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Abstract

Background and Objectives: Metastatic pancreatic ductal adenocarcinoma (PDAC) contin-
ues to carry a poor prognosis despite advances in treatment, underscoring the need for
simple and accessible biomarkers that reflect tumor-host interactions. The Global Im-
mune-Nutrition-Inflammation Index (GINI), which combines inflammatory, immune,
and nutritional parameters, may offer improved prognostic stratification compared with
conventional indices. Materials and Methods: This retrospective cohort study included 126
patients with metastatic PDAC treated between 2015 and 2024. GINI, neutrophil-to-lym-
phocyte ratio (NLR), systemic immune-inflammation index (SII), and systemic inflamma-
tion response index (SIRI) were calculated using baseline laboratory data. Discriminative
ability was evaluated by receiver operating characteristic (ROC) analysis. Survival out-
comes were assessed using Kaplan-Meier curves and Cox proportional hazards models.
Results: Among the evaluated indices, GINI showed the best discriminative performance
(AUC, 0.769; 95% CI, 0.637-0.900), with a sensitivity of 78.8% and specificity of 76.9%.
Patients with lower GINI values had significantly longer overall survival than those with
higher values (median OS, 11.0 vs. 7.0 months; p = 0.014). Although progression-free sur-
vival differed statistically (p = 0.006), median PFS was the same in both groups (5.0
months). In univariable analysis, higher GINI was associated with worse OS (HR, 1.67; p
=0.022) and PFS (HR, 1.75; p = 0.012). However, in multivariable analysis, ECOG perfor-
mance status remained the only consistent independent predictor, and GINI was no
longer significant. Conclusions: GINI is a practical and biologically meaningful biomarker
that improves risk discrimination in metastatic PDAC. While it does not retain independ-
ent prognostic significance, its ability to capture the overall tumor-host interaction sup-
ports its use as a complementary tool for baseline risk assessment.

Keywords: metastatic pancreatic cancer; systemic inflammation; global immune-

nutrition-inflammation index; composite biomarkers; prognostic stratification;

survival outcomes

1. Introduction

Metastatic pancreatic ductal adenocarcinoma (PDAC) is one of the most lethal ma-
lignancies in oncology, characterized by rapid systemic dissemination, profound thera-

Medicina 2026, 62, 1279

https://doi.org/10.3390/medicina62071279


https://doi.org/10.3390/medicina62071279
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Medicina 2026, 62, 1279

2 of 13

peutic resistance, and persistently poor survival outcomes [1]. Despite incremental ad-
vances in cytotoxic regimens, such as FOLFIRINOX and gemcitabine-based combinations,
durable disease control remains rare [2]. Recently, emerging therapeutic strategies, in-
cluding immune checkpoint inhibitors in biomarker-selected populations and novel tar-
geted approaches such as pan-RAS inhibitors and antibody-drug conjugates, have gener-
ated renewed optimism. Early phase data, including those evaluating agents such as
daraxonrasib, have demonstrated encouraging response rates, even in heavily pretreated
settings [3]. Nevertheless, these advances have yet to meaningfully alter the overall trajec-
tory of metastatic PDAC at the population level, where median survival remains limited,
and inter-patient variability in outcomes remains substantial. This persistent gap under-
scores the need for clinically accessible biomarkers capable of capturing the biological het-
erogeneity underlying differential treatment responses.

Cancer progression is now widely viewed as the result of ongoing interactions be-
tween tumor-specific characteristics and the host’s systemic environment. In pancreatic
ductal adenocarcinoma (PDAC), this relationship is especially evident, driven by meta-
bolic alterations within tumor cells, a dense and immunosuppressive stromal background,
and a systemic inflammatory state that is often accompanied by cachexia [4,5]. In this set-
ting, composite biomarkers based on routine hematologic parameters have attracted in-
terest as practical indicators of the tumor-host interaction. Indices such as the neutrophil-
to-lymphocyte ratio (NLR), systemic immune-inflammation index (SII), and systemic in-
flammation response index (SIRI) have been repeatedly linked to survival outcomes
across a range of cancers, including pancreatic cancer [6-10]. Despite this, their clinical
value remains limited. These indices mainly capture specific aspects of inflammation ra-
ther than the full complexity of the host response. In addition, their shared biological com-
ponents and the lack of standardized cutoff values lead to variability in results between
studies, which reduces their consistency and limits their use in routine clinical practice.

The Global Immune-Nutrition-Inflammation Index (GINI) has recently emerged as
a more comprehensive biomarker, combining measures of systemic inflammation, im-
mune competence, and nutritional status into a single composite parameter [11]. By com-
bining neutrophils, platelets, monocytes, and C-reactive protein with lymphocyte counts
and albumin levels, GINI captures both pro-tumor inflammatory signaling and the host
physiological reserve. Beyond oncology, the GINI has also been explored in cardiovascu-
lar and metabolic contexts, where it has been associated with systemic risk profiles and
adverse outcomes. In cancer populations, emerging data across tumor types, including
thoracic, gastrointestinal, and neuro-oncologic malignancies, suggest that GINI may pro-
vide improved prognostic discrimination compared with conventional indices [12-16].
However, its role in metastatic PDAC, a disease in which tumor-host interactions are par-
ticularly critical, remains unclear.

In this study, we aimed to evaluate the prognostic relevance of GINI in patients with
metastatic pancreatic cancer and systematically compare its performance with that of es-
tablished inflammatory biomarkers. We hypothesized that a composite index reflecting
the integrated tumor-host interface would enhance risk discrimination beyond conven-
tional inflammation-based metrics, thereby providing a more clinically informative
framework for prognostic stratification in this highly aggressive disease.

2. Materials and Methods
2.1. Study Design and Patient Population

This retrospective cohort study included consecutive patients with histopathologi-
cally confirmed metastatic PDAC treated between 1 January 2015, and 31 December 2024,
at the Erciyes University Faculty of Medicine. This study was designed to evaluate the
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prognostic relevance of systemic inflammatory and composite biomarkers in a contempo-
rary metastatic treatment setting.

A total of 160 patients were screened for eligibility. Patients were excluded if they
had non-metastatic disease at diagnosis (1 = 10), coexisting chronic inflammatory or auto-
immune conditions, or exposure to systemic immunosuppressive therapies that could
confound baseline inflammatory parameters (n = 10), or incomplete clinical, laboratory, or
follow-up data (n = 14). To further enhance biological interpretability, cases with evidence
of acute inflammatory perturbations at the baseline were excluded. The final analytic co-
hort comprised 126 patients (Figure 1).

Clinical and disease-related variables were systematically retrieved from electronic
medical records, including age, sex, Eastern Cooperative Oncology Group (ECOG) per-
formance status, body mass index, comorbidities (including diabetes mellitus), smoking
and alcohol use, primary tumor location, metastatic distribution, and first-line systemic
treatment history.

Patients with histopathologically confirmed pancreatic cancer

Erciyes University Faculty of Medicine
January 1, 2015 — December 31, 2024 - Excluded (n = 34) h
(n = 160) \ Non metastatic at diagnosis (z = 10)

Chronic inflammatory/immune disease (n = 5)

Long-term immunosuppressive/antibiotic

e d " . . use (n = 5)
CHEhieipaticat b Canlanabiii / Incomplete clinical, laboratory, or radiologic
(=126) data (n = 14)
1 \ . J

Treatment
FOLFIRINOX (n = 58)
Gemcitabine-based (n = 51)
Other (n = 17)

Clinical data (age, sex, ECOG PS, BMI, comorbidities)
Laboratory parameters (CBC, CRP, albumin, LDH)
Calculation of inflammatory indices (GINI, NLR, SII, SIRI)

N\ '4

~
Follow-up & Outcomes
Median follow-up: 18.4 months
PFS and OS
l J
Final analysis h
ROC analysis of inflammatory markers

Survival analysis (Kaplan—Meier)

Cox regression (univariate and multivariate) )

Figure 1. Flow diagram of patient selection, treatment allocation, and analysis in patients with met-

astatic pancreatic cancer.

2.2. Biomarker Definitions and Laboratory Assessment

Baseline laboratory measurements were obtained within 7-10 days prior to the initi-
ation of first-line systemic therapy, thereby minimizing treatment-related variability and
ensuring temporal alignment with prognostic assessment.

The following parameters were recorded: absolute neutrophil, lymphocyte, mono-
cyte, and platelet counts (x10%L); C-reactive protein (CRP) (mg/L); albumin (g/dL); and
lactate dehydrogenase (LDH) (U/L).
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Inflammatory indices were defined as follows: NLR, SII (neutrophils x platelets/lym-
phocytes), and SIRI (neutrophils x monocytes/lymphocytes). The GINI was calculated ac-
cording to a previously validated formula: (neutrophils x platelets x monocytes x
CRP)/(lymphocytes x albumin) [11,17,18].

These biomarkers were selected to capture the complementary dimensions of tumor—
host interaction, encompassing systemic inflammation, immune competence, and nutri-
tional status.

2.3. Treatment and Response Assessment

All patients received guideline-concordant systemic therapy in accordance with con-
temporary international recommendations, including FOLFIRINOX or gemcitabine-based
combination regimens. Treatment selection was based on a multidisciplinary evaluation in-
corporating clinical performance status, comorbidity profile, and disease burden [19].

Tumor response and disease progression were assessed using cross-sectional imag-
ing at regular intervals according to standardized oncologic practices. Radiologic evalua-
tions were performed using contrast-enhanced computed tomography or other clinically
indicated modalities and interpreted according to the Response Evaluation Criteria in
Solid Tumors (RECIST) version 1.1. This approach ensured consistent and internationally
recognized criteria for response assessment across the study population.

Overall survival (OS) was defined as the time from the date of histopathological di-
agnosis to death from any cause or the last follow-up. Progression-free survival (PFS) was
defined as the time from diagnosis to objective disease progression, as determined by the
RECIST 1.1 criteria, death, or last follow-up, whichever occurred first.

2.4. Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics (version 27.0; IBM
Corp., Armonk, NY, USA) and R software (version 4.5.3; R Foundation for Statistical Com-
puting, Vienna, Austria). Continuous variables are summarized as mean * standard devi-
ation or median (interquartile range), and categorical variables are summarized as fre-
quencies and percentages. Group comparisons were conducted using the chi-square or
Fisher’s exact tests, as appropriate.

Receiver operating characteristic (ROC) curve analysis was used to evaluate the dis-
criminative performance of the inflammatory indices for survival outcomes. The optimal
cutoff values were determined using the Youden index. Given the exploratory nature of
this approach, cut-offs were derived within the study cohort and consistently applied
across analyses to facilitate comparative evaluation. Internal validation of the ROC anal-
ysis was performed using 1000 bootstrap resamples to evaluate the robustness and stabil-
ity of the discriminatory performance estimates.

Survival outcomes were estimated using the Kaplan-Meier method and compared
using the log-rank test. Univariate and multivariate Cox proportional hazards regression
models were constructed to identify factors associated with OS and PFS. Variables with a
p-value < 0.10 in the univariable analysis were included in the multivariable models.

Two multivariable models were specified a priori. Model 1 incorporated clinico-
pathological variables and GINI, whereas Model 2 included NLR to explore the relative
contribution of composite versus conventional inflammatory indices. Given the shared
biological substrates of these indices, multicollinearity was assessed using variance infla-
tion factors (VIFs), with values > 5 indicating potential collinearity.

The proportional hazards assumption was evaluated using Schoenfeld residuals and
graphical methods. Hazard ratios (HRs) with 95% confidence intervals (Cls) were re-
ported. A p-values < 0.05 were considered statistically significant.
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3. Results

3.1. Patient Characteristics

A total of 126 patients with metastatic pancreatic cancer were included in the final
analyses. The median age distribution was skewed toward an older population, with 57.1%
of patients aged > 65 years, and 55.6% were men. The majority of patients had an ECOG
performance status of 0-1 (76.2%), reflecting a predominantly fit population.

Tumors were most frequently located in the head and neck region (64.3%), and liver
metastases were present in 74.6% of patients, consistent with the expected metastatic pat-
tern in PDAC. FOLFIRINOX was the most commonly administered first-line regimen
(46.0%), followed by gemcitabine-based combinations.

3.2. Discriminative Performance of Inflammatory Indices

ROC analysis demonstrated that all evaluated inflammatory indices exhibited statis-
tically significant discriminative abilities for survival outcomes (p < 0.05). Among these,
GINI exhibited the highest overall performance, with an AUC of 0.769 (95% CI, 0.637-
0.900), surpassing NLR, SII, and SIRI.

GINI yielded the highest discriminatory performance among the evaluated inflam-
matory indices (AUC =0.769, 95% CI: 0.637-0.900, p = 0.002), with an optimal cut-off value
of 1228.5. This threshold provided a sensitivity of 78.8% and a specificity of 76.9%. Internal
validation using 1000 bootstrap resamples confirmed the stability of the model, with a
bootstrap-corrected AUC remaining comparable to the original estimate (Figure 2).

ROC analyses were performed for overall survival at a clinically relevant time horizon.

ROC Curve Source of the Curve
— INLR
AUC = 0.737 (95% Cl: 0.595-0.878)
p = 0.005
Sensitivity = 74.3%
0.8 1 Specificity = 61.5%
Cut-off = 2.50

— Sl
AUC = 0.730 (95% CI: 0.607—0.853)
0.6 p =0.007
Sensitivity = 54.9%
Specificity = 76.9%
Cut-off = 1316.5

0.4 - —— SIRI
* AUC = 0.703 (95% CI: 0.568-0.837)
p=0017
Sensitivity = 71.7%
Specificity = 61.5%
Cut-off = 1.50

= CINS
AUC = 0.769 (95% CI: 0.637-0.900)
p =0.002
Sensitivity = 78.8%

0.0 T T T T 1 Specificity = 76.9%

0.0 0.2 0.4 0.6 0.8 1.0 Cut-off = 1228.5

1 - Specificity —— Reference Line

1.0

Sensitivity

0.2

Figure 2. Receiver operating characteristic (ROC) curves of inflammatory indices (NLR, SII, SIRI,
and GINI) for predicting clinical outcomes. Abbreviations: AUC, area under the curve; CI, confi-
dence interval; NLR, neutrophil-to-lymphocyte ratio; SII, systemic immune-inflammation index;

SIRI, systemic inflammation response index; GINL Global Immune-nutrition-Inflammation Index.

3.3. Association Between GINI and Clinicopathologic Characteristics

Patients were stratified according to their GINI levels using a Youden index-derived
cut-off (1228.5). Baseline clinicopathological characteristics were broadly comparable be-
tween the low- and high-GINI groups, with no statistically significant differences ob-
served in demographic variables, ECOG performance status, tumor location, or metastatic
distribution (p > 0.05).

Notably, treatment allocation differed between the groups, with a higher proportion
of patients in the low-GINI group receiving FOLFIRINOX (p = 0.045). In addition, GINI
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demonstrated strong associations with other inflammatory indices, as patients with high
GINI levels more frequently exhibited elevated NLR, SII, and SIRI values (p < 0.001), re-

flecting shared biological underpinnings (Table 1).

Table 1. Association between GINI levels and clinicopathologic characteristics.

Low GINI (<1228.5), n High GINI (21228.5), n

Variable Category Total, n (%)
(%) (%)
Age <65 54 (42.9) 16 (41.0) 38 (43.7) 0.468
>65 72 (57.1) 23 (59.0) 49 (56.3)
Sex Male 70 (55.6) 23 (59.0) 47 (54.0) 0.374
Female 56 (44.4) 16 (41.0) 40 (46.0)
Comorbidity No 40 (31.7) 14 (35.9) 26 (29.9) 0.319
Yes 86 (68.3) 25 (64.1) 61 (70.1)
Smoking No 70 (55.6) 22 (56.4) 48 (55.2)
Ex-smoker 22 (17.5) 7 (17.9) 15 (17.2) 0.849
Yes 34 (27.0) 10 (25.6) 24 (27.6)
Alcohol use No 119 (94.4) 38 (97.4) 81 (93.1) 0.302
Yes 7 (5.6) 1(2.6) 6 (6.9)
Obesity Yes 19 (15.1) 5(12.8) 14 (16.1) 0.428
No 107 (84.9) 34 (87.2) 73 (83.9)
Diabetes No 71 (56.3) 24 (61.5) 47 (54.0) 0.278
Yes 55 (43.7) 15 (38.5) 40 (46.0)
ECOG PS 0-1 96 (76.2) 31 (79.5) 65 (74.7) 0.366
>2 30 (23.8) 8 (20.5) 22 (25.3)
Liver metastasis No 32 (25.4) 8 (20.5) 24 (27.6) 0.270
Yes 94 (74.6) 31 (79.5) 63 (72.4)
Lung metastasis No 100 (79.4) 32 (82.1) 68 (78.2) 0.404
Yes 26 (20.6) 7 (17.9) 19 (21.8)
Peritoneal involvement No 110 (87.3) 34 (87.2) 76 (87.4) 0.592
Yes 16 (12.7) 5 (12.8) 11 (12.6)
Tumor location Head-neck 81 (64.3) 26 (66.7) 55 (63.2) 0.817
Tail 27 (21.4) 7 (17.9) 20 (23.0)
Body 18 (14.3) 6 (15.4) 12 (13.8)
First-line chemotherapy FOLFIRINOX 58 (46.0) 22 (56.4) 36 (41.4)
Gemcitabinebased 5, ) 5 15 (38.5) 36 (41.4) 0.045
combinations
Others 17 (13.5) 2 (5.1) 15 (17.2)
NLR <25 35 (27.8) 26 (66.7) 9 (10.3) <0.001
>2.5 91 (72.2) 13 (33.3) 78 (89.7)
SIRI <1.5 40 (31.7) 28 (71.8) 32 (36.8) <0.001
>1.5 86 (68.3) 11 (28.2) 55 (63.2)
SII <1316.5 60 (47.6) 28 (71.8) 12 (13.8) <0.001
>1316.5 66 (52.4) 11 (28.2) 75 (86.2)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; NLR, neutro-

phil-to-lymphocyte ratio; SII, systemic immune-inflammation index; SIRI, systemic inflammation

response index; GINI, Global Immune-Nutrition-Inflammation Index.

3.4. Survival Outcomes According to GINI
At a median follow-up of 18.4 months, 89.7% of the patients died. The median OS for

the entire cohort was 8.0 months (95% confidence interval [CI], 6.435-9.565).
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Patients with low GINI levels demonstrated significantly improved survival com-
pared to those with high GINI levels. The median OS was 11.0 months (95% CI, 5.960—
16.040) in the low-GINI group versus 7.0 months (95% ClI, 5.362-8.638) in the high-GINI
group (log-rank p = 0.014) (Figure 3).

In contrast, although PFS differed significantly between the groups (p = 0.006), the
median PFS was identical at 5.0 months in both cohorts. This suggests that the observed
statistical difference reflects differences in survival distribution rather than a clinically
meaningful separation of median outcomes.

GINI -+ <12285 —+ 2122855 E GINI -+ <12285 —+ 212285
el
Zy 1]
= 100 € 1.00
3 :
) s
g 0.75 S 0751
: :
> 050 » 050
> [}
g
0.25 T 025
= c =
3 5 p =0.0059
[ )
) (7]
2 0001 ! : . ; . , o 000 g , . ! ] .
o 0 5 10 15 20 25 30 = 0 5 10 15 20 25 30
Time (months) a_°_ Time (months)
Number at risk Number at risk
5 <122851 39 27 16 10 6 3 1 5 <122851 39 22 10 6 3 0 0
© 2122851 87 64 31 15 8 3 0 O 2122851 87 48 11 3 2 1 0
A 0 5 10 15 20 25 30 B 0 5 10 15 20 25 30

Figure 3. Kaplan-Meier survival curves according to GINI levels. (A) Overall survival (OS) and (B)
Progression-free survival (PFS) stratified by GINI (low vs. >high).

3.5. Univariable Analysis

In univariable Cox regression analysis for OS, ECOG performance status > 2 was
strongly associated with inferior survival (HR, 3.27; 95% CI, 2.03-5.27; p < 0.001). Diabetes
was also associated with worse OS (HR, 1.46; 95% CI, 1.01-2.12; p = 0.047). Among treat-
ment-related variables, receipt of non-FOLFIRINOX regimens was associated with shorter
OS (HR, 1.58; 95% (I, 1.21-2.07; p = 0.001). Inflammatory biomarkers demonstrated sig-
nificant associations with OS. Elevated GINI (>1228.5) was associated with worse survival
(HR, 1.67; 95% ClI, 1.08-2.57; p = 0.022), as were elevated NLR (22.5) (HR, 1.63; 95% CI,
1.04-2.55; p = 0.032) and SII (21316.5) (HR, 1.53; 95% CI, 1.01-2.33; p = 0.045). SIRI was not
significantly associated with OS (HR, 1.19; 95% CI, 0.82-1.72; p = 0.375). Age, alcohol use,
obesity, and metastatic distribution (including liver, lung, and peritoneal involvement)
were not significantly associated with OS (p > 0.05) (Table 2).

For PFS, ECOG performance status > 2 was significantly associated with shorter PFS
(HR, 1.70; 95% CI, 1.10-2.65; p = 0.018). Elevated GINI (HR, 1.75; 95% CI, 1.13-2.71; p =
0.012) and NLR (HR, 1.62; 95% CI, 1.04-2.52; p = 0.032) were also significantly associated
with worse PFS. SII demonstrated a borderline association with PFS (HR, 1.51; 95% CI,
0.99-2.28; p = 0.054), whereas the first-line chemotherapy regimen showed a non-signifi-
cant trend (HR, 1.28; 95% CI, 0.98-1.68; p = 0.069). No significant associations were ob-
served between age, diabetes, alcohol use, obesity, metastatic involvement, and SIRI (all
p>0.05) (Table 2).
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Table 2. Univariate Cox regression analysis for overall survival and progression-free survival.

Variable Category Overall Survival Progression-Free Survival

HR (95% CI) p HR (95% CI) p

Age <65 (Ref.) 1 _ 1 _
>65 1.25 (0.86-1.83) 0.243 1.04 (0.72-1.53) 0.822

0-1 (Ref.) 1 _ 1 _
ECOGPS >2 3.27 (2.03-5.27) <0.001 1.70 (1.10-2.65) 0.018

. No (Ref.) 1 — 1 —
Diabetes Yes 146 (1.01-212) 0047 1.2 (0.84-1.77) 0.307

No (Ref.) 1 — 1 —
Alcohol use Yes 122 (057-2.64)  0.609 1.53 (0.71-3.31) 0.278

Obesity No (Ref.) 1 _ 1 _
Yes 114 (0.65-1.97)  0.652 1.39 (0.80-2.42) 0.240

Peritoneal involvement No (Ret) 1 — L —
Yes 1.02 (0.58-1.80) 0.937 1.23 (0.70-2.15) 0.475

Liver metastasis No (Ref,) L — ! —
Yes 0.98 (0.64-1.49) 0.922 0.88 (0.58-1.34) 0.551

Lung metastasis No (Ret) 1 — ! —
Yes 126 (0.78-2.04)  0.342 0.82 (0.51-1.32) 0.408

First-line chemotherapy FOLFIRINOX (Ref,) L — 1 —
Others 1.58 (1.21-2.07) 0.001 1.28 (0.98-1.68) 0.069

NLR <25 (Ref.) 1 _ 1 _
>2.5 1.63 (1.04-2.55) 0.032 1.62 (1.04-2.52) 0.032

o <1316.5 (Ref.) 1 _ 1 _
>1316.5 1.53 (1.01-2.33) 0.045 1.51 (0.99-2.28) 0.054

SRl <15 (Ref.) 1 _ 1 _
>1.5 1.19 (0.82-1.72) 0.375 1.15 (0.79-1.67) 0.470

CINI <1228.5 (Ref.) 1 _ 1 _
>1228.5 1.67 (1.08-2.57) 0.022 1.75 (1.13-2.71) 0.012

Abbreviations: HR, hazard ratio; ECOG PS, Eastern Cooperative Oncology Group performance sta-
tus; NLR, neutrophil-to-lymphocyte ratio; SII, systemic immune-inflammation index; SIRI, systemic

inflammation response index; GINI, Global Immune-Nutrition-Inflammation Index.

3.6. Multivariable Analysis

In the multivariable Cox regression analysis for overall survival, ECOG performance
status > 2 remained independently associated with worse survival in both models (Model
1: HR, 2.94; 95% CI, 1.77-4.87; p < 0.001; Model 2: HR, 2.85; 95% CI, 1.72-4.74; p < 0.001). In
Model 1, GINI demonstrated a borderline association with OS (HR, 1.48; 95% CI, 0.94—
2.33; p = 0.090), whereas the first-line chemotherapy regimen also showed a borderline
association (HR, 1.35; 95% CIL, 0.99-1.86; p = 0.062). No other variables were statistically
significant. In Model 2, after the inclusion of NLR, first-line chemotherapy regimen was
independently associated with OS (HR, 1.42; 95% CI, 1.03-1.97; p = 0.033). Neither GINI
(HR, 1.24; 95% CI, 0.74-2.08; p = 0.424) nor NLR (HR, 1.43; 95% CI, 0.84-2.41; p = 0.186)
was independently associated with OS (Table 3).

For progression-free survival, ECOG performance status > 2 remained independently
associated with shorter PFS in both models (Model 1: HR, 1.74; 95% CI, 1.08-2.79; p = 0.022;
Model 2: HR, 1.76; 95% CI, 1.10-2.83; p = 0.019). In Model 1, an elevated GINI was inde-
pendently associated with worse PFS (HR, 1.71; 95% CI, 1.09-2.70; p = 0.021). However, in
Model 2, this association was attenuated (HR, 1.41; 95% CI, 0.83-2.39; p = 0.206), and NLR
was not independently associated with PFS (HR, 1.44; 95% CI, 0.84-2.46; p = 0.181). No
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statistically significant associations were observed between age, diabetes, or treatment
regimen and PFS (p > 0.05) (Table 3).

Table 3. Multivariate Cox regression analysis for overall survival and progression-free survival.

Overall Survival Progression-Free Survival
Variable Model 1 HR Model 2 HR Model 1 HR Model 2 HR
(95% CI) P (95% CI) P (95% CI) P (95% CI)
Age
<65 (Ref.) 1 — 1 — 1 — 1 —
>65 0.89 (0.57-1.38) 0.603 0.87 (0.56-1.36) 0.547 0.86 (0.56-1.32) 0.491 0.83 (0.54-1.28) 0.402
ECOG PS
0-1 (Ref.) 1 — 1 — 1 — 1 —
>2 2.94 (1.77-4.87) <0.001 2.85(1.72-4.74) <0.001 1.74(1.08-2.79) 0.022 1.76 (1.10-2.83) 0.019
Diabetes
No (Ref.) 1 — 1 — 1 — 1 —
Yes 1.22 (0.83-1.80) 0.322 1.18(0.79-1.74) 0.420 1.07 (0.73-1.57) 0.729 1.01 (0.68-1.50) 0.950
First-line chemo-
therapy
FOLFIRINOX
(Ref.) 1 — 1 — 1 — 1 —
Others 1.35(0.99-1.86) 0.062 1.42(1.03-1.97) 0.033 1.17 (0.86-1.58) 0.319 1.23(0.90-1.68) 0.193
GINI
<1228.5 (Ref.) 1 — 1 — 1 — 1 —
>1228.5 1.48 (0.94-2.33) 0.090 1.24 (0.74-2.08) 0.424 1.71 (1.09-2.70) 0.021 1.41 (0.83-2.39) 0.206
NLR
<2.5 (Ref.) — — 1 — — — 1 —
>2.5 — — 1.43(0.84-2.41) 0.186 — — 1.44(0.84-2.46) 0.181

Abbreviations: HR, hazard ratio; ECOG PS, Eastern Cooperative Oncology Group performance sta-
tus; NLR, neutrophil-to-lymphocyte ratio; GINI, Global Immune-Nutrition-Inflammation Index.

4. Discussion

Metastatic pancreatic cancer remains a paradigmatic example of malignancy in
which clinical outcomes are dictated not only by tumor-intrinsic biology but also by the
systemic condition of the host [20]. In this context, the identification of biomarkers capable
of capturing the multidimensional tumor-host interface is a critical unmet need. In the
present study, we demonstrated that the GINI was significantly associated with survival
outcomes and exhibited superior discriminative performance compared with conven-
tional inflammatory indices. However, its prognostic contribution appears to be context-
dependent and attenuated in multivariable models, highlighting important conceptual
and methodological considerations for interpreting composite biomarkers.

The association between elevated GINI and poorer survival appears biologically
credible and is consistent with current knowledge of pancreatic cancer biology. GINI re-
flects several key aspects of the host response, including systemic inflammation (neutro-
phils, monocytes, and C-reactive protein), immune status (lymphocytes), and nutritional
condition (albumin). Together, these parameters point to a state of cancer-related systemic
imbalance, marked by enhanced inflammatory activity, weakened antitumor immunity,
and metabolic decline [11].

In PDAC, where cachexia, immune suppression, and chronic inflammation often co-
exist, a composite index such as GINI may provide a more comprehensive picture of dis-
ease burden than markers based on a single pathway. This broader representation of the
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tumor-host interaction likely explains why GINI demonstrated better discriminative per-
formance in our cohort compared with NLR, SII, and SIRI [21-23].

Despite favorable ROC and univariable survival results, GINI lost independent prog-
nostic significance after adjustment for key clinical variables, particularly performance
status. This finding should not be interpreted as a limitation of the biomarker per se, but
rather as an indication of its biological positioning within the prognostic hierarchy. Per-
formance status is a composite clinical construct that encapsulates multiple dimensions of
the disease burden, including systemic inflammation, nutritional status, and functional
reserve. In this regard, GINI may function as a quantifiable surrogate of the same under-
lying tumor—host processes that are clinically captured by the performance status. There-
fore, the attenuation of its independent effect in multivariable models likely reflects shared
biological variance rather than a lack of prognostic relevance. This observation under-
scores a broader principle in biomarker research: composite indices derived from over-
lapping physiological domains may enhance risk discrimination while failing to demon-
strate statistical independence in conventional regression analyses.

From a methodological perspective, our findings highlight the inherent challenges
associated with the evaluation of composite inflammatory biomarkers. Indices such as
GINI, NLR, SII, and SIRI are mathematically and biologically interrelated because they
are derived from overlapping hematologic parameters [11]. This structural interdepend-
ence introduces the potential for multicollinearity and may obscure the independent con-
tribution of individual markers when they are simultaneously included in multivariable
models. Although the variance inflation factor analyses in our study did not indicate pro-
hibitive collinearity, the conceptual overlap remains relevant and may partially explain
the observed attenuation of effect sizes. In addition, the use of cohort-derived cutoff val-
ues, while common in exploratory biomarker studies, introduces the risk of overfitting
and may limit generalizability across populations [15]. These considerations reinforce the
importance of cautious interpretation and the need for external validation.

An additional important observation in our study is the apparent discrepancy be-
tween the statistical significance and clinical relevance of the PFS analyses. Although GINI
was associated with PFS in both the univariable and one multivariable model, the absence
of a meaningful difference in median PFS between groups suggests that the magnitude of
this association may be limited in practical terms. This finding emphasizes the need to
distinguish between statistical detectability and clinically actionable effect size, particu-
larly in retrospective datasets with relatively homogeneous outcomes. This further sup-
ports the notion that the primary utility of the GINI may lie in risk stratification rather
than in predicting treatment-specific benefits.

From a clinical standpoint, the potential value of GINI lies in its ability to refine base-
line risk assessment using readily available laboratory parameters. As treatment options
for metastatic PDAC continue to expand, such tools may support patient stratification,
clinical trial enrichment, and the identification of patients less likely to benefit from inten-
sive treatment [24]. However, given its lack of independent prognostic significance, the
GINI should not be viewed as a standalone decision-making tool but rather as a comple-
mentary metric that contextualizes established clinical factors.

This study had several limitations that merit consideration. Its retrospective, single-
center design introduces the potential for selection bias and limits its external generaliza-
bility. The modest sample size may have reduced the statistical power, particularly in
multivariable analyses, and may have contributed to the instability of the effect estimates.
Inflammatory markers were assessed at a single time point and did not capture dynamic
changes during treatment, which may carry additional prognostic information. Further-
more, unmeasured confounders, including subclinical inflammatory conditions and treat-
ment-related factors, could not be excluded. Notably, patients in the low-GINI group were
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more likely to receive FOLFIRINOX-based chemotherapy, which may partly reflect dif-
ferences in baseline fitness and treatment selection rather than the independent effect of
the biomarker itself. Therefore, the observed survival differences should be interpreted
with caution, as treatment-related factors may have contributed to the prognostic separa-
tion between groups. Finally, the absence of an independent validation cohort precluded
definitive conclusions regarding the reproducibility of our findings.

5. Conclusions

GINI is a biologically plausible and clinically accessible composite biomarker that
demonstrates superior discriminative performance compared with conventional inflam-
matory indices in metastatic pancreatic cancer. Although its independent prognostic con-
tribution appears limited, its ability to capture the integrated tumor-host state supports
its potential role in risk stratification frameworks. Accordingly, our findings suggest that
GINI may be most useful as a tool for baseline risk stratification rather than as an inde-
pendently validated prognostic marker after adjustment for established clinical factors.
Future prospective studies incorporating longitudinal biomarker assessment and external
validation are warranted to define its clinical utility and clarify its role within evolving
precision oncology paradigms.
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PDAC Pancreatic ductal adenocarcinoma

GINI Global Immune-Nutrition—Inflammation Index
NLR Neutrophil-to-lymphocyte ratio

SII Systemic immune-inflammation index

SIRI Systemic inflammation response index

CRP C-reactive protein

LDH Lactate dehydrogenase

ECOG PS Eastern Cooperative Oncology Group performance status
ROC Receiver operating characteristic

AUC Area under the curve

oS Overall survival

PFS Progression-free survival

HR Hazard ratio
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CI Confidence interval
SPSS Statistical Package for the Social Sciences.
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