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Evaluation of the Ki-67 and CA 15-3 as a potential
biomarker in breast cancer and type 2 diabetes
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Breast cancer (BC) is the most common cancer in women worldwide and the primary cause of cancer-related mortality.
Ki-67 is a nuclear protein that serves as a key marker for cellular proliferation. The expression of this marker during all ac-
tive phases of the cell cycle, expressed as the percentage of positively stained tumor cells, provides valuable prognostic and
predictive information in BC. CA 15-3 is a circulating tumor marker which is primarily associated with BC. It is a soluble
form of the MUC1 glycoprotein, which is overexpressed and shed into the bloodstream by malignant breast epithelial cells.
The objective: to study the impact of hyperglycemia on the blood concentrations of tumor markers Ki-67 and CA 15-3
and the role of these biomarkers in women with BC and type 2 diabetes (T2DM).

Materials and methods. The study included 100 women who were divided into three groups. 1 group included 32 women
with T2DM and BC, 2 group included 34 women with BC, and 3 group (control group) — 34 healthy women. The levels
of tumor markers (CA 15-3 and Ki-67), body mass index, age, stage of cancer, duration of T2DM, and glycosylated
hemoglobin (HbA1c) were estimated in the three groups.

Results. The serum levels of Ki-67 and CA 15-3 in women with T2DM and BC were significantly higher than those in women
with BC (p < 0.0001), serum Ki-67 level was significantly higher in women with T2DM than in the control group in contrast,
and the level of HbA1c was significantly higher in women with T2DM and BC more than BC women and control group.
Conclusions. Women with T2DM have a higher risk of BC development than women without diabetes therefore esti-
mating the level of tumor markers Ki-67 and CA 15-3 can be used as diagnostic biomarkers in women with T2DM repre-
sents a promising strategy for improving cancer treatment outcomes.
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BusHauyeHHq Ki-67 ta CA 15-3 gk noTeHuUiliiHuXx 6ioMmapKepiB Npu paKy MOJIOYHOT 3a/1031 Ta
uykpoBomy aiabeTi 2-ro Tuny
Israa J. Mnahi, Bushra F. Hasan

Pak mosiounoi 3a03u (PM3) € naitnommpenimmmM BUIOM paky B KiHOK Y BCbOMY CBiTi Ta HAYACTIIIO0 TIPUYUHOIO CMEPTHOC-
Ti, noB’s13anoi 3 pakom. Ki-67 — ne sauepuuii GiI0K, SKMI € KIIOYOBUM MapKepoM KJIITMHHOI 1posidepanii. Excrpecis 1poro
Mapkepa [POTSITOM YCiX akTUBHUX (ha3 KIITUHHOTO I[MKJLY, BUPasKEHA SIK BIICOTOK MO3UTUBHO 3a0apBJIEHUX Ty XJIUMHHUX KJIITHH,
HAA€ IIHHY TPOTHOCTUYHY Ta mpeaukatuBhy indopmariio mpu PM3. CA 15-3 — 1ie nmupKyJIioBaIbHINA OHKOMApKep, sIKUi
nepeBaykHo noB’s3armit i3 PM3. Ile pozunnana dopma raikonporeiny MUCH, sxuit HaiMipHO €KCTIPECYEThCST Ta BUIISETHCS
B KPOBOTIK 3JIOSIKICHUMH eTliTeTiaTbHIMA KJIITHHAMHU MOJIOTHOI 3aJ103M.

Mema docnioxcenns: BUBYCHHS BILIMBY TillepriikeMil Ha KOHIEHTpPaIiio B kKpoBi onkomapkepis Ki-67 ta CA 15-3 Ta BusHa-
YeHHs PoJIi X GioMapkepiB y kiHok i3 PM3 Tta mykposum aiaberom 2-ro tuiry (I1/12).

Mamepianu ma memoou. Y nocnijkents Braodeno 100 skinok, siki Oysu posiseni va tpu rpynu. o 1-i rpynu ysiiinio
32 xinkm 3 II12 ta PM3, 1o 2-i — 34 xinku 3 PM3, 110 3-1 (konTposibHa rpyna) — 34 3110posi kinku. By orineni piBHi
onkomapkepi (CA 15-3 ta Ki-67), inzaexc macu Tina, BiK, cTazist paxy, TpuBamictb [[/]2 ta ruikoBanuii remorobin (HbA1c)
y TPbOX TpyIax.

Pesyavmamu. Pisui Ki-67 ta CA 15-3 y cuposarii kposi y kinok i3 11/[2 Ta PM3 Gy/iu 3HaUuHO BUIIUMU, HIK Y JKIHOK i3
PM3 (p < 0,0001), pisri Ki-67 y cuposaTiti KpoBi OyJii 3HAYHO BUIIUMU Y 5KiHOK i3 11/12, HiK y KOHTPOJIbHIN TPyII, a piBeHb
HbA1c y inok i3 [[/[2 Ta PM3 OyB 3HauHO BUIIUM, HiK Y KiHOK i3 PM3 Ta KOHTPOJIBHOI TPYIIN.

Bucnosxu. Tanientku i3 11/12 Maioth Buimii pusuk possutky PM3, Hisk Kinku 6e3 miabery, ToMy OIliHIOBaHHS PiBHS OHKO-
Mmapkepis Ki-67 ta CA 15-3, sike MOKHa BUKOPUCTOBYBATHU $IK AiarHOCTHYHI GiomMapkepu y iHok i3 I1/[2, € mepcrnekTuBHO0
CTpaTeTi€lo 7T MOKPAIIEeHHST pe3yIbTaTiB JIarHOCTUKY Ta JIIKYBaHHS Paky.

Kantouosi caosa: CA 15-3, Ki-67, uyxkposuii diabem 2-z0 muny, pax morounoi 3aiosu, HbA1c.

Breast cancer (BC) is a notable global health is-
sue, especially in women with type 2 diabetes mel-
litus (T2DM) [1]. In recent years, diabetes has become
a significant chronic condition globally, with the preva-
lence of T2DM in Iraq ranging from 8.5 to 13.9%. This
contributes to the global upward trend, which anticipates
366 million individuals to have T2DM by 2030 [2]. BC is
the most prevalent cancer among women globally and the
leading cause of cancer-related mortality in this popula-

tion. In Iraq, women with BC have the highest prevalence
among various cancer types, accounting for 21.2% as re-
ported by the Iragi Ministry of Health in 2022 [3, 4].
Several types of researches have been conducted to
ascertain the link between diabetes and its potential to
increase the risk of BC [5, 6]. Several different mecha-
nisms have been suggested to contribute to an elevated
BC risk in women with T2DM which is characterized
by relative insulin resistance and is closely related to
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hyperglycemia leading to higher levels of insulin in the
bloodstream which ultimately has growth-promoting ef-
fects on cells including BC, oxidative stress and chronic
inflammation [1, 7]. Inflammation is a key factor in the
development of T2DM through two pathways: obesity,
which causes systemic inflammation through macrophage
infiltration, and pro-inflammatory cytokine production.
Obesity, which leads to metabolic syndrome, hyperten-
sion, and dyslipidemia, is positively associated with in-
flammatory biomarkers [8—10]. Fat production and in-
creased inflammatory markers correlate with T2DM,
causing metabolic stress in pancreatic islets and insulin-
sensitive tissues such as adipocytes [11, 12].

Malignant tumor screening in clinics is now routine for
patients with diabetes, aiding tumor diagnosis and prog-
nosis evaluation. This has clinical significance, reducing
mortality and improving patient’s quality of life, as tumor
marker screening is now widely used [13, 14]. Ki-67 is a
nuclear protein that plays a crucial role in cell prolifera-
tion and serves as an important prognostic and predictive
biomarker in cancer, particularly BC [15]. Ki-67 expres-
sion is strongly associated with tumor cell proliferation and
growth, making it a valuable marker for assessing tumor ag-
gressiveness. Its presence indicates actively dividing cells,
which is a hallmark of cancer [16]. CA 15-3 and MUCI are
the most commonly used serum marker in BC [17] MUC1
appears to play a role in cell adhesion and the high levels
present in cancer may be causally involved in metastasis.
At present the main uses of CA 15-3 are in preclinically
detecting recurrent BC and monitoring the treatment of
patients with advanced BC. In a prospective study of 368
patients we show that patients with high preoperative lev-
els of CA 15-3 (>30.4 U/mL). This large transmembrane
glycoprotein has shown potential as a prognostic tool [18].
In multivariate analyses, CA 15-3 demonstrated a prog-
nostic impact independent of tumor size and nodal status.
CA 15-3 is valuable for monitoring treatment responses in
patients with advanced BC [19].

The objective: to explore the impact of hyperglycemia
on the blood concentrations of tumor markers Ki-67 and
CA 15-3 and the role of these biomarkers in women with
BC and T2DM.

MATERIALS AND METHODS

A total 100 Iraqi women took part in the study in
the period women between 1st August 2024 and 1st Feb-
ruary 2025. The participants were divided into three
groups (G): G1 — 32 women with BC and T2DM, G2 —
34 women with BC only, and G3 — 34 healthy controls.

Including criteria: all diabetic patients were on met-
formin treatment. The three groups were matched in age,
body mass index (BMI), and cancer stage (stages 1 and 2).

The American Joint Committee on Cancer (AJCC)
TNM staging system, 8th edition, was used to deter-
mine the stages of BC. This method assigns a clinical
stage between 0 and IV based on tumor size (T), lymph
node involvement (N), and metastasis presence (M).
To provide a more accurate prognostic stage grouping,
biological markers such as tumor grade, HER2 (Human
Epidermal Growth Factor Receptor 2) expression, and
hormone receptor status (ER — estrogen receptor, PR —
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progesterone receptor) were taken into account in addi-
tion to anatomical factors. Based on standard diagnostic
imaging, biopsy results, and surgical pathology, all clini-
cal and pathological staging was carried out by certified
oncologists and pathologists.

Excluded criteria: pregnant women, patients with
pancreatitis, obstruction in bile ducts, acute and chronic
inflammatory periods and patients suffering from autoim-
mune diseases.

The three groups of subjects were observed and com-
pared in terms of the levels of tumor markers CA 15-3
and Ki-67 and the parameters BMI and HbAlc. A to-
tal of 100 whole blood samples were collected at Bagh-
dad Teaching Hospital / Medical City, and Al-Amal
Tumor Center. In the morning, five milliliters of blood
was collected from all subjects and; divided in to two
parts: two milliliters placed in an EDTA (Ethylenediami-
netetraacetic acid) tube for measuring glycated hemo-
globin (HbA1c) was assessed by boronated affinity chro-
matography (BAC) and three milliliters was transferred
into gel tubes to obtain the serum by centrifugation at
a force of 3000 x g for 10 minutes, and stored in a deep
freeze at a temperature of —20 °C until used to measure
CA 15-3 and Ki-67 level by the quantitative sandwich en-
zyme immunoassay technique (ELISA). The height and
weight of the subjects were recorded, and their BMI was
calculated based on the measurement results.

The data were statistically analyzed using IBM SPSS
Statistics 25.0, and the individual correlation test was
used to highlight the difference between CA 15-3 and
Ki-67 and other parameters within the patient groups.
One-way analysis of variance was used to analyze the
data, which is a statistical method used to identify sig-
nificant differences between the groups. A p-value < 0.05
was considered statistically significant. Receiver opera-
ting characteristic curve methodology was employed to
examine the optical cut-off values for serum CA 15-3 and
Ki-67. The correlation between these two indices was
analyzed. Univariate analysis was performed to analyze
the general clinical data of the patients and the factors
influencing complications.

RESULTS AND DISCUSSION

In the Table 1 there is a comparison of the different
demographic and clinical parameters between the three
patient groups. These groups were classified according to
their medical condition.

Comparison of tumor markers between the three groups.
Serum levels of Ki-67 and CA 15-3 were significantly
elevated in G1 and G2 compared to those in the control
group (p < 0.0001; Table 2).

Comparison of HbATc level among the three groups.
HbA1c level in the diabetic G1 was significantly higher
than those in the BC (G2) and control groups (GS3;
p < 0.05; Table 3).

As shown in Table 4 a correlation analysis was con-
ducted for patients with BC and T2DM. The analysis
revealed a significant positive correlation between the
two important markers: Ki-67 and CA 15-3. The tumor
markers CA 15-3 and Ki-67 were positively correlated
with each other in the G2 (Table 5).
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Table 1
Comparison of demographic and clinical parameters across groups in cancer and diabetes patients
Parameters G1 (n=32) G2 (n = 34) G3 (n=34)
Mean = std. error 57.6+1.5 54.3+1.3 49.1+1.7
Lower 95% CI of mean 54.5 51.5 45.5
Age (years)
Upper 95% ClI of mean 60.7 57.1 52.7
p-value 0.001
Mean * std. error 29.80+0.95 31.8+1.1 29.1+£0.9
Lower 95% Cl of mean 27.9 29.4 27.2
BMI (kg/m?)
Upper 95% CI of mean 31.7 34.4 31.0
p-value 0.17
Mean = std. error 6.9+1.3 - 8.6x1.0
Duration of diabetes (years) Lower 95% CI of mean 4.1 - 6.6
Upper 95% CI of mean 9.4 - 10.6
Lower 95% CI of mean 1.3 2.2 -
) Upper 95% CI of mean 2.8 4.4 -
Duration of cancer (years)
Lower 95% CI of mean 4.1 - -
Upper 95% Cl of mean 9.4 - -
Note: Cl — confidence interval.
Table 2

Increased serum levels of CA 15-3 and Ki-67 in women with BC and T2DM

Parameters Statistical indices G1(n=32) G2 (n=34) G3 (n=34)
Percentage 20 (58.8%) 14 (41.2%) 2.420 +0.051
) Lower 95% CI of mean 7.4 3.8 2.32
Ki-67 (U/mL)
Upper 95% CI of mean 8.8 5.2 2.53
p-value 0.0001
Percentage 32 (60.5%) 16 (30.5%) 9.86 +£0.15
Lower 95% CI of mean 32.9 19.7 9.5
Ca 15-3 (U/mL)
Upper 95% CI of mean 41 28.1 10.2
p-value 0.0001
Note: Cl — confidence interval.
Table 3

The statistical distribution of HbA1c in all studied groups

Parameter Statistical indices G1 (n=32) G2 (n=34) G3 (n=34)
Mean = std. error 7.38 £0.25%¢ 5.65+0.10¢ 5.410 £ 0.059
Lower 95% CI of mean 6.89 5.43 5.29
HbA1c (%)
Upper 95% CI of mean 7.88 5.86 5.53
p-value 0.0001

Notes: Cl — confidence interval; 2 — represented significant analysis between G1 and G3; ¢ — represented significant analysis between G2 and G1.

Table 4 Table 5
Correlation between tumor markers and parameters Correlation hetween tumor markers and
in patients with BC and T2DM (G1) parameters in G2
co':f;;st?:n . BMI HbAlc  Ki-67 Ca15-3 co':f;;‘i’:n . BMmI HbAlc  Ki-67 Ca15-3
Age -0.09 0.093 -0.134 | -0.177 Age -0.062 0.200 -0.178 | -0.100
BMI 1 -0.00 0.101 0.131 BMI 1 0.313 -0.08 -0.060
HbA1c 1 0.104 0.068 HbA1c 1 0.117 -0.129
Ki-67 1 0.971 Ki-67 1 0.966
Ca 15-3 1 Ca 15-3 1
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The present study was conducted to investigate the ef-
fect of high blood sugar and complications of T2DM on
the severity of BC patients and the extent to which tumor
marker levels are affected by it. This study provides a com-
prehensive look at the effect of the level of hyper glycemia
on the level of tumor markers and how it can use these
markers to assess cancer risk, monitor progression, and
guide clinical decisions, particularly for women with diabe-
tes at increased risk. The results demonstrated significantly
elevated levels of Ki-67 and CA 15-3 in BC patients with
T2DM compared to those in the other study groups.

A. Al-Sarraf et al. focused on Ki-67 as a prognostic
marker for breast carcinoma in Baghdad [20]. Ki-67 expres-
sion was detected in 75% of the malignant BC cases, with
57.5% exhibiting a high Ki-67 score (= 14%). The study
also found significant correlations between Ki-67 expression
and key clinicopathological factors such as tumor grade and
lymph node involvement. The Ki-67 proliferative index has
been validated as a crucial marker for assessing tumor ag-
gressiveness and prognosis in BC, particularly for evaluating
treatment response [20]. In contrast, the results of another
study A. M. Adel (“Clinicopathological Data of Breast Can-
cer in Diabetic Patients”) in Cairo found that diabetic BC
patients were often diagnosed at an advanced stage, with
117 diabetic patients compared to 199 non-diabetic pa-
tients [21]. However, there was no significant difference in
Ki-67 levels between patients with and without diabetes.
In the diabetic group, 11.1% had negative Ki-67 expression,
whereas 27.4% had positive Ki-67 expression. In the non-
diabetic group, 11.1% had negative Ki-67 expression and
30.7% had positive. Ki-67 the study suggests that diabetes
does not impact Ki-67 levels in the studied population.

A.Zhangetal. provided evidence that Ki-67 isa useful and
reliable predictor of recurrence-free survival and a valuab-
le marker for evaluating treatment response to neoadjuvant
endocrine therapy in BC patients [22]. The variability of
levels changes during treatment and can have prognostic
value or could provide information on the effects of therapy.
In another investigation of serum Ki-67, increased Ki-67
expression was strongly predictive of lymph node metasta-
sis, so it might be an important marker of aggressive tumors
and the probability of metastasis [23]. H. M. Ragab et al.
also found that serum Ki-67 levels varied significantly be-
tween benign and malignant tumors, reinforcing its role as
a prognostic factor that complements traditional indicators
such as tumor grade, size, and lymph node involvement [24].
In contrast, another study conducted by X. Yan et al. in-
vestigated BC in patients with T2DM and revealed signifi-
cantly higher Ki-67 expression in individuals with diabetes
than in those without diabetes [25]. More Ki-67 positivity
was observed in T2DM patients than in the control group
(55.9% vs 41.7%). The over-expression of Ki-67 in T2DM
patients is higher with an increase in clinical stages, histo-
logical grade, and poor prognosis which can strengthen the

importance of the Ki-67 important marker in BC progres-
sion among diabetic individuals. M. Hasan et al. conducted
a study in Saudi Arabia to determine serum tumor marker
CA 15-3 in women, who were diabetic as well as non-dia-
betic persons and had no evidence of neoplasia or any dia-
betic complications [26]. The research revealed a statisti-
cally significant difference in CA 15-3 levels between the
two groups, although the levels remained within the normal
range (< 37 U/mL) for both diabetic and non-diabetic fe-
males. This finding suggests that the serum tumor marker
CA 15-3 could be a valuable tool for monitoring purposes
in these populations. Interestingly, the study found no cor-
relation between CA 15-3 values and various factors such
as age, duration of diabetes, HbA1C, or glucose levels in
patients with diabetes. These results contribute to our un-
derstanding of CA 15-3 levels which may have implications
for BC screening and monitoring in this population [26].

Moreover, S. Fu et al. emphasized that glucose metabo-
lism is an important part of cancer cell metabolism as it
provides intermediates and precursors for other metabolic
pathways hence tumor cells use more units of glucose than
normal cells [27]. The results of another study showed
a very high significant correlation between CA 15-3 and
Ki-67, suggesting that these markers can be used to diag-
nose and prognosis BC in women with diabetes, which is
in agreement with A. Rasmy et al. [28].

CONCLUSIONS

This study indicates that hyperglycemia can effect on the
levels of tumor markers in women with diabetes which may
helping to find a promising strategy for improving cancer
treatment outcomes. Also, reducing blood sugar level helps
prevent the risk of BC. This study underscores the poten-
tial of integrating biomarker assessments into routine care
for women with diabetes to proactively manage cancer risk.
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