even partial regression of sarcoma
45 was very different from the adaptational status
of animals of the other two groups by the domi-
nance of antistress AR without pronounced signs
of tension. At the same time, in the case of EMR
EHF, there was also a slight improvement in the AR
characteristics compared to those observed in the
control group. This was reflected in a more than
twofold reduction in cases of AR stress (table 2).
Analysis of changes in the thymus and liver
micro imagings allowed us to supplement the
idea of the influence of the studied effects on
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the adaptational status of senile tumor-bearing
animals. Figure 3A shows the results of a score
assessment of structural and functional chang-
es in these organs, characteristic of animals of
different groups. In the male rats of the control
group, a clear predominance of negative changes
was observed, indicating a decrease in functional
activity and pronounced structural and functional
disorders in the studied organs. This is reflected in
the negative values of the corresponding scores
(Fig. 3A). The thymus of these animals was dom-
inated by signs of atrophy, a sharp predominance
of stroma over parenchyma, cortical matter of
lobules was weakly expressed, individual com-

CTapyeckoro Bo3pacTta

pletely keratinized epithelial-reticular complexes
were noted, and non-granulated forms of tissue
basophils prevailed. The liver was characterized by
a picture of hemostasis with perivascular edema
and a violation of the structure of the beams, with
a sharp decrease in the content of nucleoproteins
and glycogen in hepatocytes and the practical ab-
sence of binuclear hepatocytes.

In contrast to the one observed in the control
group, the results of morphometry and visual exam-
ination of the thymus micro imaging of animals of
the two main groups even indicated some activation
of lymphoproliferative processes in the majority of
rats exposed to weak modulated EMR EHF (Fig. 3A).

Table 1. Dynamics of sarcoma volume 45 (cm?) under the studied impacts in white outbred male rats of senile age for 4 weeks

Stage of the study Cﬁ:}l;sol Ehf)E1E5HF ﬁi\{l(\)/l EMR Erl;|=Fz-I(-) AaVM
initially 1.41+0.25 1.14+0.26 1.40+0.32 1.30+0.25
week 1 2.66+0.64 2.54+0.40 2.70+0.54 1.6340.19
week 2 6.30+1.04 3.49+0.81 @ 5.32+0.98 m 1.98+0.24 @t
week 3 10.47+2.34 7.9341.12 9.9041.00 4.43+0.37 oWz
week 4 12.51+3.78 11.67+1.80 12.25+1.32 6.50+0.75 e me

Note: EMR EHF - low-intensity modulated electromagnetic radiation of extremely high frequency range; AaVM-complexes of
amino acids, vitamins and trace elements. Differs (p<0.05-0.01) from the control group - ®, rom EMR EHF — ®, from AaVM

group — &. T-criteria.

Sarcoma volume 45, cm’

L 10,00 B Control

BEMR EHF

ems r 5,00

BEMR EHF and AavVMI

- 000 gEMR EHF and AaVM2

A. Sarcoma volume 45 in the study groups at the end of the
experiment

B. Changes in sarcoma tissue 45 under the influence of combined
impact

Fig. 2. Antitumor effectiveness of the studied impacts.

A. sarcoma Size 45 in the studied groups of old male rats at the end of the experiment (4.5 weeks from the beginning of the

effects). Notation - see table.1

Note: EMR EHF + AaVM1 and EMR EHF + AaVM2 are subgroups of animals with different severity of the combined effect of

EMR EHF and AaVM.

Differs from the control group: ® — p<0.01; from the EMR EHF group: B — p<0.01; from the EMR EHF + AaVM2 subgroup:

¢ — p<0.05. T-test.

B. Changes in sarcoma tissue 45 under the influence of combined impact. Pronounced inhibition of tumor growth (EMR EHF +
AaVM1). Reduction in the density of malignant cells. Lymphocytic shaft. Brachet. 10x6.3.
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Table 2. Effects of the studied impacts on the tumor and the adaptational status of old male rats with transplanted sarcoma 45

. Control EMR EHF EMR EHF + AaVM1
Indicator n=15 n=15 n=12
Tumor volume, cm?® 15.312.6 14.2+1.8 29+t1.3 em
AR stress 47 200 Oem
Tensioned anti-stress AR 53 80 30m
Anti-stress AR without signs
of tension 0 0 Oem

Note: AR-adaptational reactions. Differs from the control group: ® — p<0.05-0.01; from the EMR EHF group: B - p<0.05-0.01.
T-criteria.

[ 1] (] ]

6 Scores
4 » .
2 Control
0 1 i DO Thymus
5 | EMR EHF EMR EHF + AaVM1 O Liver
4 -
6

= 3
-8

A. Indicators of the thymus and liver state

B. Signs of activation of interaction between thymocytes and C. Abundant infiltration of sarcoma tissue by 45 plasmocytes at
tissue basophils. pronounced inhibition of tumor growth.

Fig. 3. Changes in internal organs and tumors under effective combined action EMR EHF + AaVM1.

A. Relative (point) indicators of the morpho-functional state of the thymus and liver under the action of EMR EHF and effective
combined action - EMR EHF + AaVM1. Differs from the control group: ® — p<0.05-0.01; differs from the EMR EHF group:
W - p<0.05. Wilcoxon-Mann-Whitney Criterion.

B. An Increase in the number of degranulated tissue basophils in the immediate vicinity of thymocytes of the subcapsular zone of
the cortical substance of the thymus lobes under effective combined action. Brachet. 10x40.

C. Pronounced inhibition of sarcoma 45 growth under the influence of combined impact (EMR EHF + AaVM1). Abundant
infiltration of tumor tissue by plasma cells.
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The severity of signs of lymphoproliferative activity
was generally similar in these groups. At the same
time, with effective combined use of EMR EHF +
AaVM in the subcapsular zone of the thymus lobes,
a more significant number of degranulating tissue
basophils was observed in the immediate vicinity
of thymocytes, which determined higher scores in
this group (Fig. 3B). The described difference could
indicate more active intercellular interactions in the
organ and, as a possible consequence, a higher
functional potential of T-lymphocytes under com-
bined impact. Similarly, in the case of effective use
of EMR EHF + AaVM, more pronounced signs of liver
normalization were noted than with the action of
EMR EHF alone (Fig. 3A). This applied both to the
morphological characteristics of hemodynamics in
the organ, and to the signs reflecting the level and
uniformity of the distribution of nucleoproteins and
glycogen in hepatocytes, as well as the number of
binuclear hepatocytes in the hepatic parenchyma.

Inevitably, the question arises about the mecha-
nisms of antitumor effect of combined impact. As
a rule, when using non-specific factors that do not
have a direct damaging effect on the tumor, we can
talk about activation of immune processes that lead
to inhibition of tumor growth or even elimination of
tumor tissue [19]. In the case of inhibition of sar-
coma 45 growth under the influence of combined
impact, such a feature of microstructural changes
in the tumor tissue as its pronounced infiltration by
plasmocytes was noted (Fig. 3C). Taking into account
the literature data on the fundamental possibility of
changing the activity of B-lymphocytes under the in-
fluence of T-lymphocytes [20], it can be assumed that
the effectiveness of combined action of EMR EHF and
AaVM is associated with increased intercellular inter-
actions in the thymus, leading to activation of T-lym-

CTapyeckoro Bo3pacTta

phocytes, which in turn contribute to the mobilization
of plasmocytes involved in the effector mechanisms
of tumor cell damage. At the same time, we cannot
exclude some contribution to the effects of the com-
bined impact of direct damage of tumor tissue, due to
the influence of L-lysine-a-oxidase (activated by the
receipt of L-lysine), which, in particular, is associated
with release of cytotoxic hydrogen peroxide effect on
B-adrenergic receptors and proteins responsible for
the adhesive properties of cells [15].

CONCLUSION

In contrast to the results obtained in some other
experimental models [4, 8, 19], in old white outbred
male rats with sarcoma 45 under the influence of
low-intensity modulated EMR EHF presented in the
activation therapy mode, only a temporary effect was
observed — unstable inhibition of tumor growth two
weeks after the start of exposure. Antistress changes
caused by EMR EHF were not sufficient to activate
effective antitumor mechanisms and achieve stable
inhibition of tumor growth. A pronounced antitumor
effect in more than half of the animals was obtained
by combined use of activation electromagnetotherapy
and AaVM as an additional metabolic factor. In these
animals, there was a 4-fold or more inhibition of tumor
growth, as well as some cases of partial regression.
At the same time, a higher adaptational status was
noted, including more numerous signs of activation
of the thymus and liver, than in the case of using only
EMR EHF. The results obtained indicate that the com-
bination of activation electromagnetotherapy and the
use of complexes of essential amino acids enriched
with vitamins and trace elements is promising for the
development of effective methods of accompanying
treatment of elderly cancer patients.
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RARE CLINICAL OBSERVATION OF PRIMARY TRACHEAL CANCER
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ABSTRACT

The article describes a clinical example of primary adenoid cystic carcinoma of the trachea, characteristics of its clinical
course, diagnosis and the choice of treatment. We noted the non-specificity of complaints and clinical manifestations
of tracheal cancer, the period between its beginning and diagnosis, the development of severe complications in the
respiratory and cardiovascular systems due to the long asymptomatic course of the disease, the need for an integrated
approach by various specialists in the treatment of such a complex category of patients. An approach to the surgical
treatment of tracheal cancer is described taking into account its extension to the subglottic larynx, which required
laryngeal extirpation. We showed the possibility of radical treatment of patients with tracheal cancer in large medical
centers with such specialists as head and neck cancer surgeons, thoracic surgeons, endoscopists, anesthesiologists
and resuscitators, therapists, radiologists, and chemotherapists.
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PEAKOE KNMHUYECKOE HABOAEHUE MEPBUYHOTO PAKA TPAXEN

H.A.Yeproea*, 10.B.YnbsHoBa, M.A.Enrubapss, B.J1.Bonkoea, U.B.AegnHoBa

®rbY «<HMUL onkonorum» Munaapasa Poccuu,
344037, Poccuiickas Gegepauus, r. Poctos-Ha-[loHy, yn. 14-9 nuHus, 4. 63

PE3IOME

OnucaH KIMHUYECKUI NPUMep NEPBUYHOIO afileHOKUCTO3HOMO paka Tpaxeu, 0CO6EHHOCTU KIIMHUYECKOTO TeYEeHUs],
LMarHocTuKy, BbiI6op MeTofa feueHus. OTMeyeHa HecneunbrUyHOCTb XKanob 1 KNMHUYECKUX NMPOSIBIEHUIA paka Tpaxew,
ANUTENbHOCTb 3a60Js1eBaHNsA OT MOMEHTa ero Hayasa Ao NOCTaHOBKM MarHo3a, PasBuTUE TSHXKENbIX OCNOXHEHWI
CO CTOPOHbI fibIXaTeNbHON U CEpPAEYHO-COCYANCTON CUCTEMBI U3-3a ANTUTENBHOrO 6ECCUMMNTOMHOIO Te4eHus 3abone-
BaHWsl, HEO6XOAMMOCTb KOMIMJIEKCHOMO MOAXOAA Pa3/IMYHbIX CMELUANIUCTOB B JIEYEHUW TAKOWN CIIOXHOW KaTeropum
60nbHbIX. ONUcaH NOAXOLA K XMPYPrMyecKoMy JIeHEHUIO TPaxeun paka, yunTbiBatoLmiA pacnpoCTPaHEHHOCTb ero Ha
NMOACKIaAKOBbIN OTAEN rOPTaHu, YTO cLienasno Heo6X0ANMbIM BbIMOIHEHWE SKCTUPNALUK ropTaHn. NMokasaHa Bos-
MOXHOCTb paAnKasbHOrO JIe4eHUs1 60IbHBIX PAKOM Tpaxeu B KPYMHbIX MEAULIMHCKMX LIEHTpaX, pacrosiaratowumx
HaMyMeM cneLmanmcToB: XMPYProB OTAENEHUS ONYX0JsIeN roNoBbI U LWEeK, TopaKasibHbIX XMPYProB, 93HAOCKOMUCTOB.
aHecTe3nosIoroB — peaHMMaToI0roB, TepaneBToOB, PafMOJIOroB, XMMMOTEPaneBTOB.

KntoueBble cnosa:
NEPBUYHbIN paK Tpaxeu, afeHOKUCTO3HbIN paK, 9KCTUPNaLusa ropTaHu, 3/10Ka4eCTBEHHbIE OMyXO/n
Tpaxew, fleyeHne paka Tpaxeu, BTOPMYHbIE OMyXOsN Tpaxewu.
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RELEVANCE

Tracheal cancer refers to rare tumors that are
detected in the late stages of the disease, usually
after the development of complications associ-
ated with tracheal stenosis, the development of
secondary changes in the tumor, and sometimes
distant metastases.

Although tracheal cancer has its place in the In-
ternational classification of diseases (ICD) — C33,
in the statistics of cancer care for patients with
malignant neoplasms in Russia, tracheal cancer
is not considered independently and is included in
the trachea, bronchi, and lung group. Tracheal can-
cer does not have its own classification according
to the TNM system. This is due to the fact that pri-
mary tracheal tumors are rare and, probably, there
is not enough material for statistical processing
and creating your own classification. Tracheal can-
cer accounts for 0.1-0.2% of all malignant tumors.
This is approximately 0.2 cases per 100 thousand
people, and providing highly qualified assistance
to this group of people may be difficult.

Treatment of primary tracheal cancer, even in
modern conditions, is a difficult task that requires
coordinated collaboration of doctors of several
specialties, including surgeons performing oper-
ations on various organs, as well as significant
material costs.

In most cases, tracheal tumors are secondary.
Wood D. E. provides data that in 65% of cases, the
cause of tracheal stenosis was tumors of the lung,
thyroid gland, esophagus, less often tumors and
enlarged mediastinal lymph nodes, tumors of the
head and neck organs [1].

The very rare occurrence of tumors in the trachea
compared to the larynx and bronchi is explained by
the relatively simple structure of the trachea, the lack
of complex function and protection from external
stimuli. The complexity of the problem is also due
to the peculiarity of tumor growth in the trachea,
namely, the spread of tumor cells in the submucosal
layer over an extended area from its visible borders.

Among primary tracheal tumors, squamous
cell carcinoma is more often detected (41%) and
adenocystic cancer (28%) [2]. In most cases of

detection of squamous cell carcinoma of the tra-
chea at the time of diagnosis, it is locally common,
in a third of patients metastases to the lungs and
mediastinal lymph nodes are detected, making the
possibility of radical treatment doubtful.

Description of a clinical case

We present a clinical case of primary tracheal
cancer.

Patient E. born in 1962, 55 years old, went to the
NMRCO with complaints of difficulty breathing.
He has been ill for the last 2 years, was treated
by a therapist for chronic obstructive bronchitis,
and received constant treatment without effect.
In the last two months, | had difficulty breathing,
| went to the clinic of the Rostov cancer research
Institute on 09.03.2018.

When examining the larynx, no tumor was
found in it, the larynx is fully mobile, the glottis
is wide, sufficient for breathing. The patient un-
derwent computed tomography of the chest and
neck organs from 09.03.2017 (Fig. 1). a tumor of
the upper third of the trachea was detected with
a transition to the subclavian larynx 4x4x4.3 cm,
narrows the tracheal lumen to 0.6 cm, involves
the esophagus, the lower edge of the tumor at the
level of the jugular notch."

TSEV, S.G.
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Fig. 1. Computed tomography of the chest and neck organs in the
left side projection.
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Ultrasound examination of the neck lymph
nodes from 09.03.2017 showed no increase in
the cervical lymph nodes.

09.03.2017 the esophagus and its mouth were
examined. There were no endoscopic signs of in-
volvement of the esophageal mucosa in the process.

Due to decompensated respiratory failure
caused by a tracheal tumor, narrowing its lumen
to 0.6 cm, the patient was given a permanent tra-
cheostomy for urgent indications on 21.03.2017.

During the operation, after opening the trachea,
a submucosal tumor of a grayish color was found
between the 1st and 2nd half-rings of the poste-
rior and left side walls of the upper third of the
trachea with a spread to the subclavian larynx.
A tumor biopsy was performed. Histoanalysis No.
23644-48/17 of 27.03.2017 "G2 adenocystic can-
cer of the bronchial glands" was obtained.

Due to the involvement of the subclavian larynx,
it was decided to perform a laryngectomy with
resection of the upper third of the trachea.

18.04.2017 laryngectomy with resection of the
upper third of the trachea was performed.

The walls of the esophagus are not affected.
Tracheal rings up to 6 semirings were isolated, the
upper third of the trachea was resected between 5
and 6 semirings, after which a tumor was isolated,

e i
W - o

originating from the upper third of the trachea (1-2
semirings, posterolateral wall on the left), spreading
under the left lobe of the thyroid gland, squeezing
the esophagus, but not sprouting it (Fig. 3).

Resection of the left lobe of the thyroid gland
was performed, in a single block the larynx with
half-rings of the upper third of the trachea, the tu-
mor and the left lobe of the thyroid gland were cut
off from the pharynx (Fig. 4). A nasoesophageal
feeding tube was inserted and a wide tracheos-
tomy was formed. Given the volume of tracheal
resection, tracheoesophageal bypass surgery and
voice prosthetics were not performed.

Figure 5 shows the type of macropreparation: the
removed larynx with the hyoid bone and the upper half-
rings of the trachea with a tumor, the drug is opened,
in the tracheal lumen, the tumor is 4.5 cm light yellow,
in the capsule, performing the tracheal lumen.

Postoperative histoanalysis from 25.04.2017
N2 34037-42 / 17 "adenocystic cancer with spread
to the larynx" N2 34043-4 "resection lines have
a normal structure".

The wound was healed by primary tension, all
sutures and the nasoesophageal probe were re-
moved. The patient eats through natural pathways,
is engaged with a speech therapist, and the esoph-
ageal voice is formed.

Fig. 2. Fibrolaryngoscopy of the larynx.
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Fig. 3. Stage of separation of the upper third of the trachea with

the larynx and the left lobe of the thyroid gland with a tumor.
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After the operation, the patient underwent adju-
vant radiation therapy on the tumor bed and lymph
outflow pathway at a dose of 40g and 5 courses of
adjuvant chemotherapy were performed according
to the scheme: carboplatin AUC 5-6 (720 mg) in-
travenously drip on 1 day + etoposide 200 mg intra-
venously drip on 1-3 days, an interval of 3 weeks.

The patient is observed for one year after sur-
gery without signs of relapse, regional and distant
metastasis.

DISCUSSION

Among the Russian reports, the most represen-
tative is the material published in 2000. Kharchen-
ko V. P. with co-authors who analyzed the fifty-year
experience of monitoring 1062 patients with trache-
al tumors, of which 46.2% are primary cancers. The
authors proposed a classification of tracheal cancer
and principles of diagnosis and treatment, taking
into account the degree of tracheal stenosis and the
presence of complications of tracheal tumors [3].

Due to the anatomical features of the trachea: the
presence of sufficiently rigid cartilaginous semicir-
cles, clinical manifestations of tracheal cancer occur
at late stages and are associated with the clinic of
tracheal stenosis to varying degrees of its severity.

Clinically, tracheal cancer can occur under
the guise of other non-tumor diseases, such as
bronchial asthma, chronic obstructive pulmonary
disease. The degree of clinical manifestations
is determined, for the most part, by the degree
of stenosis. Often, patients with tracheal cancer
complicated by stenosis of its lumen are admit-
ted to the hospital for the first time in a state of
sub —and decompensation of stenosis. This sig-
nificantly complicates the possibility of diagnosis,
sometimes limits the implementation of important
examination methods for the patient, in particular,
endoscopic. And the presence of complications
of stenosis, such as purulent tracheobronchitis,
pneumonia worsens the course of the disease, in-
creases the risk of death if urgent and emergency
surgical interventions are necessary.

Treatment of primary tracheal tumors can be
symptomatic, aimed at restoring tracheal patency
and providing breathing to the patient, which, in
some cases, will allow performing radical or pal-
liative special treatment. Depending on the level
of tracheal lesion and its extent, this may be an
urgent tracheostomy or various methods of en-
doscopic recanalization of the tracheal lumen —
stenting, buging, electroexcision of the tumor,
partial removal.

Fig. 4. Larynx with tracheal semicircles with a tumor before cutting
off the preparation from the pharynx.

Fig. 5. The view of the removed macropreparation.
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A number of authors dealing with tracheal tumors
are of the opinion that the costs and efforts made
for radical treatment of patients are questionable
[4-7]. The trend of recent decades is the expan-
sion of indications and opportunities for palliative
care [8, 1, 5]. The possibility of recanalization of
the trachea, the use of laser photocoagulation and
cryodestruction of the tumor allows, in some cases,
to conduct palliative radiation therapy in conditions
of compensated respiration. Views on the effective-
ness of radiation therapy for adenocystic tracheal
cancer are different: the previous opinion about
the radioresistance of adenocystic cancer is not
shared by a number of authors, who provide data
on five-year survival in 80% of patients treated with
radiation [9, 10]. These results allowed the authors
to recommend radiation treatment by the method of
choice, regardless of the prevalence of the process.
Proponents of surgical treatment are of the opinion
that the only radical method is circular resection of
the affected area of the trachea [11, 12].

There are also controversial opinions about the
significance of a positive resection line and the
presence of lymph node metastases. Some re-
searchers consider them prognostic factors [13,
14, 6], but there is an opinion that the presence of
tumor cells at the border of resection or metasta-
ses in regional lymph nodes does not significantly
affect the long-term results of treatment in cases

of adenocystic cancer [15]. When assessing the
five-year survival rate of patients with adenocystic
tracheal cancer, the absence of resection tumor
cells and regional metastases does not signifi-
cantly improve treatment results [10].

In the radical treatment of tracheal cancer, the
best results are described when using a coined
method of treatment with radical surgery at the
first stage — the 5-year survival rate was 85.1%
for adenocystic cancer and 40.9% for squamous
cell carcinoma [3].

CONCLUSION

Thus, our own experience and analysis of liter-
ature data suggest that the problem of treating
primary tracheal cancer is far from complete, cas-
es of successful treatment of tracheal cancer are
isolated and possible only in large multi-specialty
hospitals with modern diagnostic capabilities, sur-
geons performing operations on areas adjacent
to the trachea — the organs of the head and neck,
chest, esophagus, equipped with a powerful in-
tensive care unit, endoscopic service that owns
methods of stenting the trachea and esophagus.
The approach to planning the treatment of such
patients should be comprehensive, involving ra-
diotherapists, surgeons, chemotherapists, resus-
citators, therapists, and in each case individual.
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ABSTRACT

Pancreatic cancer is a disease characterized by low visualization, high metastasis, and lethality. The average life
expectancy for this nosology is less than 1 year. Early diagnosis of pancreatic cancer is difficult due to the lack of
specific symptoms. As a rule, at the time of tumor visualization, every third patient has regional lymph nodes involved
in the process, and every second patient already has distant metastases. We present a clinical case of a 73-year-old
patient with a diagnosis of: cancer of the pancreatic head St IV, TANTM1. The woman's primary positron emission
tomography (PET-CT) revealed a metabolically active lesion with a size of 26x21x32 mm. After the combined multi-
stage therapy under the control of PET-CT, it was possible to achieve complete leveling of the primary tumor focus
and a relapse-free course of the disease for 11 months.

Our clinical observation showed the effectiveness of dynamic control (using PET-CT) treatment of metastatic pancre-
atic cancer, which influenced the patient's treatment strategy.

Conclusion. Patients with pancreatic adenocarcinoma ECOG = 3, despite the prevalence of the process, should be
offered comprehensive treatment.
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adjuvant therapy.
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POJIb N3T-KT B BbIGOPE TAKTUKI NEYEHWSA MPU PAKE MOXENY04HON
XENE3bl: KTMHUHECKOE HABNIOAEHUE

L.E.Poiit6epr'?*, 0.10.AHuKkeeBa?

1. ®rb0Y BO «Poccuiickuii HauMoHanbHbI uccnefoBaTenbCKnii MeAULMHCKNIA yHuBepcuTeT M. H.W.Muporosa» Munuctepctea
3ppaBooxpaHenus Poccuiickoii epepauum,
117997, Poccuitickas ®epepaums, r. MockBa, yn. OCTpOBUTSAHOBA, f. 1

2. 0AO «MeauumHay,
125047, Poccuitckas ®epepaums, r. MockBa, 2-it Teepckoit-imckoit nep., . 10

PE3IOME

Pak nopxenynoyHom xenesbl — 3/10Ka4eCTBEHHOE HOBOOGPa3oBaHue, cxoasLuee U3 NPOTOKOB U aNUTeNManbHoOM
TKaHM »xenesbl, C BbICOKUM MeTacTasnpoBaHUEM U fieTallbHOCTbLo. CpefHAsi NPOAOCXUTENbHOCTb XU3HU NpH
3TOI HO30/M10rMK cocTaBseT MeHee 1 roaa. PaHHAS AnMarHOCTUKa paka NoAXKeny[0YHON enesbl 3aTpyAHeHa 1s-3a
OTCYTCTBMA cneundunyHbix cuMnToMoB. Kak npaBusio, Ha MOMEHT BM3yanusaLlmnmn onyxonn y Kaxxaoro TpeTbero
naumeHTa B MPOLLeCC BOBNEYEHbI permoHapHble NMMQOY3Jibl, @ Y KaXA0ro BTOPOro nauueHTa yxxe UMetoTcs otaa-
NeHHble MeTacTasbl. Mbl NpeAcTaBAsSeM KAVHUYECKUI CrlyYai naumeHTKu 73 neT ¢ AMarHo30M: pak ronoBKu Nog-
XenynouHoii xenesbl St IV TANTM1. Y XeHLMHbI NpY NEPBUYHOM NO3UTPOHHO-dMUCCUOHHOI ToMorpadum (MIT-KT)
6b171 BbIsIBNIEH METAB0IMYECKUN aKTUBHbIN o4yar pasamepom 26x21x32 mm. Mocne npoBeAeHNss KOMOGUHMPOBAHHOM
MHOroaTanHon Tepanuu noa koHTponem MNI3T-KT yaanocb J06MTbHCA NOAHOrO HUBENNPOBAHMS MEPBUYHOMO ovara

onyxonmu 663peL|,VI,D,VIBHOI'O TeyeHus 3abosieBaHusi BTeyeHue 11 MecqaueB.

Halue knuH1yeckoe HabnoAeH e Nokasano aGHeKTUBHOCTb AUHAMUYECKOTO KOHTPONS (¢ nomoLbto MIT-KT) neyeHns
MeTacTaTU4eCKoro paka I'IO,EI,)KeJ'Iy,D,O‘-IHOVI xenesbl, KOTOpr17| OKasal BNInaHue Ha CTpaTernto nevyeHna naumeHTKu.
3akntoyveHune. MNMaymeHTam ¢ afeHOKapLMHOMON nogxxenyaouHown xenesbl ECOG = 3, HecMOTps Ha pacnpoCcTpaHeH-

HOCTb npouecca, cneayet npegnaratb fevyeHne nog KoHTponem MIT-KT.

KnioueBble cnosa:

pak no,q)Kenyp,quon )Xenesbl, ageHokapunHomMa, N0O3UTPOHHO-SMUCCUOHHasA Tomorpad)m, XumMuoTepanus,

nyyeBas Tepanus, agboBaHTHaA Tepanus.
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INTRODUCTION

The morbidity of pancreatic cancer in Russia in
2018 was 13.05 people per 100,000 population [1].
Besides, there is a steady increase in the incidence
of this nosology, and the average annual growth
rate reached 2.85% [1]. More than 95% of pancreat-
ic cancer cases develop in the exocrine part of the
pancreas. Adenocarcinomas are 95% of these [2].
The diagnosis of pancreatic adenocarcinoma is
associated with an unfavorable prognosis of pa-
tient survival and high mortality worldwide [2-4].
In this cancer, there is still a tendency to increase
mortality [2]. According to leading oncologists,
pancreatic cancer will become the second leading
cause of death from cancer in the next decade [4].

The clinical course of pancreatic cancer is con-
sidered aggressive, with no specific symptoms
and high metastasis, which significantly reduces
the patient's quality of life. At first, patients may
complain of pain in the epigastric region, dyspeptic
disorders, loss of appetite, weight loss. Further, as
the disease progresses, obstruction of the biliary
tract and functional insufficiency of the pancreas
often occur, which lead to malnutrition [2].

Due to the absence of specific symptoms, more
than 50% of cases of pancreatic cancer are detect-
ed at stage IlI-1V, where overall survival rates vary
from 7 to 11 months [4, 5]. The high mortality rate
from pancreatic cancer is explained by the lack of
reliable screening methods for detecting the ear-
ly stage of this nosology, as well as the relatively
low effectiveness of systemic chemotherapy treat-
ment [6, 7]. However, modern multicomponent che-
motherapy regimens, despite their toxicity, allow us
to achieve a certain increase in 5-year survival [1].

Since patients with detected pancreatic cancer
in most cases already have distant metastases,
radical surgical treatment of this category of pa-
tients is not always possible [4, 6, 7]. To prolong
the survival period, patients with stage IV disease
are recommended to undergo chemotherapy and
radiation therapy with monitoring of regression of
the main focus and metastases [8, 9]. Moreover,
the effectiveness of treatment can be effectively
evaluated using PET-CT.
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Clinical case

Patient V., 73 years old, went to the clinic JCS
"Medicine", Moscow with complaints of dysphagia
(did not eat for 10 days), severe weakness (moved
only in a chair).

From anamnesis: is registered with an oncolo-
gist since 2016, when cancer of the head of the
pancreas was detected. A puncture biopsy was
performed under ultrasound control of the pan-
creatic head tumor. Histological analysis of the
biopsies revealed a low-grade adenocarcinoma.
Clinical diagnosis: cancer of the pancreatic head
St IV, TANTM1. In 2016, was performed a pallia-
tive surgery — the imposition of hepatico jejuno
anastomosis, cholecystectomy. Postoperative
histological diagnosis — moderate differentiated
adenocarcinoma with low-differentiated areas in
the lymph node.

Objectively: the patient's condition is moderate,
ECOG 3. Reduced power. The skin is pale, the sclera
subicteric. The abdomen is soft, moderately painful
in the epigastrium and right hypochondrium.

The patient was further examined at the clinic
of JSC Meditsina.

According to PET-CT data from 17.02.2016 with
contrast of 18F-fluorodeoxyglucose (18F-FDG),
formation of 26x21x32 mm in the head of the pan-
creas with high metabolic activity in the tumor
focus and in a few parapancreatic lymph nodes
was revealed (Fig. 1). Aerobilia. Ascites. The liver
is not enlarged in size. There are no foci with high
FDG metabolism in the liver parenchyma.

The patient underwent EGDS, in which no tumor
invasion into the duodenal wall was detected. En-
doscopic stenting of the duodenum for stenosis
was performed, and an infusion port was installed.

The oncological Council made to conduct che-
motherapy (CT) according to the FOLFIRINOX
scheme (Leucovorin, fluorouracil, irinotecan and
oxaliplatin) — 7 courses, monitoring the effective-
ness of treatment using PET-CT with 18F-FDG.

After the 5th course of CT, control PET-CT with
18F-FDG showed that there is still a patholog-
ical metabolically active lesion in the head of
the pancreas, but there is a positive dynamics
in some sorts of a decrease in the size of the
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lesion and a slight decrease in its metabolism
(table 1). At the end of the course of CT with
PET-CT, the metabolic focus in the head of the
pancreas decreased by 36.3%, and its metabolic
activity by 19.8%. the Liver was not increased
in size, without focal changes, and the lymph
nodes were not changed (table 1, Fig. 2). The
results of the dynamics of cancer markers are
presented in table 2.

Taking into account the absence of pronounced
positive dynamics after CT using the FOLFIRINOX
scheme in July 2016 patient V. underwent palliative
radiation therapy for a primary pancreatic tumor
up to TTD 40 Gy against the background of xeloda
radiomodification.

After the end of radiation therapy, the decision
of the second meeting of the oncological Council
(31.08.2016) was made to continue systemic CT
(stage 2) for 2 months according to the FOLFIRI-
NOX scheme (12 courses). After this stage of CT
was completed, PET/CT data with 18F-FDG showed
a marked positive dynamics in comparison, in the

form of a significant decrease in the size and lev-
el of metabolism of the focus in the head of the
pancreas. The liver is not enlarged, without focal
changes, and the lymph nodes are not changed.
There was a diffuse increase in bone marrow me-
tabolism due to the reaction to chemotherapy.

Taking into account the almost complete re-
gression of the pancreatic tumor, normalization
of the marker level, and the presence of a minimal
single node (8 mm) in the head of the pancreas,
it was decided to suspend systemic treatment.
Hypofractive radiation therapy (up to TTD 20g)
is recommended for a residual focus in the head
of the pancreas, followed by PET-CT and cancer
markers.

2 months after the end of radiation therapy,
PET-CT shows a pronounced positive dynamics
in the form of leveling the focus of pathological
metabolism in the head of the pancreas.

Taking into account the complete response
of the tumor to the treatment, the consultation
of oncologists of the JSC Meditsina clinic on

Figure 1. PET-CT with 18F-FDG without contrast enhancement is introduced here, before the treatment. The formation in the head of the
pancreas with high metabolic activity SUVmax=10.77 and metabolic volume 6.53 cm? is visualized.

Table 1. Dynamics of PET-CT results in patient B. against the background of the ongoing treatment

After CT is After CT is After the end of
PET-CT criteria ?g;trriégf Azﬁeﬂr ;/:aofe())T finished finished hypofractive radiation
9 (1%t stage) (2" stage) therapy
;r:faeb”;iecglfl a 26x21x32 24x19x27 17x17x22 16x14x12 Absent
h Y mm mm mm mm
active focus
The metabolic
level in the lesion 10.7 9.6 7.7 3.9 Absent

(SUVmax)
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10.01.2017 decided to perform adjuvant therapy:
xeloda 2000 mg / m2 / day 1-14 days of a 21-day
cycle of 6 months (8 courses in the absence of
progression).

Thus, in a patient with metastatic pancreatic
cancer, a complete response was received against
the background of complex treatment.

After 11 months, the results of PET-CT
(31.10.2017) showed the progression of the dis-
ease in the form of the appearance of hypermet-
abolic foci in the liver (which were not previously
determined by PET CT): the liver is not enlarged
in size (CCS 150 mm), in S4, S6, S7, previously
not visualized hypodensive foci with uneven and
indistinct contours are determined, with maximum
dimensions up to 12x11 mm, with hyperfixation
of the RPP SUVmax up to 5.7. Also, in the right
and left lobes of the liver S4, S5, S6, S7 and S8
segments, multiple hypodensive formations with
uneven contours, previously not visualized, up to
19x21 (S6) mm in size without hyperfixation of the
RFP are determined.

During the entire treatment period PET-CT mon-
itoring of the treatment dynamics was performed.

DISCUSSION

Pancreatic cancer remains one of the diseases
with a high mortality rate [5]. The quality of diag-
nosis plays a huge role in the visualization of pan-
creatic cancer [10]. Despite the growth of scientific
and technological progress, the 5-year survival rate
for this nosology has increased only by 1% (from
510 6%) over the past three decades [4].

For the initial examination, it is recommended
to perform an ultrasound of the abdominal cavity,
which allows you to detect a tumor formation in
the form of hypoechoic structures, dilation of the
pancreatic ducts and the biliary system [2]. The
ultrasound of the abdominal cavity, head tumors
are more often visualized. Cancer of the body and
tail of the pancreas is difficult to diagnose by ultra-
sound due to the presence of gas in the stomach
and transverse colon [7]. Therefore, ultrasound
has a low specificity and effectiveness in the early
detection of pancreatic cancer [2].

To improve the quality of diagnosis of pancre-
atic cancer, especially in metastases, it is recom-
mended to perform spiral computed tomography

Fig. 2. PET-CT with 18F-FDG without contrast enhancement, control 14 days after the end of CT. The formation in the head of the pancreas
persists with a marked decrease in metabolism and metabolic volume, SUVmax=3.98, metabolic volume 2.75 cm?.

Table 2. Dynamics of cancer markers in the patient B

After CT is finished 1st After CT is After the completion of
The oncomarkers Before CT inception stage finished 2nd hypofractive radiation
9 stage therapy
CEA 1.12 2.5 2.1
CA125 100 16 12
CA19-9 171 25 43
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(CT) with three-phase contrast [4, 12]. Most re-
searchers believe that magnetic resonance imag-
ing (MRI) is equivalent in sensitivity to CT in the
diagnosis of pancreatic cancer [4, 12]. The accu-
racy of these imaging methods in the diagnosis
of cancer lesions of the pancreas largely depends
on the size of the tumor [12].

Positron emission tomography (PET) is not rec-
ommended for the primary diagnosis of pancreatic
cancer [2]. However, according to Kauhanen SP
et al. PET-CT is a more sensitive method for de-
tecting metastases and for monitoring treatment
after chemotherapy and radiation therapy [13].
The advantage of PET-CT is a wide coverage of
anatomical zones, displaying metastases of any
localization. Ideally, the use of contrast in PET-CT
is preferable, which increases the diagnostic effi-
ciency to 88% versus 76% without contrast [14].
Results of the study Kitajima K et al. the sensitivity,
specificity, and accuracy of contrast-enhanced
PET-CT in the diagnosis of pancreatic cancer were
91.7%, 95.2%, and 93.3%, respectively, compared
with non-contrast PET CT — 83.3%, 90.5%, and
86.7%, and spiral CT — 66.7%, 85.7%, and 75.6%,

respectively [15]. The diagnostic accuracy of con-
trast PET /CT in pancreatic malignancies was 89%
compared to 79% in MRI [13]. Moreover, after re-
ceiving information using contrast PET-CT, the
treatment strategy was changed in 26% of patients
(10 out of 29) [13].

Our clinical observation showed the effective-
ness of dynamic control (using PET-CT) treatment
of metastatic pancreatic cancer, which influenced
the patient's treatment strategy. Thanks to this
tactical approach, in this clinical case, it was possi-
ble to achieve complete regression of the primary
tumor focus in the head of the pancreas.

CONCLUSION

Patients with pancreatic adenocarcinoma ECOG
> 3 or poorly controlled comorbid conditions, de-
spite the prevalence of the process, should be
offered comprehensive treatment with monitor-
ing of results using PET-CT. The interdisciplinary
collaboration of different specialists is necessary
to develop a plan for specialized treatment and
follow-up of patients with pancreatic cancer.
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