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Abstract
Purpose  To develop and internally validate the PANTHEIA-SIRI prognostic model, which integrates log-transformed sys-
temic inflammation response index (SIRI) with clinical predictors, to estimate overall survival (OS) in metastatic pancreatic 
ductal adenocarcinoma (mPDAC) treated with first-line chemotherapy.
Methods  We used data from the multicenter PANTHEIA-SEOM registry. OS was defined from chemotherapy start. The 
model was fitted as a Weibull accelerated failure time model in the survival-analysis population with multiple imputation. 
Predictors were log-transformed baseline SIRI, modeled with restricted cubic splines, ECOG, tumor burden, chemotherapy 
regimen, and anorexia-cachexia syndrome. Internal validation used a separate, non-overlapping cohort from the same regis-
try; the centers contributing to each cohort are listed in a supplementary annex. TRIPOD was followed. Discrimination was 
assessed with Harrell´s C-index and calibration with IPCW Brier scores and IPA.
Results  The derivation cohort comprised 672 patients with SIRI data (593 analyzed for survival) across 22 Spanish hospi-
tals (2015–2025); 80.1% had died after a median OS of 9.9 months. The imputation-pooled derivation C-index was 0.654 
(95% CI, 0.627–0.681); optimism-corrected, 0.629. Internal validation used 62 separate patients from the same registry; 
96.8% had died after a median OS of 9.2 months. The validation C-index was 0.603 (95% CI, 0.518–0.687). Calibration was 
adequate at 6 and 12 months.
Conclusions  The PANTHEIA-SIRI model provides individualized OS estimates in mPDAC with routine clinical predic-
tors. Its open-access calculator (https://​panth​eia-​siri.​shiny​apps.​io/​calc/) may support prognostic communication, treatment-
intensity selection, and supportive-care planning. Routine clinical implementation will require further validation in larger, 
fully independent cohorts.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is projected to 
become the second leading cause of cancer-related death 
in the United States by 2040 [1]. Most patients present 
with metastatic disease. Despite current first-line regimens, 

such as gemcitabine plus nab-paclitaxel or FOLFIRINOX, 
median overall survival (OS) remains below 12 months, and 
the 5-year OS rate is approximately 3% [2, 3]. However, sur-
vival varies between patients, from a few weeks to more than 
2 years. This variability supports the need for prognostic 
models that can guide treatment intensity, supportive care, 
and prognostic communication.

Most prognostic models in PDAC have been developed 
in resectable disease and have not been validated in meta-
static disease [4]. A systematic review of 49 models reported 
that few achieved a C-index above 0.70 in independent 

Vilma Pacheco-Barcia, Axel Mariño-Mendez These authors have 
contributed equally to this work.

Extended author information available on the last page of the article

http://orcid.org/0000-0003-0141-1306
http://orcid.org/0009-0007-9668-3983
http://orcid.org/0009-0006-7714-5912
http://orcid.org/0000-0003-1165-829X
http://orcid.org/0000-0003-0101-188X
http://orcid.org/0000-0002-3594-1084
http://orcid.org/0000-0003-3426-7515
http://orcid.org/0000-0001-9696-6122
http://orcid.org/0000-0002-0584-1242
http://orcid.org/0000-0002-2878-2193
http://orcid.org/0000-0003-3007-4476
http://orcid.org/0000-0003-4958-4142
http://orcid.org/0000-0001-7290-3805
http://orcid.org/0000-0003-0197-3472
http://orcid.org/0009-0000-7861-0536
http://orcid.org/0009-0005-8370-6053
http://orcid.org/0009-0009-8859-5881
http://orcid.org/0009-0005-1455-0788
https://pantheia-siri.shinyapps.io/calc/
http://crossmark.crossref.org/dialog/?doi=10.1007/s12094-026-04554-8&domain=pdf


	 Clinical and Translational Oncology

validation, and that validation in routine clinical practice was 
uncommon [4]. In metastatic PDAC, validated models are 
limited. One example is the MPACT trial nomogram, with a 
C-index of 0.67 [5]. Therefore, there is a need for prognostic 
tools based on variables available in clinical practice.

Systemic inflammation is associated with poor outcomes 
in PDAC through tumor-related cytokine release, metabolic 
alterations, and immune dysfunction [6, 7]. the systemic 
inflammation response index (SIRI), calculated from neu-
trophil, monocyte, and lymphocyte counts, is available from 
routine blood tests and has been associated with outcomes in 
solid tumors [8, 9]. Our group previously showed, in a mul-
ticenter cohort of 672 patients, that SIRI was independently 
associated with OS, progression-free survival, and objective 
response when modeled as a continuous log-transformed 
variable [10].

That previous work assessed the prognostic associa-
tion between SIRI and outcomes in metastatic PDAC after 
adjustment for confounders [10]. The present study assessed 
whether SIRI, included in a multivariable model, can esti-
mate individualized OS. We developed the PANTHEIA-
SIRI model, a Weibull accelerated failure time model that 
combines log-transformed SIRI, modeled with restricted 
cubic splines, with ECOG performance status, tumor burden 
(sum of RECIST target-lesion diameters), first-line chemo-
therapy regimen, and cancer anorexia-cachexia syndrome. 
The model was implemented in an open-access calculator. 
In contrast to most existing tools, which were developed in 
resectable disease or rely on pathological or post-treatment 
variables, the present model is designed for the metastatic, 
first-line setting, uses only pretreatment variables available 
in routine practice, and models inflammation as a continuous 
predictor rather than as a dichotomized cut-off. As internal 
performance may overestimate predictive accuracy, valida-
tion in an independent cohort is required before clinical use 
[11]. We aimed to describe the structure and coefficients of 
the PANTHEIA-SIRI model and to evaluate its discrimi-
nation and calibration in an extended multicenter cohort, 
according to the TRIPOD framework.

Methods

Study design and cohorts

PANTHEIA-SEOM is a multicenter observational cohort 
study promoted by the Spanish Society of Medical Oncol-
ogy. It enrolled consecutive adults with histologically or 
cytologically confirmed metastatic PDAC who started 
first-line systemic chemotherapy at 22 Spanish hospitals 
between 2015 and 2025. Data were prospectively recorded 
in a centralized electronic case-report form. The protocol 
was approved by the ethics committee of each participating 

center. Written informed consent was obtained from all liv-
ing patients. For deceased or lost-to-follow-up patients, a 
waiver was granted under strict pseudonymization and in 
compliance with the European Union General Data Pro-
tection Regulation. The study was conducted in accord-
ance with the Declaration of Helsinki, ICH Good Clinical 
Practice guidelines, and STROBE and REMARK reporting 
standards [12, 13]. This manuscript follows the TRIPOD 
recommendations for prediction-model development and 
validation [11].

Two nested derivation populations were defined: the 
SIRI-evaluable cohort (672 patients with blood counts suffi-
cient to compute SIRI, used for baseline description) and the 
survival-analysis population (593 patients with valid OS), 
in which the prognostic model was developed. The internal 
validation cohort comprised a separate, non-overlapping set 
of patients enrolled later in the same registry, with no patient 
overlap with the derivation cohort and mostly from the same 
centers plus one additional center; the institutions contrib-
uting to each cohort are listed in Supplementary Table S1. 
Both cohorts had the same eligibility criteria, treatment pat-
terns, and OS definition.

Outcome and predictors

The primary outcome was OS, defined as the time from first-
line chemotherapy start to death from any cause. Patients 
alive at last contact were censored at that date.

Five predictors were prespecified on biological and clini-
cal grounds: (1) SIRI, calculated as neutrophils × mono-
cytes/lymphocytes from complete blood counts obtained 
within 14 days before first-line chemotherapy initiation; 
(2) ECOG performance status (0, 1, or ≥ 2); (3) baseline 
tumor burden, defined as the sum of RECIST target-lesion 
diameters and modeled as three levels (> 5 cm, ≤ 5 cm, or 
non-measurable disease); (4) first-line chemotherapy regi-
men (FOLFIRINOX, gemcitabine plus nab-paclitaxel, gem-
citabine monotherapy, or other); and (5) cancer anorexia-
cachexia syndrome, operationalized as a baseline symptom 
composite (presence of anorexia, cachexia, asthenia, or 
weight loss > 5%) consistent with international consensus 
criteria [14]; alternative operational definitions are examined 
in Supplementary Table S2.

SIRI was selected as the inflammation marker after a 
comparative evaluation of candidate blood-count indices. 
Among log-transformed indices including the neutrophil-
to-lymphocyte, monocyte-to-lymphocyte, derived neutro-
phil-to-lymphocyte and platelet-to-lymphocyte ratios, the 
systemic immune-inflammation index, the pan-immune-
inflammation value, and others, log-transformed SIRI pro-
vided the best fit for OS (lowest Akaike information cri-
terion) while remaining statistically indistinguishable from 
the top-ranked indices for progression-free survival and 
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objective response (Supplementary Table S3). SIRI was log-
transformed after Box–Cox analysis identified the natural 
logarithm as the most appropriate transformation and was 
modeled as a three-knot restricted cubic spline with knots 
at the 10th (−0.32), 50th (0.74), and 90th (2.03) percentiles 
of the registry distribution. Regimen-specific interaction 
terms with log (SIRI) were prespecified to assess whether 
the association between SIRI and OS differed by first-line 
chemotherapy regimen.

Statistical analysis

The PANTHEIA-SIRI model was fitted as a Weibull acceler-
ated failure time model. Results are reported as time ratios 
(TR), which estimate the relative change in expected sur-
vival time associated with each predictor. TR > 1 indicates 
longer expected survival, whereas TR < 1 indicates shorter 
expected survival. Hazard ratios can be derived as HR = 
TR^(−1/σ), where σ is the Weibull scale parameter.

The PANTHEIA-SIRI model was developed within a 
multiple-imputation framework. Missing baseline predictor 
values were imputed by predictive mean matching, generat-
ing ten imputed datasets, with the per-predictor missing-
data pattern summarized in Supplementary Table S4 [15]. 
Model coefficients were estimated in each imputed dataset 
of the full derivation registry and pooled using Rubin’s rules, 
so that coefficient estimation used all available information 
under a missing-at-random assumption. Tumor burden was 
modeled as a three-level variable (> 5 cm, ≤ 5 cm, or non-
measurable disease): the non-measurable level was taken 
directly from the RECIST assessment and was not imputed, 
whereas the ≤ 5/> 5 cm split was imputed only among 
patients with measurable or unknown-status disease. Pre-
dictor collinearity was assessed with generalized variance 
inflation factors, redundancy analysis, and variable clus-
tering (Supplementary Tables S5 and S6, Supplementary 
Figure S1).

Model performance was evaluated through discrimi-
nation, calibration, and risk stratification [11, 16]. In the 
derivation registry, discrimination was summarized as 
the Harrell´s C-index pooled across the ten imputed data-
sets (Rubin’s rules), and internal validity was assessed by 
enhanced bootstrap with optimism correction of the C-index 
and the calibration slope (1000 replicates; Supplementary 
Table S7). As a sensitivity analysis, we additionally per-
formed internal–external cross-validation across geographic 
regions (leave-one-region-out): the model was refitted with 
each of six regions omitted in turn and validated on the held-
out region, with all metrics averaged across the imputed 
datasets (Supplementary Table S8, Supplementary Figure 
S2). As a consistency check, discrimination and calibration 
were additionally computed on directly observed predic-
tor values, which yielded concordant estimates; reporting 

was based on the imputation framework to avoid sum-
marizing performance solely on imputed values. Calibra-
tion was assessed at 6 and 12 months using inverse prob-
ability of censoring weighted (IPCW) Brier scores and the 
index of prediction accuracy (IPA). IPA was calculated as 
1 − (BS/BSnull), where BSnull is the Brier score of the null 
Kaplan–Meier model [17]. Positive IPA values indicate bet-
ter prediction than the null model.

Calibration was also assessed graphically by plot-
ting model-predicted survival probabilities against 
Kaplan–Meier estimates across risk groups defined by ter-
tiles of the linear predictor. Risk stratification was evalu-
ated with Kaplan–Meier curves according to the median and 
tertiles of the linear predictor. Between-group comparisons 
used the log-rank test.

All analyses were two-sided, with a significance threshold 
of p < 0.05. Analyses were performed with R version 4.3 
using the rms, Hmisc, and mice packages [18, 19]. Ana-
lytical code and model coefficients are available at https://​
github.​com/​alber​tocarm/​panth​eia_​model and archived on 
Zenodo: https://​doi.​org/​10.​5281/​zenodo.​18444​522.

Results

Cohort characteristics

The derivation cohort comprised 672 patients with meta-
static PDAC and blood counts sufficient to compute SIRI, 
treated at 22 Spanish hospitals between 2015 and 2025; 
their baseline characteristics are shown in Table 1. Survival 
analyses were performed in the 593 patients with complete 
overall-survival data. The median age was 65.8 years (range, 
25.8 to 90.1), and 53% were men. ECOG performance sta-
tus was 0 or 1 in 84% of patients. Liver metastases were 
present in 66%, and weight loss > 5% at diagnosis in 68%. 
The cancer anorexia-cachexia syndrome symptom composite 
(anorexia, cachexia, asthenia, or weight loss > 5%; the vari-
able used in the model) was present in 75% of patients. First-
line chemotherapy was gemcitabine plus nab-paclitaxel in 
58% and FOLFIRINOX in 24%. Missing baseline data in the 
derivation registry were limited (chemotherapy regimen 0%, 
tumor burden 21.9%, cancer anorexia-cachexia syndrome 
0.3%, log-SIRI 0%, ECOG 0.8%; Supplementary Table S4).

The model was developed within a multiple-imputation 
framework in this survival-analysis population (Methods); 
80.1% had died after a median OS of 9.9 months. The inter-
nal validation cohort comprised 65 consecutive, separate 
patients enrolled later in the same registry (no patient over-
lap with the derivation cohort); of these, 62 had complete 
covariate data and constituted the analytical validation set. 
Baseline characteristics of the derivation and validation 
cohorts are compared in Supplementary Table S9, and the 
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centers contributing to each cohort are listed in Supplemen-
tary Table S1. In this cohort, 97% had died after a median 
OS of 9.2 months.

Model specification and derivation performance

Coefficients of the final Weibull accelerated failure time 
model, pooled across the ten imputed datasets, are reported 
in Table  2. The two restricted cubic spline terms for 

log(SIRI) were associated with shorter expected survival 
time: TR = 0.12 for spline term 1 (p = 0.001) and TR = 0.20 
for spline term 2 (p < 0.001). ECOG performance status 
was associated with shorter expected survival in a graded 
pattern: TR = 0.68 for ECOG 1 and TR = 0.46 for ECOG 
≥ 2, both versus ECOG 0; both p ≤ 0.002. Cancer ano-
rexia-cachexia syndrome was also associated with shorter 
expected survival (TR = 0.66; p < 0.001). Among first-line 
regimens, gemcitabine monotherapy was associated with 
shorter expected OS than FOLFIRINOX (TR = 0.68; p = 
0.05).

Interaction terms between log (SIRI) and treatment regi-
men were significant for FOLFIRINOX (TR = 2.01; p = 
0.006), gemcitabine plus nab-paclitaxel (TR = 2.08; p = 
0.002), and gemcitabine monotherapy (TR = 1.91; p = 0.02), 
indicating that the association between SIRI and expected 
survival varied according to first-line chemotherapy regi-
men. The Weibull scale parameter (σ) was 0.874, and the 
shape parameter (γ) was 1.144.

In the derivation registry, the PANTHEIA-SIRI model 
showed an imputation-pooled Harrell´s C-index of 0.654 
(95% CI, 0.627–0.681); the bootstrap optimism-corrected 
C-index was 0.629, and discrimination computed on directly 
observed predictor values was concordant (Table 3). No 
relevant collinearity was detected among predictors (all 
GVIF^(1/2df) < 1.06; Supplementary Table S5). The inte-
grated Brier score was 0.174, and IPA was positive at the 
clinically relevant horizons (0.085 at 6 months and 0.132 at 
12 months; Supplementary Table S10).

Internal validation

In the validation cohort, the C-index was 0.603 (95% CI, 
0.518–0.687), with an absolute decrease of 0.051 compared 
with derivation (Table 3). The validation cohort had a high 
event rate, with 60 deaths (96.8%) and only 2 censored 
patients. As a sensitivity analysis, internal–external cross-
validation across geographic regions yielded region-specific 
C-indices between 0.60 and 0.69 (event-weighted pooled, 
0.636), with calibration slopes from 0.53 to 1.50, indicating 
discrimination that remained stable across geographic ori-
gins (Supplementary Table S8, Supplementary Figure S2).

Calibration was assessed at 6 and 12 months. IPA val-
ues were 0.088 at 6 months and 0.042 at 12 months, indi-
cating better prediction than the null model at both time 
points (Table 3). Estimation beyond 12 months was limited 
by the small number of patients still at risk, which renders 
Kaplan–Meier and IPCW estimates unstable; interpretation 
was therefore restricted to the 6- and 12-month horizons.

Risk stratification by the predicted linear score showed 
ordered survival curves in both binary, low risk and high 
risk (Fig. 1A) and tertile, low-, intermediate-, and high-risk 
(Fig. 1B) classifications. The binary classification separated 

Table 1   Baseline characteristics of the PANTHEIA-SEOM deriva-
tion cohort

Data are presented as No. (%) unless otherwise indicated. The deriva-
tion cohort comprised the 672 patients with blood counts sufficient to 
compute SIRI; survival analyses were restricted to the 593 with com-
plete overall-survival data. “Cancer anorexia-cachexia syndrome” is 
the baseline symptom composite used in the model (presence of ano-
rexia, cachexia, asthenia, or weight loss > 5%); its individual compo-
nents are listed beneath it and may overlap. Tumor burden refers to 
the baseline sum of RECIST target-lesion diameters; non-measurable 
disease denotes the absence of measurable target lesions, and “Not 
recorded” denotes patients with measurable or unknown-status dis-
ease whose target-lesion sum was not documented. Percentages may 
not sum to 100% because of rounding or missing data.
ECOG-PS, Eastern Cooperative Oncology Group performance status 
SIRI, Systemic Inflammation Response Index N, number.

Characteristic n = 672 [N (%)]

Age, median (range), year 65.8 (25.8 to 90.1)
 Male sex 349 (53.2)

ECOG-PS
 0 159 (23.9)
 1 400 (60.2)
 2 96 (14.4)
 ≥ 3 10 (1.5)

Cancer anorexia-cachexia syndrome (composite) 506 (75.3)
 Anorexia 297 (44.2)
 Cachexia 78 (11.6)
 Asthenia 330 (49.1)
 Weight loss > 5% at diagnosis 458 (68.2)

Metastatic site
 Liver metastases 445 (66.2)
 Peritoneal metastases 204 (30.4)
 Pulmonary metastases 158 (23.5)

Tumor burden (RECIST target-lesion sum)
 > 5 cm 179 (26.6)
 ≤ 5 cm 114 (17.0)
 Non-measurable disease 228 (33.9)
 Not recorded 151 (22.5)

Elevated SIRI (> 2.3) 307 (45.7)
First-line chemotherapy regimen
 FOLFIRINOX 160 (23.8)
 Gemcitabine plus nab-paclitaxel 392 (58.3)
 Gemcitabine monotherapy 75 (11.2)
 Other 45 (6.7)
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low- and high-risk groups with a trend toward statistical 
significance (log-rank p = 0.057), whereas the tertile clas-
sification did not (p = 0.43). Risk stratification is therefore 

presented as exploratory. Calibration plots at 6 and 12 
months showed agreement between predicted and observed 
survival across risk groups (Fig. 1C and 1D).

Table 2   PANTHEIA-SIRI 
Weibull accelerated failure time 
model coefficients for overall 
survival

TR > 1 indicates longer expected survival time; TR < 1 indicates shorter expected survival time. HR = 
TR^(−1/σ), where σ is the Weibull scale parameter. Tumor burden was modeled as a 3-level variable (> 5 
cm [reference], ≤ 5 cm, and non-measurable disease); the non-measurable level was taken from the meas-
urable-disease assessment and the ≤5/> 5 split was multiply imputed only among patients with measur-
able or unknown-status disease. log (SIRI) was modeled with a 3-knot restricted cubic spline (knots at the 
10th, 50th, and 90th percentiles). Coefficients were estimated across ten multiply imputed datasets gen-
erated by predictive mean matching and pooled using Rubin's rules. Weibull scale parameter σ = 0.874; 
Weibull shape parameter γ = 1.144. The spline and interaction terms jointly describe a non-linear, regimen-
dependent association between SIRI and expected survival; no manual calculation is required because the 
open-access calculator performs all computations.
ECOG-PS, Eastern Cooperative Oncology Group performance status FOLFIRINOX, fluorouracil, leucov-
orin, irinotecan, and oxaliplatin; Gem/nab-P, gemcitabine plus nab-paclitaxel NA, not applicable SE, stand-
ard error SIRI, Systemic Inflammation Response Index TR, time ratio.

Variable Coefficient SE TR p value

Intercept 3.805 0.191 NA < 0.001
Tumor burden: ≤ 5 cm vs > 5 cm 0.063 0.140 1.07 0.65
Tumor burden: non-measurable vs > 5 cm −0.006 0.104 0.99 0.96
log(SIRI), spline term 1 −2.116 0.644 0.12 0.001
log(SIRI), spline term 2 −1.596 0.442 0.20 < 0.001
Gem/nab-P vs FOLFIRINOX −0.154 0.134 0.86 0.25
Gemcitabine vs FOLFIRINOX −0.392 0.200 0.68 0.05
Other regimen vs FOLFIRINOX 0.434 0.303 1.54 0.15
ECOG-PS 1 vs 0 −0.382 0.118 0.68 0.001
ECOG-PS ≥ 2 vs 0 −0.779 0.153 0.46 < 0.001
Cancer anorexia-cachexia syndrome (yes vs no) −0.417 0.103 0.66 < 0.001
FOLFIRINOX × log(SIRI) 0.698 0.253 2.01 0.006
Gem/nab-P × log(SIRI) 0.734 0.243 2.08 0.002
Gemcitabine × log(SIRI) 0.649 0.268 1.91 0.02
Weibull scale parameter (σ) 0.874

Table 3   PANTHEIA-
SIRI model performance 
in derivation and internal 
validation cohorts

Model coefficients were estimated within a multiple-imputation framework (ten imputed datasets gener-
ated by predictive mean matching and pooled with Rubin’s rules) using the full derivation registry. Deri-
vation discrimination is the imputation-pooled Harrell C-index; the bootstrap optimism-corrected C-index 
was 0.629, and discrimination computed on directly observed predictor values was concordant. Confidence 
intervals were estimated with 1000 bootstrap replicates. IPA was calculated as 1 − (Brier score/null Brier 
score); positive values indicate better prediction than the null model. Calibration was evaluated at the 
6- and 12-month horizons; estimation beyond 12 months was unstable because of the small number of 
patients still at risk.
CI, confidence interval IPA, index of prediction accuracy IPCW, inverse probability of censoring weighted.

Performance metric Derivation (n = 593) Internal validation (n = 62)

Median overall survival, months 9.9 9.2
Deaths, No. (%) 475 (80.1) 60 (96.8)
Discrimination
Harrell C-index (95% CI) 0.654 (0.627–0.681) 0.603 (0.518–0.687)
Calibration (IPCW Brier/IPA)
6-month prediction horizon 0.191/0.085 0.183/0.088
12-month prediction horizon 0.207/0.132 0.227/0.042
Integrated Brier score 0.174 0.184
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Discussion

In this study, we developed and validated the PANTHEIA-
SIRI prognostic model for OS in patients with metastatic 
PDAC treated with first-line chemotherapy. The model com-
bines log-transformed SIRI with ECOG performance status, 
tumor burden, chemotherapy regimen, and cancer anorexia-
cachexia syndrome. It showed a C-index of 0.654 in the deri-
vation phase and 0.603 in the validation cohort, with calibra-
tion maintained at 6 and 12 months. These results support 
the transportability of the model within the PANTHEIA-
SEOM framework and its potential use for individualized 
survival estimation.

The performance of the PANTHEIA-SIRI model should 
be interpreted in the context of available prognostic models 
in PDAC. In resectable disease, models such as the MSKCC 
nomogram and the international Amsterdam model include 
pathological variables, including margin status, lymph-node 
ratio, and tumor differentiation, and achieved validated 

C-indices of 0.62 and 0.65, respectively [20–22]. In patients 
treated with neoadjuvant therapy, the MGH/MSKCC nom-
ogram, which includes post-treatment variables such as 
residual tumor size, post-treatment CA 19-9, and ypN status, 
reported C-indices of 0.71 to 0.73 [23]. In metastatic PDAC, 
the MPACT trial nomogram, based on neutrophil-to-lym-
phocyte ratio, albumin, Karnofsky performance status, sum 
of target-lesion diameters, liver metastases, and prior Whip-
ple resection, reported a C-index of 0.67 [5]. The validation 
C-index of 0.603 observed in our cohort is within the range 
reported for prognostic models based on routine variables in 
metastatic disease. This level of discrimination is expected 
in metastatic PDAC, where outcomes are uniformly poor and 
event times are tightly clustered. In the validation cohort, the 
central 50% of deaths occurred within a window of approxi-
mately 7.5 months (between 2.2 and 9.6 months) and the 
central 75% within a span of approximately 14 months, with 
a median time to death of 9.2 months (Supplementary Figure 
S3). This compression of event times reduces the number of 

Fig. 1   Internal validation of the PANTHEIA-SIRI prognostic model 
in the validation cohort (n = 62). A Kaplan–Meier OS curves strati-
fied by binary risk groups defined by the median predicted linear 
score: low risk versus high risk. B Kaplan–Meier OS curves strati-
fied by tertiles of the predicted linear score: T1, high risk; T2, inter-
mediate risk; T3, low risk. C Calibration plot at 6 months, showing 
model-predicted survival probability against Kaplan–Meier observed 

survival within risk groups. D Calibration plot at 12 months, with the 
same structure. Error bars represent 95% confidence intervals, and 
group sample sizes are shown. The dashed diagonal line represents 
perfect calibration. p values correspond to log-rank tests for panels A 
and B. Per-group sample sizes are annotated within each panel and 
are small; subgroup estimates should be interpreted with caution KM, 
Kaplan–Meier OS, overall survival
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discordant patient pairs available for concordance estimation 
and constrains the achievable C-index, so that calibration 
and clinical applicability, rather than discrimination alone, 
become the more informative measures of model usefulness 
in this setting.

The PANTHEIA-SIRI model has several relevant fea-
tures. First, SIRI was modeled as a continuous predictor with 
restricted cubic splines, avoiding dichotomization by a fixed 
cut-off. This approach preserves information and reduces the 
variability associated with threshold selection in inflamma-
tion biomarkers [8, 25]. Second, the model integrates inflam-
mation with performance status, cachexia, tumor burden, 
and systemic treatment. These domains reflect patient condi-
tion, tumor extent, and treatment selection, which are central 
determinants of prognosis in metastatic PDAC. Third, the 
interaction terms between log (SIRI) and treatment regimen 
indicate that the association between SIRI and expected sur-
vival varied according to first-line chemotherapy regimen 
(Supplementary Figure S4). This finding is hypothesis-
generating and may be consistent with reports that systemic 
therapy can modify the immune tumor microenvironment 
in PDAC [26].

The validation cohort had a high event rate, with 60 
deaths (96.8%) and only 2 censored patients. This may 
reduce the number of informative patient pairs for concord-
ance estimation and should be considered when comparing 
C-index values between derivation and validation cohorts. 
Calibration was better than the null model at the 6- and 
12-month horizons. Beyond 12 months, a few patients 
remained at risk, which makes Kaplan–Meier and inverse-
probability-of-censoring-weighted estimates unstable; per-
formance was therefore not reported at later horizons. In 
pivotal metastatic PDAC trials, median OS was 11.1 months 
with FOLFIRINOX and 8.5 months with gemcitabine plus 
nab-paclitaxel, supporting the clinical relevance of 6- and 
12-month prediction horizons in this setting [3, 24].

From a clinical perspective, the five predictors included in 
the PANTHEIA-SIRI model are available in routine practice 
and do not require additional testing. The open-access calcu-
lator (https://​panth​eia-​siri.​shiny​apps.​io/​calc/), an experimen-
tal research tool, translates these variables into individual-
ized OS estimates. The model and its calculator must not be 
used to withhold or deny standard systemic therapy from any 
patient; their intended role is to complement, not to replace, 
clinical judgment. Its potential role is to support prognostic 
communication, guide treatment-intensity discussions, iden-
tify patients who may benefit from early nutritional, func-
tional, or palliative-care support, and standardize baseline 
risk description in clinical studies.

This study has several limitations. First, the validation 
cohort was drawn from the same registry as the derivation 
cohort, with partial overlap of participating centers (Sup-
plementary Table S1). This analysis should therefore be 

considered an internal–external (geographic) validation 
rather than a fully independent external validation. Second, 
the validation cohort was small (n = 62) and had a high 
event rate, with only two censored patients. This reduced the 
number of informative patient pairs for concordance estima-
tion and may have limited the precision of the C-index. The 
sample size also limited stratum-specific calibration analy-
ses and the assessment of model performance beyond 12 
months. Third, missing baseline predictors were handled by 
multiple imputation, which assumes that data were miss-
ing at random conditional on the observed covariates and 
outcome; departures from this assumption could affect the 
pooled coefficient estimates.

Fourth, the model does not include molecular variables, 
such as circulating tumor DNA dynamics, tumor genomic 
alterations, or transcriptomic signatures. These variables 
could improve prognostic estimation in future model ver-
sions. Finally, the model may require recalibration as the 
treatment landscape of metastatic PDAC changes, par-
ticularly if therapies targeting cancer cachexia or systemic 
inflammation, such as the GDF-15 inhibitor ponsegromab, 
become part of clinical practice [27].

In conclusion, the PANTHEIA-SIRI model provides 
individualized OS estimates for patients with metastatic 
PDAC treated with first-line chemotherapy. The model 
combines log-transformed SIRI with ECOG performance 
status, tumor burden, chemotherapy regimen, and cancer 
anorexia-cachexia syndrome, all variables available in rou-
tine practice. In geographic validation across centers, its 
performance was within the range reported for metastatic 
PDAC prognostic tools, with calibration maintained at 6 and 
12 months. The open-access calculator (https://​panth​eia-​siri.​
shiny​apps.​io/​calc/) may help translate prognostic estimation 
into clinical practice within the PANTHEIA-SEOM frame-
work, supporting prognostic communication, treatment plan-
ning, and early supportive-care interventions. Evaluation in 
larger independent prospective cohorts will be needed before 
routine implementation.
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