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Abstract

Background: Type 2 diabetes mellitus (T2DM) is common in patients with gastrointesti-
nal malignancies, yet its relationship with functional status at cancer diagnosis remains
poorly defined. Because both diabetes and cancer are characterized by systemic inflam-
matory activation, inflammation may be associated with the relationship between diabetes
and functional impairment. Methods: We performed a retrospective observational study of
344 patients with colon or pancreatic cancer diagnosed between January 2019 and December
2025, including 172 patients with T2DM and 172 without diabetes, frequency-matched by tumor
site. Clinical characteristics, The Eastern Cooperative Oncology Group—ECOG performance
status (ECOG-PS) and laboratory parameters were assessed at diagnosis before oncological
treatment. Associations between T2DM and ECOG-PS were examined using multinomial and
ordinal logistic regression adjusted for age, cancer stage, tumor site, and sex. Multivariable
linear regression was used to assess associations with log-transformed C-reactive protein (CRP)
and lactate dehydrogenase (LDH). An exploratory analysis evaluated the indirect statistical
association through a composite inflammatory score derived from standardized CRP, LDH,
and neutrophil count values using 5000 bootstrap samples. Results: T2DM was independently
associated with a higher ECOG-PS category in the ordinal model (OR = 1.78; 95% CI 1.14-2.76;
p = 0.010). In the multinomial model, T2DM was associated with ECOG 2 versus ECOG 0
(OR = 2.84; 95% CI 1.22-6.63; p = 0.016), whereas the association with ECOG 1 versus ECOG 0
was not statistically significant. After multivariable adjustment, T2DM was associated with
56.4% higher CRP and 34.7% higher LDH levels. A significant indirect statistical associa-
tion through the composite inflammatory score was observed (B = 0.147; 95% bootstrap CI
0.083-0.216; p < 0.001), whereas the direct association after inclusion of the inflammatory score
was not significant (p = 0.020; 95% CI —0.119 to 0.158; p = 0.780). Conclusions: In this selected
sample assessed cross-sectionally at cancer diagnosis, T2DM was associated with poorer ECOG
performance status and higher systemic inflammatory markers. The observed indirect statistical
association through the composite inflammatory score should be interpreted as exploratory
because the concurrent assessment of inflammatory markers and ECOG-PS precludes temporal
or causal inference. Prospective longitudinal studies are required to clarify these relationships.

Keywords: type 2 diabetes mellitus; systemic inflammation; functional status; ECOG
performance status; colon cancer; pancreatic cancer; C-reactive protein; lactate dehydrogenase;
cancer vulnerability
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1. Introduction

Type 2 diabetes mellitus (T2DM) is a common comorbidity among patients with gas-
trointestinal malignancies and may shape the clinical trajectory of both colon and pancreatic
cancer [1,2]. In colon cancer, pre-existing T2DM has been linked to poorer overall survival,
whereas its association with cancer-specific mortality is less consistent and appears to
vary according to diabetes duration, comorbidity burden, and treatment exposure [34].
Pancreatic cancer presents an even more complex relationship, as diabetes may represent
a long-standing metabolic condition or emerge shortly before cancer diagnosis as a con-
sequence of pancreatic dysfunction. This heterogeneity is reflected in studies reporting
variable prognostic effects of diabetes according to tumor stage and the duration of diabetes
before pancreatic cancer diagnosis [5].

Chronic systemic inflammation represents a plausible interface through which T2DM
may contribute to greater clinical vulnerability in patients with cancer [6]. Diabetes is
accompanied by persistent metabolic and immune dysregulation, while malignant disease
independently activates inflammatory pathways through reciprocal interactions between
the tumor and the host [7]. In pancreatic cancer, the coexistence of T2DM has been as-
sociated with increased circulating leukocyte counts and a distinct inflammatory tumor
microenvironment [8]. Evidence from broader populations with concomitant diabetes
and cancer further indicates that systemic immune-inflammatory indices retain prognostic
significance after adjustment for relevant clinical characteristics [9]. In colon cancer, ele-
vated C-reactive protein (CRP) has likewise been associated with unfavorable outcomes
across disease stages, reinforcing the prognostic relevance of systemic inflammation in
gastrointestinal malignancy [10].

Functional capacity constitutes another major dimension of clinical vulnerability in on-
cology. The Eastern Cooperative Oncology Group performance status (ECOG-PS) provides
a standardized assessment of functional impairment and remains central to therapeutic
decision-making, treatment eligibility, and prognostic evaluation [11-13]. Increasing ECOG-
PS has been associated with a greater risk of hospitalization, chemotherapy-related toxicity,
and mortality among patients with cancer [14]. Emerging evidence also indicates that
functional decline and systemic inflammation are closely intertwined. In advanced ma-
lignancy, worsening ECOG-PS has been accompanied by higher CRP and interleukin-6
concentrations, while the combined evaluation of inflammatory status and performance
status provides substantial prognostic information [15,16]. These observations raise the
possibility that systemic inflammation may represent an important correlate of functional
deterioration rather than merely reflecting tumor burden.

Despite extensive evidence linking T2DM, systemic inflammation and functional status
individually to adverse cancer outcomes, their relationship at the time of diagnosis has
received comparatively limited investigation [17,18]. Specifically, whether T2DM is associ-
ated with impaired ECOG performance status independently of major demographic and
oncological characteristics remains unclear in patients with colon or pancreatic cancer. The
relationship between systemic inflammatory activity and diabetes-associated differences
in functional status also remains uncertain. Characterizing this interplay could identify a
clinically relevant phenotype in which metabolic dysfunction, heightened inflammatory
activity, and reduced functional reserve coexist at cancer presentation.

In this study, we investigated the association between T2DM and ECOG performance
status in patients with newly diagnosed colon or pancreatic cancer before the initiation
of oncological treatment. We additionally examined whether T2DM was associated with
systemic inflammatory markers and explored the indirect association through a composite
inflammatory score incorporating CRP, lactate dehydrogenase and neutrophil count. We

https://doi.org/10.3390/immuno6040074


https://doi.org/10.3390/immuno6040074

Immuno 2026, 6, 74

30f15

hypothesized that patients with T2DM would exhibit a greater systemic inflammatory
burden and poorer functional status.

2. Materials and Methods
2.1. Study Design and Population

This retrospective cohort study was conducted at Sibiu County Clinical Emergency
Hospital, Romania and included adult patients with a diagnosis of primary colon or pan-
creatic cancer between January 2019 and December 2025. The study was based on a defined
clinical assessment pathway rather than on a hospital-wide registry of all patients with
colon or pancreatic cancer across inpatient, outpatient and supportive-care settings. This
distinction is relevant to the interpretation of the functional-status distribution and the
representativeness of the analytic cohort.

Patients were considered eligible when the medical record contained a confirmed
diagnosis of colon or pancreatic cancer together with documented cancer stage, ECOG-PS,
T2DM status and all laboratory measurements required for the planned analyses. Clinical
and laboratory variables were collected at the time of cancer diagnosis and before the
initiation of chemotherapy or radiotherapy. Patients were excluded if they had type 1
diabetes mellitus or another specific form of diabetes, a concurrent active malignancy or
missing information for any of the principal study variables.

The study population was classified according to the presence or absence of T2DM at
cancer diagnosis. The analytic sample was restricted to patients with complete information
for all principal study variables. All patients with documented T2DM who fulfilled these
criteria were included, while patients without diabetes were selected from the same eligible
population at a 1:1 ratio using frequency matching by tumor site. The final analytic cohort
comprised 344 patients, including 172 with T2DM and 172 without diabetes. The available
analytical dataset contained only patients meeting the complete-case eligibility criteria;
therefore, the number and baseline characteristics of patients excluded because of incomplete
records could not be reliably reconstructed from this dataset. Consequently, a formal
comparison between included and excluded patients was not possible.

In accordance with the institutional requirements applicable to retrospective analyses of
routinely collected clinical data, formal ethics committee approval and individual informed
consent were not required. All patient-level information was anonymized before analysis.

2.2. Data Collection and Definitions

Demographic, clinical, oncological and laboratory variables were retrospectively re-
trieved from the medical records. Demographic and clinical data included age, sex, tumor
site, cancer stage, ECOG-PS, anemia status, Charlson Comorbidity Index, chemotherapy
and external-beam radiotherapy.

Laboratory variables comprised hemoglobin, hematocrit, mean corpuscular volume,
leukocyte count, neutrophil count, platelet count, CRP, glycated hemoglobin (HbAlc),
lactate dehydrogenase (LDH), alkaline phosphatase, serum albumin, carcinoembryonic
antigen, ferritin and estimated glomerular filtration rate (eGFR).

T2DM was defined according to a documented diagnosis in the medical record at
the time of cancer diagnosis. Information on diabetes duration and timing of diabetes
onset relative to cancer diagnosis was not available for the planned analyses. Consequently,
long-standing diabetes could not be distinguished from recent-onset diabetes. Tumor site
was categorized as colon or pancreas, while cancer stage was classified from stage I to stage
IV. ECOG performance status was extracted from documented ECOG-PS scores recorded in
the clinical records at cancer diagnosis, without retrospective reconstruction from narrative
descriptions. No ECOG-specific exclusion criterion was specified in the study eligibility
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criteria. The final complete-case analytic cohort included patients with ECOG-PS 0-2. This
observed distribution should be interpreted in the context of the clinical pathway from
which the cohort was assembled and should not be taken to indicate the absence of patients
with ECOG-PS 34 from the broader hospital population. Because information on patients
outside the captured pathway and those who failed eligibility screening was not retained in
the analytical dataset, the respective contributions of referral patterns and eligibility-related
exclusions could not be quantified.

2.3. Statistical Analysis

Continuous variables were summarized as medians with interquartile ranges and
compared between patients with and without T2DM using the Mann-Whitney U test.
Categorical variables were presented as absolute frequencies and percentages and compared
using the chi-square test.

The association between T2DM and ECOG-PS was initially examined using multino-
mial logistic regression, with ECOG 0 defined as the reference category. Separate odds ratios
were estimated for ECOG 1 versus ECOG 0 and ECOG 2 versus ECOG 0. Because ECOG-PS
represents an ordered categorical outcome, an ordinal proportional-odds logistic regression
model was additionally fitted using the same covariates. Both regression approaches were
adjusted for age, cancer stage, tumor site and sex. Because CRP and LDH showed skewed
distributions, both variables were logarithmically transformed before regression analysis.
Their associations with T2DM were evaluated using multivariable linear regression models
adjusted for age, cancer stage, tumor site and sex. Regression coefficients for T2DM were
subsequently back-transformed and expressed as percentage differences in CRP and LDH
levels between patients with and without diabetes.

An exploratory mediation-type analysis was conducted to estimate the indirect statis-
tical association between T2DM and ECOG performance status through systemic inflam-
mation. The mediator was defined as a composite inflammatory score calculated as the
mean of the standardized z-scores of CRP, LDH and neutrophil count. For this exploratory
analysis, ECOG performance status was modeled as an ordered numerical outcome ranging
from 0 to 2. Because inflammatory markers and ECOG performance status were assessed
concurrently, the resulting coefficients were interpreted as statistical associations rather
than causal effects, and no proportion mediated was considered interpretable. The indirect
association was estimated using the product-of-coefficients approach and 95% confidence
intervals were derived from 5000 bootstrap samples. The mediation analysis was adjusted
for age and cancer stage.

Between-group comparisons of baseline characteristics were considered descriptive
and exploratory. No adjustment for multiple comparisons was applied to these comparisons;
therefore, the corresponding p values should be interpreted cautiously and were not used
for variable selection or confirmatory inference.

All statistical tests were two-sided, and a p value < 0.05 was considered statistically
significant. Statistical analyses were performed using IBM SPSS Statistics for Windows,
version 24.0 (IBM Corp., Armonk, NY, USA).

3. Results
3.1. General Characteristics of the Study Population

The study included 344 patients with colon or pancreatic cancer, equally distributed
between the T2DM group (n = 172) and the non-diabetic group (n = 172). The two groups
were frequency-matched according to tumor site.

No significant between-group differences were observed for age (p = 0.519), mean
corpuscular volume (p = 0.726), alkaline phosphatase (p = 0.597), carcinoembryonic antigen
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(p = 0.164) or ferritin (p = 0.597). In contrast, patients with T2DM had lower hemoglobin,
hematocrit, albumin and eGFR values and higher leukocyte, neutrophil, platelet, CRP, LDH
and Charlson Comorbidity Index values than patients without diabetes (all p < 0.001)
(Table 1; Figure 1). As expected given the diabetes classification, HbAlc was substantially
higher in the T2DM group than in the non-diabetic group (8.7% [7.9-9.3] vs. 5.3% [5.2-5.4];
p < 0.001); this comparison is presented as a descriptive metabolic check rather than as an
independent study finding.

Table 1. Demographic, hematologic, and biochemical characteristics of patients with colon or pancre-
atic cancer according to type 2 diabetes status.

Variable No Diabetes (n = 172) Type 2 Diabetes (n = 172) ifl‘a]rallr:lf\’/\/hitney
U Test
Age, years 68.5 [62.8-74.0] 69.5 [63.0-76.0] 0.519
Hemoglobin, g/dL 12.3 [11.7-12.7] 11.2 [10.8-11.8] <0.001
Hematocrit, % 36.5 [35.0-38.2] 33.5 [31.8-35.5] <0.001
Mean corpuscular volume, fL. ~ 85.2 [80.2-88.8] 85.2 [80.1-89.2] 0.726
Leukocytes, x10?/L 7.2 [6.1-8.1] 8.1[7.2-9.1] <0.001
Neutrophils, x10°/L 4.6 [3.8-54] 5.5 [4.8-6.4] <0.001
Platelets, x10%/L 286.0 [246.5-324.2] 322.0 [281.8-356.5] <0.001
C-reactive protein, mg/L 26.1 [23.4-47.1] 47.1 [41.5-63.6] <0.001
HbAlc, % 5.3 [5.2-5.4] 8.7 [7.9-9.3] <0.001
Lactate dehydrogenase, U/L 285.5 [220.8-340.5] 367.5 [314.0-444.2] <0.001
Alkaline phosphatase, U/L 159.5 [119.0-203.2] 153.5 [120.8-197.2] 0.597
Albumin, g/L 35.3 [33.4-37.7] 28.6 [26.8-31.2] <0.001
E;fg&oembryomc antigen, 34 (7.6-112.2] 20.8 [9.0-50.7] 0.164
Ferritin, ng/mL 173.9 [106.9-266.0] 200.8 [55.7-319.2] 0.597
eGFR, mL/min/1.73 m? 80.4 [67.7-91.4] 68.0 [55.5-79.6] <0.001
Charlson Comorbidity Index 5.0 [4.0-8.0] 6.0 [5.0-9.0] <0.001

Note: Values are presented as median [interquartile range]. p values are unadjusted for multiple
comparisons and are provided for descriptive purposes.

The groups showed no statistically significant differences in sex (p = 0.666), tumor site
(p = 0.829), cancer stage (p = 0.742), ECOG performance status (p = 0.055), chemotherapy
(p = 0.642) and external-beam radiotherapy (p = 0.063). Anemia was substantially more
prevalent among patients with T2DM than among those without diabetes (91.9% vs. 58.1%,
respectively; p < 0.001) (Table 2).

3.2. Multinomial Logistic Regression: Separate Comparisons of Each ECOG Category

In the multinomial logistic regression model, T2DM was not significantly associated
with ECOG 1 compared with ECOG 0 (OR = 1.57, 95% CI 0.96-2.57; p = 0.073). Increasing
age (OR = 1.05, 95% CI1.02-1.08; p = 0.001) and more advanced cancer stage (OR = 2.15,
95% C1 1.65-2.80; p < 0.001) were independently associated with ECOG 1 versus ECOG
0. Neither pancreatic tumor site nor sex was significantly associated with this comparison
(Table 3; Figure 2).
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Figure 1. Distribution of inflammatory and metabolic markers in patients with colon or pancreatic
cancer. (A) C-reactive protein, displayed on a logarithmic scale, according to type 2 diabetes status;
(B) lactate dehydrogenase according to type 2 diabetes status; (C) neutrophil count according to type
2 diabetes status; and (D) HbAlc according to ECOG performance-status category. ECOG, Eastern
Cooperative Oncology Group; HbAlc, glycated hemoglobin; LDH, lactate dehydrogenase; T2DM,
type 2 diabetes mellitus).

Table 2. Demographic and clinical categorical characteristics of patients with colon or pancreatic
cancer according to type 2 diabetes status.

Type 2 Diabetes,

Variable No Diabetes, n (%) n (%) p Value, x? Test
Sex 0.666

Female 82 (47.7%) 86 (50.0%)

Male 90 (52.3%) 86 (50.0%)

Tumor site 0.829

Colon 94 (54.7%) 92 (53.5%)

Pancreas 78 (45.3%) 80 (46.5%)

Cancer stage 0.742

Stage I
Stage II

16 (9.3%)
40 (23.3%)

18 (10.5%)
36 (20.9%)
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Table 2. Cont.
Variable No Diabetes, n (%) ;11"37(}3);:)2 Diabetes, p Value, x? Test
Stage I1I 45 (26.2%) 53 (30.8%)
Stage IV 71 (41.3%) 65 (37.8%)
ECOG performance 0.055
status
ECOG 0 86 (50.0%) 67 (39.0%)
ECOG1 74 (43.0%) 83 (48.3%)
ECOG 2 12 (7.0%) 22 (12.8%)
Anemia <0.001
No 72 (41.9%) 14 (8.1%)
Yes 100 (58.1%) 158 (91.9%)
Chemotherapy 0.642
No 56 (32.6%) 52 (30.2%)
Yes 116 (67.4%) 120 (69.8%)
External-beam
radiotherapy 0.063
No 149 (86.6%) 136 (79.1%)
Yes 23 (13.4%) 36 (20.9%)

Note: p values are unadjusted for multiple comparisons and are provided for descriptive purposes.

Table 3. Multinomial logistic regression: association of type 2 diabetes mellitus and other predictors
with ECOG performance status 1 compared with ECOG performance status 0.

Predictor OR 95% CI p Value
Type 2 diabetes mellitus ~ 1.57 0.96-2.57 0.073
Age 1.05 1.02-1.08 0.001
Cancer stage 2.15 1.65-2.80 <0.001
pancreatic vs. colon 124 0.75-2.07 0.401
Sex 0.74 0.45-1.20 0.221

For ECOG 2 versus ECOG 0, T2DM was independently associated with poorer perfor-
mance status (OR = 2.84, 95% CI 1.22-6.63; p = 0.016). Increasing age and more advanced
cancer stage were also significantly associated with ECOG 2. Pancreatic tumor site and sex
were not significantly associated with ECOG 2 versus ECOG 0 (Table 4; Figure 2).

Table 4. Multinomial logistic regression: association of type 2 diabetes mellitus and other predictors
with ECOG performance status 2 compared with ECOG performance status 0.

Predictor OR 95% CI p Value
Type 2 diabetes mellitus 2.84 1.22-6.63 0.016
Age 1.15 1.09-1.21 <0.001
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Table 4. Cont.
Predictor OR 95% CI p Value
Cancer stage 2.93 1.73-4.97 <0.001
Pancreatlc vs. colon tumor 0.82 0.35-1.89 0.634
site
Sex 1.04 0.46-2.38 0.919
: 4 @ —  OR=1.57(0.96-2.57), p=0.0733
Tywe 2 diabetes = OR=2.84 (1.22-6.63), p=0.016

Age (+1 year)

Cancer stage (+1 level)

Tumor site: pancreas
(vs. colon)

Male sex (vs. female)

@ OR=1.05(1.02-1.08), p=0.00142
4 OR=1.15(1.09-1.21), p=5.06 x 10”7

@& —— OR=2.15(1.65-2.80), p=1.03 x 10°®
= OR=2.93 (1.73-4.97), p=6.25x 10~°

—F—@ ———— OR=1.24(0.75-2.07), p=0.401

= OR=0.82 (0.35-1.89), p=0.634

——@——+—— OR=0.74 (0.45-1.20), p=0.221
= OR=1.04 (0.46-2.38), p=0.919

Odds ratio (multinomial logistic regression; reference: ECOG performance status = 0)

@ ECOG1vs.0 - ECOG2vs.0

Figure 2. Forest plot of the multinomial logistic regression models for ECOG performance status.
(Each ECOG category was compared separately with ECOG performance status 0. Blue circles
represent ECOG performance status 1 versus 0 and red squares represent ECOG performance status 2
versus 0. Points represent odds ratios, and horizontal lines represent 95% confidence intervals. ECOG,
Eastern Cooperative Oncology Group; OR, odds ratio).

3.3. Ordinal Logistic Regression

Given the ordered structure of ECOG performance status (0 < 1 < 2), an ordinal
proportional-odds logistic regression model was additionally fitted using the same covari-
ates included in the multinomial analyses. An approximate likelihood-ratio comparison
was reconstructed from the reported AIC values and parameter counts, yielding x? ~ 7.60,
df =5, and p ~ 0.180. This comparison did not suggest a substantial improvement in fit
with the more highly parameterized multinomial model. However, because the ordinal
and multinomial models are not strictly nested, this approximate comparison cannot be
considered a formal verification of the proportional-odds assumption. Accordingly, the
multinomial results were retained as the primary analysis, while the ordinal model was
interpreted as a complementary analysis.

In the ordinal model, T2DM was independently associated with greater odds of be-
longing to a poorer ECOG performance-status category (OR = 1.78, 95% CI 1.14-2.76;
p = 0.010). Increasing age (OR = 1.07, 95% CI 1.04-1.10; p < 0.001) and more advanced
cancer stage (OR = 2.16, 95% CI 1.70-2.75; p < 0.001) were also independently associated
with poorer performance status. No significant associations were observed for pancreatic
tumor site or sex (Table 5; Figure 3).
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Type 2 diabetes

Age (+1 year)

Cancer stage (+1 level)

Tumor site: pancreas
(vs. colon)

Male sex (vs. female)

Table 5. Ordinal logistic regression: association of type 2 diabetes mellitus and other predictors with
ECOG performance status, adjusted for age, cancer stage, tumor site, and sex.

Predictor OR 95% CI p Value
Type 2 diabetes mellitus 1.78 1.14-2.76 0.010
Age 1.07 1.04-1.10 <0.001
Cancer stage 2.16 1.70-2.75 <0.001
Pancreatic vs. colon tumor site  1.04 0.66-1.63 0.881
Sex 0.89 0.57-1.37 0.589

ECOG performance status

® OR=1.78 (1.14-2.76), p=0.010

@® OR=1.07 (1.04-1.10), p<0.001

——@—— OR=2.16 (1.70-2.75), p<0.001

s OR=1.04 (0.66-1.63), p=0.881

L 4 OR=0.89 (0.57-1.37), p=0.589

0Odds ratio (ordinal logistic regression, proportional odds)

Figure 3. Forest plot of the ordinal proportional-odds logistic regression model for ECOG performance
status. (Points represent odds ratios and horizontal lines indicate 95% confidence intervals. ECOG,
Eastern Cooperative Oncology Group; OR, odds ratio).

The ordinal model provided a significantly better fit than the null model (likelihood-
ratio x* = 86.53, df = 5; p < 0.001), with a McFadden pseudo-R? of 0.133. It also yielded
slightly lower Akaike and Bayesian information criteria than the multinomial model (AIC,
579.1 vs. 581.5; BIC, 605.9 vs. 627.6) while requiring fewer parameters (7 vs. 12).

Opverall, the ordinal analysis was concordant with the multinomial findings. Although
the estimated association with T2DM was numerically stronger for ECOG 2 versus ECOG
0 (OR = 2.84) than for ECOG 1 versus ECOG 0 (OR = 1.57), both approaches supported
an association between T2DM and poorer functional status. Given the absence of a for-
mally verified proportional-odds assumption, the multinomial model provides the primary
inferential results, whereas the ordinal model offers a complementary summary of the
association across ordered ECOG categories.

3.4. Inflammatory Markers: Linear Regression Analyses

To quantify differences in systemic inflammatory markers according to diabetes status,
CRP and LDH were log-transformed and evaluated using multivariable linear regression
models adjusted for age, cancer stage, tumor site and sex.

T2DM was strongly associated with higher log-transformed CRP concentrations
(B = 0.447, 95% CI 0.353-0.541; p < 0.001). Age, cancer stage, pancreatic tumor site and
male sex were not significantly associated with log-transformed CRP (Table 6).
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Table 6. Linear regression analysis of the association between type 2 diabetes mellitus and other
predictors and log-transformed CRP.

Predictor B, Log Scale 95% CI p Value
Type 2 diabetes mellitus 0.447 0.353-0.541 <0.001
Age 0.000 —0.005 to 0.006 0.926
Cancer stage 0.036 —0.011 to 0.084 0.134
Pancreatic tumor location 0.006 —0.093 to 0.104 0.910
Male sex —0.002 —0.096 to 0.092 0.964

T2DM was also independently associated with higher log-transformed LDH concentra-
tions (B = 0.298, 95% CI 0.240-0.356; p < 0.001). More advanced cancer stage was positively
associated with LDH (p = 0.085, 95% CI 0.055-0.114; p < 0.001), whereas pancreatic tumor
site was associated with lower LDH levels (B = —0.063, 95% CI —0.124 to —0.002; p = 0.043).
Age and male sex were not significantly associated with log-transformed LDH (Table 7).

Table 7. Linear regression analysis of the association between type 2 diabetes mellitus and other
predictors and log-transformed LDH.

Predictor B, Log Scale 95% CI p Value
Type 2 diabetes mellitus 0.298 0.240-0.356 <0.001
Age 0.001 —0.002 to 0.005 0.466
Cancer stage 0.085 0.055-0.114 <0.001
Pancreatic tumor location —0.063 —0.124 to —0.002 0.043
Male sex 0.005 —0.054 to 0.063 0.872

Following back-transformation of the regression coefficients, T2DM was associated
with 56.4% higher CRP levels (95% CI 42.4-71.8%; p < 0.001) and 34.7% higher LDH levels
(95% CI 27.1-42.8%; p < 0.001) after multivariable adjustment (Figure 4).

CRP- i ®— +56.4% (95% Cl +42.4% to +71.8%), p=1.2 x 10-18
I
]
I
I
I
I
]
]
I
I
]
I
i
WD~ . ——@———  +34.7% (95% Cl +27.1% to +42.8%), p=6.2 x 102!
0 20 40 60 80 100

Adjusted percentage difference (%) associated with type 2 diabetes,
adjusted for age, cancer stage, tumor site, and sex

Figure 4. Adjusted percentage differences in inflammatory markers associated with T2DM. (Percent-
age differences in CRP and LDH were derived from multivariable linear regression models fitted
on the logarithmic scale and adjusted for age, cancer stage, tumor site, and sex. Points represent
percentage differences and horizontal lines indicate 95% confidence intervals. CI, confidence interval;
CRP, C-reactive protein; LDH, lactate dehydrogenase).
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3.5. Mediation Analysis of the Association Between Type 2 Diabetes and Performance Status

T2DM was significantly associated with the composite inflammatory score (path a:
p = 0.780, 95% CI 0.634-0.927; p < 0.001). In turn, the composite inflammatory score was
significantly associated with performance status after adjustment for T2DM and covariates
(pathb: p =0.189, 95% CI0.114-0.265; p < 0.001) (Table 8).

Table 8. Exploratory analysis of the association between type 2 diabetes mellitus and performance
status through the composite inflammatory score.

Path Coefficient 95% Bootstrap CI ~ p Value
a: Type 2 diabetes = composite ) 74, 0.634-0.927 <0.001
inflammatory score (M)

b: Composite inflammatory score

— performance status (Y), 0.189 0.114-0.265 <0.001
adjusted for X

Total association (c): Type 2 0.163 0.040-0.286 0.010
diabetes —» Y

Direct association (c¢'): Type 2 _

diabetes — Y, adjusted for M 0.020 0.119 to 0.158 0.780
Indirect statistical association 0.147 0.083-0.216 <0.001

(axb): Type 2 diabetes > M - Y

The total association between T2DM and performance status was statistically signifi-
cant (path c: p = 0.163, 95% CI 0.040-0.286; p = 0.010). After inclusion of the composite
inflammatory score, the direct association was markedly attenuated and was no longer
statistically significant (path c¢’: p = 0.020, 95% CI —0.119 to 0.158; p = 0.780).

The estimated indirect statistical association through systemic inflammation was sig-
nificant (path a x b: B = 0.147, 95% bootstrap CI 0.083-0.216; p < 0.001) (Table 8; Figure 5).

Composite inflammatory
score (M)
(z-CRP + z-LDH + z-Neutrophils) / 3

a=0.78 b=0.19

% Performance
status (Y)
Direct association ¢’ = 0.020, p=0.78

— adjusted for age and cancer stage

Figure 5. Exploratory analysis of the indirect statistical association between T2DM and ECOG
performance status through systemic inflammation. The composite inflammatory score was calculated
as the mean of standardized CRP, LDH and neutrophil count values. The reported pathways represent
statistical associations rather than established causal relationships.

4. Discussion

In this retrospective study of patients with colon or pancreatic cancer, T2DM was
independently associated with poorer ECOG performance status at diagnosis and with a
substantially greater systemic inflammatory burden. The association with functional impair-
ment persisted after adjustment for age, cancer stage, tumor site and sex, while T2DM was

https://doi.org/10.3390/immuno6040074


https://doi.org/10.3390/immuno6040074

Immuno 2026, 6, 74

12 of 15

also independently associated with higher CRP and LDH levels. The exploratory analysis
identified a significant indirect statistical association through the composite inflammatory
score, accompanied by attenuation of the direct association after inclusion of the score in the
model. These findings support collectively the presence of a clinically vulnerable phenotype
in which T2DM, systemic inflammatory activation and impaired functional status coexist at
the time of cancer diagnosis.

The findings are consistent with previous evidence linking diabetes to an adverse
inflammatory and nutritional phenotype in gastrointestinal malignancy. In a cohort of
345 patients with colon or pancreatic cancer, pre-existing T2DM was associated with a higher
prevalence of cachexia, greater weight loss, increased CRP and interleukin-6 concentrations,
lower serum albumin and poorer survival [19]. The pattern observed in the present research,
including higher CRP together with lower albumin and hemoglobin levels among patients
with T2DM, closely parallels this previously described phenotype. Whereas that study
primarily examined cachexia and mortality, our findings extend the available evidence
by identifying an independent association between T2DM and functional impairment
measured by ECOG performance status [19].

The close relationship between systemic inflammation and functional status is also sup-
ported by prior oncological studies. Among patients with advanced malignancy, worsening
ECOG performance status has been associated with increasing CRP and interleukin-6 con-
centrations and with evidence of broader systemic inflammatory activation. Furthermore,
analyses from two international cohorts comprising 1518 patients with advanced cancer
demonstrated that both ECOG performance status and the modified Glasgow Prognostic
Score independently contributed to prognostic stratification, including among patients
with gastrointestinal malignancies [15,16]. These observations reinforce the concept that
systemic inflammation and functional decline represent interconnected dimensions of
cancer-associated clinical deterioration.

Evidence from tumor-specific studies further supports the biological relevance of the in-
flammatory phenotype identified in our population. In pancreatic cancer, coexisting T2DM
has been associated with higher systemic leukocyte counts, while increased macrophage
and neutrophil infiltration within the tumor microenvironment has been linked to sub-
stantially poorer survival among patients with diabetes. In colon cancer, elevated CRP has
similarly been associated with poorer disease-specific outcomes across tumor stages [8,10].
Although these studies did not directly evaluate the relationship between T2DM and ECOG
performance status, they provide complementary evidence that inflammatory activation is
clinically relevant in both malignancies included in the present analysis.

The exploratory mediation findings provide an additional perspective on the rela-
tionship between diabetes and functional impairment. The significant indirect association
through the composite inflammatory score and attenuation of the direct association should
be interpreted as exploratory statistical findings, without assigning a causal or quantitative
explanatory role to inflammation. Several mechanisms could plausibly contribute to this
pattern, as chronic inflammatory activation may promote fatigue, anorexia, anemia, skeletal
muscle catabolism and progressive loss of physical capacity. These findings describe a sta-
tistical mediation pattern rather than establishing a causal pathway. Inflammatory markers
and ECOG performance status were measured at the same diagnostic time point, so the
temporal relationship between systemic inflammation and functional decline cannot be de-
termined. The association may also reflect reciprocal or bidirectional processes, particularly
in the presence of cachexia, nutritional deterioration, advanced tumor burden and other
unmeasured determinants of functional status.

Clinical and laboratory variables were collected before oncological treatment, reducing
the potential influence of chemotherapy- or radiotherapy-related changes in inflammatory
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markers and functional status. The association between T2DM and ECOG performance
status was evaluated using both multinomial and ordinal regression models, which pro-
duced broadly consistent findings. However, the proportional-odds assumption could not
be formally verified from the available model summaries, and the ordinal results should
therefore be interpreted as complementary to the multinomial analyses.

The retrospective, single-center design and complete-case selection may limit the gen-
eralizability of the findings and do not eliminate residual confounding. The number and
characteristics of patients excluded because of incomplete records could not be assessed,
and selection bias cannot be excluded. The restriction of the analytic cohort to ECOG-PS 0-2
warrants particular consideration. Ascertainment through a defined oncology assessment
pathway may have preferentially captured patients with relatively preserved functional
status, while patients with more severe impairment may have been managed through other
care settings. This represents a potential source of referral-related selection bias; however, its
contribution could not be established from the available dataset. Accordingly, the observed
associations apply to the ECOG-PS 0-2 population represented in this cohort and should
not be extrapolated to patients with ECOG-PS 3—4. Further studies encompassing the full
spectrum of performance status are needed to determine whether these associations persist
among patients with severe functional impairment. Data on diabetes duration, antidiabetic
therapy, body mass index, longitudinal weight loss, sarcopenia and cachexia were not
available, although these factors may affect both systemic inflammation and functional
capacity. Micronutrient status, including serum 25-hydroxyvitamin D concentrations, was
also unavailable. In addition to its role in mineral metabolism, vitamin D has immunomod-
ulatory and anti-inflammatory functions, as discussed in a systematic review of vitamin D
and pediatric health [20]. Although the clinical outcomes examined in that review differ
from those investigated here, these biological functions provide a rationale for considering
vitamin D status in future assessments of the inflammatory phenotype. The present analysis
could not determine whether differences in vitamin D status contributed to the observed
inflammatory-marker profiles or influenced the association between T2DM and ECOG
performance status. CRP, LDH and neutrophil count are also nonspecific markers, and the
composite inflammatory score has not yet been externally validated. Colon and pancreatic
cancer differ substantially in their biological relationship with diabetes, inflammation and
cancer-associated wasting. In pancreatic cancer, recent-onset diabetes may arise as a conse-
quence of the malignancy and may have been classified as T2DM in the present study. The
absence of diabetes-duration data prevents differentiation between long-standing T2DM
and pancreatic cancer-associated or pancreatogenic diabetes, limiting the interpretation of
the pooled estimates. Larger studies with adequate power for tumor-specific analyses are
therefore needed.

Study Limitations

The final analytic cohort included only patients with recorded ECOG performance
status scores of 0-2; no patients with ECOG-PS 34 were represented. This restricted dis-
tribution limits the generalizability of the findings, particularly to patients with severe
functional impairment. As the cohort was assembled from patients undergoing diagnostic
and pretreatment assessment within the participating oncology service, referral and ascer-
tainment processes may have influenced the population captured. However, the available
data do not establish why patients with ECOG-PS 3—4 were absent. The observed associ-
ations between T2DM, systemic inflammation, and functional status should therefore be
interpreted within the ECOG-PS 0-2 population represented in this study and should not
be extrapolated to patients with ECOG-PS 3—4.
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5. Conclusions

In this selected sample of patients with colon or pancreatic cancer, T2DM was associ-
ated with poorer ECOG performance status and higher systemic inflammatory markers
at diagnosis. An exploratory indirect statistical association was observed through the
composite inflammatory score, but the concurrent assessment of inflammatory markers
and ECOG-PS does not permit causal or temporal interpretation. Prospective longitudinal
studies incorporating repeated inflammatory measurements and detailed metabolic, nutri-
tional and body-composition assessments are needed to clarify these associations. These
findings apply to the selected clinical population with ECOG performance status scores of
0-2 represented in this cohort. Whether the observed associations extend to patients with
ECOG-PS 3—4 remains undetermined.
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