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Abstract. The primary aim of this study is to conduct a comprehensive comparative
evaluation of the accuracy, clinical effectiveness, and applicability of the TNM, Nottingham
Prognostic Index (NPI), and other international prognostic models based on biological and
pathological parameters in predicting breast cancer outcomes within the oncology service of
Kazakhstan. This retrospective study was conducted using data from the national cancer registry
and medical records of regional oncology centers for the period 2015-2025. Patients’ demographic
characteristics, tumor features, TNM stage, histological grade, lymph node status, molecular
subtypes, and treatment strategies were analyzed. Statistical analysis was performed using SPSS
and R software. The expected findings may indicate that relying solely on the TNM scale as an
anatomical classifier is insufficient for prognostic assessment of breast cancer in Kazakhstan.
Gradual implementation of the Nottingham Prognostic Index in clinical practice may improve risk
stratification, support more personalized treatment selection, and enhance the overall effectiveness
of oncological care.
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KJIMHHUKAJIBIK THIMAUTITIH KOHE KOJJaHy MYMKIHIIKTEpPiH KaH-)KaKThl CaJbICTHIPMAbI Oaranay.
byn perpocnektuBti 3eprrey 20152025 kpuimap — apaibIFBIHAAFBl  PECITYOIMKAIBIK
OHKOJIOTHSUTBIK PETHCTP MEH OHIPIIIK OHKOJIOTHSUIBIK OPTANIBIKTAPAbIH MEUIIMHAIBIK KY>KaTTaphl
Herizinge kypriziani. [lamuentrepain nemorpadusiablk aAepekrepi, icik cumarramanapsi, TNM
CaThICHI, THUCTOJOTHUSJIBIK Irpaganus, JuMmda TYHIHACPIHIH >KaFaaibl, MOJICKYIAIBIK MOATUITEP]
MKOHE eM TaKTUKachl TangaHaasl. Cratuctukanslk eHaey SPSS sxone R Oarnapiamanapsl apKblibl
xyprizinai. Kyrinerin motmxenep Kaszakcran skarmaiipiama cyt Oe3i Karepoi icirine Ooimkam
xacayna TNM mikanacklH TeK aHaTOMUSUIIBIK KI1acCU(PUKATOP PETIHIE KOJAAHY KETKLTIKCI3 00ITybI
MYMKIH ekeHIH kepcereai. NPI mikamachblH KIMHUKANBIK TOKIpHOEre Ke3eH-KE3€HIMEH EHTI3y
MaUEeHTTePAIH Kaylll JeHTeWiH IaiIpeK cTpaTuduKalusaiayFra, eM TaKTHKAchlH JKEKEJIEeHJIpyre
YKOHE OHKOJIOTHSUIBIK KOMEKTIH THIMJUIINH apTThIpyFa MYMKIHAIK Oepyl BIKTUMAJL.

Tyiiin ce3nep: cyt 6e31 00bipb1, TNM, Nottingham Prognostic Index, 0omxam, Kazakcran.
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AnHoTanus. [lpoBeneHne BCECTOPOHHIOKD CpPaBHUTENIBHYIO OLEHKY TOYHOCTH,
KIMHAYECKOH A((PEKTUBHOCTH W BO3MOXKHOCTeH mnpuMeHeHus cucteM TNM, Nottingham
Prognostic Index (NPI) u apyrux MexayHapOIHBIX MPOTHOCTHYECKUX MOJICTICH, OCHOBAaHHBIX Ha
OMO0JIOrO-NaTOJIOTUYECKUX MOKA3aTelAX, IPU ONPEACTICHUH MPOTHO3a paka MOJIOYHOMU JKeJe3bl B
oHKoslornyeckoi cimyx6e Kazaxcrana. JlanHOoe peTpOCHEeKTHUBHOE HUCCIEIOBAHHE MPOBEIECHO Ha
OCHOBE JIaHHBIX PECIYOIMKAHCKOTO OHKOJIOTMYECKOTO PErucTpa U METUIIMHCKON TOKYMEHTAINH
PETHOHAJIBHBIX OHKOJOTMYECKMX IeHTpoB 3a mnepuoa 2015-2025 rr. AHaau3upoBaUCh
nemMorpaguueckue XapaKTepUCTHKU MallMeHTOB, OCOOCHHOCTHM omyxonu, cragus TNM,
TUCTOJIOTMYECKAasl Tpajalus, COCTOSAHUE NTUMGATHUYECKUX Y3JI0B, MOJEKYISpPHbIE MOATHIBI U
neueOHast TakTuka. CraTucTuueckas o0OpaboTKa BBIIIOJIHEHA C UCIONIb30BaHUEM MporpamMM SPSS
n R. OxunaeMble pe3yinpTaTbl MOTYT IOKa3aTh, YTO HCIOJb30BaHUE TONbKO wikaiasl TNM B
KaueCTBE aHATOMHUYECKOTO KJIACCH(PHMKATOpa HETOCTAaTOYHO AJISl MPOTHOCTUYECKOM OIIEHKH paka
MoJIo4uHOI1 kene3bl B Kazaxcrane. [TosranHoe BHeapenue mkaisl Nottingham Prognostic Index B
KJIMHUYECKYI0 MPAKTUKY MOXET CIOCOOCTBOBaTh 0Oosiee TOUHOW CTparu(UKaluu pHCKa,
NEPCOHATN3AIMHN Je4eOHON TAKTUKU U MOBBIIIEHUIO 3(PPEKTUBHOCTH OHKOJIOT MYECKOH MOMOIIIH.

KiroueBsble ciioBa: pak MmosiouHo# xene3sl, TNM, Nottingham Prognostic Index, nporxos,
Kazaxcran.
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Introduction. Breast cancer is one of the most pressing medical and social problems in
modern oncology. Worldwide, this disease ranks first in the structure of malignant neoplasms
among women, and both incidence and mortality rates continue to increase annually [1]. In the
Republic of Kazakhstan, breast cancer is also recognized as a widespread oncological pathology
that requires improvement in early diagnosis and effective treatment strategies [2]. The biological
heterogeneity of the disease course, its morphological features, and the complexity of prognostic
assessment necessitate in-depth scientific investigation. Standardized staging of oncological
diseases plays a decisive role in current clinical practice. In leading centers and many countries
worldwide, the TNM system (AJCC/UICC) is used as the official standard for describing
malignant tumors [3]. This system is based on the assessment of the anatomical extent of disease
and is aimed at determining the size of the primary tumor (T), the status of regional lymph nodes
(N), and the presence of distant metastases (M) [4]. The widespread clinical use of the TNM
classification reflects its universality, standardization, and compatibility with international
research. At the same time, alternative prognostic systems for breast cancer based on
morphological parameters also exist. Among them, the Nottingham Prognostic Index (NPI)
occupies a special place. This index combines tumor size, histological grade, and the extent of
lymph node involvement, allowing stratification of patients into risk groups [5]. NPI has been used
in clinical practice in the United Kingdom and other European countries for many years and is
recognized as an effective prognostic tool for breast cancer [6]. However, in Kazakhstan the NPI
system has not been officially implemented and is rarely used in routine practice. This means that
prognostic assessment largely relies on the TNM system. Because the TNM classification is based
primarily on anatomical characteristics, it does not always fully reflect the biological
aggressiveness and morphological features of the tumor [7]. In contrast, the NPI index incorporates
histological tumor properties and has demonstrated high prognostic accuracy in numerous
international studies [8]. Therefore, evaluating the comparative effectiveness of these two systems
in the Kazakh population is both scientifically and clinically important. The relevance of this study
is explained by several aspects. First, the high prevalence of breast cancer in Kazakhstan increases
the need for accurate and reliable prognostic indices [2]. Second, determining the comparative role
of TNM and NPI in prognostic assessment may support more personalized clinical decision-
making. Third, evaluating the feasibility of implementing the NPI system in Kazakhstan may
provide new opportunities to improve the quality of oncological care [9].

Objective: To compare the prognostic accuracy of the TNM (AJCC/UICC) and
Nottingham Prognostic Index (NPI) systems based on the analysis of breast cancer patient data in
Kazakhstan and to determine their clinical applicability.

Materials and methods. This retrospective study was conducted using data from the
national cancer registry and medical records of regional oncology centers for the period 2015-
2025. Patients’ demographic characteristics, tumor features, TNM stage, histological grade, lymph
node status, molecular subtypes, and treatment strategies were analyzed. Statistical analysis was
performed using SPSS and R software. Survival curves were calculated using the Kaplan—Meier
method, and differences between groups were assessed using the log-rank test. Prognostic
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accuracy was evaluated using the AUC and Harrell’s C-index. All data were stored in a
confidential, coded format.

Results and Discussion.

Integration of NPI into Contemporary Treatment Decision-Making. Several international
guidelines published between 2000 and 2010 recommended the Nottingham Prognostic Index
(NPI) as an adjunct tool for planning adjuvant therapy. Without replacing TNM, NPI helped
identify patients at borderline risk and distinguish those most likely to benefit from chemotherapy.
A meta-analysis including more than 20,000 European and Asian patients demonstrated that the
combination of NPI with molecular subtype had significantly greater prognostic power than TNM
or subtype alone [10]. NPI has also been applied in clinical trials. For example, in HER2-targeted
neoadjuvant therapy trials, risk stratification using NP1 proved effective in selecting candidates
with a higher likelihood of achieving pathological complete response [11]. As the international
use of NPI expanded, several updated versions were tested. The most widely known modified NPI
(MNPI) incorporated additional biological variables such as lymphovascular invasion (LVI) and
the Ki-67 proliferation index. Studies from Germany and Italy showed that MNPI improved risk
discrimination, particularly among luminal B patients [12]. A study conducted in the United
Kingdom demonstrated that combining NPI with the 21-gene recurrence score (Oncotype DX)
increased prognostic accuracy and helped avoid unnecessary chemotherapy in intermediate-risk
groups [13]. Nevertheless, despite these innovations, the classical NPI formula remains the most
extensively studied and the most accessible tool across diverse healthcare settings.

Limitations of TNM and Rationale for Complementary Tools. Although TNM remains the
global standard, it has recognized limitations. Anatomical staging does not fully capture disease
behavior in the following situations:

e Dbiologically aggressive small tumors (e.g., T1 triple-negative or HER2-positive tumors);
e indolent large tumors, particularly low-grade luminal A cancers;

e node-negative but biologically high-risk tumors;

e patients with discordant imaging and histological findings.

A large European analysis showed that in stage 11 breast cancer, 10-year survival differed
by up to twofold depending on biological subtype despite identical TNM stage [14]. An Australian
study demonstrated that TNM alone underestimated recurrence risk in young premenopausal
women, whereas NPI provided more accurate prognostic stratification [15].

Comparative Survival Prediction: TNM vs NPI. Direct comparisons help clarify the global
significance of NPI. A landmark study by Rakha and colleagues confirmed that NPI demonstrated
higher prognostic accuracy (C-index) than TNM across multiple cohorts [16]. NPI also showed
consistent performance during external validation in Asian and European international datasets.
Another comparative analysis from Italy reported that inclusion of histological grade (a core
component of NPI) improved survival prediction across all TNM stages, including stage 111 disease
[17]. This finding confirmed histological grade as a biologically universal prognostic marker. A
systematic review published in The Breast journal concluded that NPI consistently outperformed
TNM in early-stage disease and was particularly useful for patients with borderline lymph node
positivity [18].
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Epidemiology and Registry Challenges in CIS Countries. The Commonwealth of
Independent States (CIS)—countries of the former Soviet Union—continues to reorganize
oncology registration, screening, and treatment systems. However, in many of these countries,
unified European standards and comprehensive databases for breast cancer are still not fully
established. According to the study “Comparison of breast cancer and cervical cancer stage
distributions in ten newly independent states of the former Soviet Union,” a large proportion of
breast cancer cases in CIS countries (Armenia, Belarus, Georgia, Kazakhstan, Kyrgyzstan,
Moldova, Russia, Ukraine, Uzbekistan, etc.) were registered at stages I-11 between 2008 and 2017.
In the 2013-2017 period, more than 50% of cases across the CIS—and over 75% in Belarus,
Kazakhstan, and Ukraine—were diagnosed at stages I-11 [19]. This suggests that screening and
primary diagnostics are functioning to some extent; however, the quality of follow-up care and
treatment remains heterogeneous. Importantly, the quality of population data varies substantially
by region and by registry completeness. For example, in Russia between 2000 and 2020, the
number of registered breast cancer cases and screening intensity increased markedly, but
comprehensive morphological and histological statistics have not always been publicly available
[20]. Demographic variability also plays a role. Studies indicate that in Russia a notable proportion
of younger women were not registered at early stages but were diagnosed later, which may
contribute to delayed detection [21]. Thus, although TNM classification is used across the CIS
region, incomplete data capture, registry quality variability, and limited biological/pathological
information create significant barriers. This situation highlights the need for implementing NPI or
other prognostic models and for further standardization of oncological data systems.

CIS Comparative Data. The multicountry analysis [19] comparing 10 CIS states showed
marked variation:

e Belarus, Kazakhstan, and Ukraine - more than 75% of patients diagnosed at stages I-I1;
e other countries - more than 50% diagnosed at stages I-I1.

This indicates that while screening and early detection exist to some degree, treatment
quality, registry completeness, and standards vary considerably between countries. However,
many regional datasets remain primarily quantitative without detailed clinical characterization -
for example, lacking data on lymph node involvement (N), tumor biology, morphology, and
molecular subtypes. This significantly limits the application of combined TNM-morphology or
NPI-based approaches. In Kazakhstan specifically, although TNM is officially used in cancer
registration, published studies applying NPI remain scarce. This directly supports the relevance of
investigating and implementing NPI within the national context.

Conclusion: Need for TNM-NPI Complementarity in CIS Countries. Across the CIS
region-including Russia, Belarus, Kazakhstan, Ukraine, and others-breast cancer registration and
management are primarily based on the international TNM standard. While this framework
performs well, limitations in histological and molecular data availability, registry quality
variability, and region-dependent reporting restrict the prognostic and clinical universality of
TNM. Under these conditions, NPI or locally adapted prognostic indices-particularly where
histological grade and lymph node data are available-may have substantial clinical value. The use
of NP1 could:
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e improve stratification of early and intermediate-stage patients;

e reduce overtreatment and undertreatment;

e provide prognostic insight where molecular testing is unavailable;

e support more effective clinical decision-making (chemotherapy, adjuvant therapy).

At the same time, improving the quality of national cancer registries and clinical statistics
across CIS countries remains critically important. This direction also provides a strong foundation
for future dissertation work.

Epidemiology and Screening in Kazakhstan. In Kazakhstan, breast cancer is one of the
most common oncological diseases among women. According to the 2020 National Cancer
Report, the number of newly diagnosed cases reached approximately 5,500-6,000 patients, while
the mortality rate was about 12-14 per 100,000 women [21]. Screening programs have been
implemented since 2008. The proportion of early detection through mammography has increased
significantly since the 2010s, particularly in the cities of Almaty, Nur-Sultan, and Shymkent.
However, screening coverage in rural areas remains relatively low, at approximately 30—40% [22].
Use of TNM in Kazakhstan and Clinical Practice. In Kazakhstan, the TNM classification is used
as the standard in clinical oncology. The most commonly registered stages are:

o I-11 - 65-70%
o 1 - 20-25%
o IV - 5-10% [61].

These indicators are close to international benchmarks; however, late diagnosis remains an
issue in some regions. Inaddition, insufficient pathological and molecular data limit the prognostic
value of TNM-based assessments [23].

Potential and Applicability of NPI. The Nottingham Prognostic Index has not yet been
widely implemented in Kazakhstan, although pilot studies have been conducted in several
university clinics and research settings. For example, a clinical study conducted at KazNMU in
Almaty involving 250 patients demonstrated that NPI showed higher effectiveness than TNM in
stratifying early-stage disease [24]. These findings indicate the potential for implementing NPI in
clinical practice in Kazakhstan, particularly in centers where molecular testing is limited.
Diagnostic performance varies across regions of Kazakhstan:

e Almaty, Astana - early detection: 60—-70%
¢ Northern and Eastern regions - 40-50% [25].

These disparities increase the importance of both TNM-based registration and the
application of prognostic models such as NPI. Implementation of NPl may improve accurate
stratification of early- and intermediate-stage patients, thereby supporting more appropriate use of
adjuvant therapy [26].

Molecular and Histological Parameters. Studies from Kazakhstan indicate that ER, PR,
HER?2 status and histological grading of breast cancer have significant prognostic value alongside
TNM staging. One retrospective study of 300 patients showed that when NP1 was applied, 5-year
overall survival was predicted more accurately than with TNM alone [27]. This supports the
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practical value of integrating TNM and NPI in Kazakhstan, especially in settings where
comprehensive molecular testing is not always feasible.

Recommendations and Future Directions. Although TNM remains the standard in
Kazakhstan, the introduction of NPI or other integrative prognostic models may help address
several key issues:

1. Stratification of patients detected at early stages;

2. Reduction of overtreatment and undertreatment;

3. More efficient allocation of healthcare resources;

4. Enhancement of national cancer registry data quality [28], [29], [30], [31], [32].

Thus, the combined use of TNM and NPI in Kazakhstan has substantial potential to
improve clinical decision-making, optimize treatment strategies, and enhance prognostic
assessment in breast cancer care.

Conclusion: Preliminary analyses suggest that breast cancer in Kazakhstan may frequently
be diagnosed at stages I1-I11, which could potentially affect the performance of prognostic models.
The TNM system may remain an effective tool for describing the anatomical extent of disease;
however, its ability to predict long-term outcomes may be limited. The Nottingham Prognostic
Index (NPI), by integrating tumor size, lymph node involvement, and histological grade, is
expected to demonstrate higher prognostic accuracy. During ROC analysis, the AUC value of NPI
may be higher than that of the TNM system. In addition, Kaplan—Meier curves are likely to show
clearer stratification of risk groups according to NPI, whereas a certain degree of overlap may
persist between TNM stages.
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