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«l0)XHO-Poccuiickuii OHKONOrM4YecKmii ypHan»: npodeccuoHanbHoe
MeZMLMHCKOE U3faHue. B HeM ny6iuKyITCS HOBOCTU MeAULMHCKOTO
1 hapMaLLeBTMYECKOro COOBLLECTB, HayYHO-NPAKTUYECKMUE CTaTbU AN
LieneBoil ayAUTOPUM - BPayeii-OHKONOTOB. Pefjakuus XypHana CTaBuT
CcBOei 3afayeil NoMynspu3aLmMio Hay4yHO-MCCNeR0BATENbCKUX PaboT U
LOCTWXEHNI oHKonoros l0xHoro depepanbHoOro okpyra, aHanus npo-
Lecca rny6okoii peopraHusauum 3fpaBooxpaHeHus B Poccuu. Pepak-
LiMs MpUrnallaeT B KayecTBe aBTOPOB BCEX, KTO ULLET U HAXOAUT UHTE-
PECHbIE PelleHns MHOTOrpaHHbIX 3aay, CTOALNX Nepes, COBPEMEHHOI
MeANLIMHOM, U XOUeT NoAeNUTLCA CBOUMMU MbICAAMU W HABNIOAEHUAMY
C Koineramu.

rMABHbIW PEOAKTOP

Lienb: €noco6cTBOBaTH pasBututo OHKonornyeckon mepuumHbl f0ra
Poccuu 1 BHefpeHunio €€ OCTUXeHNi B NPaKTuUKy.

3apaun: ocBewaTb COBPEMEHHble AOCTUXEHUSI OHKOMOrUYecKoi
cnyxG6bl I0ra Poccuu; cofeiicTBoBaTb 06MEHY OMbITOM U NepefoBbIMU
3HAHUAIMU MeXJy Cneuuanuctamu; MHGOpMUpOBaTb yuTaTeneil 06
UTOrax KpyMHbIX MeAULUHCKUX GOpYMOB.

B ypHane pa3melyaloTcs ny6nnKaLun pasnudHbiX py6puk: 063opbl
NUTEpaTypbl, MeTa-aHanu3bl, KNMHUYECKME UCCNef0BaHUSA, Habntoae-
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METOf0B NIEYEHHS.
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ORIGINAL ARTICLE

THE RESULTS OF ANTERIOR RECTAL RESECTION WITH THE
FORMATION OF A HARDWARE ANASTOMOSIS IN CANCER PATIENTS

E. N. Kolesnikov', A. V. Snezhko?, V. S. Trifanov’, M. A. Kozhushko’, U. A. Fomenko',
T. B. Katsieva', R. E. Myagkov’, S. V. Sanamyanc', M. A. Averkin', G. Yu. Egorov'™

South Russian
Journal of Cancer
H0xHo-Poccuitckuit
OHKO/IOTYECKHi XKypHan
Vol. 2
No. 4, 2021

1. National Medical Research Centre for Oncology of the Ministry of Health of Russia, Rostov-on-Don, Russian Federation
2. Rostov State Medical University, Rostov-on-Don, Russian Federation

B4 Egorovgu@gmail.com

ABSTRACT

Purpose of the study. A retrospective analysis of the immediate results of performing anterior rectal resections in cancer.
Materials and methods. In the Department of Abdominal Oncology No. 1 with a group of X-ray vascular methods of diagnosis
and treatment of the clinic of the National Medical Research Centre for Oncology of the Ministry of Health of Russia treatment for
rectal cancer operations of anterior rectal resection were performed in 334 patients, while in 143 (42.8 %) cases they were low.
As a standard, total mesenteric excision and lymphoid dissection in volume D2 were performed. Combined surgical inter-
ventions were performed in 68 (20.4 %) patients for locally spread tumors. As a rule, they were resection in nature and were
performed with tumor infiltration of adjacent organs (bladder with ureters, ovaries, uterus, vagina, small intestine, abdominal
wall). Colorectal anastomosis using crosslinking devices was formed in all cases, in 316 (94.6 %) cases it was a "side - to-end"
junction, in 18 patients — "end-to-end". A preventive proximal intestinal stoma was formed in 73 (21.9 %) cases, where 67 cases
it was an ileostomy, and 6 — a transversostomy. The preventive proximal intestinal stoma was not formed among 261 patients.
Results. After performing anterior resections for rectal cancer operations, the complications developed in 75 (22.5 %) patients.
The most threatening and dangerous complication was the failure of the colorectal anastomosis, which was noted in 12
(3.5 %) cases.

This complication occurred in 8.2 % (6 patients out of 73) of preventatively stoma-treated patients, in 2.3 % of patients without
a stoma (6 patients out of 261).

Conclusion. The use of a preventive proximal intestinal stoma allows you to form a colorectal anastomosis even in the presence
of complicated forms of rectal cancer. The number of complications directly referred to the formation of a preventive proximal
intestinal stoma is relatively small, but when planning surgery for uncomplicated rectal cancer, the probability of their possible
occurrence should be taken into account.

Keywords:
rectal cancer, anastomosis, stoma, transversostoma, failure of colorectal anastomosis sutures
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OPUTUHATIbBHASA CTATbA

PE3YNbTATHI NEPEAHEN PEEKLIAW NPAMON KULIKK C OPMUPOBAHUEM
AMNMAPATHOTO AHACTOMO3A Y OHKOIOTMYECKKUX bOJIbHBIX

E. H. Konechukog', A. B. CHexko?, B. C. Tpudganor’, M. A. Koxywko', 10. A. domehko’,
T. b. Kayueea', P. E. Markos', C. B. CanamsaHy', M. A. Aeepkun', I 10. Eropos™

1. HMUL, oHkonoruwm, r. PoctoB-Ha-[loHy, Poccuiickas ®egepauus
2. PoctI'MY, r. PocToB-Ha-[loHy, Poccuiickas Gepepauus
B4 Egorovgu@gmail.com

PE3IOME

Llenb nccnepoBaHns. PeTpOCNEeKTUBHbIN aHannM3 HenocpeACcTBEHHbIX Pe3y/ibTaToB BbIMOSHEHNA NepeAHNX pe3eKLnii
NPSAMO KULLKW Npu pake.

Matepuanbi u meTogbl. B otaeneHnn abaoMmHanbHom oHkonornv N2 1 ¢ rpynnoi peHTreHaH40BaCcKyNsipHbIX METOA0B Au-
arHoCTUKM 1 neveHust (PAMAN) knuHuku GreY «<HMUL, oHkonorun» MuHsapasa Poccumn no noBoAy paka npsiMoi KULIKK
(PMK) onepauuu nepegHei pesekumm NPAMON KULWKK BbIMOJIHEHbI 334 60/1bHbIM, Npu aToM B 143 (42,8 %) ciyyanx OHM
6bISIV HUSKUMU.

B kauyecTBe CTaHAapTa BbINoHANACH TOTanbHas Me30PEKTYMIKTOMUS U TuMboanccekLus B 06béme D2. KOMGMHUPOBaHHble
XUpYpruyeckme BMeLLaTeIbCTBA BbINOsHeHbl y 68 (20,4 %) NaLMeHTOB Mo NOBOAY MECTHO-PACcMpPOCTPaHEHHBIX OMyXOsieii.
KonopekTanbHbIi aHAaCTOMO3 C UCMONb30BaHNEM CLUMBAIOLMX annapaToB GopmMupoBanu Bo Bcex HabntoaeHusx, B 316
(94,6 %) cnyyasix 3To 6bIN0 COYCTbe «60K B KOHEL, Y 18 NaLMEeHTOB — «KOHEL, B KOHeL». MPEBEHTUBHYO NMPOKCUManbHYHO
KULLIEYHYo cToMy dopmupoBasnm B 73 (21,9 %) HabMoAeHUsX, U3 HUX B 67 Ciydasx aTo 6blia MIeocToMa, B 6 — TpaHCBep-
3ocToMa. Y 261 nauneHTa NpeBEeHTUBHYIO MPOKCUMASbHYIO KULLEYHYIO CTOMY He hopMupoBasnu.

PesynbTaTbl. [1oc/ne BbINONHEHNUS NEPeHUX pe3eKLuuit no nosogy PIK ocnoxHeHusa passunuck y 75 (22,5 %) 60nbHbIX. Ca-
MbIM IPO3HbIM U OMAacHbIM OCNOXHEHUEM 6blla HECOCTOATENBHOCTb KOSIOPEKTaIbHOrO aHAaCTOMO3a, KOTopasi OTMeyanach
B 12 (3,5 %) HabnoaeHusix. Y NpeBeHTUBHO CTOMUPOBAHHBIX NMaLUEHTOB 3TO OC/IOXKHEHWE BO3HUKIO Y 8,2 % (6 60/bHbIX U3
73), y 605bHbIX 6€3 CTOMbI Y 2,3 % (6 NaumeHToB U3 261).

3akntoyenue. Micnonb3oBaHne NPeBEHTUBHOW NMPOKCUMaNbHON KULLEYHOW CTOMbI MO3BOIAET ChOPMUPOBATH KONOPEKTaNbHbIN
aHacTOMO3 Aaxe Npu Hannynm OCNOXHEHHbIX POPM paka NPAMON KULWKK. KonnyecTBO OCMOXKHEHWI, HENMOCPEeACTBEHHO
CBSi3aHHbIX C (HOPMMPOBAHNEM NPEBEHTUBHON NMPOKCUMasbHOW KULLEYHOW CTOMbI OTHOCUTENIbHO HEBONbLUIOE, OAHAKO, NP
NAaHUPOBaAHUM XUPYPrMYECKOro BMeLaTeIbcTBa Mo NOBOAY HEOC/TOXHEHHOMO paka NPsSIMOW KMLLIKK, HEOGXOAMMO YYnUTbIBaTb
BEPOATHOCTb MX BO3MOXXHOIO BO3HUKHOBEHMUS.

KntoueBble cnosa:
paK NpsiMOI KMLLIKW, aHaCTOMO3, CTOMa, TPaHCBEP30CTOMa, HECOCTOATENIbHOCTb LUBOB KOJIOPEKTaIbHOr0
aHacToMo3a
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RELEVANCE

MATERIALS AND METHODS

The basis for the treatment of rectal cancer (RC)
is the performance of radical surgery. Currently,
priority in the surgical treatment of RC belongs to
sphincter-preserving surgical interventions, among
which the most common is anterior rectal resection.
Among these operations, there is a low anterior re-
section, used when the tumor is located 6-8 cm
above the anus. Studies on the peculiarities of the
spread of rectal tumors have significantly expanded
the indications for low rectal resections. It has been
proved that the minimum distance from the tumor to
the lower border of rectal resection in cancer from
the mucosa can be only 1 cm or less [1-3]. The
widespread use of crosslinking devices that allow
the formation of colorectal anastomoses almost
at the level of the sphincter complex, as well as
the use of various coloplasty techniques to replace
the reservoir function of the rectum, has led to an
improvement in the functional results of anterior
resection operations in RPC.

However, the problem of postoperative complica-
tions is still relevant, the most formidable of which
is the failure of the colorectal anastomosis sutures
(FCAS). Literature data on the frequency of this com-
plication range from 3 to 30 %. Modern studies do
not include in the list of complications asymptomati-
cally current and detectable only with a control X-ray
examination of contrast agent congestion [4; 5].
Among the proposed methods of protection of the
FCAS, the most common is the formation of a prox-
imal intestinal stoma. The imposition of preventive
intestinal stomas is considered as an intervention
that allows avoiding not so much the occurrence
of FCAS, as the severe consequences of its occur-
rence. The main indications for the formation of
preventive intestinal stomas most often include the
formation of a supraanal colorectal anastomosis
and the presence of a positive air test for the tight-
ness of the anastomosis, as well as manifestations
of intestinal obstruction [1; 6—8].

At the same time, the use of preventive intestinal
stomas in itself may be associated with the risk of
additional complications directly related to both its
formation and elimination [7; 9-11].

The purpose of the study: retrospective analysis
of the immediate results of performing anterior rectal
resections in cancer.

Studies concerning the choice of surgery methods,
optimal methods for the formation of colorectal anas-
tomoses using crosslinking devices, an approach to
the formation of preventive proximal intestinal sto-
mas, drainage of the lumen of the rectum and abdom-
inal cavity, tactics for the treatment of postoperative
complications in the surgical treatment of colorec-
tal cancer were conducted at the Rostov Research
Institute in the period from 2007 to 2012 [1]. In the
Department of abdominal Oncology No. 1 with a group
of X-ray vascular methods of diagnosis and treatment
clinic, National Medical Research Centre for Oncology
of the Ministry of Health of Russia for RC anterior rec-
tal resection surgery was performed in 334 patients,
while in 143 (42.8 %) cases they were low. Of the op-
erated patients, 178 were women and 156 were men
(ratio 1:1.1). The average age of patients was 61.3 £
3.4 years, 23 % were over 70 years old. The majority
of patients (208 or 62.3 %) were operated in stage Ill
of the disease, 87 (26.0 %) patients had stages | and
II. In 39 (11.7 %) cases, distant metastases occurred,
and patients were assigned to stage IV. Histologi-
cal examination revealed adenocarcinoma in 98 %
of patients, neuroendocrine cancer in 5 (1.5 %) pa-
tients, squamous cell carcinoma in 2 (0.6 %) patients.
The degree of differentiation of adenocarcinoma G1
was noted in 38 (11.6 %) patients, G2, including with
a mucus-forming component, in 243 (74.3 %), in 46
(14.1 %) adenocarcinoma G3 was detected.

Mainly in the lower third of the rectal ampoule,
the tumor was localized in 110 (32.9 %) patients, in
the middle third —in 94 (28.1 %), in the upper third
with a spread to the rectosigmoid section —in 130
(38.9 %) patients.

More than half of the patients had concomitant
diseases, mainly it was pathology of the cardiovas-
cular system.

The preoperative preparation of patients included
orthograde and retrograde colon cleansing, drug de-
contamination, prevention of thromboembolic compli-
cations, and, if necessary, correction of correspond-
ing disorders on the part of organs and systems.

As a standard, total mesorectumectomy and
lymphodissection in volume D2 were performed.
Combined surgical interventions were performed
in 68 (20.4 %) patients for locally spread tumors.
As a rule, they were resection in nature and were
performed with tumor infiltration of adjacent organs
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(bladder with ureters, ovaries, uterus, vagina, small
intestine, abdominal wall). Colorectal anastomosis
using crosslinking devices was formed in all cases,
in 316 (94.6 %) cases it was a side-to-end junction,
in 18 patients it was an end-to-end junction. Pre-
ventive proximal intestinal stoma was formed in 73
(21.9 %) cases, of which in 67 cases it was ileostomy,
in 6 — transversostomy. The main indication for the
formation of a proximal intestinal stoma was the
presence of manifestations of intestinal obstruc-
tion, due to which it was impossible to fully prepare
the colon for anastomosis. Another common cause
of the formation of a preventive intestinal stoma,
especially with locally common tumors, was pro-
nounced inflammatory infiltration in the pelvic cavi-
ty and pararectal adipose tissue, resulting from the
occurrence of pararectal ulcers, urinary and vaginal
fistulas. No preventive proximal intestinal stoma was
formed in 261 patients.

RESEARCH RESULTS AND DISCUSSION

After performing anterior resections for RC, com-
plications developed in 75 (22.5 %) patients (table 1).

The most formidable and dangerous complication
was the failure of the colorectal anastomosis. It was
understood as the excretion of intestinal contents
through drains, through the vagina or with urine, or
the excretion of urine through the rectum. Colorectal
anastomosis failure was noted in 12 (3.5 %) cases. In
6 cases, a preventive proximal intestinal stoma was
not superimposed, in 6 it was formed. Conservative
therapy was performed in 11 patients, relaparotomy,
resection of the anastomosis area and removal of
a single-stem colostomy were required in 1 patient.
In 4 cases, fistulas eventually formed between the
rectum, the vagina (in 3 cases) and the bladder in 1
patient. All patients were operated on within 3to 6
months, 2 of them underwent abdominal-perineal

Table 1. Complications after RC surgical treatment

Complication type

Absolute quantity
(% of completed operations)

Complications after anterior rectal resections (n = 334)

Failure of the colorectal anastomosis 12 (3.6 %)
Bleeding from the anastomosis area 3(0.9%)
Adhesive intestinal obstruction 5(1.5%)
Abdominal cavity abscesses 4(1.2%)
Perforation of the bladder, injury of the ureter 2 (0.6 %)
Rectal-vaginal and rectal-urinary fistulas 4(1.2%)
Suppuration of a laparotomic wound 12 (3.6 %)
Dysuric disorders (neurogenic bladder) 10 (3.0 %)
Anastomosis stricture 4(1.2%)
Thromboembolic complications 5(1.5%)
Pneumonia 8 (2.4 %)
Acute heart failure 6 (1.8 %)

Total

75 (22.5 %)

Complications after operations to eliminate preventive intestinal stomas (n = 68)

Bleeding from the anastomosis area 1(1.5%)
Adhesive intestinal obstruction 2(2.9%)
Suppurations of a wound 3(4.4%)
Total 6 (8.8 %)
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extirpation of the rectal stump in combination with
vaginal resection, 1 had bladder resection, 1 managed
to limit himself to fistula plastic surgery.

In our opinion, the data on the incidence of clini-
cally pronounced insolvency in the group of patients
without preventive proximal intestinal stoma and in
those to whom it was formed are of interest. This
severe complication occurred in 8.2 % (6 out of 73
patients) of preventatively stoma-treated patients,
and 2.3 % (6 out of 261 patients) of patients without
a stoma. It should be emphasized that almost all pa-
tients who received preventive intestinal stoma had
complicated forms of colorectal cancer, the most
frequent of which were signs of intestinal patency
disorders. Thus, a preventive proximal intestinal
stoma cannot completely remove the increased
likelihood of developing colorectal anastomosis
in the presence of complications, and, probably, in
some cases, an extremely high risk of developing
colorectal anastomosis, it is advisable to abandon
its formation in favor of performing obstructive re-
sections.

Bleeding from the anastomosis zone was noted in
3 patients, while in 2 cases it was stopped transanal-
ly, in 1 case a relaparotomy and additional stitching
of the anastomosis zone were required.

Adhesive intestinal obstruction was diagnosed in
5 (1.5 %) patients, all of them were operated on. In
4 out of 5 patients, extensive combined operations
were initially performed.

Abdominal abscesses were detected in 4 patients,
in 2 of them they were an additional complication
of the colorectal anastomosis failure, in 2 they were
the result of anterior resection surgery on the back-
ground of a locally advanced perforating tumor. In 1
observation, spontaneous drainage of the abscess
occurred through anastomosis into the intestinal
lumen, in 3 cases, drainage of the purulent cavity
was performed under ultrasound control.

Traumatic perforation of the bladder in 1 patient
and the ureter in another, manifested in the early stag-
es after surgery by urine excretion through drainage
tubes and caused relaparotomy in both patients. In 1
case, the bladder was sutured, in the second - ureter-
al resection with the formation of ureterocystoanas-
tomosis.

Patients with neurogenic bladder included patients
who did not restore normal urination 7 to 10 days
after surgery. Dysuric disorders were usually clinically
manifested by acute urinary retention. In 7 patients,
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this required an increase in the time of catheteriza-
tion of the bladder to 14-18 days, 3 patients were
discharged with a urinary catheter, and normal uri-
nation was restored in 4 to 6 weeks and they needed
an additional course of conservative therapy under
the supervision of a neurologist.

The cause of strictures of colorectal anastomo-
sis during the period from 6 to 14 weeks after sur-
gery, in our opinion, was a "hidden" failure of the
anastomosis, especially considering that 3 out of 4
patients had preventive proximal intestinal stomas.
In 2 cases, effective stricture augmentation was
performed, followed by closure of the ileostomy,
in 2 patients, resection of the anastomosis zone
was performed.

Thromboembolic complications were noted in
5 patients. 1 patient had acute arterial thrombosis
of the right lower limb, and he underwent thrombin-
timectomy. 2 patients developed superficial phlebo-
thrombosis of the lower limb, 1 patient underwent
a crossectomy, the other underwent conservative
therapy. 2 patients developed pulmonary embolism,
both patients died.

Complications from the cardiovascular system in
6 patients were manifested by increased manifesta-
tions of angina pectoris, arrhythmogenic disorders
and hemodynamic disorders, which were treated
conservatively.

After resection operations for rectal cancer, 2 pa-
tients died, both from pulmonary embolism. Postop-
erative mortality was 0.6 %.

Reconstruction of the gastrointestinal tract after
the formation of intestinal stomas was performed
in 68 patients, from which 62 patients had ileos-
tomy and 6 had transversostomy. These surgical
interventions were performed either 5 to 6 weeks
after the first operation, or, in most patients, after
the completion of multi-course adjuvant chemo-
therapy, usually after 6 to 7 months. Refusal to
perform intestinal reconstruction was associated
with tumor progression in 4 patients and refusal of
surgery in 1 patient. Preoperative examination nec-
essarily included performing irrigoscopy to iden-
tify possible stricture of colorectal anastomosis.
Reconstructive surgery in almost all patients was
carried out from restricted access, the stoma was
circularly excised, the bowel loop with the stoma
was removed into the wound and later resected.
In all patients, anastomosis was formed "side to
side" with a nodular suture. Complications after
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reconstructive operations were noted in 6 (8.8 %)
patients who did not die (see table). Repeated oper-
ations were required in 3 patients, all laparotomies
were performed. A patient with bleeding from the
anastomosis underwent resection of the small
intestine together with the anastomosis, patients
with acute adhesive intestinal obstruction under-
went viscerolysis.

The material given earlier presents the results of
treatment of RC patients in a specialized surgical
department. The presented results of practical work,
consistently low indicators of the number of postop-
erative complications and mortality fully confirmed
the correctness of the developed approaches to the
surgical treatment of rectal cancer.

CONCLUSION

Surgical treatment of patients with rectal cancer in
specialized departments within large medical centers
allows to obtain good immediate outcomes of surgi-
cal procedures, relatively low rates of the number of
postoperative complications and mortality. The use
of a preventive proximal intestinal stoma makes it
possible to form a colorectal anastomosis even in
the presence of complicated forms of rectal cancer.
The number of complications directly related to the
formation of a preventive proximal intestinal stoma
is relatively small, however, when planning surgery
for uncomplicated rectal cancer, the probability of
their possible occurrence must be taken into account.
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ABSTRACT

Mucormycosis of the lungs is a severe infectious complication in patients with acute lymphoblastic leukemia, which develops
at the stage of high-dose cytostatic therapy. It is characterized by an extremely aggressive, rapidly progressive course and,
without specific treatment, is fatal in a short time. Reliable verification of mucor is necessary due to its resistance to the most
commonly used antifungal drugs, particularly to voriconazole.

The article presents a clinical case of pulmonary mucormycosis in a 12-year-old child at the stage of diagnosis of acute lym-
phoblastic leukemia. The first symptoms of the disease (headaches, malaise and weakness, pallor), changes in the general
blood count (hyperleukocytosis up to 200 thousand cells/pl, single platelets). Based on the results of the examination, the main
diagnosis was verified for acute lymphoblastic leukemia L2, IFT T-ll, CD1a". At the stage of diagnosis of acute lymphoblastic
leukemia, the underlying disease was complicated by the development of right-sided pneumonia according to X-ray examina-
tion. To verify the etiology of infiltration of lung tissue, broncho-alveolar lavage was directed to microbiological diagnostics,
which included studies: enzyme immunoassay, microscopic and cultural. On the aggregate of all the results obtained, invasive
mucormycosis was diagnosed and antifungal therapy was started immediately.

Keywords:
acute lymphoblastic leukemia, invasive mycosis, oncohematology, mucormycosis, diagnosis of mucormycosis,
treatment of invasive mycosis
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PE3IOME

MyKOPMUKO3 Nerkux — Taxenoe MHOEKLMOHHOE OCTIOXHEHWE Y 60JIbHbIX OCTPbIM NMM(OGNACTHLIM JIENKO30M, KOTOpOe
pasBuMBaeTCs Ha 3Tane BbICOKOLO3HOMN LUTocTaTnuyeckon tepanun. OHO xapaKTepuayeTcs Ype3BblYaliHO arpecCuBHbIM,
6bICTPO MPOrPecCUpyoLLMM TedeHneM 1 6e3 cneumdrnyecKoro Ie4eHns 3akaHYMBaETCA SieTallbHbIM UCXOA0M B KOPOTKOE
BpeMsi. [locToBepHas BepuduKaums Mykopa He06XoAMMa B CBSI3U C YCTOMUMBOCTBIO K HaMBosiee 4acTo UCMOSIb3yEMbIM
NPOTUBOrPUGKOBBIM JIEKAPCTBEHHBIM CPEACTBAM, B YaCTHOCTH, K BOPUKOHA301y.

B cTaTbe npeacTaBneH KIMHUYECKUI Crlyqait neroyHon hopMbl MyKopMuKo3a y pebeHka 12 neT Ha aTane AUarHoCTUKM
ocTporo numdo6nacTHoro neiko3a. MepBble cCUMNTOMbI 3a6osieBaHWs (FoSIOBHbIe 60511, HEAOMOraHve 1 cnabocTb, 6ne-
HOCTb), U3MeHeHUs B o6LueM aHanuse kposu (OAK) (runepneitkoumntos Ao 200 TbiC. KJI/MKJI, TPOMEBOLUTbI eAMHUYHbIE). o
peaynbTatam o6cnefioBaHuUsi BepuduLMpoBaH OCHOBHOWM AnarHo3 ocTpbli nuMmdobnacTHblii neikos L2, UOT T-Il, CD1a™. Ha
3Tane AMarHOCTMKKU OCTPOro TMMGo61acTHOro J1elko3a, OCHOBHOE 3a60JieBaHWE 6bl10 OCNOXHEHO Pa3BUTUEM MPABOCTO-
POHHel MHEeBMOHMEW COrTacHO PEHTIEHONIOMMYECKOMY UCCnefoBaHUIO. [ns BepudurKkaLuum sTMonorum uHunbTpaumum ne-
FOYHOM TKaHU Ha MUKPOBUONOrMYeCcKyHo AMarHOCTUKY 6bl HanpaBieH 6pOHX0-aNnbBeonsipHbIv naBax (BAJ1). UccnegoBaHue
BKJ104A/I0 MEeTOAbl: UMMYHOMEPMEHTHbBIW, MUKPOCKOMUYECKUIA U KYNIbTypanbHbli. Ha COBOKYNMHOCTM BCEX MOMYYEHHbIX
pes3ynbTaToB 6bl1 AMArHOCTUPOBAaH MHBAa3NBHbIA MYKOPMMKO3 U HayaTa HesaMenTe/lbHO MPOTMBOrPUGKOBas Tepanus.
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RELEVANCE

The continuing increase in the number of infec-
tions caused by fungi (micromycetes) remains one
of the urgent problems of both global and domestic
healthcare. Diseases caused by microscopic fungi
(mycoses) have become an urgent clinical problem.
Mycoses are a serious danger for people with an
immunosuppressive condition. Especially in acute
leukemia, taking into account the initial hyperleuko-
cytosis and the development of life-threatening com-
plications against this background, the increasing
severity of the patient's condition, requiring immedi-
ate initiation of specific treatment. The optimization
of high-tech medicine, the active use of cytostatic
and immunosuppressive drugs, the use of broad-
spectrum antibiotics in the prevention and treatment
have led to an increase in the number of immunocom-
promised patients with a high risk of developing not
only superficial, but also invasive mycotic infectious
complications with severe clinical manifestations
and very high attributive mortality [1-4].

Invasive mycoses (IM) are a common complica-
tion in oncological and hematological patients. The
most common pathogen of IM in oncohematological
patients is Aspergillus spp. Early diagnosis, preven-
tion and treatment with voriconazole significantly
reduced the incidence of invasive aspergillosis. At the
same time, the frequency of IM caused by mucormy-
cetes (Rhizopus spp., Rhizomucor spp., Mucor spp.,
Lichtheimia corymbifera) and other rare pathogens
such as Fusarium spp. increased. These and other
mucormycetes are resistant to the most commonly

Fig. 1. Broncho-alveolar lavage microscopy; calcoflour white stain,
x 600.

used antifungal drugs, in particular, voriconazole. Due
to the difficulty of diagnosis (there is no clear picture
during X-ray examinations, an invasive procedure is
required to obtain a biopsy or bronchoalveolar lavage
(BAL), the absence of specific tests to detect antigen
or specific antibodies), the number of publications
on rare pathogens caused by IM in cancer patients
is limited [5-7].

The possibilities of high-tech methods of diagno-
sis, prevention and treatment are increasing, but at
the same time, invasive mycosis remains the dom-
inant cause of infectious mortality in patients with
cancer [8-10].

CLINICAL CASE DESCRIPTION

The article presents a clinical case of the pulmo-
nary form of mucormycosis in a child at the stage
of diagnosing of acute lymphoblastic leukemia.
There is an informed consent of the patient for
research.

A 12-year-old patient has been ill since January
2020, when the first symptoms of the disease ap-
peared (headaches, malaise and weakness, pallor)
during the examination, changes in the clinical blood
count (CBC) were revealed (hyperleukocytosis up to
200 thousand cells / yl, single platelets). To clarify
the diagnosis, the child was sent to the SBI of the RO
"ODKB" in Rostov-on-Don. According to the results
of the examination in the Department of Pediatric
Oncology and Hematology with chemotherapy, the
main diagnosis of acute lymphoblastic leukemia
L2, IFT T-1l, CD1a- was verified in the child. At the
stage of diagnosis of acute lymphoblastic leukemia,
the underlying disease was complicated by the de-
velopment of right-sided pneumonia. According to
the CT scan of the chest organs, infiltration of lung
tissue was detected in S8, S9 on the right, located
subpleurally with bronchial lumens and a cavity with
fuzzy, uneven hyperintensive edges measuring 11 x
4 mm and a hypointensive center of an inhomoge-
neous structure; areas of centrilabular emphysema
in S 1/2 on the right in the basal zone measuring
10 x 7 mm were determined. To verify the etiology
of lung tissue infiltration, it was decided to conduct
an invasive procedure in order to obtain a BAL. The
BAL and blood serum were sent for research to the
Laboratory of Clinical Microbiology of the National
Medical Research Centre for Oncology of the Ministry
of Health of Russia.
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form of mucormycosis in a child with acute lymphoblastic leukemia

Microbiological diagnostics included studies: en-
zyme immunoassay, microscopic and cultural.

The presence of galactomannan (GM) in blood
serum and BAL was determined by enzyme immuno-
assay using diagnostic test systems (XEMA GaLMAg
EIA kit, Russia). The GM level was regarded as posi-
tive at values = 0.59 OD (optical density). Microscopic
examination of BAL was carried out using light and
fluorescence microscopy with white calcofluor in
order to identify fungal hyphae. The cultural study
was carried out by a generally accepted microbio-
logical method. On the first day, the following results
were obtained: the level of galactomannan in the
blood optical density index (IOP) — 0.12 (negative),
in the I0P score — 0.17 (negative). The study using
light microscopy did not reveal the pathogen, and
with the help of fluorescence microscopy with white
calcofluor, an unsepted mycelium branching at right
angles was found in the material (Fig. 1).

It's worth pointing out that during the cultural my-
cological examination, the result was negative - the
absence of growth for 2-5 days.

Thus, based on the totality of all the results ob-
tained, invasive mucormycosis was diagnosed and
antifungal therapy (amphotericin At 50 mg/day) was
started immediately. Taking into account the positive
dynamics on CT two weeks after the start of treat-

ment, they decided to continue antifungal therapy with
the rotation of the drug to posaconazole at a dose of
200 mg 4 times a day.) lasting up to 2 months. When
assessing the child's condition in dynamics, a month
after the start of treatment with Ml, a positive effect
was noted on CT of the chest organs in the form of
a decrease in the focus of inflammation.

CONCLUSION

Mucormycosis is characterized by an extremely
aggressive, progressive course with a very rapid de-
struction of all tissue barriers and, without specific
treatment, ends in death in a short time from the mo-
ment of the appearance of clinical signs. The caus-
ative agents of mucormycosis are resistant to azoles
and echinocandides used in clinical practice. It was
not typical that the child developed mucoromycosis
of the lungs in the initial stage of the disease (at the
stage of diagnosis) before the use of high-dose cy-
tostatic therapy. The development of pneumonia in
immunocompromised patients requires caution in
diagnosis in order not to miss mycosis. The results of
the current review should help the doctor to establish
a connection between the various manifestations
of mucormycosis, the corresponding predisposing
factors and pathogens.
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ABSTRACT

This clinical observation demonstrates a method of a motivated use of a transdermal therapeutic system (TTS) based on
fentanyl for chemical pleurodesis in a patient with prolonged air leakage after lung resection for cancer. The most common
complication after elective lung resections is an alveolar-pleural fistula or prolonged air leakage. This clinical phenomenon
occurs as a result of communication between the alveoli of the lung parenchyma distal to the segmental bronchus and the
pleural cavity. In most cases, air leakage through the drains is eliminated spontaneously, but the frequency of prolonged
pneumostasis absence in the postoperative period can reach 25 %, which has a negative effect on the outcomes of surgical
interventions due to the development of pneumonia and empyema. Long-term drainage of the pleural cavity does not always
end with aerostasis and requires repeated invasive interventions. One of the ways to achieve the tightness of the lung tissue
involves various methods of chemical pleurodesis, which is a surgical manipulation — the introduction of a sclerosing chem-
ical substance into the pleural cavity by spraying medical talc through a trocar or a injecting tetracycline solution into the
pleural drains. The chemical causes aseptic inflammation and adhesions between the visceral and parietal pleura, followed
by obliteration of the pleural cavity. The sclerosant introduction is accompanied by severe pain that can provoke respiratory
and/or hemodynamic deficits, up to apnea and life-threatening heart rhythm disturbances. Pain relief during chemical pleu-
rodesis is obviously an important factor in the prevention of a number of complications in patients undergoing surgery for
lung cancer. Bolus intravenous injections of narcotic analgesics lead to an analgesic effect, but a short-term one due to the
absence of a depot in the body and a sharp drop in the drug concentration in the blood serum. Unfortunately, this method
of introducing narcotic drugs can cause various complications in weakened and elderly cancer patients, such as respiratory
depression and cardiac arrest. The TTS action is characterized with continuous dosing and the creation of a constant con-
centration of the narcotic drug over a certain period of time. This method provides a multilevel and systematic approach to
pain relief, reduces toxicity and minimizes the inhibition of the central mechanisms of external respiration regulation without
causing respiratory and cardiac disorders in patients who underwent lung resection.
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lung cancer, lung resection, bronchopleural complications, chemical pleurodesis, anesthesia, transdermal
therapeutic systems
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PE3IOME

[laHHOE KNIMHWUYecKoe HaboAeHNe [EMOHCTPUPYET CNOCO6 MOTUBMPOBAHHOMO MPUMEHEHUS TpaHCAepMaibHON TepaneBTUYECKO
cuctembl (TTC) Ha ocHOBe (heHTaHMMa Npy NPOBEAEHUM XMMUYECKOrO MIEBPOAE3a Y MaLMeHTa C IJIUTeNbHOM yTeUKOii Bo3ayxa nocne
peseKLumn NErkoro no noBogy paka. Hanbonee pacnpocTpaHeHHbIM OCIOKHEHWEM MOCe NNaHOBbIX Pe3eKLUi NErKoro sBnsieTcs
(hopMupoBaHuWe anbBEONAPHO-NIEBPANbHOIO CBULLA UK ANUTENbHAA yTeuKa BO3AyXa. ATO KNMHUYECKOE NPOosiB/IeHNE BO3HUKAET
B pe3ynbTaTe COOGLLEHNS MEXAY aflbBe01aMM1 NapeHXUMbl IErKoro AUCTasibHee cerMeHTapHoro 6poHxa ¢ neBpasibHOi MONOCTbIO.
B 60MbLUMHCTBE CNyyaeB yTeuka Bo3fyxa Mo ApeHaXKaM yCTpaHAeTCs CMIOHTaHHO, OfiHAKO YacToTa AJIMTENbHOIO OTCYTCTBUS NHEB-
MOCTas3a B MocneorepawuMoHHOM Nepuoge MOXeT AocTuratb 25 % cnyyaes, YTO OKa3blBaeT OTpULATENbHOE BIUAHWE HA UCXOAbI
onepaTUBHbIX BMELLIATENIbCTB U3-3a Pa3BUTUSA MHEBMOHMMU U 3MMNUEMbI. JUTeNnbHOe ApeHMpOBaHME NIEBPaNbHON NOMOCTU He
BCerfa 3akaHYMBaeTCsl a3pOCTa3oM U TpebyeT NOBTOPHbIX MHBA3WUBHbIX BMeLLaTenbeTB. OfHWM U3 CNOCO60B JOCTUXEHUS repMe-
TUYHOCTM TKaHW NErkoro ABAAETCA NPUMEHEHNE PasIMYHbIX METOANK XMMUYECKOTO NEBPOAE3a, KOTOPbIN NPeAcTaBNseT coboil
XVMPYPrUYECKYO MaHUNYNALMIO — BBEAEHUE CKNEPO3UPYIOLLIETO XMMUYECKOTO BELLECTBA B NJIEBPabHYHO NOMOCTb NyTeM pacrblieHus
MeLULMHCKOro Taslbka Yepes Tpoakap UM pacTBOpa TeTPaLMKIIHA, BBOAUMOTO B MyieBpasbHble ApeHaxu. XMMUYECKoe BELLECTBO
MPUBOAMT K aCenTMYeCKOMyY BOCNaNneHunto ¥ 06pa3oBaHmMto CpaLleHnit Mexay BUCLepanbHbIM U NapueTanbHbIM IMCTKaMM MeBpbl
C nocnegytoLlei obnutepalueit nnespanbHo nonoctu. BBegeHne ckneposaHTa CONPOBOXAAETCA CUNbHBIMU 6OSIMM, CNOCOGHbI-
MU CMPOBOLMPOBATb PECNUPATOPHbIV U/UNKU FeMOAMHAMUYECKUI AedULUT, BIAIOTb A0 anHO3 U XXU3HEYroXaroLLero HapyLleHus
cepAaeyHoro putma. O4YeBMAHO, YTO KynupoBaHue 601 Npy NpoBeLEHUM XMMUYECKOTO MIEBPOAE3a ABNAETCS BaXXHbIM GakTopom
NpohUNaKTUKK PsAa OCNOXHEHWIT Y MaLMEHTOB NePeHECLLNX XMpYpruyeckoe BMeLLaTeIbCTBO Mo NoBogy paka nérkoro (PJ1). Uc-
nonb3oBaHne 60JIOCHOI0 BHYTPUBEHHOTO BBEAEHUS HAPKOTUYECKUX aHaNbreTUKOB NPUBOAUT K 06e36onuBatoLLeMy adhekTy, HO
KpaTKOBPEMEHHOIO XapaKTepa, YTo 06yCNOBMAEHO OTCYTCTBUEM AENO B OPraHN3Me U pe3KUM CnajoM KOHLEHTpaLum npenapata
B CbIBOPOTKe KPOBU. K COXaneHuto, y ocnabneHHbIX U NOXMUIbIX OHKONIOTMYeCKMX 60MbHbIX AaHHbI CNOCO6 BBEAEHUS HAPKOTUYECKUX
npenapaToB MOXET BbI3BaTb Pa3/IMyHbIE OCNOXHEHUS TaKWE, KaK YrHETEHWE AbIXaHWs U cepAeYHoi fesiTenbHoCTU. OCO6EHHOCTbIO
nencteus TTC aBnsetca obecneyeHme HENPEPbIBHOMO A03UPOBAHNS U CO3A4aHUsA NMOCTOAHHOW KOHLIEHTPaLMM HapKOTUYECKOro
rnpenapaTta Ha NPOTsHXKEeHWUW ONpeaeneHHOro MPOMEXyTKa BpeMeHu. [JaHHbIi croco6 06ecrneynBaeT MHOrOYPOBHEBBIN Y CUCTEMHbI
MOAXOA K YCTPaHeHMo 6071, CNOCOBCTBYET CHUMKEHUIO TOKCUYHOCTW M MUHUMMU3UPYET YrHeTeHWe LeHTpanbHbIX MEXaHU3MOB pery-
NIAILMW BHELLHETO fibIXaHUs, He Bbl3blBasi pecnupaTopHble U KapAnalibHble HapYLIEHUs y 60MbHbIX, MEPEHECLUMX Pe3EKLIMM JIETKOTO.
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RELEVANCE

Statistics from the International Agency for Re-
search on Cancer determine the leading place of lung
cancer (LC) among other malignant tumors. In the
structure of oncological morbidity of the Russian
Federation among the male population, tumors of
the trachea, bronchi and lung account for 16.9 % [1].

Advances in cancer biology and significant prog-
ress in the identification of biomarkers with predictive
value for various types of drug therapy allow us to
hope for an increase in the effectiveness of RL treat-
ment [2]. Of course, the modern capabilities of the
multimodal approach are important, but the surgical
method remains the main one in the treatment of
patients with LC [3].

The improvement of the technique of radical sur-
gical interventions in patients with RL and the latest
technologies of intraoperative prevention of compli-
cations still do not completely solve the problems of
the complicated course of the postoperative period,
and bronchopleural surgical complications often
develop after lung resection. The most common
complication after planned lung resections is the
formation of an alveolar-pleural fistula or prolonged
air leakage [4]. This clinical manifestation occurs as
a result of communication between the alveoli of the
lung parenchyma distal to the segmental bronchus
with the pleural cavity [5]. The Society of Thoracic
Surgeons of the USA defines prolonged air discharge
as an air leak that persists for more than 5 days after
surgery. Air discharge after lung resection is observed
in 25-50 % on the 1st day after surgery and above
20 % on the 2nd-4th day of the postoperative peri-
od [6]. Despite the fact that in most cases air leakage
through drains is eliminated spontaneously, the fre-
quency of prolonged absence of pneumostasis after
lung resection for cancer according to the literature
in the last decade is from 10 to 25 % [7]. In addition,
in some patients, air leakage occurs delayed, i.e. 5
or more days after surgery against the background
of a seemingly uncomplicated course of the post-
operative period.

Prolonged air discharge negatively affects the
outcomes of surgical interventions due to the de-
velopment of complications such as pneumonia and
empyema. The frequency of empyema with prolonged
air leakage lasting more than 7 days is 10.4 % com-
pared to 1 % with air discharge lasting less than 7
days (p = 0.01) [8]. Prolonged air discharge requires
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prolonged drainage of the pleural cavity, increasing
postoperative pain; violation of lung expansion leads
to an increased risk of pneumonia and thrombo-
embolic complications due to reduced mobility of
patients [4]. As a result, prolonged air discharge is
associated with an increase in hospital mortality [9].
Patients with air leakage have a 3.4 times greater risk
of dying than patients without this complication. Pa-
tients with prolonged air leakage stay in the hospital
much longer, increasing the amount of costs by 30 %.
In addition, prolonged air leakage causes a twofold
increase in repeated hospitalizations of patients who
have undergone lobectomy [10].

Prolonged drainage of the pleural cavity does not
always end with aerostasis, which requires repeated
interventions of varying degrees of invasiveness to
eliminate air leakage [11]. The most effective ways
to achieve tightness of lung tissue include various
methods of chemical pleurodesis, endobronchial
valves, repeated surgical interventions [11; 12]. Re-
peated surgery with the use of general anesthesia
with separate bronchial intubation is accompanied by
a significant functional load on the body, increasing
the risk of surgical intervention in the group of older
patients, as well as in patients with severe concom-
itant pathology [13].

Chemical pleurodesis is the introduction of a scle-
rosing chemical into the pleural cavity by spraying
medical talc (magnesium hydrosilicate) through a tro-
car or tetracycline solution injected into drains. The
chemical substance leads to aseptic inflammation
and the formation of adhesions between the visceral
and parietal pleural leaves, followed by obliteration
of the pleural cavity [14]. Intrapleural administration
of sclerosing drugs is accompanied by a painful re-
action up to the development of pleuropulmonary
shock with the possibility of its relief only with opioid
analgesics [15]. Bolus intravenous administration of
narcotic analgesics leads to an analgesic effect, but
of a short-term nature, due to the absence of depots
in the body and a sharp decrease in the concentra-
tion of the drug in the blood serum. Unfortunately, in
weakened and elderly cancer patients, this method
of administering narcotic drugs can cause life-threat-
ening conditions, such as respiratory depression and
cardiac activity with loss of consciousness. At the
same time, the lack of adequate anesthesia can pro-
voke apnea, bronchospasm, and collapse of lung
areas with acute cardiovascular events [15]. It is obvi-
ous that pain relief during pleurodesis is an important
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factor in the prevention of a number of complications
in patients who have undergone surgery for RL.

To reduce pain symptoms during chemical pleu-
rodesis, we selected a method of anesthesia using
a transdermal therapeutic system (TTS) based on
fentanyl. The motivation was the peculiarities of us-
ing an alternative and non-invasive route of adminis-
tration of drugs, including opioid analgesics. The pe-
culiarity of the action of TTS is to ensure continuous
dosing and the creation of a constant concentration
of analgesic drug for a certain period of time.

The purpose of the study: was to demonstrate
a case of motivated use of a fentanyl-based transder-
mal therapeutic system when performing chemical
pleurodesis after lung resection for cancer.

CLINICAL CASE

Patient K., 59 years old, was hospitalized at FSBI
"Rostov Research Oncological Institute" of the Min-
istry of Health of the Russian Federation (since 2020
National Medical Research Centre for Oncology of
the Ministry of Health of Russia) for specialized an-
titumor treatment. The main complaints at admis-
sion: dull chest pain of a permanent nature, periodic
temperature rises. The diagnosis was made at the
place of residence: Peripheral cancer of the left lung.
Upon further examination, according to the SCT of
the chest organs, a peripheral tumor of the upper
lobe of the left lung was diagnosed 4.5 x 5.0 cm
with germination into the mediastinal pleura, with
an increase in the thoracic, bronchopulmonary and
lymph nodes of the aortic window up to 1.0 cm. Fi-
brobronchoscopy: pathology of the tracheobronchial
tree was not revealed, there are no signs of tumor
centralization. Ultrasound of abdominal organs: hep-
atomegaly, fatty hepatosis, diffuse changes of the
pancreas. The function of external respiration: the
vital capacity of the lungs is 45 %, the forced vital
capacity of the lungs is 34 %, the volume of forced
air when exhaling in 1 second is 37 %, i.e. there is
a pronounced decrease in all indicators. Electrocar-
diography: heart rate 88 beats/min, left anterior he-
miblock — distal form, reduction of myocardial repair
processes in the anterior-septum region of the left
ventricle. Therapist's consultation: hypertension art.
2, arterial hypertension 3, risk 2, chronic heart failure
2 art., chronic obstructive pulmonary disease stage 1,
grade 3 respiratory failure 2 art., obesity 2 art. Consul-
tation of a vascular surgeon: varicothrombophlebitis

noBogy paka

of the right lower limb, chronic venous insufficiency
2 art., functional class 4. Morphological verification
obtained as a result of transthoracic puncture: frag-
ments of squamous cell carcinoma.

Based on the examination data, a clinical diag-
nosis was established: (C34.1) Cancer of the upper
lobe of the left lung peripheral form sT2bNxMO0 stage
1, clinical group 2, Chronic obstructive pulmonary
disease stage 1, grade 3 respiratory failure stage 2,
hypertension stage 2, arterial hypertension 3, risk 2,
chronic heart failure stage 2, Varicothrombophlebitis
of the right lower limb, chronic venous insufficiency
stage 2, functional class 4. Obesity 2st. Taking into
account the clinical stage of RL, the consultation
of doctors of the cancer center recommended per-
forming surgical intervention in the volume of an
extended upper lobectomy on the left. After prelimi-
nary drug preparation, the patient underwent surgery:
An extended upper lobectomy on the left, combined
with resection of the diaphragmatic nerve and me-
diastinal pleura. Postoperative therapy was aimed
at antibiotic prophylaxis and prevention of thrombo-
genic complications with relief of postoperative pain
by reduced double intramuscular administration of
narcotic analgesics against the background of epi-
dural analgesia. The postoperative period up to the
ninth day proceeded without complications, when
symptoms of pneumothorax appeared after a cough
attack. Within three days, clinical and radiological
symptoms of pneumothorax increased, and therefore
surgeons decided to perform chemical pleurodesis
using doxycycline, a semi-synthetic tetracycline —
a broad-spectrum antibiotic with bacteriostatic ac-
tion. As is known, doxycycline has a low resorptive
ability and a pronounced adhesive effect [15].

Chemical pleurodesis was performed in the inten-
sive care unit, which is justified by the unpredictable
response of the patient's body to the introduction of
an aggressive component of therapy. In some cas-
es, during this manipulation, patients had a painful
reaction with a collaptoid component in the form of
loss of consciousness, respiratory and hemodynamic
deficiency, up to apnea and life-threatening cardiac
arrhythmia. As a rule, to prevent a painful reaction
to the introduction of doxycycline solution into the
pleural cavity, 2 ml of 2 % promedol solution was
intramuscularly prescribed to the patient 30 minutes
before the manipulation, and 1 % morphine solution -
1 ml was injected intravenously immediately before
the procedure. Nevertheless, with such a scheme of
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anesthesia, acute pain of varying degrees of intensity
with the introduction of doxycycline was recorded in
each patient, which required additional intravenous
administration of narcotic drugs to relieve pain, often
without the expected effect. At the same time, the
patient's condition was aggravated by the develop-
ment of poorly predictable manifestations of the toxic
effects of opioids, namely, impaired consciousness,
breathing, nausea and vomiting. As an alternative
analgesia during chemical pleurodesis with doxycy-
cline in patients with prolonged air leakage after lung
resections for cancer, NMRC Oncology has proposed
and patented a "Method of analgesia using a trans-
dermal therapeutic system" (RF Patent No. 2712918).
In clinical practice, the main indication for the use of
fentanyl-based TTS is chronic pain syndrome in onco-
logical diseases. When prescribing TTS to patients,
the concentration of fentanyl in the applied method
of pain relief should be taken into account. So, in
the composition of the drug Fendivia®, the content
of fentanyl varies in the range from 12.5 mcg/h to
100 mcg/h (1.38-11 mg).

Informed consent of the patient was obtained for
anesthesia and processing of personal data. A day
before the pleurodesis, a fentanyl-based patch was
applied to the patient's shoulder at a dose of 75
mcg/hour. During the day, the patient's subjective
well-being, objective respiratory and hemodynamic
parameters were recorded, which, when using TTS,
remained stable and corresponded to age-related
physiological norms. An hour before the chemical
pleurodesis, the blood gas composition was evaluat-
ed taking into account the following indicators: satu-
ration (Sat0,) 93 %; partial voltage of carbon dioxide
of arterial blood (pCO,) 46 mmHg; partial voltage of
oxygen of arterial blood (p0O,) 89 mmHg; pH 7.38;
deficiency or excess of bases (BE) 2.8; bicarbonate
(HCO,) 22.6 mmol/L. To determine the intensity of
pain, a visual analog scale (VAS) was used; before
manipulation, the subjective pain score was 0 points.
24 hours after the application of TTS, chemical pleu-
rodesis was performed with doxycycline at a dosage
of 500 mg dissolved in 20 ml of saline solution. The
chemical pleurodesis was carried out by introducing
the drug into the pleural drainage in compliance with
the standards of asepsis and antiseptics in the pa-
tient's sitting position on the dressing table. During
the manipulation, cardiomonitoring recorded the
correct sinus rhythm; respiratory function without
obvious signs of deficiency (respiratory rate 18 per
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minute, with pulse oximetry indicators Sat0,-94 %,
without oxygen insufflation); pain symptoms were
absent, subjective assessment of pain intensity by
VAS - 1 point. Drowsiness, dizziness, nausea and
vomiting characteristic of intramuscular or intrave-
nous administration of narcotic drugs were absent.
An hour after pleurodesis, the patient was active,
with adequate breathing and stable hemodynamics,
he did not complain of pain. Indicators of blood gas
composition: Sat0,-94 %; partial voltage of arterial
carbon dioxide (pCO,) — 47 mmHg; partial voltage of
arterial blood oxygen (pCO,) - 99 mmHg; pH - 7.36;
deficiency or excess of bases (VE) — 3.2; bicarbonate
(HCO,) - 23.8 mmol/dL. The evaluation of laboratory
parameters in dynamics demonstrates the stability
of the gas composition of the patient's blood.

DISCUSSION

Most alveolar-pleural fistulas in the presence of
drainage in the pleural cavity are eliminated sponta-
neously, and only in some cases prolonged air leak-
age requires special treatment. Despite the difference
in approaches to the management of pleural drains,
many surgeons prefer active aspiration of air from
a Bobrov jar with a water level of about 20 cm until
the morning of the 1st day of the postoperative pe-
riod with the transition to a water gate, with which
a small air leak is effectively controlled. However,
with the appearance of subcutaneous emphysema or
an increase in pneumothorax, especially a few days
after surgery, you should return to active aspiration.

With the advent of portable pleural drainage sys-
tems, outpatient treatment of prolonged air discharge
has become possible and widespread, provided ade-
guate apposition of the visceral and parietal pleura is
achieved. However, such tactics should be carefully
weighed, taking into account the latest data on the
need for re-hospitalization of 25 % of patients dis-
charged with drainage systems after lung resection,
who developed pleural empyema in almost 17 % of
cases, which required lung decortication in 12 % of
cases [16].

There is an obvious need to use more active
methods of treating long-term air discharge, such
as chemical pleurodesis with tetracycline, talc, iodine
or silver nitrate, the introduction of a blood patch and
endobronchial placement of a 1-way valve, which
have shown high efficiency. Thus, with chemical pleu-
rodesis, the frequency of resolution of prolonged
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air leakage exceeds 95 %, with the installation of an
endobronchial valve reaches 93 %, with the use of
autoblood patches is 92 % [17].

Chemical pleurodesis by spraying talc is performed
under general anesthesia, intrapleural administra-
tion of tetracycline or silver nitrate is accompanied
by severe pain that can increase respiratory failure
and cause cardiac arrhythmia [11]. In other words,
chemical pleurodesis, despite its low invasiveness, is
a very aggressive surgical manipulation against the
patient, requiring adequate anesthetic measures to
prevent the development of life-threatening pleuro-
pulmonary shock.

When considering the pathological processes oc-
curring in the body of patients after lung resection
for cancer, it is necessary to take into account sev-
eral factors: significant functional changes in gas
exchange due to respiratory insufficiency and hypoxia
and an imbalance of tissue and cellular oxidation with
a violation of the effective biochemical maintenance
of the body [18].

The subjective opinion of the patient in assessing
the severity of pain (indicators of the visual-analog
scale) and the analysis of laboratory parameters of
the blood gas composition during chemical pleu-
rodesis did not have negative dynamics, which may
indicate adequate anesthesia and the absence of
a stress reaction to aggressive surgical manipulation.
On the contrary, in the absence of adequate anesthe-
sia, the patient tries to neutralize pain by reducing
the frequency of breathing, the depth of inspiration,
suppressing coughing and, as a result, alveolar ven-
tilation decreases with the phenomena of hypoxia
and hypercapnia [12; 17]. The absence of changes in
the parameters of the blood gas composition clearly
demonstrates the stability of the functional state of
the respiratory system, which is due to the effective-
ness of the therapeutic measure.

The demonstration of clinical observation showed
a number of advantages of the method of prevent-
ing the development of acute pain during chemical
pleurodesis to eliminate prolonged air discharge

noBogy paka

after lung resection using fentanyl-based TTS. This
method provides a multi-level and systematic ap-
proach to pain management, helps to reduce toxicity
and minimizes the suppression of the central mech-
anisms of regulation of external respiration, without
causing respiratory and cardiac disorders in patients
who have undergone lung resection. A gradual in-
crease in the concentration of fentanyl reaches its
maximum value 24 hours after the application of
TTS with the preservation of the analgesic effect for
three days (Instructions for medical use of the drug
Fendivia®). The absence of the need for additional
anesthesia during and after chemical pleurodesis
creates a positive psycho-emotional mood, con-
tributing to a successful recovery. In addition, the
advantage of the method is ease of use and cost-ef-
fectiveness — a single application of TTS provides
sufficient analgesic effect.

The tactics of adequate anesthesia and leveling of
the pain symptoms that have arisen, when providing
high-tech medical care, must meet modern require-
ments for acute pain relief with minimal toxic effect,
maximum safety of use, contributing to the normal-
ization of the functional state of the patient's body
in the early postoperative period. At FSBI National
Medical Research Center of Oncology, a method for
preventing acute pain during chemical pleurodesis
in the early postoperative period due to prolonged
leakage and/or persistent hydrothorax after lung
resections for LC using a transdermal therapeutic
system based on fentanyl has been introduced into
everyday clinical practice.

CONCLUSION

Thus, the use of a transdermal therapeutic system
for the purpose of relieving acute pain during chemi-
cal pleurodesis provides an adequate analgesic effect
and prevents the development of cardiorespiratory
and toxic complications. This method undoubtedly
takes place in the treatment of pain syndrome in LC
patients after radical surgical treatment.
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ABSTRACT

Gastric cancer (GC) is a group of malignant tumors originating from the gastric mucosa cells. The highest incidence of GC is
recorded in Japan, China and Russia, and the lowest one in the USA and New Zealand. Extensive molecular genetic research
of GC has revealed its heterogeneity associated with the genomic instability of the tumor and the complexity of its phenotype
due to simultaneous changes in several oncogenes and suppressors. This was the basis for the creation of the GC classifica-
tion by molecular subtypes. The creation of a realistic preclinical model is essential for translational GC studies. Cancer cell
lines and xenografts derived from them are among the most common preclinical models. They are easy to generate, but they
also have limitations, since these models cannot sufficiently reproduce the unique characteristics of each cancer patient.
Patient-derived xenografts (PDX) are currently the best model for testing targets and predictors of response to therapy. PDX
models are created by transplanting surgically resected human tumors into immunodeficient mice. These models maintain
morphological similarity and replicate the molecular characteristics of parental tumors providing an indispensable tool for
assessing anticancer drug response. Statistical data from preclinical studies with PDX models can significantly save the time
and resources required for clinical trials. Transgenic and knockout mouse models are also widely used in scientific laboratories
in order to study specific genetic pathways of oncogenesis and develop experimental therapy for GC. This review discusses
the molecular classifications of GC and experimental murine models that reproduce cancer in situ and are a universal platform
for preclinical research in experimental oncology.
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NYTH MOJENUPOBAHWA OMYXOEBOIO POCTA Y MbIWIEN B 9KCMEPUMEHTANIbHbIX
WCCNEAOBAHUAX PAKA XENYAKA HEJTOBEKA
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PE3IOME

Pak xenyaka (PX) — rpynna 35oKa4yecTBeHHbIX OMyxoseid, MPOUCXOAALLMX U3 KIIETOK CIM3UCTON 060/104KM XenyaKa. CaMblit
BbICOKWI YpoBeHb 3ab6oneBaeMocTu PX peructpupyetca B Anoxuu, Kutae n Poccuu, Huskuit — B CLUA n HoBolt 3enan-
anun. O6LIMPHbIE MONEKYNSIPHO-TEHETUYECKME UCCIeJOBAaHUSA paKa XenyfKa BbISBUIN ero reTeporeHHOCTb, YTO CBSA3aHO
C reHOMHOW HECTa6bUbHOCTBLIO OMYXOSIU U CIOXHOCTbIO €€ GpeHoTMNa 3a CYET OAHOBPEMEHHbIX U3MEHEHUIA B HECKObKMX
OHKOreHax u cynpeccopax. 370 ABMIOCb OCHOBaHMEM A1 CO3AaHUA Knaccudukaumum no MonekynspHbiM NOATUMNAM.
CosfaHune peanMcTUYHON JOKIIMHUYECKON MOJEN MMEET BaXKHOe 3HaYeHne s TPaHCASALMOHHbIX CCnefoBaHuUi paka
Xenyaka. PakoBble KNeToYHble IMHUN U MOTyYeHHbIE U3 HUX KCeHOTPaHCMIaHTaTbl — OAHU U3 caMblX pacnpoCcTpaHeHHbIX
AOKNNHMYeCcKMX Mogenen. Ho, HeCMOTPS Ha NTerkoCTb reHepaLmmn, OHU UMEIOT U OrPaHUYEHUS, MOCKOJIbKY 3TU MOJENN He
MOTyT B JOCTaTOYHOW CTENeHW BOCNPOM3BOANTL YHUKASbHblE OCOBEHHOCTU KaXKA0ro 60/1bHOro pakoM. KceHoTpaHcnnaH-
TaTbl, NOSlyYeHHble OT nauneHToB (Patient-derived xenograft; PDX), B HacTosiLLee BpeMs SIBAAIOTCS Nyyllelit Mofesbto Ansi
NpoBEPKN MULLEHEN U NPEANKTOPOB OTBETa Ha Tepanuto. PDX-Mofenu co3aatotcs nyTeM TpaHcnaaHTauum Xupypruyecku
pe3eLnpoBaHHbIX OMyXoJien YenoBeka MUMMYHOAEDULUTHBIM MblllaM. 3TU MoAeNy NoAAEPXKMBaOT Mopdonornyeckoe
CXOACTBO M NOBTOPSIOT MOJIEKY/ISIPHbIE XapaKTEPUCTUKM UCXOAHBIX OMYXOJiel, TakuM 06pa3oM, IBNISACH HE3aMEHUMbIM
MHCTPYMEHTOM A1 OLIeHKW NMPOTUBOOIYXONEBOro SIeKapCTBEHHOro oTBeTa. CTaTUCTUYECKUE ilaHHblIe, NOJTy4YeHHbIe B Xofe
LOKJIMHUYECKNX NCCNefoBaHNI ¢ ncnosibdoBaHmeM PDX-mopenei, noMoratoT 3Ha4YUTENbHO CIKOHOMUTb BPEMS U PECYPCbl,
Heo6XxoAMMble ANS1 KIIMHUYECKUX UCMbITaHUIA. TakxKe C Lienbio M3ydYeHust cneympuyeckmx reHeTuYeckux nyTen oHKoreHesa
1 pa3paboTKy aKCNepMMeHTaIbHON Tepanun paka Xenyfka B Hay4Hblx J1abopaTopusax LUMPOKO NMPUMEHSIIOT TPaHCreHHble
1 HOKayTHble MbllLKHbIe MOAeNnu. B aaHHOM 0630pe o6y aatoTca MonekynsipHble knaccudukauum PXX n akcnepumeHTanb-
Hble MOAENN MblLLei, KOTOpble BOCMPOU3BOAAT pak in Situ 1 ABNAKOTCSA YyHUBepCcaibHON NnaThopMoit ANA AOKIMHUYECKUX
nccnefoBaHnin B 3KCNepuMeHTasibHON OHKOJIOTUK.
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pakK XenyaKa, MoJieKynspHble noaTunbl, PDX-Mofaenb, OpTOTONUYECKUIA KCEHOTPaHCMIaHTaT, FEHHO-
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[lns KoppecnoHaeHunu:

Knubnuukas AnekcaHgpa AHfipeeBHa — HayuHblii coTpyaHuK ®IBY «HMUL, oHkonoruu» Munsgpasa Poccuu, r. PocTos-Ha-[loHy, Poccuiickas
depepauus.

Appec: 344037, Poccuiickas Gegepauus, r. Poctos-Ha-[loHy, yn. 14-9 nuHus, 4. 63

E-mail: kibaleand@gmail.com

ORCID: https://orcid.org/0000-0002-9337-5535

SPIN: 2437-4102, AuthorlID: 610872

®uHaHcupoBaHue: pMHaAHCUPOBaHME JaHHOI paGoTbl HE NPOBOAMAOCD.
KOH®OMKT MHTEpecoB: aBTOPbI 3asiBNSIOT 06 OTCYTCTBUM KOHQNNKTA MHTEPECOB.

[na unTupoBanus:

Kubnuukas A. A., Kapaces T. C., loHuapoBa A. C., MakcumoB A. 10. Myt MofenpoBaHusi ONyxoNneBoro pocTa y Mbllieii B 3KCNepuMeHTaNbHbIX
UCCNefoBaHUsAX paka Xenyaka yenoseka. I0xHo-Poccuiickuit oHkonornyeckmii xypHan. 2021; 2(4): 26-37.
https://doi.org/10.37748/2686-9039-2021-2-4-4.

CraTbsi nocTynuna B pefakumio 25.06.2021; ogo6peHa nocne peleHauposanus 21.09.2021; npuHsaTa K ny6nukauuu 09.12.2021.

27



South Russian journal of cancer 2020, Vol. 2, No. 4, P. 26-37

Kiblitskaya A. A.*, Karasev T. S., Goncharova A. S., Maksimov A. Yu. / Methods for modeling tumor growth in mice in experimental studies

of human gastric cancer

Gastric cancer (GC) is the third most common
cause of cancer death worldwide. Unfortunately,
approximately 90 % of cases of the disease are
diagnosed at late stages, which leads to unsatis-
factory treatment results. The development of GC,
along with hereditary factors, is influenced by en-
vironmental factors and the presence of H. pylo-
ri [1]. Nitroso compounds, smoking, and improper
nutrition significantly increase the risk of GC. The
pathological processes leading to GC include: atro-
phic gastritis, intestinal metaplasia and dysplasia.
Resection in gastric ulcer disease increases the
risk of adenocarcinoma by 2 times [2]. To date,
there is a need to improve our understanding of the
pathogenesis of GC and to create more effective
and less toxic therapeutic drugs, which can only be
achieved by using adequate preclinical models in
the experiment. The search for literary sources was
carried out using the databases Web of Science,
Scopus, Pubmed and CyberLeninka by keywords:
gastric cancer, mouse models, PDX, target therapy,
transgenic and gene knockout mice, stomach can-
cer, mouse models, targeted therapy, transgenic
and knockout mice.

Morphological classification of GC

According to the International Histological Clas-
sification (WHO 2010), GC can be divided into the
following histological types: adenocarcinomas
(papillary, tubular highly/moderately differentiat-
ed, low-differentiated, mucinous, ring-shaped cell),
glandular cell carcinoma, squamous cell carcino-
ma, carcinosarcoma; choriocarcinomas; undiffer-
entiated cancer [3].

The International TNM Classification of Stom-
ach Cancer was revised in 2017 (8th edition) The
American Joint Committee on Cancer (AJCC). This
classification is applicable only for a confirmed
diagnosis of gastric carcinoma. According to the
TNM system, carcinoma is classified according to
the following criteria: T — primary tumor (the degree
of invasion of the tumor into the stomach wall and
neighboring structures is estimated); N - regional
lymph nodes (the number of regional lymph nodes
affected by metastases is estimated); M - distant
metastases (distant metastases and tumor cells
in ascitic fluid are evaluated). There is a classifica-
tion of gastric cancer according to Lauren (1965),
according to which tumors can be represented by
intestinal, diffuse and mixed types [4]. Stomach
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cancer is also divided into types according to the
degree of differentiation and localization of the tu-
mor. The proximal (cardiac) and distal varieties of
GC differ markedly in epidemiology, etiology and
pathogenesis, while the cardiac form of stomach
cancer is similar in many ways to esophageal tu-
mors [5].

Molecular genetic classifications of GC

The prognosis for the diagnosis of gastric can-
cer depends on the following indicators: the de-
gree of invasion, the presence of metastases in the
lymph nodes, the histological type of tumor and the
stage of the process. But even for "twin" tumors
with a similar size, stage and histotype, the prog-
nosis can vary greatly. This may be due to the fact
that standard morpho-histological criteria cannot
fully predict the course of the disease. The Cancer
Genome Atlas (TCGA) project performed a full-
scale study of 295 tumor tissue samples from
patients with stomach cancer using sequencing
and bioinformatics methods. As a result, four mo-
lecular subtypes of gastric cancer were described:
microsatellite instability (MSI), Epstein-Barr virus
(EBV), chromosomal instability (CIN) and tumors
with genomic stability (GS) [6]. The Asian Cancer
Research Group (ACRG) has established another
classification based on the transcriptomic tumor
profile. The mRNA expression level of 300 patients'
tumors was analyzed, on the basis of which 4
subtypes were identified: microsatellite instability
(MSI), microsatellite stability with signs of transi-
tion from epithelium to mesenchyma (MSS/EMT),
microsatellite stability with activity of tumor sup-
pressor p53 (MSS/TP53) and microsatellite stabil-
ity with loss of activity of suppressor p53 (MSS/
TP53-). The Singapore-Duke research team ana-
lyzed gene expression in 248 gastric tumors and
identified 3 subtypes (proliferative, metabolic and
mesenchymal) [7].

The listed molecular classifications of gastric
cancer describe the main pathways of the patho-
genesis of this disease and facilitate the search for
biomarkers and targets for targeted therapy in each
tumor. Table 1 shows the main characteristics of all
molecular subtypes of gastric cancer according to
four classifications. Each subtype is characterized
by specific gene mutations and changes in signal-
ing pathways, as well as prognosis and response to
chemotherapy.
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One of the primary tasks is to study the molecular
mechanisms underlying the pathogenesis of gas-
tric cancer in order to develop new treatments that
can improve patient survival. A number of chemi-
cally and genetically modified mouse models of
stomach cancer have provided a significant insight
into the contribution of genetic and environmental
factors to the onset and progression of the disease.

Induced mouse models of stomach cancer

N-nitroso compounds (N-nitro-N-nitrosoguani-
dine (MNNG) and N-nitroso, N-methyl-N-nitrosourea
(MNU)) - chemical carcinogens, the addition of
which to drinking water induces gastric adeno-
carcinoma in rodents. The use of MNNG leads to
adenomatous tumors only in the glandular epithe-
lium of the stomach. At the same time, MNNG and
MNNG cause adenocarcinomas in the mucosa of
the antrum and rarely in the normal mucosa of the
fundus [8; 9]. Butylated hydroxyanisole (BHA), an
antioxidant used in food preservatives, when intro-
duced into the diet of rodents for 2 years caused
an increase in hyperplasia and papillomas in the
cardiac part of the stomach [10]. ethylenedibro-
mide (EDB), a soil, grain fumigant, was also used
as a carcinogen, which, when administered to rats
and mice, promoted oncogenesis in the cardiac
part of the stomach [11].

After the World Health Organization (WHO) de-
clared H. pylori one of the class | carcinogens, it
became urgent to develop a correct animal model
in vivo in order to study the pathogenesis mecha-
nisms of this pathogen H. felis, a close relative of
H. pylori isolated from the stomach of a cat, col-
onizes the gastric mucosa of a mouse and forms
gastric lymphomas with somewhat similar pat-
terns of human disease. Although these models
provided the initial, very important experimental
data, they did not completely simulate the process
of human infection with H. pylori. Several strains of
H. pylori adapted to mice with different genotypic
combinations (SS1 and AM1) have been reported
in the literature [12]. Most of the research is cur-
rently focused on the preventive effect of H. pylori
eradication. It has been shown that eradication of
helicobacter in mice can be useful for the preven-
tion of stomach cancer, even if it is carried out rela-
tively late in the natural history of the disease [13].

In 6-16 % of cases, stomach cancer worldwide
is associated with Epstein-Barr virus (EBV) and

B 3KCNepuMeHTaNbHbIX UCCNIeJOBAHUAX PaKa Xenyaka yenoseka

is characterized by unique morpho-phenotypic
features. In order to study the mechanisms of
EBV-induced gastric cancer (EBV-GC), researchers
have developed models of EBV engraftment using
infected epithelial cell lines. The obtained xeno-
graphs showed moderately differentiated carcino-
mas without the formation of glands and areas of
necrosis [14].

Genetically modified mouse models with GC

The appearance of genetically modified mouse
models is due to gene transfer technologies and
allows us to investigate the significance of various
specific genetic pathways in oncogenesis: abnor-
mal expression of growth factors and cytokines,
mutations in oncogenes loci and tumor suppres-
sor genes. A transgenic mouse is an animal whose
genome contains an artificially introduced foreign
gene (transgen), it is used most often to study
the consequences of overexpression of genes.
In a knockout mouse, certain genes are removed
from the body or rendered inoperable. Transgenic
and knockout mice infected with Helicobacter and
treated with carcinogens develop precancerous
and cancerous lesions and are used in the study of
gene function and the development of experimen-
tal therapy [15].

The INS-GAS transgenic mouse contains two ex-
ons of the human gastrin gene that encode a pro-
gastrin precursor under the control of an insulin pro-
moter. This model was used to study the effect of
gastrin on the development of stomach cancer. The
INS-GAS mice showed an increase in the maximum
secretion of gastric acid and an increase in the
number of parietal cells. At the age of 20 months,
metaplasia, dysplasia and stomach cancer were ob-
served in INS-GAS mice [16]. Infection of INS-GAS
mice with H. felis or H. pylori led to accelerated car-
cinogenesis (7 months after infection) [17].

Gastrin-knockout mice (Gastrin knockout mice,
GAS-/-) lack gastric acid secretion and, as a result,
the architecture of the stomach is changed and the
number of parietal cells is reduced. At the age of
12 months, these mice develop spontaneous tu-
mors of the antrum of the stomach associated with
excessive bacterial growth and inflammation [18].

To investigate the Wnt pathway in gastric car-
cinogenesis, K19-WNT1 transgenic mice were cre-
ated that express Wnt1 in the gastric mucosa. K19
Mice-
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Table 1. Classifications of molecular subtypes of human gastric cancer

GS molecular classification TCGA (The Cancer Genome Atlas)

Type
according
Molecular s/ . - Sex/ age/
Molecular characteristics Localization : to the
type prognosis/ therapy classification
of Lauren
+ Hypermethylation of the MLH1 promoter
- High mutation rate in PIK3CA, KRAS/ Z‘I’gg:le')/
KRAS, JAK2, ERBB3, ERBB2, and EGFR y .
better prognosis/ .
MSI genes Intestinal type
. . lower frequency of
+ Changes in the two main genes of the metastasis into lvmoh
class 1 histocompatibility complex (B2M nodes ymp
and HLA-B)
+ DNA hypermethylation (CDKN2A promoter
hypermethylation
+ Mutations in the PIK3CA, ARID1A genes
EBV and the B-cell ymphoma 6 corepressor ;23 ngjt;g]f the Males/ the worst
gene prognosis
. Amplification of PD-L1/2 and JAK2 stomach
+ Activation of immune cell signaling
pathways
« Activation of receptor tyrosine kinase
signaling pathways (RTK)/RAS The area of the The greatest
+ Amplification of MET, EGFR, HER2 and gastro-esophageal . . .
CIN FGFR2high mutation rate of TP53 junction and the Eﬁgre}]fgtﬁ;aadjuvant Intestinal type
» Changes in tumor suppressor genes gastric cardia Py
SMAD4 and APC
+ Mutations in CDH1 and RHO-family
GTPeso (RAS) genes jnomete
GS + Activation of angiogenesis and cell benefit from adjuvant Diffuse type
adhesion (E-cadherin) chemothera
- CLDN18/ARHGAP gene fusion Py
GC molecular classification ACRG (Asian Cancer Research Group)
Type
Molecular s/ Prognosis/recurrence according
Molecular characteristics Localization : p to the
type rate/diagnosis classification
of Lauren
The best prognosis/
+ Mutations in the genes of the KRAS, ALK, Antral part of the lowest recurrence ]
MSI ARIDTA and PI3K pathways stomach rate/ is diagnosed in Intestinal type
the early stages (I-1)
. . The worst prognosis/
MSS/ . Iéo(sjs of PDX1 re}axpressblon f ) highest recurrence iff
EMT e uctlog int inum bero mutations rate/ is diagnosed in Diffuse type
compared to other subtypes the late stages
MSS/ + Associated with EBV infection
P53 + Mutations in APC, ARIDTA, KRAS, PIK3CA
and SMAD4 genes
+ High mutation rate of TP53
MSS/ + Amplification of HER2, EGFR, cyclin E1
TP53- (CCNE1), CCND1, MDM2, Robo2, GATA6

and MYC
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Wnt1 were crossed with K19-C2ME transgenic
mice to study the effect of Wnt and PGE2 on gas-
tric carcinogenesis [19].

Cyclin-dependent kinase (CDK) inhibitor
p27Kip1 plays an important role in the regula-
tion of the cell cycle and is associated with many
malignant neoplasms. p27Kip1 knockout mice
develop mild gastric hyperplasia, occasional foci
of moderate metaplasia and atypia or dyspla-
sia of low degree. After infection with H. pylori,
these mice have intestinal metaplasia, high-grade
intraepithelial neoplasia of the stomach, polyp-
oid adenomas and sometimes in situ carcinoma
or intramucosal carcinoma. Thus, a mouse with
p27Kip1 deficiency is a useful model for studying

B 3KCNepuMeHTaNbHbIX UCCNIeJOBAHUAX PaKa Xenyaka yenoseka

the pathogenesis of H. pylori in gastric carcino-
genesis and for testing eradication and chemo-
prophylaxis strategies [20].

IL-1B-transgenic mice have in their genome an
alien human interleukin-18 gene, the increased
production of which leads to the risk of H. pylori-
induced hypochlorhydria and stomach cancer. Un-
der conditions of H felis infection, these mice show
accelerated development of gastric inflammation
and carcinoma compared to control mice. There is
also a decrease in the recruitment of macrophages
and neutrophils in H. pylori infection and a de-
crease in the activation of NF-KB [21].

Transgenic COX-2 mice obtained on a C57BL/6
genetic background expressing full-sized human

Table 1. Classifications of molecular subtypes of human gastric cancer

Molecular classification of gastric cancer Singapore-Duke

Molecular s/

type Molecular characteristics

Type
according

to the
classification
of Lauren

Therapy sensitivity

+ Increased expression of cell cycle genes
« Frequent mutations of the TP53 gene

+ DNA hypomethylation

« Activation of E2F, MYC and RAS genes

Proliferative

Intestinal type

+ Increased regulation of metabolism and digestion genes

Sensitive to

Metabolic * Hyperactivation of an.tispasmodics-polypeptide—expressing 5-fluorouracil
pathway of metaplasia
* Increased expression of cell adhesion-related genes with
~ extracellular matrix-receptor interaction, focal adhesion and .
m:isenchy activation of EMT and cancer stem cell pathways ieKr}s/lr:;vTeothz) iﬁfigi/tors Diffuse type
+ Changes in p53, TGFB, VEGF, NF-kB, mTOR and Shh signaling
pathways
Classification of internal subtypes of gastric cancer (Tan, et al.)
Type
. ding
Molecular s/ s Prognosis/ accor
type Molecular characteristics sensitivity to therapy ::(I)at:sﬁfication
of Lauren
A successful
. + High expression of carbohydrate and protein metabolism genes forecast/ .
GINT (FUT2) and cell adhesion (LGALS4, CDH17) Sensitive to 5-FU and Intestinal type
oxaliplatin
G-DIF « High expression of cell proliferation (AURKB) and fatty acid Poor prognosis/ Diffuse type

metabolism (ELOVLS5) genes

Sensitive to cisplatin
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COX-2 cDNA showed an increased incidence of
MNU-induced gastric cancer [22].

Mutations of the K-ras gene are detected in dif-
fuse (6 %) and intestinal (18 %) gastric cancers.
K-ras transgenic mice with systemic activation of
K-ras are characterized by changes in gastric cel-
lular homeostasis, depletion of parietal cells, in-
creased levels of inflammatory response factor
(COX-2), stem cell marker (DCAMKL1, CD44), acti-
vated MAPK pathway, as well as hyperproliferation
of the squamous epithelium in the gastric cardia and
metaplasia in the glandular stomach, reminiscent
of preneoplastic changes that occur during gastric
carcinogenesis in a person. This suggests that mu-
tant K-ras signaling modulates important molecular
events in initiated gastric carcinogenesis [23].

Tff1-knockout mice —TFF1-/-) are mice in which
the shamrock tumor suppressor gene factor 1 has
been knocked out. TFF1 expression is often lost in
gastric carcinomas and leads to activation of the
B-catenin and AKT-GSK3RB signaling pathway. Ho-
mozygous mutant Tff1 (TFF1-/-) mice develop an-
thropiloric adenoma and even multifocal carcino-
mas, which is consistent with increased indicators
of inflammation of Tff1+/- mice used for studies of
gene heterozygosity and transcript regulation [24].

Xenogenic models of GC

The preclinical phase of gastric cancer research
should include in vivo models that accurately simu-
late the clinical situation in the human body. To pro-
mote the concept of precision medicine, xenogenic
models of gastric cancer have been developed, ca-
pable of reproducing the histological and genom-
ic features of a patient's tumor and predicting the
reaction to the antitumor drugs under study. In the
creation of experimental models of stomach can-
cer, special thymus-free Bald/nude mice with a mu-
tation in the Foxn1 gene are used [25]. Deficiency
of T-lymphocytes significantly weakens the immu-
nity of mice, which contributes to the engraftment,
growth and metastasis of tumor cells in xenografts
after implantation [26]. However, intact innate im-
munity and high NK cell activity may limit the rate
of engraftment of most primary solid tumors. Also
in experimental oncology, mice with severe com-
bined immunodeficiency in T and B lymphocytes
(SCID mice), mice with severe immunodeficiency
and diabetes (NOD-SCID mice) and mice with the
absence of mature T, B and NK cells, dysfunction
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of macrophages and dendritic cells and reduced
activity of the complement system (NOG mice) are
used [27].

Xenografts derived from cancer cell lines (cell-
line-derived xenografts; CDX) are frequently used
model systems in the field of studying the genet-
ics of gastric cancer. However, such models have
a number of limitations: the inability to reproduce
intra-tumor heterogeneity and microenvironment,
weak predictive ability to assess the effectiveness
of drug treatment, highly aggressive cell lines and
their susceptibility to genetic changes due to pro-
longed in vitro cultivation [28].

Xenografts obtained from a patient (patient-
derived xenografts — PDX) are currently the best
preclinical model of GC for testing targets and
predictors of response to therapy. Modern proce-
dures for creating PDX models include both het-
erotopic (subcutaneous) and orthotopic methods
of transplantation. Heterotopic xenografts are ob-
tained by implanting human tumor tissue or cells
into a mouse area unrelated to the original tumor
site, usually subcutaneously in the lateral or dor-
sal region or subrenally. The obtained models are
morphologically and biochemically similar to the
primary tumors of donors, but they have a number
of limitations, such as abnormal microenviron-
ment and pseudocapsule. In a large-scale study by
Takeshi Kuwata et al. Out of 232 primary tumors of
patients with diagnosed gastric adenocarcinoma,
35 PDX models and 32 CDX models were created.
Most PDX tumors showed histologically consistent
morphology with primary tumors, and more than
half of CDX had histologically confirmed inconsis-
tency with primary tumors. PDX, whose donors had
lesions with lymph node metastases, had a higher
rate of engraftment. In more than half of the cases,
lymphoproliferative lesions obtained from B-lym-
phocytes were observed at the site of engraftment
of the donor's tissue [29]. Also in this study, it was
shown that none of the subcutaneous PDX and
CDX models developed matastatic lesions in mice.
In Hernandez MC, et al. the possibility of creating
subcutaneous PDX models from biopsy samples of
patients with unresectable or metastatic disease in
clinical settings has been shown [30].

To study the mechanisms of tumor metasta-
sis, orthotopic mouse models are used, which
are created by transplanting fragments of pa-
tient material into the organs of tumor origin to



l0xHo-Poccuitckuii onkonornyeckuii xxypHan 2021, T. 2, N2 4, C. 26-37

Ku6nuukas A. A, Kapaces T. C., loHyapoga A. C., Makcumos A. 10. / MyT1 MOAenMpoBaHMA ONyXoneBoro pocTa y Mbiliei

immunodeficient mice. The technique of creating
an orthotopic xenograft has been improved from
the "stitching" method to the "sticking" method.
lllert B, et al. In 2003, a technique was described
for creating an orthotopic xenograft of GC, in
which the serous membrane of the anterior wall
of the mouse stomach was removed with a scal-
pel and 2-3 fragments of the donor tumor were
sewn with non-absorbable sutures. Primary tumor
growth was observed in 90 % of mice and metas-
tases spread to the liver (70 %), lungs (10 %) and
lymph nodes (10 %) [31]. Jones-Bolin and his re-
search group developed a technique for creating
orthotopic xenografts by stitching two fragments
of a 2 x 2 mm? donor tumor with the dorsal side of
the mouse stomach in the middle part using 2-3
nodes. The tumor grew in more than 90 % of the
animals, and metastases developed in the liver
(40 %), lymph nodes (40 %) and the surface of the
peritoneum (60 %) [32]. In 2009, a group of scien-
tists from Germany proposed a method for creat-
ing a PDX model by fixing a fragment of a donor
tumor in a tissue pocket of the stomach with one
drop of tissue glue. The pocket was made either
in the submucosa of the distal stomach or in the
cardia. Orthotopic tumor growth was observed in
100 % of cases, metastases spread to the lungs,
pancreas, liver, intestines and kidneys [33]. In the
studies described above, animals were slaugh-
tered if the tumor increased in diameter to 10
mm or the general condition worsened. Li, et al.
a method for generating a PDX model by "glu-
ing" a tumor fragment into a tissue pouch made
in the middle of the large curvature of the recip-
ient mouse's stomach was published. 100 % tu-
mor engraftment was observed, metastases after
necropsy were found in lymph nodes (79 %), liver
(91.5 %), kidneys (62.5 %) [34]. In a study by Bu-
suttil, et al. three gastric cancer cell lines (MKN45,
AGS, MKN28) were taken, 50 microliters of cancer
cell suspension and Matrigel were inoculated into
the subserous layer of the antrum of the stomach.
Successful engraftment was observed in 76 % of
cases, metastases were found in the thoracic and
abdominal regions. As a result of the analysis of
the above-mentioned works, it can be concluded
that the rate of engraftment of the donor tumor
and the spread of metastases do not depend on
the place of implantation of the sample into the
stomach.

B 3KCNepuMeHTaNbHbIX UCCNIeJOBAHUAX PaKa Xenyaka yenoseka

The use of PDX models of gastric cancer

in the development of molecular targeted

therapy

The lack of standard chemotherapy strategies
and the low overall survival rate create a need for
a treatment method with more specific anticancer
efficacy and low non-selective toxicity and resis-
tance. As a result of molecular genetic studies of
gastric cancer, special attention was focused on
understanding the mechanisms underlying target-
ed therapy of advanced cancer. Targeted inhibitors
effectively regulate the work of signaling pathways
involved in tumor growth processes, which ensures
better specificity and selectivity of anticancer ther-
apy. PDX models are an important tool for screen-
ing patients who may benefit from targeted thera-
py-

The epidermal growth factor receptor (EGFR)
should be considered as a target for targeted ther-
apy of gastric cancer in the first place. It is a trans-
membrane glycoprotein with tyrosine kinase ac-
tivity. Also, the family of epidermal growth factor
receptors is represented by its other types: HER2,
HER3 and HER4. These receptors are involved in
the activation of signaling pathways that promote
proliferation, differentiation, cell invasion and sup-
pression of apoptosis. Therefore, it is expected
that drugs targeting EGFR and HER2 will improve
the therapeutic effectiveness of the treatment of
stomach cancer. An example is the drug Cetux-
imab, which is a monoclonal antibody and specif-
ically binds to the extracellular domain of EGFR. In
a Chinese study by Wang X, et al. It was found that
the number of copies of the EGFR gene is a prog-
nostic biomarker of the effectiveness of cetuximab
in the PDX model of gastric cancer [35]. A monoclo-
nal antibody that inhibits the formation of ligand-
dependent heterodimers of the HER2 receptor with
other representatives of the family — pertuzumab
in combination with trastuzumab, capecitabine and
cisplatin — demonstrate pronounced antiprolifera-
tive and antitumor activity on xenographic models
of gastric cancer with HER2 overexpression. Tras-
tuzumab, in turn, is a humanized monoclonal anti-
body that binds to the HER2 receptor to eliminate
or reduce the activity of the receptor [36]. Preclin-
ical studies have shown that pertuzumab in com-
bination with trastuzumab enhances the antitumor
effect in the HER2-positive xenograft model of gas-
tric cancer [37].
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Studies have found that the dysregulation of the
MET signaling pathway occurs in gastric cancer,
which correlates with poor clinical outcomes and
drug resistance. At the same time, the drug voli-
tinib (EGFR inhibitor) demonstrates strong antitu-
mor activity in PDX models with overexpression of
MET and pMET by inhibiting the PI3K/mTOR path-
way. In addition, the efficacy of two EGFR mono-
clonal antibodies (BKO11 and cetuximab) was
evaluated on five PDX models with different levels
of EGFR expression or amplification. Both BK011
and cetuximab induced complete regression of the
PDX model with EGFR amplification [38].

Recent studies have shown that monotherapy
with afatinib, a selective irreversible inhibitor of
protein kinase receptors of the ErbB family, led to
regression of HER2-amplified GC by prolonging
inhibition of HER3 and EGFR, which was superior
to trastuzumab monotherapy. In Zuhua Chen et al.
PDX models of GC with EGFR amplification, EGFR
overexpression, or HER2 amplification have been
shown to be treatable with afatinib. Afatinib is
a pan-HER inhibitor; Therefore, further studies are
needed to determine whether afatinib is effective
in patients with changes in the EGRF family [39].

Lapatinib is a dual inhibitor of tyrosine kinase re-
ceptors type 1 and type 2 (ErbB1 and ErbB2). PDX
models with high microvessel density are more
sensitive to apatinib compared to other models
with low CD31 expression [40].

Violation of the regulation of the cell cycle in
GC occurs quite often, while amplification of the
CCNET1, CCND1 and CDK4 genes is observed/6. In
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this case, cyclin-dependent kinase inhibitors can
be used. CDK1/2/9 inhibitor AZD5438 was shown
to have significant tumor inhibition in two PDX
models with a high CCNE1 copy number [41].
Thus, PDX are universal models for evaluat-
ing potential targeted molecules and serve as
a screening tool for patients for targeted therapy.

CONCLUSION

As precision medicine develops, molecular-
oriented therapeutic strategies should be indi-
vidualized for cancer patients. When creating
preclinical models, it is important to evaluate the
differentiation and classification of xenografts
according to Loren, since changes in these char-
acteristics can lead to a shift in the genetic and
histopathological parameters of xenografts in re-
lation to the primary tumor. The reason for such
changes is the high heterogeneity of stomach
cancer. Mouse models are an important experi-
mental platform (tool) for studying the molecular
mechanisms of the occurrence and development
of gastric cancer, as well as for screening and
testing the effectiveness of new targeted drugs
that target tumor cells with virtually no damag-
ing effect on normal tissues. Further study of the
molecular features of the pathogenesis of GC
and the use of xenogenic, "avatar”, mouse mod-
els to predict the reaction to the studied drugs
in patients' tumors should make a significant
contribution to the development of translational
medicine.
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ABSTRACT

Lung cancer (LC) is the most frequent cancer and the leading cause of cancer death in men in Russia and other countries. The
majority of new LC cases are diagnosed in patients over 65 years old, and the number is growing. LC is a heterogeneous group
of malignant tumors with different genetic and biological characteristics. Although smoking is considered the leading cause
of non-small cell lung cancer (NSCLC), genetic predisposition and environmental influences are responsible for 10-15 % of
cases. The tactics of treating patients with NSCLC alone has long been developed and, as a rule, does not cause any difficulties.
Surgery is the main treatment for the early NSCLC stages. However, as the disease progresses the risk of metastasis increases
and the effectiveness of the surgical treatment decreases sharply. The development of new medical therapy regimens and
the use of targeted drugs have improved the survival rate of LC patients with carcinogenic driver mutations. Personalized
treatments are becoming more available as sequencing technology develops. Targeted therapy undoubtedly improves the
outcomes of NSCLC patients with tumors carrying carcinogenic EGFR driver mutations, ALK fusion, and ROS1 rearrangement.
However, in addition to the main molecular targets, other genetic alterations have been identified and studied, such as: KRAS,
MET, RET, HER2 and NRG. Some of these mutations (BRAF and NTRK) are already available for targeted therapy. The list of
genetic alterations is growing and the molecular profiling of patients with NSCLC is expanding, which is very important in
the progression of the disease. Molecular genetic selection identifies specific groups of patients who benefit from targeted
therapy and provides insight into the potential mechanisms of resistance. Despite the progress made, further studies are
needed to clarify interactions with immune cells in the tumor microenvironment as factors affecting survival. In addition, it is
becoming increasingly important to study targeted therapy in the context of multimodal treatment. This review is devoted to
understanding genetic changes, searching for new genetic targets, problems and future directions of development of targeted
therapy in the treatment of patients with lung tumors.

Keywords:
genetic alterations, KRAS, BRAF, HER2, NTRK, RET, MET, targeted therapy

For correspondence:

Ellada A. Mirzoyan - PhD student, National Medical Research Centre of Oncology of the Russian Ministry of Health, Rostov-on-Don, Russian Federation.
Address: 63 14 line str., Rostov-on-Don 344037, Russian Federation

E-mail: ellada.mirzoyan@yandex.ru

ORCID: https://orcid.org/0000-0002-0328-9714

SPIN: 2506-8605, AuthorID: 1002948

ResearcherID: AAZ-2780-2021

Scopus Author ID: 57221118516

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

For citation:

Kharagezov D. A., Lazutin Yu. N., Mirzoyan E. A., Milakin A. G., Stateshny 0. N., Leiman I. A., Chubaryan A. V., lozefi K. D. Molecular targets of non-
small cell lung cancer outside the "top three". Research and Practical Medicine Journal (Issled. prakt. med.). 2021; 2(4): 38-47. (In Russ.).
https://doi.org/10.17709/2410-1893-2021-2-4-5.

The article was submitted 28.07.2021; approved after reviewing 10.10.2021; accepted for publication 09.12.2021.

© Kharagezov D. A., Lazutin Yu. N., Mirzoyan E. A., Milakin A. G., Stateshny O. N., Leiman I. A., Chubaryan A. V., lozefi K. D., 2021

38



l0xHo-Poccuitckuii oHkonornyeckuii xypran 2021, T. 2, N2 4, C. 38-47
https://doi.org/10.37748/2686-9039-2021-2-4-5
0B30P

MOJIEKYNAPHBIE MALWLEHW HEMESTKOKNETOYHOTO PAKA JIETKOTO
BHE «[JIABHOWU TPOUKI»

A. A. Xapare3sog’, |0. H. Jlasytun’, 3. A. Mup3oan™, A. I. Munakun', 0. H. CtaTeLuHblif',
U. A. Jleiiman’, A. B. Yy6apsan', K. [. No3edu?

1. HMUL, oHkonoruw, r. PoctoB-Ha-[loHy, Poccuiickas ®epepauus
2. PoctI'MY, r. PocToB-Ha-[loHy, Poccuiickas Gepepauuns
I ellada.mirzoyan@yandex.ru

PE3IOME

Pak nerkoro (PJ1) 3aH1MaeT nepBoe MecTo B CTPYKType O6LLEN OHKOIOrMYECKOMN 3a60/1eBAEMOCTU 1 CMEPTHOCTU Y MY>KUUH
Kak B Poccuu, Tak 1 B 3apy6exHbix cTpaHax. bonblwMHCTBO HOBbIX cnyyaeB PJ1 guarHocTupyeTcs y nauMeHToB cTapLie
65 neT, n B nocnefHue roabl HabnogaeTcs TEHAEHUMA K YBEIMYEHUIO JaHHOro nokasaTens. PJ1 npeacraBnsieT cobom re-
TEPOreHHYLo rpynny 3/10Ka4eCTBEHHbIX ONYXONel C Pa3fNYHbIMU reHEeTUYECKUMM U BUONOrNYECKUMU XapaKTepucTukamu.
HecMoTps Ha To, YTO KypeHMe CYMTaeTCcsl OCHOBHOM NPUYMHON HEMEeTIKOKIETOYHOro paka nerkoro (HMPJ1), reHeTuyeckas
npeApacronoXXeHHOCTb U BO3JeiCTBME OKpYXKatoLLen ABNATCA NpuinHoi passutna 10-15 % cnyyaes 3a6oneBaHus.
TakTuka neyeHunsn nauneHToB ¢ ofHUM HMPJ1 naBHO oTpa6oTaHa u, Kak NpaBuiio, He Bbi3blBAeT HUKAKUX TPyAHOCTeR. Xu-
pypruyeckoe BMeLIaTeNbCTBO ABASETCA OCHOBHbIM METOAOM NeyeHus paHHux ctagui HMPJ1. OgHako, no mepe nporpec-
cMpoBaHus 3aboneBaHNsA BO3pacTaeT pUCK METacTa3npoBaHus, 1 B 3TOM crydae 3 HeKTUBHOCTb XMPYPruiyeckoro Metoaa
JleYeHns pesKo CHukaeTcs. PaspaboTka HOBbIX CXEM NIeKapCTBEHHON Tepanuu, UCMoJIb30BaHMe TapreTHbIX NpenapaToB
YNyuLwmMIa BbXKMBAEMOCTb 60/1bHbIX € PJ1, HecyLLMU OHKOreHHbIe ApaiBepHble MyTaLuu. MNepcoHndUUMpPOBaHHOE fleYeHne
CTaHOBUTCS BCe 60s1ee JOCTYNHbIM MO Mepe Pa3BUTUSA TEXHONOMMN CEKBEHMPOBAHUS. TapreTHas Tepanus HECOMHEHHO
ynyJwaeT ucxoabl 60nbHbIX HMPJT, onyxonm KoTopbix HECYT OHKOreHHble ApaiBepHble MyTauun EGFR, cnuaxune ALK u pe-
apaHXupoBku ROS1. OaHaKo, TOMUMO OCHOBHbIX MOJIEKYISPHbIX MULLEHEW, BbISiBIEHbI U U3Y4aroTCA ApYyrue reHeTuyeckune
anbTepauum, Takue Kak: BUpycHbiii oHkoreH Kirsten RAS (KPAS), MET, RET, HER2 1 NRG. HekoTopble U3 Takux MyTauui
(BRAF 1 NTRK) y>e AOCTynHbI ANs TapreTHoi Tepanuu. NepeyeHb reHeTUYECKMX anbTepalmii pacTeT U pacLUMpseTcs Mosie-
KynsipHoe npodunmposaHue 605bHbix HMPJ], 4To MMeeT BecbMa Ba)KHOe 3Ha4Y€HWE NPpU NPOrpeccMpoBaHnm 3a6oneBaHus.
MonekynapHo-reHeTU4ecknin oT60p NAEHTUOULNPYET KOHKPETHbIE rPYNMbl MaLMEHTOB, KOTOPbIE MOYYaloT Nob3y OT
TapreTHON Tepanun n faeT NpefcTaB/ieHne O MOTEHLMalbHbIX MEXaHU3MaXx Pe3UCTEHTHOCTU. HecMOTps Ha AOCTUTHYTbI
nporpecc, Heo6XxoANMbI AanbHelLLne uccnefoBaHns As BbIICHEHUA B3aUMOAENCTBUI C UMMYHHbBIMMW KNETKaM1 B MUKPO-
OKPY>XEeHUM 0MyX0onu Kak haKTopoB, BAMSIOLLMX Ha BbDKMBAeMOCTb. KpoMe Toro, CTaHOBUTCA BCe 60nee BaXXHbIM U3yyeHne
TapreTHon Tepanun B KOHTEKCTe MyNbTUMOAAIbHOMO fleveHunsi. HacToswmin 0630p NOCBSALLLEH MOHUMAHUIO FrEHETUYECKMX
VN3MEHEHUI, MOUCKY HOBbIX FEHETUYECKUX MULLIEHEN, Npo6ieMaM M GyAyLUMM HanpaBeHUsM pa3BUTUS TapreTHON Tepanum
B JI@YEHUN NaLMEHTOB C OMNYXOJIAMU JIETKUX.
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INTRODUCTION

Lung cancer is a heterogeneous genomic dis-
ease [1]. Despite the fact that smoking is considered
the main cause of non-small-cell lung cancer (NS-
CLC), genetic predisposition and environmental expo-
sure are responsible for the development of 10-15 %
of cases of the disease. Targeted therapy improved
the survival of patients with tumors carrying oncogen-
ic driver mutations [2]. There is an obvious need to
deepen knowledge about genetic changes in NSCLC
in order to create new targeted drugs. This review
examines molecular genetic targets that are outside
of the epidermal growth factor receptor (UPAC) gene
mutation, ADC fusion and ROS1 rearrangement, new
drugs, problems and future directions of targeted
therapy development.

Viral oncogene KRAS

The viral oncogene Kirsten RAS (KRAS) is the
most frequently mutating isoform of the RAS family
and is found in 22 % of solid tumors, being one of
the most common oncogenic driver mutations in
cancer [3]. KRAS mutations are present in approxi-
mately 20—30 % of NSCLC patients. Despite the early
discovery of the mutation, KRAS-mutant NSCLC is
very heterogeneous, and therapy aimed at the KRAS
mutation is just beginning to develop [4]. Most KRAS
mutations were found in exons 12 and 13: 012C -
39 %, G12V -18-21 % and G12D - 17-18 % [5]. The
presence of the KRAS mutation in the tumor is asso-
ciated with a worse prognosis of NSCLC [6].

KRAS is one of the 4 proteins encoded by the RAS
gene, guanosine triphosphate binds to KRAS in the
active state, and guanosine diphosphate binds to
KRAS in the inactive state. Activating point KRAS
mutations initiate oncogenesis by losing the activ-
ity of GTPases (GTPase — guanosine triphosphate
hydrolase enzymes), which leads to an active state
and constantly activates the downstream signaling
pathways of PI3K and MARK, causing resistance of
NSCLC to existing drug therapy methods [7].

Early attempts to use the KRAS mutation as a tar-
get for targeted therapy failed due to the lack of
known allosteric binding sites, alternative pathways,
and the high affinity of the protein to the active gua-
nosine triphosphate-bound state [8]. Combination
therapy with (MEK1/MEK2) MARK kinase inhibi-
tors formed the basis of a phase 2 clinical trial in
patients with advanced KRAS-mutant NSCLC. The
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combination of selumetinib with docetaxel resulted
in an increase in the overall response to treatment
(ORR- Overall Tumor Responses Rate) to 37 % and
the duration of median survival to progression (RFS)
by 3.2 months. compared to patients who received
only docetaxel. In the combination therapy group,
there was an increase in the number of adverse tox-
ic events of the 3rd degree by 15 %, among which
neutropenia, febrile neutropenia and asthenia pre-
vailed [9]. As a result, the study demonstrated suffi-
cient effectiveness, but at the expense of increased
toxicity. Another phase 1 study showed that in pa-
tients with KRAS-mutant NSCLC treated with tra-
metinib with docetaxel, ORR reached 24 %, while in
patients treated with trametinib with pemetrexed,
this indicator was 17 % [10].

The first phase 1 clinical trial of the small molecule
AMG 510, which specifically and irreversibly inhibits
the KRAS G12C mutation by blocking it in the bound
state, presented immediate results of treatment of 22
patients with progressive solid tumors carrying the
KRAS G12C mutation. Of the 6 patients with NSCLC,
2 had a partial response after 6 weeks of treatment
and 2 more had stabilization of the disease. The av-
erage duration of therapy, which was well tolerated,
was 9.7 weeks [11]. Adverse toxic phenomena of the
1st degree were noted in 68 % of observations; two
toxic reactions of the 3rd degree, namely anemia and
diarrhea, have been reported.

A study examining KRAS co-mutations found
lower response rates of KRAS-mutant lung adeno-
carcinomas with inactivation of KEAR1 (Kelch-like
ECH-associated protein 1) [12]. A subset of tumors
resistant to anti-PD1 antibodies was characterized
by low expression of PD-L1 and inactivation of
the tumor suppressor gene STK11/LKB1 (Serine -
Threonine Kinase 11/Liver kinase B1), which led to
the accumulation of tumor-associated neutrophils
with a suppressive effect on T cells [13]. Somatic
mutations of LCV1 are noted in about 30 % of lung
adenocarcinomas. Preliminary studies have shown
that NSCLC with KRAS/LKB1 co-mutations clearly
responds to targeted therapy. A study on mice with
KRAS/LKB1 or KRAS/p53 mutations revealed a se-
lective apoptotic response of KRAS/LKB1 — mutant
NSCLC to the metabolic drug phenformin, an analog
of metfurmin. Apoptosis is observed in NSCLC cell
lines with the LKB1 mutation, but not with wild-type
KRAS [14]. Thus, KRAS — mutant NSCLC is once again
becoming a rapidly developing area of research for
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the development of new treatment options for pa-
tients with unrealized liver needs.

BRAF proto-oncogene

The BRAF proto-oncogene encodes serine/thre-
onine kinase, which is located below RAS and leads
to the transmission of signals via RAS-RAF (rapidly
accelerated fibrosrcoma) - MARK (mitogen-activated
protein kinase) - MARK/ERK (extracellular-signal-
regulated kinase) MARK/ERK signaling pathway,
which is a key molecular cascade regulating cell
growth [15]. After the discovery of BRAF mutations
in melanoma, mutant BRAF was found to mediate
lung adenocarcinoma carcinogenesis. BRAF muta-
tions are detected in 2—-3 % of lung adenocarcinomas
and in 50-75 % are represented by the BRAF V600E
mutation, more often observed in smokers or quit
smoking patients [16; 17].

Vemurafenib has demonstrated its effectiveness
in patients with generalized NSCLC carrying the BRAF
V600E mutation [18; 19]. Dabrafenib was studied in
a phase 2 clinical trial in patients with BRAF V600E
mutant metastatic NSCLC [20]. ORR reached 33 %,
and the median overall survival(s) was 12.7 months.
The combination of dabrafenib and trametinib was
studied in another phase 2 study in patients with
BRAF V600E mutant NSCLC. Combination therapy
led to an increase in ORR to 63.2 % and was approved
by the European Medicines Agency and the US FDA
(Food and Drug Administration) for the treatment of
patients with stage IV BRAF V600E mutant NSCLC [7].

Neurotrophin tyrosine kinase receptor

The tropomyosin receptor kinase (TRK) gene en-
codes tyrosine kinase receptors for neurotrophins
found in many tissues and associated with the nerve
growth factor family. Three members of the family
are proto-oncogenes encoded by NTRK1, NTRK2 and
NTAK3, which respectively produce TrkA, TrkB and
THC proteins, activation of which leads to the trans-
mission of signals along the signaling pathways of
MARK and ACT, leading to cell proliferation, differ-
entiation and survival [21]. NTRK rearrangements
occurring in all 3 genes have been identified in var-
ious malignancies, including lung cancer [22]. Less
than 1 % of cases of NSCLC carry NTRK mergers
and occur in men and women of different ages with
different smoking history [23].

Numerous tyrosine kinase inhibitors (TRK) are
being investigated in the treatment of malignant tu-
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mors with altered NTRK. The US FDA approved the
appointment of larotrectinib and entrectinib for the
treatment of solid tumors with NTRK mutations in
adults and children [21]. The first report of a patient
with a regression of the tumor carrier NTRK fusion,
achieved as a result of the appointment of a selec-
tive tyrosine kinase inhibitor larotrectinib, dates back
to 2015 [24]. Subsequently, the inhibition of tumor
growth was confirmed experimentally. In a phase 1
clinical trial, larotrectinib was studied in adults and
children with different tumors carrying NTRK merg-
ers. In 55 patients with 13 types of tumors included
in the study, the most common were NTRK3 mergers
(n = 29), followed by NTRK1 (n = 25) and NTRK2
(n=1). As aresult, the study demonstrated an overall
response rate of 75 % to therapy [25].

The results of the phase 1 study of entrectinib in-
dicated the antitumor activity of the drug in a patient
with NTRK 1 positive NSCLC [26].

Analysis of the results of 3 studies of entrectinib,
which included 54 patients with NTRK or ROS1 posi-
tive tumors, demonstrated an ORR equal to 57 % with
a median progression-free survival of 11.2 months
and a median of 20.9 months [27]. Additional clinical
trials of TRK inhibitors are currently underway.

Epidermal growth factor receptor 2

The human epidermal growth factor receptor 2
(NR2), a member of the ErbB receptor tyrosine ki-
nase family, activates signaling via the RISC-ACT
and MEK-EAK signaling pathways. NONR2 is acti-
vated by homo- and heterodimerization with other
members of the ErbB family, but has no established
ligand [28]. Overexpression of NR2 is observed in
13-20 % of cases of NSCLC and is more common in
women who have never smoked with adenocarcino-
ma [29]. HER2 mutations are oncogenic and lead to
constitutive HER2 phosphorylation and activation of
EGFR stimulating signaling pathways. Amplification
and mutations of NONR2 are rare, accounting for 9 %
and 3 % of cases of NSCLC, respectively [30]. NONR2
mutations usually occur in exons 18-21, usually in
exon 20 in codon 776 with a 12-pair duplication/in-
sertion of the YYMA amino acid sequence. It remains
unclear whether patients with NONR2 mutant NSCLC
have a worse outcome compared to other patients.

A prospective study of the pan-HER tyrosine kinase
inhibitor dacomitinib, irreversibly binding NONR2,
NONR1(EGFR) and HER4, included 26 patients with
NONR2-mutated and 4 with NONR2-amplified NS-
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CLC [31]. The overall response rate to therapy was
12 % in patients with NONR2 — mutant NSCLC; in
patients with NONR2-amplified NSCLC, no tumor re-
sponse was registered in any observation. Median
RES was 3 months for all patients. In the group of
NONR2 mutant tumors, the median progression-free
survival was also 3 months. with a one-year OV equal
to 44 %. Pan-HER tyrosine kinase inhibitor afatinib,
has shown limited action in NONR2-mutant NSCLC.
The study of afatinib activity showed a median pro-
gression-free survival of 15.9 weeks, and a median
of 56 weeks [32].

Other low-molecular-weight TCS are also being
tested. Thus, with monotherapy with the irreversible
pan-HER inhibitor neratinib, the median PFS was 2.9
months. Median PFS increased to 4 months. with
the combined appointment of neratinirb and temsi-
rolimus [33].

It was found that the response to neratinib varied
depending on co-mutations and parallel activation
of signaling pathways. Patients with NONR2-mutant
NSCLC were characterized by a very low response
rate and often had co-mutations in TP53 and NONRS3.
Activation of the RAS/RAF signaling pathway coin-
ciding with aberrations of cell cycle control points
was associated with worse results and generally with
a lack of clinical efficacy [34].

Antibody-based drugs have shown efficacy against
NONR2-mutant NSCLC. In a phase 2 study, 18 pa-
tients with NONR2 mutant lung adenocarcinomas
were treated with T-DM1 with a 44 % partial response
rate and a median PFS of 5 months [35].

A European retrospective study analyzed data
from 101 patients with NONR2-mutant NSCLC who
received chemotherapy and/or NONR2-targeted
therapy. The median OV was 24 months for all pa-
tients, despite whether or not targeted therapy was
performed. The overall response to treatment was
highest in patients who received trastuzumab with
or without chemotherapy, or in those who received
T-DM1 with a median PFS of 4.8 months [36].

Mesenchymal-epithelial junction (MET) is a proto-
oncogene encoding transmembrane METH. Binding
of the hepatocyte growth factor ligand by it activates
the signaling pathways PI3K/ACT, MARK, NF-KB, as
well as a signal transductor and activator of transcrip-
tion proteins that promote proliferation, increase cell
mobility and invasion, block apoptosis. METH alter-
ations are found in many cancers, including NSCLC.
They induce tumor progression through gene ampli-
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fication, mutations, rearrangements, overexpression
and phosphorylation of proteins [37].

MET-positive NSCLC is most often manifested by
overexpression of proteins, while MET amplification
is relatively rare and is observed in about 2.2 % of
newly diagnosed cases of adenocarcinoma and up
to 7 % of cases of all NSCLC. The amplification of
the MET gene is a negative prognostic factor in the
surgical treatment of NSCLC with an OV equal to
25.5 months in patients with 5 or more copies per
cell versus 47.5 months for patients with less than
5 copies per cell, respectively. KIF5B MergerMETH
was registered in lung adenocarcinoma, other METH
rearrangements are rare [38].

Alterations of the MET gene in exon 14, observed in
4 % of lung adenocarcinomas, are diverse and lead to
carcinogenesis; changes are associated with age and
a long history of smoking [39]. Substitutions of bases
or deletions in MET that violate the 3' or 5' sites of
the intron 14 junction lead to the omission of the 14
exon of MET. The omission of exon 14 causes a de-
crease in ubiquitination and degradation of METH,
which leads to an increase in the level of METH and
the downward transmission of a signal stimulating
carcinogenesis. Alterations of the 14 exon of MET
vary widely. 126 different variants were identified in
223 different aberrations of 14 exons [40].

Multi-purpose TKI and TKI with increased sensi-
tivity to METH are used against METH alterations.
In addition, monoclonal antibodies are being stud-
ied in patients with METH-driver tumors. The dual
MET/ALK inhibitor crizotinib demonstrated objective
responses of MET-amplified and MET-mutant NS-
CLC [40]. Additionally, the combination of crizotinib
with cabozantinib causes an antitumor response in
patients with lung adenocarcinoma carrying a MET
mutation in exon 14. A phase 1 clinical study showed
that in patients with NSCLC with a high level of METH
amplification, crizotinib has antitumor activity with
a median PFS of 6.7 months [41].

A phase 2 study considered a specific MET inhib-
itor for the MET mutant in exon 14 of NSCLC-tepo-
tinib. In patients with MET mutation identification
by liquid biopsy, preliminary results showed a 50 %
level of objective response with a median PSF of 9.5
months; in patients with mutation detection in tumor
tissue during biopsy, the level of objective response
was 45.1 % with a median PSF of 10.8 months [42].

In another phase 2 study, a specific MET inhibi-
tor capmatinib was studied in progressive NSCLC



l0xHo-Poccuitckuii onkonornyeckuii xxypHan 2021, T. 2, N2 4, C. 38-47

Xaparesos [1. A., lasyTuu 10. H., Mup3osH 9. A&, Munakun A. T, Ctatewblit 0. H., Jleiiman W. A., Yy6apsiH A. B., Mosedu K. [l. / MonekynapHble

carrying a MET mutation in exon 14. According to
preliminary data, the level of objective response was
40.6 %, and the median PFS was 5.42 months. Previ-
ously untreated patients had an objective response
rate of 67.9 % and a median PFS of 9.69 months [43].
Kapmatinib has demonstrated action against brain
metastases and good tolerability.

A specific biomarker for the selection of patients
remains unidentified, therefore, at present, the de-
tection of mutation is a predictor of an effective
response to NONR2-targeted therapy. Molecular
aberrations in NONR2 mutant NSCLC are heteroge-
neous, which determines the different effectiveness
of NONR2 kinase inhibitors. It is necessary to take
into account important characteristics such as the
type of mutation, the presence of NONR2 amplifica-
tion, expression and parallel activation of signaling
pathways.

Proto-oncogene (RET)

RET - receptor tyrosine kinase mediating the de-
velopment of the neural crest, the activation of which
causes cell proliferation, migration and differentiation
of cells [44]. Alterations of RET genes are most com-
mon in thyroid and lung cancers [45]. With NSCLC,
fusion with KIF5B is most common. RET mergers lead
to ligand-independent dimerization and activation of
the downstream signaling pathway.

RET mergers occur in approximately 1.4 % of cas-
es of NSCLC and in 1.7 % of lung adenocarcinomas
and are found mainly in non-smoking patients older
than 60 years. An NGS study of more than 4,800 pa-
tients with various malignancies showed that the al-
tered status of the RET gene occurs in 1.8 % of cases,
most of which had concomitant genomic changes,
suggesting that successful treatment should include
individual combined approaches [46].

Various multikinase TKls have been studied with
NSCLC carrying RET rearrangements. A prospective
phase Il study to evaluate the efficacy of cabozantinib
in 25 patients with RET-positive lung adenocarcinoma
revealed a 28 % response rate to therapy with a medi-
an PFS of 5.5 months and median S = 9.9 months [47].
A similar clinical study of vandetanib in 19 patients
with PFS-positive NSCLC showed a 53 % overall re-
sponse rate with a median RET of 4.7 months [48].
The global multicenter registry contains data on the
results of treatment of 165 patients with RET-positive
NSCLC, of which 53 were prescribed at least one RET
inhibitor therapy [49]. The use of cabozantinib, suni-
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tinib and vandetanib gave an overall response rate of
37 %, 22 % and 18 %, respectively, in addition, lenva-
tinib and nantedanib also caused a tumor response.
In all patients, the median PFS was 2.3 months, and
the median S reached 6.8 months. Despite the fact
that studies have confirmed the inhibitory activity of
multikinase TKI in RET-positive NSCLC, the reaction
to them was modest and short-lived.

RET-specific inhibitors are being developed in the
hope of overcoming the limitations inherent in multiki-
nase inhibitors. A report on patients with RET-positive
malignancies showed that the powerful KW inhibitor
LOX0-292 caused a general response to treatment
in 65 % of 26 patients with NSCLC. BLU-667, another
selective RET inhibitor, has demonstrated activity in
preclinical studies and objective tumor responses in
patients with RET-positive NSCLC [50]. A study of 48
patients showed a 58 % overall response rate for the
entire group, in addition, BLU-667 is effective in patients
with various KW mergers and metastases [51; 52].

Neuroregulin 1

The neuregulin 1 gene (NRG1) encodes the neu-
regulin protein. Unlike other mergers in NSCLC, NRG1
encodes the tyrosine kinase receptor ligand HERZ
and HER4. In these mergers, NRG1 is a 3' partner,
other genes such as CD74, RBPMS, WRN and SDC4
are 5' partners. The EGF domain NRG1, located in the
carboxy-terminal region, is necessary for the interac-
tion of receptors. NRG1 mergers in NSCLC samples
are detected in isolation from other known driver
mutations [53; 54]. CD74-NRG1 mergers account
for 1.7 % of lung adenocarcinomas and are most
often found in invasive mucinous adenocarcinoma
subtype of NSCLC, which accounts for 2 % to 10 % of
all cases of lung adenocarcinoma [55]. CD74-NRG1
fusion causes activation of the PI3K ACT signaling
pathway, which induces carcinogenesis.

Despite the small amount of data available, an
in vitro study showed that lapatinib and afatinib in-
hibit the phosphorylation of HER2, HER3 and ERK
produced by CD74-NERG1 fusion. In two cases of
NSCLC carrying NRG1 fusion, a response to therapy
with afatinib, an inhibitor of HER2, was noted. Median
PFS with NSCLC carrying the fusion of SLC3A2-NRG1
and CD74-NRG1 was 12 months and 10 months, re-
spectively. Recently, it was reported that a patient
with CD74-NRG1-positive NSCLC reacted to the in-
troduction of a monoclonal antibody against HER3
for 19 months [56].
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CONCLUSION

Lung cancer is a heterogeneous group of malig-
nant tumors with different genetic and biological
characteristics. Molecular genetic studies determine
the appropriate therapy for many patients with NSCLC
by precision drug exposure to specific alterations.
The list of genetic alterations is growing and ex-

is very important in the progression of the disease.
Molecular genetic selection identifies specific groups
of patients who benefit from targeted therapy and
provides insight into the potential mechanisms of re-
sistance. Despite the progress made, further studies
are needed to clarify interactions with immune cells
in the tumor microenvironment as factors affecting
survival. In addition, it is becoming increasingly im-
portant to study targeted therapy in the context of

panding molecular profiling of patients with NSCLC ~ multimodal treatment.
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