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Introduction

In 2022, approximately 434,840 new cases of kidney 
cancer were documented globally, ranking it 14th in the 
hierarchy of oncological pathologies. Additionally, it 
occupied the 16th position concerning mortality, with 
155,953 deaths attributed to this malignant neoplasm [1]. 
The global incidence of kidney cancer is on the rise, with 
the most pronounced increases documented in developed 
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nations [2]. Well-established risk determinants for kidney 
cancer comprise advancing age, male gender, tobacco 
usage, hypertension, and obesity [3].

Diagnosing kidney cancer poses a considerable 
challenge due to the elusive nature of renal cell carcinomas, 
which account for approximately 85% of kidney cancers 
[4]. Traditionally, the clinical presentation of kidney 
cancer was associated with a triad of symptoms, including 
hematuria, pain, and the presence of an abdominal mass 
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[5]. However, contemporary understanding acknowledges 
that this classical triad is seldom encountered in clinical 
practice. Instead, symptoms, if manifested at all, tend to 
be nonspecific, vague, and often delayed in onset [6].

The paramount importance of early diagnosis in 
enhancing treatment outcomes is widely acknowledged 
in the medical community. Nevertheless, a significant 
proportion of patients still present with advanced-stage 
disease, underscoring the ongoing challenges in timely 
detection and diagnosis of kidney cancer. This underscores 
the critical need for heightened vigilance among 
healthcare providers and the general population alike to 
facilitate early recognition and prompt management of 
this malignancy.

Several prevalent malignancies, including colorectal, 
breast, prostate, lung, thyroid, uterine body, bladder, 
kidney/renal pelvis, skin melanoma, and non-Hodgkin’s 
lymphoma, have been linked to heightened susceptibility 
to kidney cancer within the initial five years post-
diagnosis [7, 8]. Prior investigations into breast cancer 
[9-11], colorectal cancer [12], lung cancer [13], thyroid 
cancer [14], uterine body cancer [15], and non-Hodgkin’s 
lymphomas [16] have revealed escalating incidence 
rates across all except lung cancer. This trend warrants 
heightened concern regarding the potential development 
of primary kidney cancer in these cancer cohorts. While 
increased surveillance, effects of radiation therapy, or 
genetic predispositions to certain cancers may offer partial 
explanations, further exploration is imperative to elucidate 
the persistent elevation in risk beyond the five-year mark.

The 8th edition TNM system of the American Joint 
Committee on Cancer, published in 2018, is widely used 
for staging renal cancer [17, 18]. In this system, T1 and 
T2 renal cancer classification is primarily determined 
by tumor size, with specific size thresholds delineated. 
Conversely, T3 and T4 stages consider factors such 
as invasion of peripheral fat, fatty infiltration of the 
renal sinus, encroachment on the pyelonephric system, 
involvement of the renal veins, and invasion of Gerota’s 
fascia or the ipsilateral adrenal gland, regardless of 
tumor size [19]. While the prognosis for kidney cancer 
is generally favorable [20-22], certain subtypes exhibit 
a less favorable outlook [23]. Primary tumor size stands 
as a crucial clinical parameter [24, 25], serving as one 
of the key determinants in TNM staging [26]. The 
TNM staging system continues to be the universally 
acknowledged foundation for predicting kidney cancer 
prognosis. However, this system primarily relies on factors 
such as tumor size, lymph node metastases, and distant 
metastases. Recent studies have identified large tumor 
size and advanced age (>75 years old) as risk factors [27].

The cancer registry of Kazakhstan employs this 
classification system to document the staging of kidney 
cancer cases. In this research endeavor, we aim to conduct 
a comprehensive analysis focusing on the age and sex 
demographics of kidney cancer incidence, stage-specific 
incidence rates, regional variations, and morphological 
verification indicators over a specified time period.

Materials and Methods

Data 
Incidences of novel cases of Kidney Cancer were 

derived from the Ministry of Health of the Republic of 
Kazakhstan’s reporting forms (form 7 and 35) spanning 
the years 2005 to 2019. The identification utilized the 
International Disease Code 10 with the code C64. The 
populace data was sourced from the Bureau of National 
Statistics, incorporating considerations of age and 
gender attributes along with administrative-territorial 
demarcations [28]. The report form provides data on the 
number of morphologically confirmed cases, the number 
of patients by stage. In oncological organizations, the stage 
of diagnosis was assigned based on clinical, imaging, and 
pathological information in accordance with the TNM 
classification.

However, in post-Soviet countries such as Kazakhstan, 
morphological verification of cancer does not always reach 
100% due to various factors, including the availability of 
medical resources and equipment. In this regard, our study 
also took into account other methods of cancer diagnosis, 
including radiological and clinical data. These methods 
play an important role in the diagnostic process and are 
often used in combination with morphological verification 
to more accurately determine the presence and stage of 
cancer. We acknowledge that this may introduce a certain 
degree of uncertainty into the results, but we emphasize 
that this practice is common and necessary in this context.

Statistical analysis
The primary approach employed in this investigation 

encompassed a retrospective study employing 
descriptive and analytical techniques within the field of 
oncoepidemiology. Age-standardized rates (ASR) were 
computed for eighteen distinct age strata (0-4, 5-9, ..., 80-
84, and 85+) by adopting the world standard population 
established by the World Health Organization [29], in 
accordance with guidelines provided by the National 
Cancer Institute [30].

The crude rate (CR) and age-specific incidence 
rates (ASIR) were computed employing the established 
methodology commonly utilized in sanitary statistics. 
The following statistical metrics were computed: annual 
averages (M, P), mean error (m), Student’s criterion, 
and a 95% confidence interval (95% CI). In statistical 
analysis, the mean error typically pertains to the average 
discrepancy between estimates and actual values [31]. 
Student’s criterion, often referred to as the t-test, serves 
the purpose of comparing means between two groups by 
utilizing the difference in means divided by an estimate 
of the standard error of the difference [31].

Additionally, the degree of approximation (R2) 
was ascertained. The level of approximation in linear 
regression assesses the proximity of the linear model to 
the original dataset. This metric gauges the extent to which 
the model aligns with the data and its capacity to predict 
dependent variable values with accuracy, predicated upon 
the independent variables.

In this study, we have refrained from presenting the 
fundamental calculation formulas, as these are extensively 
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(APC=+6.09). Conversely, in individuals aged 85 years 
and older, there was a marked decrease in incidence rates 
(APC=−8.08) (Table 1).

Temporal Trends in Kidney Cancer Incidence Rates
Throughout the entirety of the study period, there 

was a discernible trend towards an increase in the crude 
incidence rate of kidney cancer, rising from 5.8±0.2 (95% 
CI=5.4-6.2) cases per 100,000 in 2005 to 6.7±0.2 (95% 
CI=6.3-7.1) cases per 100,000 in 2019 (APC=+1.57). The 
average annual incidence rate over the 15-year period 
amounted to 6.0±0.1 (95% CI=5.8-6.3) cases per 100,000. 
Additionally, it was observed that both crude incidence 
rates in males and females displayed a tendency towards 
increase (APC=+1.40; R2=0.8104 and APC=+1.75; 
R2=0.6069, respectively), exhibiting a high level of 
approximation. The standardized indicators had some 
differences. The standardized incidence rate was 6.3±0.1 
(95% CI=6.1-6.5) with APC=+0.8 in the entire study 
population, 8.1±0.1 (95% CI=7.9-8.3) with APC=+0.6 
in men, and 5.0±0.1 (95% CI=4.8-5.3) with APC=+0.9 
in women.

Regional Variations in Kidney Cancer Incidence and 
Stage-specific Analysis

The regional incidence rates varied significantly, 
with the South Kazakhstan region (2.7~0.1) exhibiting 
the lowest incidence and the northern regions, namely 
Pavlodar (9.7~0.5), Kostanay (9.9~0.3), and North 
Kazakhstan (11.8~0.8), demonstrating the highest rates. 
Standardized indicators closely mirrored this distribution, 
although Astana exhibited the highest incidence rate 
(9.3~0.4). Across most regions, there was a discernible 
trend towards an increase in both crude and standardized 
incidence rates, except for two areas: the Kyzylorda and 
West Kazakhstan regions, where a decline was observed. 
Astana and the Kostanay region showed low growth 
trends, whereas the North Kazakhstan and Atyrau regions 
displayed the highest growth rates, with the approximation 
level nearing 1 (Table 2).

The empirical analysis delineates discernible trends in 
the incidence rates of kidney cancer across distinct stages. 
Specifically, there is a notable escalation in incidence rates 
from stage I–II (APC=+5.20). Conversely, a decrement 
in incidence rates is observed upon transition to stage III, 
indicated by an APC of −4.07. Moreover, the incidence 
rates exhibit a marginal decline in stage IV morbidity, 
denoted by an APC of −0.63. These observations, depicted 
in Figure 2, are indicative of discernible patterns in the 
epidemiological trajectory of kidney cancer, underlining 
the dynamic nature of its progression through distinct 
stages.

At the regional level, the incidence rates of stage І-II 
kidney cancer indicate lower rates in the southern and 
western regions (South-Kazakhstan, Almaty, Zhambyl, 
Aktobe, Atyrau, Mangistau, Kyzylorda regions) compared 
to the rest of Kazakhstan, with the highest rates observed 
in the Pavlodar (5.3~0.5) and North Kazakhstan (6.6~0.8) 
regions. Trends analysis revealed a decreasing trend in the 
Kyzylorda region (APC=−0.06) and the city of Almaty 
(APC=−0.23), while the East Kazakhstan (APC=+8.10), 
Karaganda (APC=+8.40), and North Kazakhstan 

elucidated within methodological guidelines and 
textbooks dedicated to medical and biological statistics 
[32, 31, 33]. The assessment of the incidence trend 
spanned a period of 15 years. This trend’s determination 
was carried out utilizing the least squares methodology 
and facilitated by the employment of the Joinpoint 
program (https://surveillance.cancer.gov/joinpoint/). The 
dataset was harnessed for the computation of the average 
percentage change (APC) through the application of 
Joinpoint regression analysis.

Ethics approval
The study encompassed an examination of publicly 

accessible administrative data and did not necessitate 
interactions with individual subjects. The study’s conduct 
received approval from the Local Ethics Commission of 
the Central Asian Institute for Medical Research.

Results

Demographic Characteristics of Kidney Cancer Cases
In a comprehensive study spanning the years 2005 

to 2019, a total of 15,277 cases of kidney cancer were 
meticulously documented. Among these cases, 8,202 
(53.7%) were reported in males, while 7,075 (46.3%) 
were observed in females. The age cohorts of 50-54 years, 
55-59 years, 60-64 years, and 65-69 years exhibited the 
highest numbers of reported cases of kidney cancer, with 
rates of 12.7%, 16.5%, 16.2%, and 13.9%, respectively.

Across the study period, a subtle yet discernible trend 
emerged in the average age of patients diagnosed with 
kidney cancer, depicting a gradual increase from 57.8±0.5 
years (95% CI=56.7-58.9) in 2005 to 59.8±0.4 years (95% 
CI=59.1-60.5) in 2019. The overall average age stood at 
58.5±0.3 years (95% CI=58.0-59.0), exhibiting a modest 
annual percentage change (APC) of +0.2. Further studies, 
stratified by gender, unveiled slight disparities in age 
trends. Among men, the average age was 58.2±0.2 years 
(95% CI=57.7-58.7) with an APC of +0.1, indicative of a 
relatively consistent pattern over time. Women exhibited 
a nearly identical average age of 58.8±0.4 years (95% 
CI=58.1-59.5), with an APC of +0.4 (Table 1).

Age-Specific Incidence Rates of Kidney Cancer
The highest age-specific incidence rates per 100,000 

were observed within the age groups of 60-64 years 
(29.3±0.9), 65-69 years (32.2±1.6), 70-74 years 
(31.7±1.2), and 75-79 years (28.9±1.4) Figure 1. 
illustrates the gender-stratified age-related incidence rates.

The incidence of kidney cancer exhibited varying 
trends across different age groups. Notably, between the 
ages of 60 and 84, there was a discernible increase in 
morbidity, with particularly pronounced growth observed 
in the age brackets of 65-69 years (APC=+3.40), 70-74 
years (APC=+2.40), and 80-84 years (APC=+2.07). 
Moreover, notable approximations were observed 
primarily within the first two aforementioned age groups 
(R2=0.6887, R2=0.6047, respectively). These trends were 
consistently observed across gender lines. Of particular 
interest is the observation that males within the 30-34 age 
group experienced a notable increase in incidence rates 
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Figure 1. Age-Specific Incidence Rates of Kidney Cancer in Kazakhstan, 2005-2019

Figure 2. Dynamics of Kidney Cancer Incidence by Stage in Kazakhstan, 2005-2019

(APC=+9.49) regions exhibited high growth rates, with 
an approximation level nearing 1. Similarly, the study 
of stage III kidney cancer incidence demonstrated lower 
rates in the southern and western regions and higher rates 
in the northern regions. Across all regions, there was 
a decreasing trend in the incidence of stage III kidney 
cancer, except for the Kyzylorda (APC=+0.51), Kostanay 
(APC=+1.32), and Atyrau (APC=+1.88) regions. 
Notably, the most significant decrease was observed in 
central Kazakhstan, particularly in the Karaganda region 
(APC=−9.84). Furthermore, the lowest incidence rates 
of stage IV kidney cancer were found in the southern 
and western regions (South-Kazakhstan, Mangistau, 
Kyzylorda, Almaty, Zhambyl, Atyrau regions). However, 
Almaty, North Kazakhstan, South Kazakhstan, Mangistau 
regions, and Astana showed growth rates over 15 years, 
with the highest growth detected in the Mangystau region 
(APC=+10.39) (Table 2).

Time Trends of Kidney Cancer Stage Distribution
In the temporal trajectory, the mean proportion of 

kidney cancer patients in stages I–II exhibited a notable 
increase, rising from 35.8% in 2005 to 69.1% in 2019 
(Figure 3), representing an annual average of 53.8%. 
Conversely, the proportion of patients diagnosed with 
stage III disease experienced a decline from 41.9% in 
2005 to 14.6% in 2019 (Figure 3), with an annual mean of 
26.7%. Over the same period, there was a decrease in the 
prevalence of patients with stage IV kidney cancer from 
21.3% (2005) to 16.0% (2019), with an annual average 
of 19.2%. Additionally, instances where the disease stage 
was unspecified were observed, constituting 1.1% of cases 
in 2005 and decreasing to an average of 0.3% throughout 
subsequent years.

This trend was consistently mirrored across various 
regions of Kazakhstan (Figures 4A and 4B). Notably, 
in certain regions (Aktobe – 47.8%, Almaty – 49.8%, 
East Kazakhstan – 48.2%, Kostanay – 42.8%), the mean 
proportion of stage I-II cases remained below 50%. 
And only in Almaty (16.4%), Atyrau (17.6%), West 
Kazakhstan (16.0%), Zhambyl (16.8%), Kyzylorda 
(13.6%), Mangystau (10.4%), North Kazakhstan (15.8%), 
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0.3224
0.9±0.1

−6.42
0.3915

0.4+0.1
10.39

0.2229
72.9+4.3

3.22
0.462

Pavlodar
9.7±0.5

3.14
0.538

8.1±0.3
1.58

0.2541
5.3±0.5

7.08
0.7949

2.3±0.2
−2.42

0.1384
1.9+0.1

−1.02
0.0126

58.4+2.9
2.28

0.3616

N
orth-K

azakhstan
11.8±0.8

5.03
0.7741

9.2±0.4
3.11

0.5959
6.6±0.8

9.49
0.8683

3.2±0.2
−1.60

0.0843
1.8+0.2

3.56
0.1152

66.9+2.4
1.72

0.3289

South-K
azakhstan

2.7±0.1
2.35

0.4403
3.7±0.2

1.47
0.2405

1.5±0.1
5.3

0.5974
0.9±0.1

−4.24
0.3529

0.3+0.1
4.08

0.1175
77.2+4.2

2.73
0.457

A
lm

aty city
7.2±0.2

1.76
0.3258

7.1±0.2
0.96

0.3514
4.1±0.2

−0.23
0.0006

1.9±0.2
−2.37

0.1439
1.0+0.1

−1.75
0.1262

58.5+4.7
4.26

0.4028

A
stana city

6.9±0.2
0.44

0.0083
9.3±0.4

0.32
0.0112

3.8±0.2
1.45

0.0689
1.6±0.2

−5.62
0.28

1.2+0.1
4.71

0.4434
78.5+3.4

2.5
0.5057

K
azakhstan

6.0±0.1
1.57

0.7424
6.3±0.1

0.78
0.3813

3.2±0.2
5.2

0.9466
1.5±0.1

−4.07
0.7282

1.1+0.03
−0.63

0.1145
68.8+3.04

3.59
0.9043

Table 2. Incidence of K
idney C

ancer by Stage and R
egion, 2005-2019

C
R

, C
rude Incidence R

ate; A
SR

, A
ge-standardized Incidence R

ate 
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Figure 3. Dynamics of Indicators of Early Diagnosis (stage I–II) and Neglect (stage III and IV) of Kidney Cancer in 
Kazakhstan in 2005-2019.

Figure 4A. Dynamics of Indicators of Stage I–II and Stage III and IV Kidney Cancer in Kazakhstan by Region, 
2005-2019
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Figure 4В. Dynamics of Indicators of Stage I–II and Stage III and IV Kidney Cancer in Kazakhstan by Rregion, 
2005-2019

South Kazakhstan (10.0%) regions, and in the cities of 
Almaty (14.1%) and Astana (18.4%), did the proportion 
of stage IV cases was below 20% on average over the 
study period. Within specific regions such as Aktobe, 
Almaty, East Kazakhstan, Kostanay, Kyzylorda, North 
Kazakhstan, South Kazakhstan, as well as in the city of 
Almaty, instances of kidney cancer cases with unspecified 
stages were recorded (Figures 4A and 4B). Notably, in the 
Kyzylorda region, such cases constituted 16.7% of cases 
in 2015, marking a significant observation (Figures 4B).

Morphological Verification and Diagnostic Practices
Throughout Kazakhstan, the level of morphological 

verification for newly diagnosed diagnoses was generally 
low. On average, the morphological verification level 
across the country was 68.8+3.04%. Notably, in 5 
(Akmola – 58.0+1.9%, Kyzylorda – 53.5+3.8%, Kostanay 
– 57.6+6.2%, Pavlodar – 58.4+2.9%) out of 14 regions and 

in the city of Almaty (58.5+4.7%), this indicator was even 
lower than 70%. In the remaining regions, the percentage 
slightly exceeded 70%, with the highest rates observed 
in the city of Astana (78.5%) and the Karaganda region 
(78.7%). Moreover, positive dynamics were observed 
in all regions during the study period, with an overall 
growth in the morphological verification indicator. The 
only exception was the Kyzylorda region, where a decline 
in the verification rate was noted (APC=−1.64) (Table 2). 

Discussion

During the investigated timeframe, there was an 
increase in the incidence of kidney cancer in Kazakhstan. 
This trend likely mirrors global patterns attributed to 
heightened exposure to risk factors and the incidental 
discovery of malignancies during imaging evaluations 
for unrelated medical concerns [2]. 
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Temporal analysis unveiled a consistent upward 
trajectory in crude incidence rates, albeit accompanied by 
regional disparities. Notably, northern regions exhibited 
elevated incidence rates compared to their southern and 
western counterparts. It is imperative to highlight that in 
certain regions, alongside the surge in early-stage kidney 
cancer incidence, there was also a concurrent rise in 
stage III and IV cases. Our interpretation suggests that 
these geographic variations may stem from unidentified 
environmental factors. Numerous studies have posited 
an augmented risk of kidney cancer linked to specific 
occupational and environmental exposures [34]. However, 
it is plausible that dietary practices within specific regions 
may contribute partially to the elevated incidence rates of 
kidney cancer. Therefore, concerted efforts are imperative 
to delve into the potential effects of these risk factors 
and their interplay. Establishing causal relationships 
necessitates dedicated investigations encompassing all 
plausible risk factors.

It is well-established that kidney cancer susceptibility 
is influenced by various factors including family history 
[35], male gender [2], age [2], hypertension [36], and 
a history of kidney disease [3]. Consistent with global 
trends, our analysis of kidney cancer cases in Kazakhstan 
revealed a higher prevalence among males compared to 
females. In kidney cancer, the incidence rates exhibit 
an age-dependent increase in both genders, with the 
highest rates typically observed among the elderly 
population [2]. The majority of cases were observed 
in individuals aged 50-69 years, indicating a potential 
age-related susceptibility to the disease. Furthermore, 
age-specific incidence rates exhibited peaks within the 
60-79 age groups, with a discernible increase in incidence 
observed among individuals aged 60 to 84. These findings 
underscore the importance of age as a contributing factor 
to kidney cancer incidence, suggesting a potential age-
related vulnerability to the disease within the population 
studied. 

Renal malignancies in the younger population 
represent a rare occurrence, albeit exhibiting a progressive 
trajectory over time. Incidence rates of kidney cancer 
among younger individuals are notably lower compared 
to the broader demographic [37]. Despite the recognized 
significance, scant attention has been directed towards 
comprehensive investigations of cancer prevalence 
within the younger demographic, as evidenced by the 
limited scope of prior large-scale inquiries [38, 39]. 
Our study brings to light a noteworthy surge in the 
incidence of kidney cancer within the 30-34 age bracket, 
particularly pronounced among males, where the growth 
rate reached +6.09. This finding substantiates earlier 
research endeavors [39-41], which similarly highlighted 
a substantial uptick in kidney cancer incidence among 
younger individuals. The congruence between our results 
and previous findings underscores the persisting trend 
of escalating kidney cancer incidence rates among the 
younger population.

In our investigation spanning an average duration of 
15 years, over 45% of individuals were diagnosed with 
diagnosed with stage III and stage IV kidney cancer upon 
initial evaluation. This phenomenon is primarily attributed 

to delayed detection of the condition. Consistent with 
international research, approximately sixty percent of 
all kidney cancer cases present asymptomatically [42], 
contributing to diagnosis at advanced stages, with over 
a quarter of patients exhibiting metastases upon initial 
diagnosis [43]. 

There has been a notable rise in the proportion of 
kidney cancer cases diagnosed at stages I-II over the 
study period, suggesting possible advancements in early 
detection methodologies. Our findings indicate that the 
upsurge in kidney cancer incidence primarily stems from 
heightened occurrences and quantities of localized tumors. 
These observations align with previous global studies 
[44-46]. which have also documented an escalation in 
localized disease prevalence. Such trends are attributed, 
in part, to the expanded utilization of imaging modalities 
facilitating early disease detection.

However, challenges remain in morphological 
verification practices, with overall low verification rates 
across the country, particularly in certain regions. While 
positive dynamics were observed in most regions, efforts 
are needed to enhance verification practices, particularly 
in regions with lower rates.

Kidney cancer stands as the most fatal urological 
malignancy, with a grim prognosis: approximately 50% 
of afflicted individuals succumb to the disease [47]. 
The five-year survival rate dramatically varies based on 
disease staging, with patients diagnosed at stage four 
facing a mere 12% chance of survival compared to an 
87% survival rate for those diagnosed at stage one [43]. 
The rising incidence of kidney cancer, coupled with a 
significant proportion of asymptomatic cases at the time 
of diagnosis and elevated mortality rates, highlights 
kidney cancer’s potential suitability for screening 
interventions based on established criteria. Globally, 
there is considerable attention focused on delineating 
the most effective approach for the early detection of 
this “latent” malignancy [48], which holds significant 
potential for cure when diagnosed in its nascent stages. 
A recent investigation into the early identification and 
management of kidney cancer has been highlighted as 
a foremost research imperative by both patients affected 
by kidney cancer, their caregivers, and seasoned clinical 
practitioners [49, 50].

Thus, for the first time, our study provides a detailed 
analysis of the incidence of kidney cancer in Kazakhstan, 
taking into account the stage of the disease, age, gender, 
and morphological verification. The findings underscore 
the importance of ongoing surveillance and targeted 
interventions to address regional disparities and improve 
diagnostic accuracy, ultimately contributing to better 
management and outcomes for kidney cancer patients.

Limitations of the study
It should be noted that in our study, morphological 

verification of cancer was not always utilized in 100% 
of cases. In the post-Soviet region, other diagnostic 
methods, such as radiological studies and clinical data, 
often complement or replace morphological verification. 
This can lead to a certain degree of uncertainty in the 
accuracy of diagnosis and classification of cancer stages, 
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representing an important limitation of our study.
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