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Abstract

Introduction. Rectal cancer constitutes a sizable share of the oncology workload. Reliable interpretation of long- term
trends requires disentangling demographic forces from genuine changes in age- specific risk, particularly during program
roll- out and the service disruptions associated with COVID- 19.

The aim of the study is to quantify the separate contributions of population size, age structure, and age - specific risk to
rectal cancer incidence in Kazakhstan, 2005-2024, partitioned into five phases: pre- screening (2005-2010), early roll- out
(2011-2013), program stabilization (2014-2019), pandemic impact (2020-2021), and post- pandemic recovery (2022-
2024).

Material and research methods. A population- based retrospective study using the Ministry of Health Form No.7
(ICD- 10: C19-C21). We applied a seven- term decomposition with demographic components and risk- related terms; here,
“risk” denotes residual change in age - specific incidence after removing demographic effects.

Results. Over 2005-2024, 28,368 new cases were registered. The crude incidence rate (CR) increased from 7.80 to
9.13 per 100,000 (+1.34). Decomposition of CR yielded: Y Aa=+1.42, 3 Ar=-0.05, > Ara=-0.03 (per 100,000), indicating a
rise driven by population ageing with stable or slightly declining age-specific risks. By phase: 2005-2010 - declines in CR
and ASR due to AR<0; 2011-2013 - screening-related “peak” (Ar>0); 2014-2019 - CR rises while ASR falls, increase fully
demographic; 2020-2021 - compensatory increase versus 2020, yet 2021 below 2019; 2022-2024 — CR rises with a “flat”
ASR, contribution almost exclusively demographic. Age profile stable: ages 50-79 =80.7% of registrations.

Conclusions. The upward drift in crude incidence is primarily demographic, while true risk variation is phase - bound and
program- linked. Policy should prioritize resilient early- detection pathways, surge capacity for endoscopy, and routine
component- based surveillance focused on ages 50-79.
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Peslome
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5SHAO «Kasaxckui HauMoOHanbHbIM MeaULMNHCKUI yHuBepcuTeT um. C.[1. AccheHgusipoBar, r. AnmMartsl,
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8 KokweTayckuil BbICLUMIA MeAULIMHCKUI Konneax, r. KokweTay, Pecny6nuka KazaxcTah;

9 EBpasuitickuin yiusepcutet nmenu J1.H. Flymunesa, r. ActaHa, Pecny6nuka KasaxcraH.

BeepeHune. Pak NpsMOn KULIKW BHOCWT CyLLECTBEHHBI BKIag B CYMMapHYH0 Harpysky OHKONOrMYeckux 3abornesaHuii.
KoppekTHas uHTepnpeTaums BpeMeHHbIX psfoB TpeDyeT pasaentHoi OLeHKM aemorpaduyecknx ahheKTOB U NOSMHHON
OMHaMUKK BO3pPacT - creumndmnyeckoro pucka, 0CO6EHHO Npu pasBEPTbIBAHUM OPraHU30BaHHOTO CKPUHWMHMA U CTPYKTYPHBIX
orpaHuyeHnsx nepuoga COVID- 19.

Llenb uccnenoBaHMA: KONMMYECTBEHHO PasNOXUTb BkNag Aemorpadnyeckux aktopoB (YMCNEHHOCTb HaCeneHus u
BO3pacTHas CTPYKTypa) M BO3pacT- CMeLMUYECcKOro pucka B M3MeHeHWe 3aboreBaemMoCcTi pakoM MpsSMOMA KUMKW B
Kasaxctane B 2005-2024 rr., ¢ aHanu3om natv ¢as: [ockpuHuHrosblid atan (2005-2010), paHHee passéptbiBanue (2011-
2013), crabunusaums nporpamMmbl  (2014-2019), naHaemmyeckoe Boagencteue (2020-2021) w  nocTnaHaemMUYEcKoe
BocCTaHoBneHne (2022-2024).

Marepuanbi u meToAbl. [MonynsLMOHHOE PETPOCTEKTUBHOE UCCrefoBaHWe Ha OCHOBE OhULManbHOM OTYETHON opMbI
Ne 7 Munagpasa PK (MKB- 10: C19-C21). [Ins oLeHKM NHAMMKK YiCna CyYaeB NMPUMEHEHO KOMMOHEHTHOE Pa3NoXEHNe C
BblJENEHNEM CEMU (PaAKTOPOB.

PesynbTtartbl. 3a 2005-2024 rr. 3apernctpupoBaHo 28 368 nepeuyHbIX cnyyaes. [pybbliii nokasaTens 3abonesaemocTy
(T1) BeIpoc ¢ 7,80 po 9,13 Ha 100 000 (+1,34). Oekomnoauuus M1: cymmapHo Y Aa=+1,42, > Ar=-0,05, 3 Ara=-0,03 (Ha 100
000) — nmpumpocT 0bYCrOBREH CTapeHMeM HaceneHus Mpu CTabuibHbIX/Crierka CHUXAOLLMXCA BO3pacTHbIX puckax. [o
aranam: 2005-2010 — cHwkenme M1 n BCIT 3a cuét Ar<0; 2011-2013 — ckpuHnHroBbin «nnk» (Ar>0); 2014-2019 — poct M
npu cHkeHun BCTT, npupocT nonHocTbto Aemorpadmnyeckuit; 2020-2021 — komneHcaTopHblit pocT oTHocuTensHo 2020 r.,
HO ypoBeHb 2021 r. Huxe 2019 r.; 2022-2024 - poct [Tl npu «nnockom» BCII, BKNag nouTM MCKMOYUTENBHO
Jemorpadmyeckmin. BospacTHom Bknag ycroinums: 50-79 net =80,7% Bcex peructpauui.

BbiBoabl. [lonrocpouHbii pocT 3aboneBaeMoCTV OMpedensieTcsl rnaBHbiM 00pasoM CTapeHueM M YBENMYEHMEM
UNCNEHHOCTWN HACEeNeHWsl; W3MEHEHUS «UCTMHHOMO» pUCKA HOCHAT KPATKOBPEMEHHbIN XapakTep W COBMajawT C
NPOrPaMMHBIMM U OpraHU3aLMOHHBIMI CABUraMK. PekoMeHayeTcs BHeApsiTb YCTOWYMBOE KOMMOHEHTHOE HabmogeHue,
NnaHMpoBaTh PE3EPB MOLLHOCTU SHAOCKONUM U (hOKYCMPOBATL NPOCUNAKTUKY Ha koropTax 50-79 ner.

Knroyeenie crnosa: pak npsamol Kulku, 3abonegaemocms, MpeHdbl, KOMNOHEHMHbIU aHau3.
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1 ©wmip xaHe AeHcaynbIK FbINbIMAAPLI FbINILIMU-3ePTTEY OpTanbiFbl, KekweTay K., KazakctaH
Pecny6nukacbl Pecnybnukachbi;

2Central Asian Institute for Medical Research, AcTaHa k., KazakcTaH Pecny6nukachbi;

3 Asian Pacific Organization for Cancer Prevention, Biwkek K., KblpFbiacTaH Pecny6nukacsi;

4 AxyH6aeB aTblHAarbl Kbiprbiz MemnekeTTik MeauumHa Akagemusicnbl, Bilukek K., KbiprbiscTaH Pecny6nukachil;
5C. AccheHausipoB aTtbiHAarbl Kasak ynTTbiKk MeauuuHa yHUBepcuTeTi, Anmarthbl K., KasakctaH
Pecnyb6nukachil;

6 ActaHa meauuMHa yHuBepcuTeTi, AcTaHa K., KasakctaH Pecny6nukacsi;
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Kipicne. Tik iek kaTepni iciri OHKONOTUANbIK KbI3METTiH, eneyni GeniriH Kypanabl. ¥3ak Mep3iMai AMHaMukaHb! LypbIC
TyCiHAIpY YLWiH Jemorpaduanblk acepnepai Xac- epeKwenik kayinTiH, HakTbl e3repiCiHeH axblpaTy KaxeT, acipece
CKPUHWHITI eHridy xaHe COVID- 19 kesiHaeri KbI3METTiH, LLEKTENYi xaraablHaa.

3eptTey makcatbl: 2005-2024 xok. KasakcTaHgasbl TiK iluek KaTepni iCiriHiH, aypyllanablFblHA XamblK CaHbl, Xac
KyPbINbIMbI XaHE Xac- epeKwenik KayinTiH, yneciH 6enek- benek caHablk 6aranay; ke3eHaik Tangay: CKPUHUHIKE AEMiHTi
(2005-2010), 6acrankbi eHridy (2011-2013), 6argapnamanblH, TypakTaHybl (2014-2019), naHgemuanbik acep (2020-2021)
aHe nocTnaHaeMusAnbIK kanmbiHa keny (2022-2024).

3eptTey matepuanpapbl MeH agictepi. KP [ICM Ne 7 HbicaHbiHbiH, (MKB- 10: C19-C21) pepekTtepiHe HerisgenreH
PETPOCMEKTUBTI  MOMyNAUMANbIK 3epTTey. JKeTi KOMMOHEHTTEH TypaTblH KOMMOHEHTTIK [EKOMMO3ULUMS KONAaHbINab!:
JemorpadmsnbIk XaHe aypy gaymybl KayiniHe 6aiinaHbICTbI.

Hatuxkenepi. 2005-2024 xox. apanbifbiHaa 28 368 xaHa xaraan Tipkengi. Katax aypywanabik, (KA) kepceTkiwi 7,80-
neH 9,13-ke peinin (100 000 TyprbiHFa; +1,34) ecri. Jekomnosuuyns: > Aa=+1,42, > Ar=-0,05, > Ara=-0,03 (100 000
TypFblHFA) — ©CY XarnblKTblH, KapTatobIMeH TyCiHAipiNesdi, an xac-epekiienik Toyeken TypakTbl HEMECE Can TeMeHAeyae.
Kesenpep 6oibiHwa: 2005-2010 — KA xaHe xacka craHgapTTanfaH aypywanabik (KCA) TemeHgeyi, Ar<0; 2011-2013 -
CKpUHWHIKe BanlnaHbiCcTbl «waknaky (Ar>0); 2014-2019 — KA ecin, XKCA TeMeHgeigi, eCiM TonblkTan aemorpacusnbik;
2020-2021 - 2020 xbinmeH canbicTbipraHga eTemaik ecy, bipak, 2021 gewnreii 2019-paH TemeH; 2022-2024 — «Tericy
KCA ascbiHpa KA-HbIH, ecyi, ynec aepnik Tek gemorpacdusMeH aHbikTanagbl. XKac KypbiibiMbl TypakTel: 50-79 xac
=80,7% Tipkenimaep.

Tyxbipbimaap. XXannbl aypylwangbikTassl eciMHiH, 6ackiM Geniri aemorpadmsnbIk hakTopnapmeH TyCiHAipineai;
HaKTbl KayinTiH, e3repici Kbicka Mep3iMai xaHe baraapnamansik, esrepicTepMeH GainaHbICTbl. SHAOCKOMUAMBIK KbI3METTiH,
oTKi3y KabineTiH kyLuenTy xaHe 50-79 xac TonTapbiHa HafbiTTanFaH KOMIOHEHTTIK MOHUTOPUHITI XyWAeni Xypridy Kaxer.

Tylin ce3dep: mik iwekmiy kamepni iciei, aypywarOblk, mpeHOmep, KOMNOHeHMMik manday.
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Introduction

Colorectal malignancies - especially tumors of the
rectum—continue to account for a large share of the global
oncologic workload [12]. In 2020, international compilations
indicated that colorectal cancer occupied the top tier of
cancers by occurrence and was among the leading causes
of cancer death [2]. The steady accumulation of prevalent
cases reflects both longer survival and an ongoing inflow of
newly diagnosed patients [5]. Against this backdrop,
population ageing and lifestyle-related exposures (dietary
patterns, excess weight, insufficient physical activity)
interact with unequal access to prevention and early
detection, shaping country-specific burdens [9]. Looking
ahead, modelling exercises consistently anticipate further
growth in case counts, which highlights the practical need to
enhance screening pathways, streamline patient flows, and
maintain fit-for-purpose epidemiologic surveillance systems
[19].

Patterns remain highly uneven across settings: age-
standardized incidence tends to be greatest in high-income
health systems and lower in parts of Asia, yet secular
changes in lifestyle and expanding diagnostic capacity are
narrowing these gaps [8, 15]. Importantly, summary metrics
alone cannot distinguish how much of the observed change
comes from shifting demographics versus true alterations in
age-specific risk or screening effects. Accordingly, methods
that separate demographic components from risk dynamics
are essential for credible trend interpretation.

In Kazakhstan, CRC and rectal cancer in particular —
represents a public health priority: thousands of new cases are
registered annually, and the disease contributes substantially to
the national cancer burden [5]. Growth in the absolute number
of recorded cases coexists with improvements in quality
indicators of oncologic care, partially atfributed to the
development of organized screening and strengthening of
oncology services [1, 20]. At the same time, structural
demographic transformation (increasing share of older adults)
and regional disparities in diagnostic access call for analyses
that disentangle the demographic backdrop from changes in
the underlying risk of disease. A prior nationwide component
analysis of CRC incidence documented upward trends across
all regions, with increases explained predominantly by
demographic factors — population growth and shifts in the age
structure [10].

Kazakhstan’s organized CRC screening began in 2011
with a two-step pathway (iFOBT followed by diagnostic
colonoscopy for positives) and later expanded age
eligibility. As documented internationally, program initiation
often produces a short-term rise in detected disease due to
lead-time and depletion of the preclinical reservoir, which
then stabilizes. Service reconfiguration during COVID-19
likely influenced endoscopy capacity and screening
coverage, complicating interpretation of routine metrics [13].
In this study, we conduct a component analysis of long-term
rectal cancer incidence dynamics in Kazakhstan to quantify
the respective contributions of demography and disease
risk across program phases and within the context of
pandemic constraints — pre-screening (2005-2010), early
rollout (2011-2013), program stabilization (2014-2019),
pandemic impact (2020-2021), and post-pandemic
recovery (2022-2024). This design enables (i) separation of
demographic drivers from the true dynamics of risk, (i)

quantitative assessment of phase-specific screening
effects, and (iii) characterization of the magnitude of
pandemic-related  underdiagnosis and  subsequent
compensation.

Materials and Methods

Cancer registration and case ascertainment

We ascertained incident rectal cancer from the Ministry
of Health reporting system (Form No. 7), which consolidates
the population-based registry. Eligible records were first
primary tumors registered between 2005 and 2024 and
coded as C19-C21 (ICD-10).

Population denominators

Population denominators used for rate calculations
were sourced from the Bureau of National Statistics of the
Agency for Strategic Planning and Reforms of the Republic
of Kazakhstan. We used mid- year totals for each calendar
year; all figures are publicly accessible [3].

Study design and setting

This was a registry-based, retrospective ecological
analysis at the national level. We applied a repeated cross-
sectional time-trend framework with a seven-term
component decomposition across pre-specified program
phases and the COVID-19 interval. Reporting followed
STROBE principles for observational studies using routinely
collected data.

Statistical analysis

We calculated ASR using eighteen five-year age strata
(04 through =85) and the 2013 WHO world standard
population. Alongside ASR, we tabulated crude and
extensive rates, annual means with standard errors and
95% confidence intervals, and the average annual percent
change (T, %) [6, 11].

Long- term temporal dynamics were described using
ordinary- least- squares models applied to annual
indicators. To attribute changes in the number of cases, we
used a seven- term decomposition separating demographic
drivers from residual risk components, with the latter
reflecting shifts in age- specific incidence that may arise
from etiologic change or ascertainment intensity [4].

We express the net change in case numbers as the
sum of seven terms. Three capture purely demographic
forces: (i) the shift in total population size (Ap); (ii) the
shift in age composition (Aa); and (iii) their joint
interaction (Arxa). A fourth term isolates the contribution
of altered disease risk, independent of demography (Ar).
The remaining three terms quantify how changes in risk
combine with population growth and ageing—namely the
interactions of AR with AP, with AA, and with both
simultaneously. In this framework, “risk of disease” is
defined as the residual change in age-specific incidence
after removing demographic effects, and may reflect
etiologic influences as well as diagnostic and
ascertainment intensity.

Symbols and abbreviations used: AC — absolute count;
An (ASP) - age structure of the population; Ar (PS) —
population size; Ar (RD) - risk of disease.

Ethics approval

We analyzed only de-identified, publicly available
administrative data and did not contact individuals. The
study protocol was reviewed and approved by the local
ethics committee of the Central Asian Institute for Medical
Research.
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Results

Overall picture (2005-2024). Over the 20-year period,
28,368 new rectal cancer cases were registered. The
annual case count increased from 1,181 in 2005 to 1,830 in
2024 (minimum - 1,132 in 2008; maximum - 1,893 in 2023;
median — 1,434 per year).

10 1

per 100 000
oo

The age profile was strongly right-skewed: individuals
aged 50-79 accounted for ~80.7% of registrations (50-54:
9.0%; 55-59: 13.3%; 60-64: 16.2%; 65-69: 17.0%; 70-74:
14.7%; 75-79: 10.4%).

The crude incidence rate increased from 7.8 to 9.13 per
100,000 (+1.34 per 100,000; Fig. 1).

T=+1.2%; T=+0.2%;

R2=0.7030 R2=0.0752
6 T T T T T T T T T T T T T T T T T T 1
. N ™ N 3
F S ST S ST 5P P

—— Crude incidence rate

---O--- trend of CR

Figure 1. Long-term rectal cancer incidence in Kazakhstan, 2005-2024.

Component decomposition of the CR increase indicated
a dominant demographic contribution: the age-structure
term (3 Aa) was +1.42 per 100,000, whereas risk of disease
term (3Ar) was -0.05 per 100,000, and the joint age
structure x risk term (3 Ar+a) was —0.03 per 100,000.

In counts, the total increase was +649 cases (1,181 —
1,830). Decomposition of AN:

¢ Population growth (Ap): +381 cases (+32.3%);

o Shift in age structure of the population (Aa): +215
(+18.2%);

o Joint effect Ap+a: +69 (+5.9%);

e Change in risk of developing disease (Agr): -7
(=0.6%);

e Interactions: Ar x Ap -2 (-0.2%), Ar x An -5
(=0.4%), Ar x Ap x Ap =2 (=0.2%).

Taken together, these findings confirm that the primary
driver of the increased burden is demographic

(population growth and ageing), whereas the “pure” risk
component shows no sustained long-term increase.
Periods. Pre-screening period (2005-2010). The CR
declined from 7.80 to 7.28 per 100,000 (-0.52 per 100,000,
-6.7%), and the ASR decreased from 7.80 to 7.31 per
100,000 (-6.2%). The total number of cases was virtually
unchanged: 1181 — 1179 (AN=-2). The overall reduction
in the CR ( -0.52) was driven primarily by the risk
component (Ar=-0.48), with a small negative contribution
from age structure (Aa=-0.07); their interaction term was
mildly compensatory (Ar:a=+0.04) (Table 1). Thus, the
observed decline reflects a true decrease in age-specific
incidence, rather than demographic shifts. Although
population growth generated a potential increase of +82
cases, this was fully offset by a decrease in risk (-73 cases)
and an unfavorable redistribution by age (-11 cases), with
minimal cross-effects overall (= 0) (Tables 2, 3).

Table 1.

Decomposition of changes in rectal cancer incidence (rates per 100,000), 2005-2024.

Incidenc rate. %ous Changes in incidence, %0000

Periods ’ Total Including due to

P4 P, (P1—P3) A AR Ara
2005-2010 P=7.8 P=7.3 -0.52 -0.07 -0.48 +0.04
2011-2013 P=7.55 P=8.37 +0.82 +0.15 +0.60 +0.08
2014-2019 P=8.44 P=8.79 +0.35 +0.70 -0.36 +0.003
2020-2021 P=7.90 P=8.50 +0.60 +0.12 +0.50 -0.02
2022-2024 P=8.78 P=9.13 +0.35 +0.32 +0.01 +0.02

Aa - age structure of the population. Ar - risk of disease.

Ara — combined effect of disease risk and population age structure.

Early rollout of screening (2011-2013). During 2011-
2013, concurrent with the rollout of screening, a clear
increase in incidence was observed: the crude rate rose
from 7.55 to 8.37 per 100,000 (total increase +0.82 per

100,000), which cannot be attributed to demography alone
(Table 1). The component decomposition confirms
dominance of the risk component (+0.60) with a moderate
accompanying contribution of age structure (+0.15) and a
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small positive interaction (+0.08). The rise from 1,241 to
1,415 cases (+174) decomposed into +98 due to change in
risk (56.6% of the increase), +35 due to population growth
(20.4%), and +24 due to population ageing (13.7%) (Tables
2,3). Taken together, this reflects the typical early-screening
phenomenon of depleting the preclinical pool (lead time),
yielding a short-term rise in incidence indicators.

2014-2019 (program stabilization). In 2014-2019, a
“stabilization” phase was observed: with a modest rise in
the crude rate from 8.44 to 8.79 per 100,000 (+0.35 per
100,000), the age-standardized rate decreased from 8.44 to
8.08 per 100,000, while case counts increased from 1,449
to 1,617 (+168) (Tables 1,2). The component
decomposition indicates a demographic pattern: the rise in
the crude rate was generated by age structure (+0.70),
whereas the risk component was negative (-0.36). In
counts, demography almost entirely explains the increase;
+104 from population growth, +120 from ageing, and +9
from their joint effect; change in risk contributed a

dampening effect (-62; interactions involving risk were
slightly negative overall) (Table 3). In other words, after the
initial screening-related uptick, the depletion effect waned
and demographic drivers predominated, alongside a
tendency toward declining age-specific incidence.

Pandemic impact (2020-2021).Amid partial restoration
of diagnostic activity after the 2020 downturn, the crude rate
increased from 7.90 to 8.50 per 100,000 (+0.60 per
100,000) (Table 1). The period was characterized by
dominance of the risk component (+0.50), with a moderate
contribution from age structure (+0.12) and a small negative
interaction (-0.02). Case counts rose from 1,471 to 1,604
(+133), 69.4% of which is attributable to change in risk
(+92), while population growth (+20) and ageing (+23)
contributed 32% in total; cross-effects were minimal. Thus,
within 2020-2021, a compensatory (“catch-up”) effect in
detection predominated; nevertheless, the 2021 level
remained below the pre-pandemic 2019 level (8.50 vs 8.79)
(Table 2).

Table 2.

Component analysis of rectal cancer incidence in Kazakhstan, 2005-2024.

Indicators Registered cases (m) Popuafion size (V) | Crude incidence rate (P;) \ Age-standardzed incidence rate (P} | Expected number of cases
2005-2010
Totd nas=1181 njf‘_?ﬂ N 15147009 | Moo=16203274 | Puo80 | Puel28 | Pips =780 | Py =731 Efnan=1292
T3 — Mag10 NE:_N;‘..-‘. Pg.:.g_P.;.g Ly
Change | ————100=—-02% | 2= 1504700 | 22 yp0=—g79 | 25 _T0100= 629
D05 Naogs Pagos chno:
2011-2013
Tod R =1241 ”5 WU\ =140 | Moo= 16010086 | PS5 | Pucbd Py =755 | Piy3 =815 Efnzrg=1301
T [ Py =Py Pii=P5
Cange | ————100=+140% | Z_2U100- 4y | L Wyo0- 4qggu | L Wyg0- 170y
Thon 2011 2011 quu
2014-2019
T | onets || NS | MostOOT | Purbh | PcdT) | By =044 | P=808 Einarg=1682
M504 — Dyg Npgs = Nyg Pog1a =By P - B
Cange | ————100=+116% | 2000 470 | L Hygg_ 4qe | M Wy50- g3y
Tog14 Nzau 2014 2014
2020-201
Total N 1471 o= 1604 | Noo= 18631779 | Noo=18078966 | Parr=790 P850 | Pipp=790 | P, =839 Efpan=1514
Ny926 — Mg N .»x—N‘ P‘..-\_P.»‘. c.-w_ c‘
Change | ————100=+9.0% | 22 100=413% | =2 22100= 476% B B 0 _ 3
g9 Nyozg Pruzo ZCLZ\.
2022-2024
Totd nEIT3 | nae1830 | Nop=19503189 | Mopm20033842 | Pu=878 | P03 | P5,, =878 | Py =879 Efnas=1826
1027 ~ My Nogos = Nogas Prszs = Pgas Pz — P
Onge | ————100=+68% | 2 Moo= ppgy | ZETygg- g0y | 22 _y00= 401y
12022 Nooz2 Pz Pz

Post-pandemic recovery (2022-2024)
In  2022-2024, a post-pandemic consolidation was
observed: the crude rate rose from 8.78 to 9.13 per 100,000
(+0.35 per 100,000) alongside an essentially flat age-
standardized rate (8.78 — 8.79, +0.1%), i.e., without a
substantive increase in risk of disease. Component
decomposition confirms the demographic nature of the
crude-rate increase: age structure +0.32, risk +0.01,

interaction +0.02. Case counts increased 1,713 — 1,830
(+117), 96% of which is explained by demography (+47
from population growth and +63 from ageing; joint effect
+2), while change in risk contributed only +2 cases (=1.7%
of the increase). Overall, this indicates a return to a stable
level of detectability, with demographic drivers
predominating and the prior catch-up effect largely
exhausted.
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Table 3.
Contributions of demographic and risk components to case counts (%), Kazakhstan, 2005-2024.
KomnoHeHTbI npupocTa Yncna 3aboneBLumx Change, %
3a CYeT: 2005-2010 | 2011-2013 | 2014-2019 | 2020-2021 | 2022-2024
1. Growth PS
A= Ny —N,; +7.0 +2.9 +7.2 +1.3 +2.7
P= N1
N,
2. Changes ASP
N -0.9 +1.9 +8.3 +1.5 +3.7
Ag= N—:(E(nz) —n; — Ay
3. Combined effect of changes in PS+ASP
Ao = N; — N, A -0.1 +0.1 +0.6 +0.02 +0.1
PA= N, A
> 1:3=16.0 Y13=t48 | 1371161 | >15=+2.9 > 13=+6.5
4. Change in risk of disease (RD)
A — NI(PE _ Pi) X 10—5 _62 +79 _43 +63 +O1
R
5. Combined effect of changes of RD+PS
_N;-N, -04 +0.2 -0.3 +0.1 0.00
RP— R
Ny
6. Combined effect of changes of RD+ASP
Ao = N; — N, +0.5 +1.0 +0.04 -0.2 +0.2
RA— N R
1
7. Combined effect of the changes
RD+PS+ASP
N, 5 +0.03 +0.03 0.00 0.00 +0.01
Apap= N. n; —ny —Z
2
x=1
> 47=-6.1 Y47=19.2 d47=-4.5 > 47=16.1 >47=+0.3
Total > 1-7 -0.2 +14.0 +11.6 +9.0 +6.8
Discussion 3. Program stabilization (2014-2019). Declining ASR

Our 20-year analysis shows that the increase in rectal
cancer incidence in Kazakhstan (2005-2024) was driven
predominantly by demographic forces (population ageing
and growth), whereas risk component overall remained
stable or slightly declined. Two short-lived positive “risk”
peaks were observed — at screening rollout (2011-2013)
and during the pandemic window (2020-2021). This phased
profile aligns with the expected dynamics following
implementation of organized screening (lead-time and
depletion of the preclinical pool with subsequent
stabilization) [18].

Stage-specific interpretation in context of the literature.

1. Pre-screening (2005-2010). Concurrent declines in
CR and ASR with an almost unchanged case count indicate
a moderate reduction in age-specific incidence in the
absence of external interventions — a typical “pre-reform”
background in which behavioral and clinical-diagnostic
factors shape risk while demography exerts a weak
countertrend. Globally, this matches evidence that CRC
variation is strongly tied to age structure and exposure to
risk factors [17].

2. Early rollout (2011-2013). We observe a classic
screening-related surge: ASR increases and the risk
component dominates against a moderate contribution of
age structure — an established pattern at the start of
organized CRC screening (heightened detectability and a
shift in time-to-diagnosis). International reviews and network
meta-analyses document short-term increases in detection
after adoption of organized programs, particularly with
FIT/IFOBT and expanded colonoscopy capacity [14, 18].

alongside a modest rise in CR and a negative risk
component indicates attenuation of the initial screening
effect and demographic predominance. Similar profiles are
reported in settings with mature programs, where further
increases in crude incidence are largely demographic while
the risk component stabilizes or declines. For Kazakhstan,
earlier studies documented upward trends in recorded
cases across all regions with substantial roles for
demography and risk, consistent with our component
decomposition [10].

4. Pandemic impact (2020-2021). The 2020 drop and
partial recovery in 2021 feature a positive risk component
over 2020-2021, yet levels remained below pre-pandemic
benchmarks; this mirrors international series showing sharp
reductions in screening/endoscopy in 2020, diagnostic
delays, and a partial rebound in 2021 based on systematic
reviews, SEER-based analyses, and multi-site studies [7].

5. Post-pandemic recovery (2022-2024). A flat ASR
with a modest rise in CR and near-exclusive demographic
contributions indicates exhaustion of the catch-up effect and
return to baseline detectability; analogous plateaus after
2021-2022 are reported in large health systems as
screening coverage stabilizes [16].

Implications for policy and practice.

(1) Sustaining screening resilience. Ensure reserve
endoscopy capacity and flexible pathways (broader use of
home-based iFOBT) to buffer shocks during crises.

(2) Focus on ages 50-79. These cohorts account for
the bulk of cases; resource allocation should follow the
region-specific demographic profile.
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(3)  Component-based  monitoring.  Routine
decomposition into size/structure/risk should become a
KPI for oncology services, allowing separation of true risk
changes from demographic artifacts and correct
interpretation of rising CR with stable/declining ASR.

(4) Population communication. Post-COVID
compensation does not warrant over-diagnosis; stable
coverage and targeted outreach to groups who missed
screening in 2020-2021 are key.

Strengths and novelty. (i) Nationwide scope and a
long observation window (2005-2024); (i) a formal
component (decomposition) analysis with phase-specific
periodization, enabling quantitative  separation  of
demography from risk; and (iii) explicit positioning against
international  screening trends and COVID-related
disruptions. Unlike aggregate trend summaries, our
approach elucidates the mechanisms and temporal
structure of change.

Limitations. Potential variation in registration
completeness across country/years and heterogeneity in
screening quality metrics (coverage, FIT positivity,
colonoscopy completion, stage distribution), as well as lack
of individual-level risk factors. The COVID period may have
involved patient selection and stage delays, potentially
biasing short-term estimates. These limitations are typical
for national registries and are discussed in the international
literature on pandemic effects on oncology indicators.

Conclusions. In Kazakhstan’s rectal cancer incidence
dynamics, demography is the principal determinant of the
increase in crude rates, while risk changes manifest in
phases—at screening initiation and during compensatory
recovery after the pandemic. This configuration is
consistent with global evidence and underscores the need
for robust early-detection programs, contingency-ready
capacity, and routine component-based surveillance to
correctly interpret incidence trends.
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