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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Abstract.

Background: Lung cancer continues to be a significant
global health challenge, accounting for the highest cancer-
related mortality worldwide. Despite considerable advances in
understanding the disease and improving treatment modalities,
survival rates remain alarmingly low, largely owing to the high
incidence of lung cancer, which is predominantly attributable
to smoking. In Kazakhstan, key reforms in oncologist training
were introduced in 2008 and 2020 - replacing short-term
oncology courses with a standardized multi-year clinical
residency program - in an effort to improve the quality and
availability of specialized cancer care. This study evaluates the
impact of recent reforms in oncologist training in Kazakhstan
on the number and distribution of oncologists and examines the
correlation between these changes and lung cancer mortality
rates from 1998-2023.

Methods: Interrupted time series analysis (ITSA) using best-
fit epidemiological model was conducted to examine the impact
of medical education reforms on the number and PMP rates
of oncologists in Kazakhstan, as well as their impact on the
mortality of lung cancer patients.

Results: The lung cancer mortality rates per 100,000 population
ranged from 20.24 to 10.12, with a consistent downward trend
observed throughout the study period. The total number of
oncologists ranged from 499 to 1219, reflecting an increasing
trend throughout the study period. Significant disparities were
observed between urban and rural areas, with the number of
oncologists in urban settings being six times greater than that
in rural areas.

Conclusion: This study underscores the urgent need for
continued reforms in medical education and training to
strengthen the oncology workforce in Kazakhstan. The findings
reveal pronounced disparities between urban and rural regions,
as well as the adverse effects of abolishing short-term training
programs on rural areas. To address these challenges, targeted
policies are required to mitigate rural shortages, expand flexible
training opportunities, and introduce incentives that support the
recruitment and retention of specialists in underserved regions.
Such measures are critical to improving equity in access to
oncological care and reducing lung cancer mortality.

Key words. Oncologists, residency training, mortality of lung
cancer, interrupted time series analysis, Kazakhstan.
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Introduction.

Lung cancer continues to pose a significant global health
challenge, remaining the leading cause of cancer-related
mortality due to its high incidence and poor prognosis [1-3]. In
2022, nearly 2.5 million new cases were diagnosed worldwide,
with smoking accounting for approximately 85% of them [4-
6]. Central Asia, including Kazakhstan, bears a particularly
high burden of lung cancer, with notable gender and regional
disparities [7-9].

In response to increasing cancer incidence and workforce
demands, Kazakhstan has implemented reforms in medical
education. Since 2008, oncology residency programs have been
introduced, and in 2020, short-term oncology courses were
discontinued, leaving residency as the only qualification route
[12-13].

This study aims to evaluate the impact of these reforms on the
number of oncologists and examine their relationship with lung
cancer mortality from 1998 to 2023. The findings are intended
to guide future policy decisions in oncology workforce planning
and cancer care delivery

The introduction should briefly place the study in a broad
context and highlight why it is important. It should define the
purpose of the work and its significance. The current state of the
research field should be carefully reviewed and key publications
cited. Please highlight controversial and diverging hypotheses
when necessary. Finally, briefly mention the main aim of the
work and highlight the principal conclusions. As far as possible,
please keep the introduction comprehensible to scientists
outside your particular field of research. References should be
numbered in order of appearance and indicated by a numeral or
numerals in square brackets—e.g., [1] or [2,3], or [4-6]. See the
end of the document for further details on references.

Materials and Methods.

Study Design and Data Sources:

This retrospective study analyzed nationwide data covering the
years 1998-2023. The primary data source was official statistical
reports published annually by the Ministry of Health (MoH) [14].
The secondary data source comprised the "Electronic Register
of Cancer Patients" database and the statistical and analytical
materials titled "Indicators of the Oncology Service of the
Republic of Kazakhstan," published by the Scientific Council of
the Kazakh Institute of Oncology and Radiology [15]. Since the
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extracted data were reported in absolute numbers, population
estimates from demographic yearbooks published by the Bureau
of Statistics [16] were used to compute per capita rates.

Study units:

The study focused on two main units: the number of practicing
oncologists and the number of lung cancer deaths. Data on
the total number of oncologists practicing in Kazakhstan were
collected for the period 1998-2023. Information was also
obtained for oncologists working in urban and rural settings,
covering the years 2000-2023. Data on the total number of
cases of lung cancer death were similarly collected for the
period 2006-2023.

Study Formulas:

The per capita rate of oncologists was calculated on the basis of
the number of oncologists per million people in the population.
To determine this, the total number of oncologists was divided
by the midyear population and then multiplied by one million.
Similarly, the lung cancer mortality rate was calculated by
dividing the number of lung cancer deaths occurring annually
by the midyear population, followed by multiplying the result
by 100,000.

In addition, the number of lung cancer deaths per oncologist
was computed by dividing the annual number of lung cancer
deaths by the total number of practicing oncologists in the same
year.

To assess the impact of interventions, the mean change was
derived by subtracting the preintervention mean value from the
postintervention mean. This mean change, when expressed as a
percentage relative to the preintervention period, was calculated
by dividing the mean change by the before intervention mean
and multiplying the result by 100.

Statistical analysis:

IBM SPSS Statistics version 24.0 was used for the statistical
analyses, including time series tests [17]. The average annual
change and corresponding 95% confidence intervals were
computed to track variations over the study period. Interrupted
time series analysis (ITSA) was employed to evaluate the
influence of two key interventions: the introduction of a
residency program in 2008 and the discontinuation of short-
term training courses in 2020.

The ITSA model was applied to identify statistically significant
changes in the level and trend of the indicators before and
after key time points-namely, the introduction of the oncology
residency program in 2008 and the discontinuation of short-
term training in 2020. This method allows for the evaluation
of whether there was a shift in trend (e.g., acceleration or
deceleration in the growth of specialist numbers) and/or an
immediate change in the level of the indicator following the
implementation of educational reforms.

ITSA is particularly effective when long-term data are
available and the timing of the intervention is clearly defined.
These interventions were assessed for their impact on both the
number and per capita rate of oncologists. The Expert Modeler
function in SPSS identified the most suitable epidemiological
model, with the interventions classified as 'events' and
adjustments made on the basis of the model parameters. The
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percentage point change (PPC) was extracted to quantify the
effect of each intervention.

For future projections of oncologist numbers and lung cancer
mortality rates until 2030, the Expert Modeler function was
again employed to forecast values on the basis of the best-fitting
model [17]. Geographic visualizations of the mean oncologist
numbers and per capita rates, as well as lung cancer mortality
rates, were generated via QGIS 3.26 "Buenos Aires." Bivariate
Pearson correlation analysis was performed via SPSS to explore
the relationship between the mean number of oncologists and the
mean number of lung cancer-related deaths, with the correlation
coefficient 'r' and corresponding p- value reported. A p- value of
0.05 or less was considered statistically significant.

Ethics statement:

Prior to the beginning of the study, the Ethics Committee of
Semey Medical University reviewed the study protocol and
waived the requirement for informed consent (Minutes of
meeting #2 dated 12 December 2023).

Results.

Figure 1 shows a general upward trend in the total number
of oncologists as well as those practicing in urban areas since
2009 (A and B). After a period of temporary decline starting in
2017, these numbers sharply increased in 2019 but experienced
a notable decrease from 2021 onward. In contrast, the number
of rural oncologists (C) showed a rising trend from 2011-2018,
followed by a temporary dip, and then stabilized from 2019
onward.

Figure 1 Figure 1 illustrates the trends in the total number of
oncologists (A) and their per million population rates (B) from
1998-2023. Two key interventions are marked: the introduction
of the residency program in 2008 and the discontinuation of
short-term training courses in 2020, shown by gray dashed
lines. These points indicate shifts in both the total number of
oncologists and their availability relative to the population.

The number of oncologists practicing in rural areas (C) showed
a gradual increase from 42 in 2000 to 167 in 2023, with the most
notable growth occurring between 2011 and 2018, followed
by stabilization after 2019. The per million population rate of
oncologists in rural areas (D) demonstrated a similar pattern,
reflecting persistent shortages compared with urban settings
despite moderate growth. In contrast, the number of oncologists
in urban areas (E) fluctuated more significantly, ranging from
436 in 2000 to 1,052 in 2023, with marked increases after
2009 and again in 2019. The per million population rate of
oncologists in urban areas (F) consistently exceeded rural
levels, underscoring the pronounced disparity in the distribution
of oncology specialists between urban and rural regions.

Between 1998 and 2023, the total number of oncologists in
Kazakhstan exhibited significant variation, ranging from 499 in
1998 to 1,219 in 2023. An analysis of the periods before and
after the two major interventions revealed a notable increase in
the overall number of oncologists, with upward trends observed
in both urban and rural settings as well as in their corresponding
PMP rates (Table 1).

Interrupted time series analysis (ITSA) employing ARIMA
models revealed that the introduction of the oncology residency
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Figure 1. Oncologists' numbers and per million population rates (1998-2023).

Table 1. Descriptive statistics on the number of oncologists and their rates per million people are provided, and the effects of the introduction of
the residency program in 2008 and the cessation of short-term training courses in 2020 are examined.

Oncologists ‘Mean before intervention |Mean after intervention Mean change
Introduction of residency program
Total Oncologists 540.00 964.4 424.4
Urban Oncologists 502.37 840.62 338.25
Number Rural Oncologists 49 129.62 80.62
Total Oncologists 35.87 54.44 18.57
Per million population rates |Urban Oncologists 59.18 81.64 22.46
Rural Oncologists 7.44 17.08 9.64
Discontinuation of short-term training courses
Total Oncologists 738.36 1207.33 468.97
Number Urban Oncologists 662.9 1052.75 389.85
Rural Oncologists 91.8 157.5 65.7
Total Oncologists 44.81 63.22 18.41
Per million population rates |Urban Oncologists 70.48 92.55 22.07
Rural Oncologists 12.67 19.86 7.19
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program had a negative, though not statistically significant,
effect on the overall number of oncologists and their per
capita rates. This finding is underscored by the low stationary
R-squared value, indicating limited explanatory power. In
contrast, the discontinuation of short-term training programs
had a significant and adverse impact, particularly in rural areas,
where it led to a 3.2% reduction in the number of oncologists
and a 0.18% decrease in per million population (PMP) rates.
However, this intervention did not have a notable negative
effect on the total number of oncologists or their PMP rates in
urban areas or overall, as summarized in Table 2.
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Projections for the total number of oncologists, number of
urban oncologists and number of rural oncologists to 2030
suggest that they will experience an upward trend, whereas the
number of lung cancer deaths in Kazakhstan is likely to trend
downward (Figure 2).

Table 3 indicates that Kazakhstan is projected to have 1421
oncologists (95% CI: 975;1866) managing 3653 lung cancer
patients annually (95% CI: 2348;4958). Among these, 1300
oncologists (95% CI: 837;1940) are expected to be based in
urban areas, whereas 237 oncologists (95% CI: 119;428) are
expected to serve rural regions.
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Figure 2. The observed an projected rates of total oncologists (4), the rate of urban. oncologists (B), the rate of rural oncologists (C) and the lung

cancer mortality rate.
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Table 2. Descriptive statistics of lung cancer mortality and deaths per oncologist: the impact of the introduction of the residency program (2008)

and discontinuation of short-term training courses (2020).

Indicator Mean bef.ore Mean after intervention Mean change Me?n chang? relatefl to
intervention preintervention period, %

Introduction of residency program

Number of lung cancer deaths 3045.5 2567.75 -477.75 -15.69
Lung cancer mortality rate 19.78 14.68 -5.1 -25.78
Rate of total oncologists 35.87 54.44 18.57 51.77
Rate of urban oncologists 59.18 81.64 22.46 37.95
Rate of rural oncologists 7.44 17.08 9.64 129.57
Number.oflung cancer deaths per 5.64 266 208 5084
oncologists

Number of lung cancer mortghty 0.55 027 028 50.91
rate per rate of total oncologists

Number of lung cancer mortal}ty 033 0.18 0.15 _45.45
rate per rate of urban oncologists

Number of lung cancer morta_hty 266 0.86 -1.80 67.67
rate per rate of rural oncologists

Discontinuation of short-term training courses

Number of lung cancer deaths 2757.93 2141.00 -616.93 -22.37
Lung cancer mortality rate 16.44 11.07 -5.37 -32.65
Rate of total oncologists 4481 63.22 18.41 41.08
Rate of urban oncologists 70.48 92.55 22.07 31.31
Rate of rural oncologists 12.67 19.86 7.19 56.72

Number ofl}lng cancer deaths 373 177 1.96 5250

per oncologists

Number of lung cancer morta.hty 037 0.18 0.19 5207
rate per rate of total oncologists

Number of lung cancer mortahty 023 0.12 011 4872
rate per rate of urban oncologists

Number of lung cancer morta.hty 13 0.56 0.74 5704
rate per rate of rural oncologists

Table 3. The projected numbers and rates of total oncologists, urban oncologists, rural oncologists and lung cancer mortality for the years 2026

and 2030, accompanied by 95% confidence intervals.

Year Model parameters

Number fz(ﬁeé (95% CT*) fz(ﬁg (95% CT) Type of model ?lpha eved p value
Total oncologists (113(?154’ 1597) (1;7251’ 1866) ARIMA (0.1.0) 1.765 0.090
Urban oncologists (190368’ 1319) (15:?70, 1940) ARIMA (0.1.0) 2.025 0.055
Rural oncologists (117393; 236) (213179; 428) ARIMA (0.1.0) 2.079 0.049
;ffalcii‘;cer (152‘363; 259) (15356; 2226) ARIMA (0.1.0) 2.296 0.036
oRrilct:Zl(;;ti(s):sa 1 (6:79666, 80.27) (6533477, 93.28) ARIMA (0.1.0) 1.208 0.239
ORSEZl%fg?srtl;an (96046303, 124.41) (1505703?, 160.83) ARIMA (0.1.0) 1.082 0.291
51?;21(:);1;;1:: l ?1374369, 31.03) (31443900, 68.91) ARIMA (0.1.0) 1.839 0.079
xt:t;iftlyung Caneer ?6'?03 1;10.66) fé?jo; 9.50) ARIMA (0.1.0) -3.878 <0.001
*95% CI — 95% Confidence Interval
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Discussion.

This study aimed to assess the impact of medical education
reforms on the number of oncologists in Kazakhstan and
associated per capita indicators from 1998-2022. Specifically,
the analysis focused on the introduction of a routine oncology
program and the discontinuation of short-term advanced
training courses. Additionally, this study sought to examine the
relationship between lung cancer mortality and the distribution
of oncologists across the country. Overall, the number of
oncologists per capita ranged from 33.12-60.66, indicating
an increasing trend over the study period. Additionally, by
2023, the total number of oncologists had increased 2.44-
fold compared with that in 1998, with the number of urban
oncologists increasing by 2.41 times and that of rural oncologists
nearly quadrupling. A comparison of the mean values before
and after the two intervention periods revealed positive changes
in both the total number of oncologists and the number of urban
specialists, as well as in their respective per capita indicators.
After the introduction of the residency programs, the number of
oncologists in both urban and rural areas shifted from the prior
growth trend, without showing a true decline in absolute figures.

The adverse impact following the two interventions was
observed among rural oncologists. The findings of our study
should be integrated with those of other studies to achieve a
more comprehensive understanding of the issue.

The WHO Global Strategy on Human Resources for Health:
Workforce 2030 and the 2023 Global Health Workforce
Network reports emphasize integrated approaches to health
workforce development, calling for intersectoral collaboration,
long-term planning, and the alignment of educational outputs
with population health. These principles are highly applicable
to Kazakhstan’s efforts in strengthening oncology services and
should be considered in future national strategies [18]. The
implementation of measures proposed in this study to optimize
the distribution of oncologists and improve the accessibility
of oncological care can contribute not only to a reduction in
mortality rates, but also to an increase in patient satisfaction with
the quality of medical services. This is especially relevant given
the low level of patient satisfaction with healthcare, including in
specialized areas, identified in Kazakhstan. Thus, according to
the study by Dauletyarova et al., only 65% of women in Eastern
Kazakhstan remained satisfied with the quality of inpatient
obstetric care, despite the reforms, which indicates the need for
systemic improvement in the organization of medical services
and orientation to the needs of patients [19].

The per capita rate of oncologists in Kazakhstan surpassed
the estimated global average. According to 2018 statistics, the
number of oncologists per million population was 141 in the
United States, 115 in Germany, 60 in Australia, 52 in Spain,
43 in Canada, 40 in the Russian Federation, 21 in Poland, 18 in
China, and 7 in Turkey [20].

Several studies have documented similar problems in Armenia,
Kyrgyzstan, and Moldova, where medical education reforms,
migration of specialists, and funding constraints have influenced
the availability and geographic distribution of oncologists and
other specialized personnel. For example, in Armenia, oncology
workforce shortages are exacerbated by urban concentration
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and weak incentives for rural practice, despite national cancer
control initiatives [21]. Similarly, Georgia has seen growth in
the number of oncologists, but issues of uneven access and
delayed diagnosis remain due to fragmented service delivery
[22]. These findings underline the importance of comprehensive
and context-specific human resources policies.

Mathew A. and coauthors conducted a comprehensive global
survey of clinical oncology personnel, compiling data on the
number of professionals in this field across 93 countries from
30 different sources. The survey revealed that eight countries
lack a clinical oncologist to assist cancer patients. Alarmingly,
in 27 countries (29%), a single clinical oncologist cares for
more than 1,000 cancer patients [24]. According to our study,
in 2018, the number of oncologists was 58 per million people.
Overall, the per capita number of oncologists ranged from 499-
1219, reflecting an increasing trend throughout the study period.
Significant disparities were observed between urban and rural
areas, with the number of oncologists in urban settings being six
times greater than that in rural areas.

Furthermore, we incorporated international evidence to
contextualize our findings. Drawing on the experience of South
Korea, we note that the integration of WFME-aligned standards
into medical training, alongside national cancer strategies,
led to notable improvements in the quality of cancer care and
lung cancer survival rates. For instance, Korea has more than
doubled its five-year survival rate for lung cancer since the
early 2000s, partially attributed to improved training and early
detection initiatives [25,26]. These examples underscore the
importance of linking education reforms with broader system-
wide policies, including infrastructure investments and rural
workforce support.

Based on this comparative perspective, we now offer forward-
looking recommendations tailored to Kazakhstan’s context,
including the integration of oncology simulation training, rural
clinical rotations during residency, and continuous monitoring
of training outcomes.

An interesting finding is the presence of a strong and
statistically significant positive correlation between the average
number of oncologists and lung cancer mortality in Kazakhstan
during the period from 2006 to 2023 (r = 0.814, p <0.001).
While this result may initially appear paradoxical, it warrants
careful interpretation. One possible explanation is that the
increase in the number of oncologists may have been a response
to persistently high incidence and mortality rates of lung cancer,
rather than a factor contributing directly to their reduction [27].
The observed correlation between oncologist numbers and
lung cancer mortality should be interpreted with caution. This
relationship may reflect a temporal delay before new specialists
influence outcomes, improved diagnostics and registration
practices that increase reported mortality, and persistently high
smoking prevalence sustaining incidence. Thus, workforce
expansion is important but represents only one element of a
multifactorial strategy to reduce lung cancer mortality.

Moreover, an increase in the number of specialists does
not necessarily correlate with improved quality of care or its
equitable distribution, especially in rural and remote areas [28].
These observations highlight the need for a comprehensive



strategy to reduce lung cancer mortality - one that extends
beyond workforce expansion to include active prevention,
reduction of exposure to major risk factors (particularly tobacco
use and air pollution), enhanced public awareness, and improved
access to screening programs [29].

Lung cancer is a significant public health concern, causing
a considerable number of deaths globally. The global 2020
estimates of cancer incidence and mortality produced by the
International Agency for Research on Cancer (IARC) show that
lung cancer remains the leading cause of cancer death, with an
estimated 1.8 million deaths (18%) in 2020 [30]. In 2020, the
global lung cancer mortality rate was 23 per 100,000 people.
However, country-specific rates varied significantly: China
reported 49.4 per 100,000 people, Germany reported 60 per
100,000 people, Poland reported 72.5 per 100,000 people, Italy
reported 55.6 per 100,000 people, the USA reported 41.8 per
100,000 people, Canada reported 56.6 per 100,000 people, and
South Africa reported 13 per 100,000 people [1].

Baizhumanova A. et al. reported that in 2006, 17,608
Kazakhs died of cancer, accounting for 11.5% of all deaths
in Kazakhstan that year. Lung cancer was identified as the
leading cause of cancer-related mortality among both men and
women, accounting for 17.6% of these deaths. Additionally,
the authors reported a 25% decrease in cancer mortality over a
relatively short period, which the authors attributed to changes
in the socioeconomic conditions of the country. Between 1992
and 2000, Kazakhstan underwent a severe crisis following the
collapse of the Soviet Union, which led to significant cuts in
healthcare funding. These cuts resulted in a shortage of doctors,
a reduction in primary healthcare centers - particularly in rural
areas—and limited access to medical services, all of which likely
contributed to the increase in cancer mortality during that time.
However, from 2001-2006, Kazakhstan experienced greater
stability and implemented new healthcare reforms, which likely
contributed to the observed decrease in cancer mortality during
this period [31].

In studies conducted by Kaidar D. et al. in the Republic of
Kazakhstan, nationwide lung cancer mortality has decreased
by 17% since 2014, from 15.8 to 13.1 per 100,000 people.
This consistent year-over-year decline reflects the systematic
approach and effectiveness of the measures implemented. The
early detection of cancer has been identified as a key factor
contributing to the reduction in cancer mortality [29]. In
another study covering the period from 2009-2019, lung cancer
mortality in both sexes decreased significantly, by 38.8%,
from 20.1 per 100,000 in 2009 to 12.3 per 100,000 in 2019.
This decline was nearly consistent on an annual basis, with the
exception of 2012 [31]. For comparison, this study demonstrated
that the lung cancer mortality rates per 100,000 population
ranged from 20.24-10.12, with a consistent downward trend
observed throughout the study period. Additionally, a strong
and significant correlation was identified between the average
number of oncologists and lung cancer mortality.

Following its independence, Kazakhstan initiated reforms
in medical education, transitioning to the Bologna system. A
key aspect of this transition was the introduction of residency
programs in 2008. Another significant intervention was
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the discontinuation of short-term training courses in 2020.
The transition to the oncology residency program raised
concerns about a potential decline in the number of specialists
nationwide, particularly in rural areas. Our study confirmed
that, after the introduction of the residency programs, the
number of oncologists in both urban and rural settings deviated
from the previous upward trend, rather than showing a sustained
decrease in absolute terms. Thus, while the long-term trajectory
remained upward, ITSA revealed a short-term deceleration in
growth immediately after the implementation of the residency
program in 2008. Additionally, the discontinuation of short-
term training courses negatively affected both the number and
per capita availability of rural oncologists, although the impact
was not statistically significant. The main strength of this study
is that it represents the first investigation into the effects of
medical education reforms on the number and density of the
oncology workforce in Kazakhstan. Additionally, this study
provides a comprehensive analysis of both the national and
provincial contexts of lung cancer mortality. A major limitation
of this study is the aggregate nature of the data, which limits the
ability to conduct more detailed analyses and does not allow for
the inclusion of a number of significant factors at the individual
or institutional level.

Conclusion.

This study revealed substantial disparities in the distribution
of oncologists in Kazakhstan, with rural areas experiencing a
persistent shortage. Although the overall number of oncologists
increased during the study period, deviations from the growth
trajectory were observed after key reforms, particularly affecting
rural regions. To address these challenges, specific policies
are required to strengthen the oncology workforce: expanding
training opportunities, introducing flexible educational
formats, and providing targeted incentives for rural practice.
These measures are essential to improve equity in access to
oncological care and to support long-term reductions in lung
cancer mortality.
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