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Abstract. This study investigated potential plasma biomarkers 
associated with cancer risk and mortality in patients with type 
2 diabetes mellitus (T2DM), a population known to have an 
increased cancer incidence and poorer outcomes compared 
with non‑diabetic individuals. Traditional metabolic indica‑
tors, including blood pressure, blood glucose and blood lipids, 
have limited predictive value for cancer risk, highlighting 
the need for novel clinical biomarkers. In total, 141 subjects 
with T2DM were enrolled in this study. Plasma inflammatory 
and lipid‑related biomarkers included cluster of differentia‑
tion 147 (CD147), cyclophilin A (CyPA), cytokines, oxidized 
low‑density lipoprotein (oxi‑LDL), oxi‑LDL antibody and 
proprotein convertase subtilisin/kexin type 9 (PCSK9). 
Among all participants, 37.6% were obese (body mass index 
≥27 kg/m²). During 10 years of follow‑up, all‑cause mortality 
reached 35% and cancer incidence was 16%. Obese diabetic 
patients exhibit elevated oxi‑LDL, soluble intercellular adhe‑
sion molecule‑1, PCSK9, CD147 and CyPA levels. Deceased 

patients had a higher incidence of cancer and significantly 
lower plasma CD147 levels than surviving patients. Receiver 
operating characteristic curve analysis identified PCSK9 as a 
potential predictor of cancer occurrence in obese individuals 
with T2DM [area under the curve (AUC)=0.726], whereas 
CD147 showed modest predictive value in non‑obese patients 
with diabetes (AUC=0.665). These findings suggest that 
plasma PCSK9 and CD147 may be associated with cancer 
occurrence in specific subgroups of patients with T2DM. 
However, larger prospective studies are required to confirm 
these associations and to further evaluate their potential value 
in cancer risk assessment.

Introduction

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disease 
accompanied by a broad spectrum of comorbidities that collec‑
tively contribute to reduced life expectancy. Epidemiological 
data from the Danish National Diabetes Registry show that 
the incidence of cancer in diabetic patients aged 40‑70 years 
increases by 7.2‑10.6% annually (1). Furthermore, diabetic 
patients with cancer experience higher mortality rates than 
their non‑diabetic counterparts (2), and T2DM is considered 
an independent risk factor associated with increased mortality 
of colorectal cancer  (3). Nationwide registry studies have 
demonstrated that patients with diabetes have significantly 
increased cardiovascular disease (CVD)‑related risks of 
mortality and death than controls, underscoring the broad 
systemic consequences of diabetes (2,4).

Traditional CVD risk factors, including high blood pres‑
sure, obesity, diabetes and high lipid profiles, are indispensable 
for cardiovascular risk prediction but may be insufficient to 
capture the full spectrum of disease risk (5). However, despite 
the availability of markers for tumor detection, no reliable 
surrogate biomarker currently exists to predict cancer risk or 
cancer‑related mortality in patients with diabetes. Therefore, 
it is essential to find practical and clinically measurable 
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biomarkers that can predict cancer‑related outcomes in 
addition to biochemical controls.

Accumulating evidence suggests that several novel circu‑
lating biomarkers that may be linked to the pathophysiology 
of diabetes, CVD and cancer. Proprotein convertase subtil‑
isin/kexin type 9 (PCSK9) influences cholesterol homeostasis 
and cardiovascular risk through regulation of low‑density 
lipoprotein (LDL) receptor degradation. Emerging evidence 
implicates PCSK9 in cancer progression and metastasis 
through the modulation of apoptosis and tumor cell survival. 
Cluster of differentiation 147 (CD147), an immunoglobulin 
superfamily glycoprotein also known as extracellular matrix 
metalloproteinase inducer, facilitates nutrient transport, 
inflammatory cell recruitment and matrix metalloproteinase 
activation, thereby promoting tumor invasion and metastasis. 
Oxidized LDL antibodies (oxi‑LDL‑Abs) serve as indicators 
of oxidative stress and immune activation, whereas cyclophilin 
A (CyPA), an intracellular chaperone, contributes to inflam‑
mation, endothelial dysfunction, malignant transformation 
and cellular senescence (6). Chronic low‑grade inflammation 
is a hallmark of diabetes and has been implicated in both 
cardiovascular and cancer development. Previous studies 
have suggested potential associations between inflamma‑
tory or lipid‑related biomarkers and metabolic or oncogenic 
processes (6,7); however, most available evidence is derived 
from short‑term or cross‑sectional studies. Consequently, the 
long‑term relationships between these circulating biomarkers 
and cancer occurrence or mortality in patients with diabetes 
remain incompletely understood. Therefore, the present study 
aimed to investigate whether circulating biomarkers, including 
CD147, CyPA, oxi‑LDL, oxi‑LDL‑Abs and PCSK9, are associ‑
ated with cancer occurrence and mortality during long‑term 
follow‑up in patients with T2DM.

Materials and methods

Participants. A total of 141 participants with T2DM were 
recruited at the Changhua Christian Hospital (CCH; Changhua, 
Taiwan) from March 2010 to February 2011. Baseline clinical 
data and plasma samples were collected at enrollment, and 
cancer occurrence and vital status were subsequently ascer‑
tained over a ~10‑year follow‑up period, through to February 
2022. Patients with a confirmed diagnosis of diabetes who 
had received treatment for at least 12 months were included. 
Participants with a history of infectious diseases, liver disease, 
cancer or autoimmune diseases were excluded from the study. 
According to the standards of the Taiwan Health Promotion 
Administration, a body mass index (BMI) ≥27 kg/m² was used 
to define obesity (8). Cancer diagnoses and vital status were 
verified through a review of medical records, International 
Classification of Diseases codes and information available 
through Taiwan's National Health Insurance system. During 
the 10‑year follow‑up period, cancer occurred in 23 of the 
141 patients with T2DM (16.3%). The identified cancer types 
included gastrointestinal cancer (n=9), breast cancer (n=3), 
cervical cancer (n=3), oral cancer (n=3), lung cancer (n=2), 
prostate cancer (n=2) and thyroid cancer (n=1). Baseline demo‑
graphic characteristics, family history and medical histories 
were collected using standardized questionnaires. The cohort 
study was approved by the Institutional Review Board (IRB) 

of the CCH conducted under two ethics approvals: i) IRB ID: 
071228 (March 2010 to March 2011), and ii) IRB ID: 161220 
(February 2017 to February 2022). Blood samples were 
collected in the morning after an 8‑h fast, and plasma was 
promptly separated by centrifugation, aliquoted and stored at 
‑80˚C until analysis.

Biochemical measurements. Serum lipid profiles were 
determined using an automated enzymatic colorimetric 
method on a DxC 800 analyzer from Beckman Coulter, Inc., 
plasma oxi‑LDL‑Abs using an ELISA kit (cat. no. BI‑20032; 
Biomedica Medizinprodukte GmbH), plasma oxi‑LDL using 
an ELISA kit (cat. no. 10‑1143‑01; Mercodia AB) and plasma 
PCSK9 concentrations using an ELISA kit (cat. no. CY‑8079, 
Medical & Biological Laboratories Co., Ltd.). Plasma inflam‑
matory biomarkers, including high‑sensitivity C‑reactive 
protein (cat. no. DCRP00B, hs‑CRP) and plasma cytokine and 
adhesion molecules, were measured using ELISA kits (DY202 
for IL‑2, DY204 for IL‑4 and DY206 for IL‑6) from R&D 
Systems, Inc., while plasma CyPA (cat. no. USEA979Hu) and 
CD147 (cat. no. USEB540Hu) were quantified using ELISA 
kits from Wuhan USCN Business Co., Ltd., in accordance 
with the manufacturer's instructions.

Statistical analysis. Statistical analyses were performed using 
IBM SPSS Statistics version 22.0 (IBM Corp.). Continuous 
variables are presented as the mean ± standard deviation and 
categorical variables are expressed as frequencies and percent‑
ages. Comparisons of continuous baseline characteristics and 
inflammatory biomarkers between groups were performed 
using an unpaired independent‑samples Student's t‑test, 
whereas categorical variables, including mortality and cancer 
incidence, were compared using the χ² test. A two‑sided P<0.05 
was considered to indicate statistical significance.

After 10 years of follow‑up, Cox proportional hazards 
regression analyses were performed to estimate adjusted 
hazard ratios (aHRs) and corresponding 95% confidence 
intervals (CIs) for the association between plasma biomarkers 
and cancer incidence. Plasma CD147 concentrations were 
dichotomized according to the median plasma concentration 
of the study population (3,196  pg/ml) and categorized as 
low (<3,196 pg/ml) or high (≥3,196 pg/ml). Plasma PCSK9 
concentrations were categorized into tertiles based on their 
distribution within the study population (<170.5, 170.5‑238 and 
≥239 ng/ml). BMI was categorized according to the obesity 
criteria of the Taiwan Health Promotion Administration 
(<27 and ≥27 kg/m²) (9).

Two multivariate Cox regression models were constructed. 
Model 1 was adjusted for age, sex and BMI, whereas Model 2 
was adjusted for BMI alone. Receiver operating characteristic 
(ROC) curve analysis was performed to evaluate the discrimi‑
natory ability of plasma biomarkers for predicting 10‑year 
cancer incidence. Areas under the ROC curves (AUCs) and 
corresponding 95% CIs were calculated.

Results

Baseline characteristics and long‑term clinical outcomes. In 
this cohort, a total of 141 participants with T2DM were enrolled 
and followed up for up to 10 years. Participants had a mean 
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age of 70±9 years and 41% were male (n=58). Participants had 
a mean BMI of 26±4 kg/m² and 37.6% met the criteria for 
obesity (BMI ≥27 kg/m²). Over the 10‑year follow‑up period, 
34.8% of the patients (n=49) died and 16.3% (n=23) developed 
cancer (Table I).

Clinical and biomarker characteristics according to 
obesity status. Among the 141 participants with T2DM, 
52 were classified as obese and 89 as non‑obese. Patients 
in the obese group had a significantly higher use of anti‑
hypertensive medications compared with those in the 
non‑obese group (70 vs. 30%, P<0.001), suggesting a higher 
prevalence of hypertension among obese participants. In 
addition, obese participants exhibited significantly elevated 
serum insulin levels relative to non‑obese participants 
(52.46±48.53 vs. 30.46±38.77 µg/l, P=0.007). Drug use, 
lipid profiles and 10‑year cancer‑related morbidity rates 
did not differ significantly between obese and non‑obese 
groups (Table II).

Compared with non‑obese patients with diabetes, those 
with both obesity and diabetes exhibited significantly higher 
plasma levels of oxi‑LDL (P=0.004), PCSK9 (P=0.013), soluble 
intercellular adhesion molecule‑1 (sICAM‑1) (P=0.028), CyPA 
(P=0.012) and CD147 (P=0.006) (Table II).

These findings indicate that obesity in diabetic patients is 
associated with elevated oxidative stress and endothelial acti‑
vation markers, accompanied by a reduced antibody response 
to oxidized lipoproteins, suggesting a state of intensified 
vascular inflammation and metabolic dysregulation.

Association between plasma biomarkers and cancer occur‑
rence. Over a 10‑year follow‑up, multivariate Cox proportional 
hazards analysis identified plasma CD147 as an independent 
predictor of cancer‑related morbidity in patients with T2DM. 
In Model 1, elevated CD147 levels were associated with a 
4.45‑fold increased cancer risk (aHR=4.45, P=0.021). By 
contrast, PCSK9, BMI, sex and age were not statistically signif‑
icant predictors in the model. For validation, Model 2, which 
adjusted for BMI alone, also demonstrated that plasma CD147 
remained a robust and significant predictor of cancer risk 
(aHR=10.00, P=0.026) (Table III). These results consistently 
highlight plasma CD147 as a strong independent biomarker 
associated with long‑term cancer occurrence in patients with 
diabetes, independent of adiposity and conventional metabolic 
risk factors.

Clinical and biomarker characteristics according to survival 
status. Of the patients with T2DM, the incidence of cancer 
was significantly higher among those who died than among 
survivors, irrespective of obesity status (obese: 44.7 vs. 14.3%, 
P=0.018; non‑obese: 29.7 vs. 3.8%, P=0.001). However, in 
both the obese and non‑obese diabetic groups, patients who 
died exhibited significantly higher plasma CD147 levels than 
survivors (obese: P=0.008; non‑obese: P=0.006). Among 
obese patients with T2DM, deceased individuals had signifi‑
cantly lower high‑density lipoprotein (HDL) cholesterol levels 
compared with survivors (P=0.008) and exhibited a trend 
toward lower plasma CyPA concentrations (P=0.060). In addi‑
tion, patients who died had significantly higher plasma levels 
of soluble vascular adhesion molecule‑1 (sVCAM‑1) than 
surviving patients in the non‑obese group (P=0.022). In the 
obese group, sVCAM‑1 levels were numerically higher among 
patients who died than among survivors; however, this differ‑
ence did not reach statistical significance (P=0.092; Table IV). 
Collectively, these findings indicate that elevated plasma 
CD147 and sVCAM‑1 levels are associated with increased 
mortality risk in patients with diabetes, whereas reduced HDL 
cholesterol may further contribute to adverse outcomes among 
those with obesity.

Obesity‑stratified biomarker profiles and ROC analyses for 
cancer occurrence. In the non‑obese diabetic group, patients 
diagnosed with cancer exhibited significantly elevated plasma 
CD147 concentrations compared with those without cancer 
(P=0.034). A similar trend was observed in the obese diabetic 
group, although the difference was not statistically significant 
(Table V). ROC curve analysis demonstrated that plasma CD147 
had a moderate predictive value for cancer in the non‑obese 
diabetic group, with an AUC of 0.665 (95% CI, 0.534‑0.795; 
P=0.036) (Fig. 1A). The optimal cutoff value determined by 
the maximum Youden index was 3,162.3 pg/ml, corresponding 
to a sensitivity of 68.8% and a specificity of 62.2%. Among 
patients with obesity, diabetes and cancer, plasma PCSK9 levels 
were significantly higher than those in obese diabetic patients 

Table I. Basic demographic data of diabetes patients.

	 Diabetes
Group of patients	 (n=141)

Basic characteristics	
  Age, years	 70±9
  Male sex	 58 (41)
  BMI, kg/m2	 26±4
  BMI ≥27	 53 (37.6)
  Mortality after 10 years	 49 (34.8) 
  Morbidity of cancer after 10 years	 23 (16.3)
  Smoking index	 19±11
Inflammatory factors (reference ranges)	
  IL‑2, pg/ml	 25.03±13.90
  IL‑4, pg/ml	 0.17±0.85
  IL‑6, pg/ml	 12.49±11.46
  Hs‑CRP, mg/dl (<1.0)	 0.06±0.05
Lipid profile 	
  LDL‑cholesterol, mg/dl (<130)	 101±22
  Total cholesterol, mg/dl (<200)	 174±29
  HDL‑cholesterol, mg/dl (>40)	 50±13
  Triglyceride, mg/dl (<150)	 136±122

Values are expressed as the mean ± standard deviation for continuous 
variables and n (%) for categorical variables. Reference ranges are 
provided where available for routine laboratory parameters. For 
non‑routine biochemical analyses and exploratory inflammatory 
biomarkers, universally established clinical reference ranges are not 
available. BMI, body mass index; smoking index, pack per day x 
years; Hs‑CRP, high‑sensitivity C‑reactive protein; LDL, low‑density 
lipoprotein; HDL, high‑density lipoprotein; IL, interleukin.
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without cancer (P=0.029; Table V). The AUC for PCSK9 in 
predicting cancer among obese diabetic patients was 0.726 
(95% CI, 0.543‑0.910; P=0.035) (Fig. 1B), which was superior 
to that of CD147 and CyPA. The optimal cutoff value for plasma 
PCSK9 was 193.1 ng/ml, yielding a sensitivity of 100.0% and a 
specificity of 36.6%. These results indicate that elevated plasma 
CD147 is associated with cancer risk in non‑obese diabetic 
patients, whereas PCSK9 serves as a stronger predictor of 
cancer in obese patients, suggesting distinct biomarker profiles 
across different metabolic phenotypes of diabetes.

Discussion

In the present study, the predictive value of circulating CD147 
and PCSK9 levels for cancer risk among obese and non‑obese 
patients with T2DM was investigated. The results indicated 
that higher PCSK9 concentrations were associated with 
increased cancer risk in obese patients with diabetes. Elevated 
CD147 levels are associated with cancer in non‑obese diabetic 

patients  (2). Further multivariate Cox analysis indicated 
that plasma CD147 was independently associated with an 
increased risk of cancer (P=0.021). This highlights the robust‑
ness of CD147 as a potential biomarker, beyond conventional 
demographic and metabolic risk factors. After 10 years of 
follow‑up, in patients with T2DM, high CD147 levels were 
significantly associated with cancer (P=0.026). Importantly, 
although this association was statistically significant in Model 
2 (aHR=9.998; 95% CI=1.324‑75.498), the wide confidence 
interval indicates uncertainty in the effect size, and it there‑
fore warrants cautious interpretation. Taken together, these 
results suggest that diabetes and obesity play important 
roles in cancer development and mortality. Furthermore, the 
present data indicate that distinct circulating biomarkers may 
be useful for risk stratification: Plasma PCSK9 with obesity 
and diabetes and plasma CD147 in obese and non‑diabetic 
patients. Nevertheless, residual confounding factors cannot be 
fully excluded, emphasizing the need for larger, age‑matched, 
multicenter studies to validate these observations.

Table II. Characteristics of patients with diabetes (with and without obesity).

Item	 BMI<27 (n=89)	 BMI≥27 (n=52)	 P‑value

Basic characteristics			 
  Age, years	 71±9	 69±9	 0.257
  Male sex	 40 (45)	 18 (35)	 0.108
  Disease duration, years	 13±9	 15±7	 0.190
  Mortality after 10 years	 36 (41)	 14 (27)	 0.630
  Morbidity of cancer after 10 years	 13 (14.6)	 10 (19.2)	 0.360
  Statin usagea	 38 (43)	 23 (45)	 0.143
  Anti‑hypertensivesa	 27 (30)	 36 (70)	 0.001
Metabolic factors (reference ranges)			 
  Insulin, µU/ml (2.0‑20.0)	 30.46±38.77	 52.46±48.53	 0.007
  HbA1c, % (<5.7)	 7.84±2.31	 7.78±1.55	 0.850
  Total cholesterol, mg/dl (<200)	 171±30	 177±27	 0.270
  Triglyceride, mg/dl (<150)	 121±91	 160±160	 0.067
  LDL‑cholesterol, mg/dl (<130)	 99±23	 104±22	 0.236
  HDL‑cholesterol, mg/dl (>40)	 52±14	 48±11	 0.070
Inflammatory and biomolecular factors			 
  IL‑2, pg/ml	 24.83±13.78	 25.02±14.21	 0.941
  IL‑4, pg/ml	 0.16±0.88	 0.18±0.82	 0.880
  IL‑6, pg/ml	 12.53±12.16	 11.39±7.24	 0.541
  Oxidized‑LDL antibody, U/l	 540±349	 306±165	 0.002
  Oxi‑LDL, mg/dl	 55.82±22.37	 67.02±20.87	 0.004
  sICAM‑1, mg/dl	 298±93.4	 339±11	 0.028
  sVCAM‑1, mg/dl	 1111±410	 1145±320	 0.602
  sE‑selectin, mg/dl	 41.48±19.05	 44.06±21.19	 0.466
  PCSK9, µg/l	 212±76.93	 250±94.69	 0.013
  Plasma CyPA, ng/ml	 83.33±34.12	 96.10±35.02	 0.012
  Plasma CD147, pg/ml	 3283±1204	 3778±986.6	 0.006

Values are expressed as the mean ± standard deviation or n (%). Student's t‑test was performed for statistical comparisons. aMcNemar's test was 
used for this paired categorical comparison. sICAM‑1, soluble intercellular adhesion molecule‑1; sVCAM‑1, soluble vascular cell adhesion 
molecule‑1; IL‑2, interleukin 2; PCSK9, type 9 proprotein convertase subtilisin/kexin type 9; CyPA, cyclophilin A; CD147, differentiation 147; 
oxi‑LDL, oxidised low‑density lipoprotein; HDL, high‑density lipoprotein; HbA1c, glycated hemoglobin A1c.
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Patients with diabetes have been reported to exhibit a 
10‑20% higher incidence of cancer compared with individuals 
without diabetes  (1). Furthermore, diabetes is recognized 
as an independent risk factor for mortality from several 

malignancies, including colorectal, pancreatic, breast, liver 
and bladder cancers, regardless of BMI status (9,10). Cancer 
often suppresses antitumor immunity through metabolic 
and signaling reprogramming. CD147 can promote immune 

Table III. Multivariate Cox regression analysis of plasma CD147 and PCSK9 in predicting cancer morbidity after 10 years.

A, Model 1 (adjusted for age, gender, BMI)

Variable	 aHR	 95% CI	 P‑value

Plasma CD147 (high vs. low)a	 4.45	 1.26-15.76	 0.021
Plasma PCSK9 (tertile)b	 0.70	 0.21-2.29	 0.552
BMI (≥27 vs. <27 kg/m²)	 0.75	 0.30-1.85	 0.530
Sex (male vs. female)	 1.21	 0.51-2.87	 0.664
Age	 1.00	 0.97-1.04	 0.975

B, Model 2 (Adjusted for BMI only)

Variable	 aHR	 95% CI	 P‑value

Plasma CD147 (high vs. low)a	 10.00	 1.32-75.50	 0.026
Plasma PCSK9 (tertile)b	 0.83	 0.47-1.45	 0.511

aPlasma CD147 was dichotomized according to the median plasma CD147 concentration (<3,196 vs. ≥3,196 pg/ml). bPlasma PCSK9 was 
categorized into tertiles (<170.5, 170.5‑238 and ≥239 ng/ml). BMI was categorized as <27 and ≥27 kg/m² according to the obesity criteria of the 
Taiwan Health Promotion Administration. aHR, adjusted hazard ratio; BMI, body mass index; CD147, cluster of differentiation 147; PCSK9, 
proprotein convertase subtilisin/kexin type 9; CI, confidence interval.

Table IV. Subgroup analysis of patients with diabetes (with or without obesity) according to survival status.

	 BMI <27 kg/m2 (n=89)	 BMI ≥27 kg/m2 (n=52)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group of patients	 Alive (n=52)	 Deceased (n=37)	 P‑value	 Alive (n=14)	 Deceased (n=38)	 P‑value

Age, years	 69±8	 74±7	 0.006	 69±7	 67±14	 0.332
Male sex	 23 (44)	 18 (49)	 0.679	 4 (29)	 16 (42)	 0.490
Morbidity of cancer	 2 (3.8)	 11 (29.7)	 0.001	 2 (14.3)	 17 (44.7)	 0.018
after 10 years
Total cholesterol, mg/dl	 173±31	 169±31	 0.535	 180±29	 169±21	 0.229
Triglyceride, mg/dl	 127±107	 117±73	 0.636	 172±191	 143±36	 0.601
LDL‑cholesterol, mg/dl	 99±19	 100±27	 0.757	 103±23	 105±17	 0.791
HDL‑cholesterol, mg/dl	 54±15	 48±13	 0.086	 50±11	 40±10	 0.008
sICAM‑1, mg/dl	 289±85.77	 312.0±105.4	 0.292	 332±85	 371±192	 0.528
sVCAM‑1, mg/dl	 1030±329	 1193±432	 0.022	 1110±252	 1301±493	 0.092
sE‑selectin, mg/dl	 41.74±21.50	 40.15±14.19	 0.715	 47.23±22.59	 38.78±17.52	 0.262
PCSK9, µg/l 	 215.1±76.48	 212.6±80.67	 0.887	 253.7±102.0	 251.6±74.88	 0.943
Plasma CyPA, ng/ml 	 87.56±30.43	 100.1±47.75	 0.503	 100.9±28.42	 89.15±48.82	 0.060
Plasma CD147, pg/ml	 3372±946	 3810±872	 0.006	 3569±811	 4406±1159	 0.008
Oxi‑LDL antibody, U/l	 782.9±828.8	 611.1±572.3	 0.495	 401.4±285.4	 249.3±90.66	 0.227
Oxi‑LDL, mg/dl	 56.41±23.64	 54.79±21.85	 0.991	 68.33±22.80	 70.10±14.98	 0.568

Student's t‑test was performed for statistical comparisons. McNemar's test was used for this paired categorical comparison. sICAM‑1, soluble 
intercellular adhesion molecule‑1; sVCAM‑1, soluble vascular cell adhesion molecule‑1; PCSK9, type 9 proprotein convertase subtilisin/kexin 
type 9; CyPA, cyclophilin A; CD147, cluster of differentiation 147; oxi‑LDL, oxidised low‑density lipoprotein; HDL, high‑density lipoprotein.
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escape through multiple mechanisms. As a molecular chap‑
erone of monocarboxylate transporter 1 (MCT1) and MCT4, 
the CD147‑MCT complex is crucial for tumor lactate transport 
and glycolytic conversion, which consumes glucose, acidifies 
the tumor microenvironment and impairs T‑cell function. 
Elevated lactate levels further promote tumor‑infiltrating 
lymphocyte dysfunction and broad immunosuppression (7,10). 
In addition, metabolic stress in fatty liver disease and fibrosis 
is associated with increased glucose transporter expression; 
notably, solute carrier family 2 member 1 (SLC2A1/GLUT1) 
is upregulated in advanced NAFLD‑related hepatocellular 
carcinoma with steatosis and fibrosis  (11,12). CD147 also 
forms a complex with CD98hc (SLC3A2), activating the 
PI3K/Akt pathway, which drives tumor cell proliferation and 
is associated with adverse prognosis in multiple cancers (13). 
Collectively, these pathways may provide biological context 
for the observed association between circulating CD147 levels 
and cancer occurrence in patients with diabetes, particularly 
in metabolically dysregulated conditions, such as diabetes. 

Barone et al (14), in an analysis of 23 studies, estimated that 
diabetes confers a 41% higher risk of mortality relative to 
non‑diabetic populations (HR=1.41; 95% CI, 1.28‑1.55), which 
is higher than that of individuals without diabetes. Obesity has 
also been associated with an increased risk of all‑cause cancer 
mortality (HR=1.23, 95% CI, 1.01‑1.50) (14,15). Consistent 
with prior reports, higher rates of cancer, all‑cause mortality 
and obesity were observed in patients with diabetes in the 
present study. Both diabetes and obesity appear to contribute 
to increased risks of cancer and mortality. Notably, although 
obesity and cancer were more prevalent in the diabetic popula‑
tion than in non‑diabetic individuals, cancer incidence among 
patients with diabetes did not differ significantly according to 
obesity status.

IL‑2, IL‑6 and hs‑CRP are key players in the immune 
response and inflammation and have been linked to apoptosis 
and oxidative stress mechanisms. Although IL2, IL6 and 
hs‑CRP are commonly used indicators of chronic inflamma‑
tion in clinical practice, their differences cannot be observed 

Table V. Subgroup analysis of patients with diabetes (with or without obesity) according to cancer morbidity.

	 BMI <27 kg/m2 (n=89)	 BMI ≥27 kg/m2 (n=52)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group of patients	 Non‑cancer (n=76)	 Cancer (n=13)	 P‑value	 Non‑cancer (n=42)	 Cancer (n=10)	 P‑value

Oxi‑LDL antibody, U/l	 782.9±828.8	 611.1±572.3	 0.495	 401.4±285.4	 249.3±90.66	 0.227
Oxi‑LDL, mg/dl	 56.41±23.64	 54.79±21.85	 0.991	 68.33±22.80	 70.10±14.98	 0.568
sICAM‑1, mg/dl	 273.5±84.09	 319.4±107.2	 0.069	 329.0±118.6	 300.1±74.46	 0.527
PCSK9, µg/l	 202.1±69.55	 198.5±65.21	 0.850	 226.3±64.89	 288.5±79.13	 0.029
Plasma CyPA, ng/ml	 82.63±33.41	 88.04±44.29	 0.993	 93.67±29.27	 102.4±53.32	 0.993
Plasma CD147, pg/ml	 3252±1257	 3604±912.9	 0.034	 3653±962.9	 4258±1002	 0.096

sICAM‑1, soluble intercellular adhesion molecule‑1; sVCAM‑1, soluble vascular cell adhesion molecule‑1; PCSK9, type 9 proprotein 
convertase subtilisin/kexin type 9; CyPA, cyclophilin A; CD147, cluster of differentiation 147; oxi‑LDL, oxidised low‑density lipoprotein.

Figure 1. ROC curve analysis of plasma biomarkers for predicting 10‑year cancer incidence in patients with type 2 diabetes stratified by BMI. (A) In patients 
with BMI <27 kg/m², plasma CD147 demonstrated significant discriminatory performance (AUC=0.665; 95% CI, 0.534‑0.795; P=0.036), with an optimal 
cutoff value of 3,162.3 pg/ml (sensitivity, 68.8%; specificity, 62.2%). CyPA and PCSK9 showed no significant discriminatory ability. (B) In patients with BMI 
≥27 kg/m², plasma PCSK9 demonstrated the highest discriminatory performance (AUC=0.726; 95% CI, 0.543‑0.910; P=0.035), with an optimal cutoff value 
of 193.1 ng/ml (sensitivity, 100.0%; specificity, 36.6%). CD147 and CyPA showed no significant discriminatory ability. BMI, body mass index; ROC, receiver 
operating characteristic; AUC, area under the ROC curve; PCSK9, type 9 proprotein convertase subtilisin/kexin type 9; CyPA, cyclophilin A.
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when diabetes itself is already in a state of chronic and 
persistent inflammation (6,16).

PCSK9 is a circulating protein that plays a central role in 
the regulation of LDL metabolism (15,17). Although statin 
therapy is known to increase PCSK9 levels, significantly 
higher PCSK9 concentrations were observed in obese patients 
with diabetes in the present study, despite comparable statin 
use rates and LDL cholesterol levels. However, the asso‑
ciation between obesity and circulating PCSK9 levels remains 
inconclusive  (17). Higher circulating PCSK9 levels have 
been observed in obese individuals compared with those of 
normal weight or overweight (18,19). However, other studies 
have reported an inverse association between waist circumfer‑
ence and PCSK9 levels in women (20). While Chan et al (21) 
identified a positive correlation between PCSK9 and adiposity 
indices, other investigators observed no association between 
PCSK9 and body composition parameters (14). In the present 
study, obese patients with diabetes exhibited elevated plasma 
PCSK9 concentrations compared with their non‑obese coun‑
terparts, with a significant positive correlation between PCSK9 
levels and obesity (rho=0.245, P=0.001; data not shown).

Previous studies have reported associations between PCSK9 
levels and myocardial infarction as well as CVD (15,17,18). 
However, a meta‑analysis found no significant association 
between plasma PCSK9 concentrations and CVD risk (17). 
Although PCSK9 inhibitors have been shown to improve 
cardiovascular outcomes and reduce all‑cause mortality rates, 
circulating PCSK9 concentrations may not independently 
predict mortality (21). Although Schlegel et al (22) observed 
an inverse association between PCSK9 levels and mortality 
in end‑stage liver disease, no significant difference in circu‑
lating PCSK9 concentrations between deceased and surviving 
diabetic patients was detected in the present study, regardless 
of BMI status.

In addition to its established role in cholesterol homeo‑
stasis, PCSK9 has recently been implicated in cancer biology. 
It promotes immune evasion by facilitating the degradation of 
major histocompatibility complex class I molecules on tumor 
cells, thereby limiting its recognition by cytotoxic T lympho‑
cytes (23,24). Experimental studies have demonstrated that 
PCSK9 inhibition enhances antitumor immunity and improves 
response to immune checkpoint blockade (17,18,23). In addi‑
tion, PCSK9‑mediated dysregulation of cholesterol metabolism 
may contribute to tumor growth and metastasis. These previ‑
ously reported mechanisms may partially explain the observed 
association between higher plasma PCSK9 levels and cancer 
occurrence in obese patients with diabetes. However, among 
patients with non‑obese diabetes, where metabolic stressors 
such as CD147 predominate, PCSK9's contribution to the risk 
of cancer appears less pronounced.

Higher circulating CD147 levels have been observed in 
the context of obesity. Wilson et al (25) described a positive 
association between BMI and CD147 levels in an animal 
model, and the findings of the present study similarly indicate 
a positive correlation between BMI and plasma CD147 levels 
(rho=0.157, P=0.012; data not shown).

In the present study, among patients with diabetes, those 
who died exhibited a higher prevalence of cancer and elevated 
plasma CD147 levels, regardless of BMI status. Previous 
studies have reported associations between elevated CD147 

expression and adverse oncologic characteristics in several 
cancers (13,26,27).

CD147 has been investigated as a potential prognostic 
biomarker in upper gastrointestinal cancers  (26). In the 
present study, higher CD147 levels were observed in diabetic 
patients with cancer, although only a marginal association 
was noted in the obese group. In the present study, ROC 
curve analysis suggested that plasma CD147 may have 
predictive utility for 10‑year cancer risk in non‑obese 
patients with T2DM, whereas plasma PCSK9 may serve as a 
predictive biomarker for 10‑year cancer risk in obese patients 
with T2DM. The anti‑CD147 antibody improves the effects 
of chemoradiation therapy in certain cancer treatments (28). 
Overexpression of CD147 has been associated with unfavor‑
able clinical outcomes in cancer patients, suggesting possible 
relevance in tumor biology. Individuals with concomitant 
obesity and diabetes exhibited elevated circulating PCSK9 
concentrations relative to non‑diabetic individuals. In the 
present study, higher circulating PCSK9 levels were observed 
in patients with cancer, obesity and diabetes. Emerging 
evidence has suggested possible associations between 
PCSK9 and cancer‑related outcomes in experimental and 
clinical studies and experimental studies have shown that 
PCSK9 inhibition can improve cancer‑related outcomes and 
tumor behavior (29,30). Tumor‑induced lipoprotein choles‑
terol has been reported to promote tumor growth through 
PCSK9 activation, which is associated with elevated LDL 
cholesterol levels (31). However, LDL cholesterol levels were 
not increased in patients with cancer in the present cohort, 
indicating that the association between PCSK9 and cancer 
prevalence may not be mediated by dyslipidemia. Instead, 
PCSK9 may influence cancer progression through alternative 
mechanisms, such as modulation of proprotein convertase 
substrates, including matrix metalloproteinases (32). Notably, 
PCSK9 demonstrated superior predictive performance 
for cancer risk among patients with obesity and diabetes 
compared with CD147 and CyPA. The apparent discrepancy 
between the Cox regression and ROC analyses likely reflects 
the different statistical objectives of these approaches. 
Multivariate Cox regression evaluates independent associa‑
tions after adjustment for covariates, whereas ROC analysis 
assesses the discriminatory performance of biomarkers 
within specific subgroups. Therefore, although PCSK9 did 
not remain independently associated with cancer risk in the 
overall adjusted Cox model, it demonstrated relatively better 
discriminatory performance in obese patients with T2DM, 
suggesting potential subgroup‑specific discriminatory 
performance that warrants further validation.

In the present study, plasma CyPA levels were associ‑
ated with the BMI. Consistent with the current findings, 
Kumar et al (16) reported elevated CyPA concentrations in obese 
individuals, irrespective of diabetes status. Overexpression of 
CyPA has been linked to adverse clinical outcomes in several 
pathological conditions, including congestive heart failure, 
pancreatitis, brain injury and cancer (32‑35). In the present 
cohort, lower plasma CyPA levels were observed among 
deceased patients with obesity and diabetes; however, this 
difference did not reach statistical significance. Furthermore, 
CyPA concentrations did not differ according to cancer status 
in these patients.

https://www.spandidos-publications.com/10.3892/ol.2026.15856
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This study had several methodological limitations that 
warrant consideration. First, the sample size was determined 
by the available cohort during the study period rather than 
by a priori power calculations. Although the overall cohort 
was sufficient for exploratory analyses, the relatively small 
number of cancer events and subgroup stratification may have 
limited statistical precision and reduced the ability to detect 
modest associations. Furthermore, the limited number and 
heterogeneous distribution of cancer types prevented cancer 
site‑specific analyses. Because the biological relevance of 
CD147 and PCSK9 may vary across different malignancies, 
the present findings should be interpreted cautiously and 
considered exploratory and hypothesis‑generating. In addi‑
tion, detailed oncologic information, including tumor stage, 
metastatic status, recurrence and treatment response, was 
not consistently available in this cohort. Second, missing 
baseline biomarker data were minimal (<5%) and were 
handled by listwise deletion. Although this approach was 
unlikely to have substantially influenced the main findings, 
a minor degree of bias cannot be excluded. Third, only 23 
cancer events occurred among the 141 patients with type 2 
diabetes during the 10‑year follow‑up period. Further strati‑
fication by obesity status reduced both the subgroup sample 
sizes and the number of events, resulting in wide confidence 
intervals and limited statistical precision. Although baseline 
smoking status, statin use and renal function were avail‑
able for evaluation, detailed information on metformin and 
other glucose‑lowering medications, including treatment 
duration, dosage and changes during follow‑up, was not 
comprehensively available. In addition, the small numbers of 
cases across heterogeneous cancer types precluded reliable 
cancer site‑specific analyses. Given the limited number of 
events, including all potentially relevant covariates in the 
multivariate Cox regression models, would have increased 
the risk of overfitting. Therefore, only a limited set of clini‑
cally relevant covariates was included. Residual confounding 
cannot be excluded and the phenotype‑specific subgroup 
findings should be interpreted cautiously as exploratory 
and hypothesis‑generating. Fourth, this was a single‑center 
observational cohort study based on patients with available 
follow‑up data; therefore, potential selection bias remains 
possible. In addition, the imbalance in baseline age distribu‑
tion and the relative homogeneity of the study population 
may limit the generalizability of the present findings. Future 
large‑scale, multicenter prospective studies incorporating 
larger and more diverse populations, together with detailed 
cancer‑related clinical information, are needed to validate 
these findings and further clarify the clinical relevance of 
these biomarkers across different cancer types.

Despite these limitations, this study has several important 
strengths. To our knowledge, this is one of the first studies to 
simultaneously evaluate plasma CD147, CyPA and PCSK9 
in relation to long‑term cancer risk in patients with T2DM. 
With up to 10 years of follow‑up, the present findings revealed 
phenotype‑specific predictive associations, suggesting that 
CD147 may have greater predictive value in non‑obese patients, 
whereas PCSK9 may have greater predictive value in obese 
patients with T2DM. These findings provide a foundation for 
future biomarker‑based cancer risk stratification and precision 
medicine in patients with type 2 diabetes.
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