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ABSTRACT

BACKGROUND: Bladder cancer is a serious problem of oncourology. The gold standard of treatment for muscle-invasive blad-
der cancer is radical cystectomy with previous neoadjuvant chemotherapy. Unfortunately, the effectiveness of radical treat-
ments is severely limited in the long term. For this reason, research in the field of predicting survival can significantly improve
long-term oncological results. The determination of the levels of macrophages associated with the tumor appears promising.

AIM: to determine the effect of the expression levels of macrophages associated with a tumor on survival rates in patients
diagnosed with muscle-invasive bladder cancer after radical cystectomy.

MATERIALS AND METHODS: the study was conducted on the basis of the Clinic of the Bashkir State Medical University in the
period from 01.05.2021 to 01.07.2023. The study involved 66 patients with an established diagnosis of muscle-invasive bladder
cancer. After surgical treatment, histological and immunohistochemical studies were performed to determine CD68 and CD163
levels. After 24 months, a survival analysis was performed to determine the levels of general, tumor-specific and relapse-free
survival and the construction of Kaplan—Mayer graphs.

RESULTS: According to the results of the analysis, there was a significant decrease in survival in groups with high CD68 and
CD163 expression rates (p < 0.05). In the study groups, there was a significantly significant correlation between high levels of
CD68 and CD163 (p < 0.05).

CONCLUSIONS: CD68 and CD163 can act as independent markers of predicted survival in patients with muscle-invasive blad-
der cancer after radical cystectomy.
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UMMyHorMcToxuMmyeckas gMarHocTuka Makpodaros,
acCcoLMMPOBaHHBIX C ONYXO0JIbO, Y NALMEHTOB

C MbILUIEYHO-MHBA3UBHbIM PAKOM MOYEBOr0 Ny3bips
nocsie paAuKanbHOM LLUCTIKTOMUM

B.H. Masnos, M.®. YpmaHues, M.P. bakees

BalLKvpcKuit rocyaapcTBeHHbIN MeAULIMHCKMIA YHUBepcuTeT, Yda, Poccus

AHHOTALUNA

AxkTyanbHocTb. Cepbe3Has npobneMa OHKOYpONOrMM — pak MOYeBOro My3bipsi. 30/10TbIM CTAHAAPTOM JIEYEHUS MbILLEYHO-
WHBA3MBHOrO paka MOYeBOr0 My3bipsi BbICTYMAET PafuKaibHas LMCTIKTOMMUA C NPeALLeCTBYOLLEN He0aAbloBaHTHON XMMHUO-
Tepanueit. K coxanenuio, abheKTMBHOCTb pafiMKabHbIX METOA0B SIeYEHUS PE3KO OrpaHUyeHa B A0NrOCPOYHOM NepCneKTMBe.
Mo aTon npuyuHe uUccnenoBaHua B obnactu NPOrHo3npoBaHNA BbIXXMBAEMOCTU MOIYT CYLLEeCTBEHHO yny4lluTb OTAaleHHble
OHKOJIOrMYeckue pe3ynbTaTbl. bombLion nepcnekTBOM 06nafaeT onpefeneHWe YpoBHeN MaKpodaroB, accoLMMPOBAHHbIX
C OMyX0Abio.

Lenb — onpeneneHne BINAHNA ypOBHEﬁ JKCnpeccuun MaKpDCI)aFOB, aCCoLUUKMPOBaAHHbIX C 0MYX0J1bto, Ha NMOKa3aTtesin BbXXMBa-
€MOCTW Y NalMeHToB C ANarH030M MbILLEYHO-UHBA3MBHbIi PaK Mo4eBoro nysbipa nocne pap,MKaanoﬁ LINCTIKTOMUN.

Matepuanbl n Metoabl. Mccnenosanue bbino npoeefeHo Ha 6ase Knuuuku OTB0Y BO «balwukmpckuii rocynapCTBEHHBIN
MeaMUMHCKUIA yHuBepcuTeT» B nepuog, ¢ 01.05.2021 no 01.07.2023. B uccnepnoBaHnv NpuHUManu yyactue 66 nauyeHToB
C YCTaHOB/EHHBIM IMArHO30M «MbILLIEYHO-MHBA3MBHBIA Pak MOYEBOr0 Ny3bipsx. [locie onepaTMBHOMO JieYeHUs OCYLLECTBAIA-
I0Cb MUCTOMOMMYECKOe U MIMMYHOTUCTOXMMUYECKOe UCCNefoBaHue ¢ onpeaeneHueM yposHen CD68 n CD163. Mo nctevennm
24 Mec. MPOBOAMNICS aHaNMU3 BbIXXMBAEMOCTU C OMPeAeNeHeM YpoBHeii 0bLLen, onyxonecneumduyeckon u 6e3peLmanBHoil
BbIXXVMBaEMOCTM C MOCTPOEHWeM rpadmkos KannaHa — Maiiepa.

Pe3synbTartbl. o pesynbrataM aHanm3a HabnaaeTcs JOCTOBEPHOE CHUKEHWE BbIXKMBAEMOCTU B FPyNMax ¢ BbICOKUMY NOKa-
3atenamu aKkcnpeccun CD68 n CD163 (p < 0,05). B nccneayeMbix rpynnax HabntoaaeTcs AOCTOBEPHO 3HAUYMMas KOppensums
Mexay Bblicokumm ypoBHsiMu CD68 n CD163 (p < 0,05).

3aknoyeHne. CD68 n CD163 MoryT BbiCTynaTh B KayecTBe HE3aBMCMMbIX MapKepoB MPOrHO3WpYeMOM BbIKWBAEMOCTH
Y NaLMEHTOB C MbILLEYHO-UHBA3WBHLIM PaKOM MOYEBOr0 My3blps NOC/e pPaAuKabHON LIMCTIKTOMUN.

KntoueBble cnoBa: pak MOYeBOro NMy3bipsi; pafyKasbHash IUCTIKTOMMS; Makpodari; MMMYHOMMCTOXMMUYECKas AMarHoCTUKa;
CD68; CD163.
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BACKGROUND

Malignant neoplasms of the urinary system are among
the most common among cancers worldwide, with blad-
der cancer (BC) representing a serious problem. Recent
data reveal that BC causes approximately 213,000 deaths
annually worldwide. Moreover, the incidence tends to in-
crease annually; accordingly, BC ranks 10" currently [1].
This situation is due to not only an increase in the popu-
lation’s cancer alertness and quality of diagnostic pro-
cedures but also to BC being a polyetiological disease
affecting patients of different ages. BC is classified into
nonmuscle-invasive bladder cancer (NMIBC) and mus-
cle-invasive bladder cancer (MIBC), and the criterion for
diagnosing the malignant process is the absence or pres-
ence of invasion into the muscle layer of the bladder.
This classification is actively used by practicing oncolo-
gists and urologists because of the fundamental differ-
ences in treatment regimens depending on the BC type.
The clinical presentations of these forms also vary sig-
nificantly. In contrast to NMIBC, MIBC is characterized
by rapid progression and aggressive course with the
development of regional and distant metastases. In BC,
MIBC is diagnosed in approximately 25% of cases, with a
5-year survival rate of approximately 50% [2].

The gold standard treatment for high-risk MIBC and
NMIBC is radical cystectomy with pelvic lymphadenecto-
my and prior neoadjuvant platinum-based chemotherapy.
For male patients, the scope of the surgical intervention
includes the excision of the bladder, paravesical tissue,
prostate gland, and seminal vesicles in a single block.
For female patients, the scope of the surgical interven-
tion consists of supralevator pelvic evisceration. Despite
the radical principle of surgical treatment and compliance
with the principles of oncological safety, neoadjuvant
chemotherapy is recommended [3]. For some patients,
if the preoperative treatment was ineffective, adjuvant
chemotherapy was recommended [4]. Unfortunately, the
long-term effectiveness of radical treatment methods is
sharply limited, and according to world literature, the
survival rate has not significantly increased over the past
30 years [5]. Thus, research into predicting the survival
value in MIBC may improve significantly long-term on-
cological outcomes. For this purpose, the use of biologi-
cal tumor markers, which affect directly the treatment
outcomes, is justified. The stratification of patients into
groups according to the levels of biological predictors
will allow a personalized approach to the treatment of
MIBC.

Over the past decades, vast knowledge has been
gained in the molecular biology of malignant process-
es. Moreover, the study of the microenvironment of tu-
mors of various localizations is of particular interest in
this field. Tumor-associated macrophages (TAMs) are
among the most significant in this cytological structure.
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TAMs are widely represented in the microenvironment of
solid tumors and can function depending on the signals
they receive [6-8]. In this regard, TAMs can have two dif-
ferent functional states, namely, the M1 and M2 pheno-
types [9]. According to current data, when the neoplastic
process is initiated, macrophages surrounding the patho-
logical focus have the M1 phenotype. Moreover, they are
activated by the influence of interferon-gamma, inter-
leukin-12, and interleukin-23 [9] and are programmed
to eliminate tumor cells and induce a Th-1 immune re-
sponse. By acquiring a proinflammatory and antitumor
phenotype, M1 macrophages are involved in local immune
reactions in response to the neoplastic process [10].
As a malignant tumor progresses, M1 macrophages
transform into M2 macrophages, which have an alterna-
tive activation pathway because of oncogenic signals [11].
Such macrophages have anti-inflammatory and protumor
activity, induce a Th-2 immune response, and have an
immunosuppressive effect. Thus, M2 macrophages con-
tribute to tumor evasion from immune surveillance and
ensure further propagation of the neoplastic process [12].
The activation of multiple signaling pathways in the
tumor microenvironment also affects TAMs, resulting
in a constant transformation of M1 phenotype to M2.
Thus, M2 macrophages are the most common representa-
tives of TAMs in the tumor microenvironment. The change
in phenotypes characterizes TAMs as a rapidly changing
component of the tumor microenvironment, which can be
used to assess and predict the malignant process [13].
TAMs constantly secrete various cytokines and chemo-
kines (programmed death-ligand 1 [PD-L1], arginase 1,
interleukin-10, and transforming growth factor-p) and
express specific receptors (CD68 and CD163) on their
surface [14-18]. Determining the levels of surface an-
tigens (CD68 and CD163) using immunohistochemical
analysis is the most reliable method for diagnosing TAMs
[19, 20].

This study aimed to investigate the relationship be-
tween TAM levels in patients diagnosed with MIBC who
underwent radical cystectomy with pelvic lymphadenec-
tomy and postoperative survival rates.

MATERIALS AND METHODS

The study was conducted at the Clinic of the Bashkir
State Medical University from 05/01/2021 to 07/01/2023.
All study participants were informed and signed a vo-
luntary consent. The study was approved by the lo-
cal independent ethical committee of the Bashkir State
Medical University of the Ministry of Health of Russia
dated June 15, 2021, No. 4595-07. The study enrolled
66 patients diagnosed with MIBC based on cystoscopy/
transurethral resection biopsy. Data on the presence of
distant metastases were not obtained. The experimental
group included 42 (63.6%) men and 24 (36.4%) women,
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and the average patient age was 68.3 + 2.4 years.
The stages of the oncological process and tumor grade
are presented in Table 1.

Cisplatin-based neoadjuvant chemotherapy was
used in 50 (75.8%) patients. Radical cystectomy with
pelvic lymphadenectomy was indicated for all patients.
The border of the lymph node dissection was the aortic
bifurcation, and in the presence of severe lymph node
damage, dissection was performed to the level of the
origin of the inferior mesenteric artery. The surgical ma-
terial was subsequently sent for histological examina-
tion to determine the stage of the malignant neoplasm
in accordance with the postsurgical tumor, lymph node,
metastase (pTNM) classification and the grade according
to the World Health Organization classification (1973).
The material was fixed in a 1% neutral formalin solution
and embedded in paraffin. Sections of 5 pm thick were
prepared on a Leica microtome (Germany) and stained
with hematoxylin and eosin. Subsequently, a morphologi-
cal analysis was performed to determine the stage and
degree of tumor differentiation. Immunohistochemical
analysis was performed using a Bond-maX apparatus
(Australia). For this purpose, serial paraffin sections of
5 um thick were used with the application of the strep-
tavidin—biotin method. Commercial monoclonal antibod-
ies CD68 and CD163, which are macrophage markers,
were used for the study. After the reaction with mono-
clonal antibodies, microslide images were digitized using
a Leica Aperio scanner (Germany). The Digital Pathol-
ogy software package was used to evaluate expression.
The intensity of the expression was assessed semiquan-
titatively on a point scale, ranging from 0 to 3, taking
into account the severity of staining, where 0 implied no
reaction; 1, weak reaction; 2, moderate reaction; and 3,
strong reaction.

Twenty-four months after the surgery, a survival
analysis was performed to determine the overall, tu-
mor-specific, and relapse-free survival rates and con-
struct Kaplan—-Meier plots. Statistica 10.0 software
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(StatSoft Inc., USA) was used for the statistical analysis.
The experimental groups were compared using the
Mann—Whitney U-test and Student’s ¢-test. The log-rank
test was used to compare survival curves. The level of
significance when processing statistical data was consi-
dered critical at p < 0.05.

RESULTS

The surgical material from all patients was subjected
to a pathomorphological review. The differentiation of the
stages and degrees of the tumor process is presented in
Table 2.

After an immunohistochemical study, the expression
level of membrane antibodies was determined. Subse-
quently, the patients were distributed into two groups
according to the staining intensity for CD68 and CD163,
where group 1 showed the absence or a low level of
expression, whereas group 2 had moderate or a high
level of expression. The data obtained are presented in
Table 3. Patients with high CD163 expression levels also
had high CD68 expression levels (p < 0.05); however, two
patients with a high CDé8 expression level also had low
CD163.

Twenty-four months after radical surgeries, the over-
all, tumor-specific, and relapse-free survival rates were
analyzed by plotting Kaplan—Meier curves in the study
groups. Survival results are presented in Figs. 1-6.

The analysis results revealed a significant decrease in
the survival rates in groups with high expression levels of
CD68 and CD163 (p < 0.05). Two patients, who had high
CD68 expression levels and low CD163 expression levels,
did not have relapses and were withdrawn from follow-
up because of death. In the studied groups, a significant
correlation was found between high CD68 and CD163 ex-
pression levels (p < 0.05). Thus, CD68 and CD163 may
be independent markers of predicted survival in patients
with MIBC who underwent radical cystectomy. The fin-
dings demonstrate the value of using tumor-associated

Table 1. Characteristics of bladder tumors in patients before radical cystectomy (n = 66)
Tabnuua 1. XapakTepucTuka onyxoneit MO4eBOro ny3bips Y NaLUMEHTOB 10 PaAUKaNbHON LMCTIKTOMUM (0 = 66)

Disease stage

Number of patients, n

Clinical stage
cT2 36 (54.5%)
cT3 18 (27.3%)
cT4 12 (18.2%)
Grade (biopsy)
G1 8 (12.1%)
G2 32 (48.5%)
G3 26 (39.4%)

DOl https://doiorg/10.17816/uroved567863
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Table 2. Characteristics of bladder tumors in patients after pathomorphological examination (n = 66)
Tabnuua 2. XapaKTepucTuKa onyxosieit MOYeBOro Ny3bips Y NaLMeHTOB Nocsie NaToMopgoI0rMieckoro UccneaoBaHus (n = 66)

Urology reports (St. Petersburg)

Parameter Number of patients, n
Stage of bladder cancer according to histology results
pT1 8 (12.1%)
pT2 30 (45.5%)
pT3 16 (24.2%)
pT4 12 (18.2%)
Grade (surgical material)
pG1 12 (18.2%)
pG2 28 (42.4%)
pG3 26 (39.4%)
Regional lymph nodes
pNO 22 (33.3%)
pN+/pNx 4t (66.7%)
Table 3. Expression levels of membrane antibodies CD68 and CD163
Tabnuua 3. YpoBeHb aKcnpeccum MeMopaHHbIx aHTuTen CD68 n CD163
Parameter Group 1 | Group 2 p-value
CDé68
Number of patients, n 30 (42.4%) 36 (57.6%) <0.05
Expression intensity 0.7+03 2.4+0.6 <0.05
Neoadjuvant chemotherapy, n 16 (32%) 34 (68%) <0.05
CD163
Number of patients, n 32 (45.5%) 34 (54.5%) <0.05
Expression intensity 0.6 +0.4 2307 <0.05
Neoadjuvant chemotherapy, n 18 (36%) 32 (64%) <0.05
macrophage markers to estimate postoperative sur- DISCUSSION

vivability. Moreover, survival rates may be affected by
concomitant diseases diagnosed before surgery, as well
as adjuvant chemotherapy performed in the postopera-
tive period. In this study, no patients received adjuvant
chemotherapy. Conversely, 50 (75.8%) patients received
neoadjuvant chemotherapy, which also significantly af-
fected the survival rates. Moreover, no statistically sig-
nificant differences were noted in the distribution of pa-
tients receiving neoadjuvant chemotherapy between the
groups (p < 0.05); therefore, the influence of this factor
on the analysis results was not significant. The study re-
sults revealed a predominance of TAMs in patients with
worse survivability, which may be due to the increased
potential of M2 macrophages and increased protumor
activity.

DOl https://doiorg/10.17816/uroved567863

Despite significant advances in recent years in the
surgical treatment of MIBC, the prognosis for patients
who underwent radical cystectomy remains virtually un-
changed [21]. The stratification of patients by risk groups
is necessary to determine subsequent treatment and di-
agnostic measures. The prospect of using biological pre-
dictors also involves predicting responses to neoadjuvant
chemotherapy and determining indications for adjuvant
treatment [22]. The estimation of the predicted survival
rate may allow for a more personalized approach to the
choice of subsequent treatment methods, which will im-
prove long-term oncological outcomes.

Sun et al. [23] analyzed the levels of infiltration,
TAM polarization, and their effect on the prognosis
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Fig. 6. Disease free survival and CD163 expression levels,
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and expected response to adjuvant chemotherapy and
PD-L1 inhibitor therapy in MIBC. They revealed that pa-
tients with elevated M1 macrophages had a better re-
sponse to immunotherapy, whereas infiltration by M2
macrophages contributed potentially to immunotherapy
resistance. Moreover, they noted that tumors with signifi-
cant TAM infiltration and an M2-like configuration were
characterized by immunosuppression, with an abundance
of oncogenic immune cells and immunosuppressive cy-
tokines. In another large study, Taubert et al. [24] exam-
ined the prognostic effect of TAM levels with responses
to adjuvant chemotherapy and predicted survivability in
patients with MIBC who underwent radical cystectomy.
In that study, monoclonal antibodies CDé8, CD163, and
CCL2 were used to diagnose TAM. The authors noted
the high prognostic significance of CDé8 for stratifying
patients according to the level of response to chemo-
therapy, taking into account pT and pN stages. Moreover,
high TAM levels correlated with worse survival rates but
better responses to adjuvant chemotherapy. Koll et al. [2]
analyzed the relationship between TAM levels and tu-
mor-infiltrating immune cells with survival rates and
responses to therapy in 101 patients who underwent
surgery between 2010 and 2020. The study used mul-
tiplex immunohistochemistry and multispectral imaging.
Antibodies CD68 and CD163 were used to verify TAMs.
They noted a high correlation between CD68 and CD163
levels, although some cells expressed CD163 in the ab-
sence of CD68. Increased TAM infiltration and high ex-
pression levels of CD68 and CD163 were associated with
worse survivability in the study groups. The researchers
noted the promise of using TAMs as biological predictors
and stated the need for a more accurate characterization
of TAM and M1/M2 polarization. Regarding the routine
use of immunohistochemical diagnostics of TAMs by de-
termining the expression levels of CDé8 and CD163 using
digital analysis, the authors believed that this method is
highly reliable [2].

The results correspond to the global experience in
this field. The present study also has some limitations.
The experimental group did not include patients receiving
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