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Abstract

Background:Advances in oncology have led to the development of novel targeted therapies with
demonstrated efficacy in clinical trials; however, their real-world economic impact prior to and after
market introduction remains insufficiently characterized [1,2]. Cancer-related healthcare costs vary sig-
nificantly depending on disease stage, time since diagnosis, tumor type, and therapeutic approach[3-6],
making inter-hospital comparisons challenging due to heterogeneity in patient populations and infor-
mation systems [7]. Therefore, integrating cost analysis with clinically meaningful patient stratification
is essential to improve resource allocation and outcome evaluation[8-12]. Methods: A multicentre
working group comprising four tertiary hospitals in Madrid (Spain) was established to develop and val-
idate a novel classification system for adult oncohematological patients. A standardized methodology
was designed to stratify patients into homogeneous groups (PATONCO categories) based on tumor
location, therapeutic objective, and clinically relevant biomarkers. A cost indicator was defined as the
average cost per patient per month for each PATONCO category. Data were extracted from pharmacy
dispensing systems and analyzed using descriptive and inferential statistics, including Kruskal-Wallis
and post hoc Dunn tests. Results: A total of 3,659 patients were included (3,168 oncology; 491 hematol-
ogy), distributed across 62 programmes (54 oncology; 8 hematology). The PATONCOS tool enabled the
identification and validation of a cost indicator (average cost/patient/month per category), allowing
inter-hospital comparison. Significant differences in costs were observed across most high-prevalence
categories, reflecting variability in therapeutic strategies and adoption of innovative treatments. The
model demonstrated its capacity to detect intra-group homogeneity and inter-group variability, im-
proving the identification of high-cost patient subgroups and supporting benchmarking across centres.
Conclusions: The PATONCOS tool provides a novel, clinically oriented stratification methodology
that integrates pharmacotherapy, biomarkers, and disease stage with economic evaluation. This
approach enables more accurate comparisons of oncology treatment costs between institutions and
supports data-driven decision-making in resource allocation. Its implementation may contribute to
more sustainable healthcare systems by aligning clinical practice with economic outcomes.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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1. Introduction

Cancer remains one of the leading causes of morbidity and mortality worldwide. The Interna-
tional Agency for Research on Cancer estimated approximately 19.3 million new cases in 2020, with
projections reaching 30.2 million annually by 2040 [13]. In parallel with this growing burden, rapid
scientific progress in oncology has led to significant advances in diagnostic tools and the development
of novel targeted therapies [14]. Many of these therapies have improved clinical outcomes and, in some
cases, reduced toxicity profiles, although their economic impact remains insufficiently characterized
[8-12,15].

Despite demonstrated efficacy in clinical trials, the real-world impact of new oncological ther-
apies—particularly in economic terms—is rarely evaluated before market introduction, and post-
marketing analyzes are complex and heterogeneous [1,2]. Healthcare costs in oncology vary substan-
tially depending on tumor type, disease stage, and time since diagnosis [3,4], with particularly high
costs observed at diagnosis and throughout the patient’s lifetime [5,6]. However, due to the complexity
of healthcare information systems and variability in clinical practice, it remains difficult to accurately
quantify and compare cancer-related costs between institutions, even within the same geographical
region [7].

To address this challenge, organizations such as the American Society of Clinical Oncology (ASCO)
and the European Society for Medical Oncology (ESMO) have developed frameworks to evaluate the
cost-benefit relationship of oncological therapies [16,17]. Nevertheless, these approaches are primarily
treatment-centered and do not fully account for patient-level heterogeneity, limiting their applicability
for comparing real-world outcomes across institutions.

Hospital pharmacy services routinely manage large volumes of data related to pharmacological
treatments and associated costs in oncohematological patients. Integrating this information with
clinically meaningful patient stratification could facilitate both economic evaluation and outcome
assessment. In this context, reducing clinical variability and standardizing therapeutic approaches is
essential to ensure the efficient and sustainable use of healthcare resources[3]. Therefore, there is an
urgent need to develop methodologies that combine patient stratification with cost analysis to support
long-term planning and benchmarking [4,9,12,18].

Classification criteria play a critical role in defining homogeneous patient cohorts and ensuring
comparability between studies[19]. Current cancer classification systems are primarily based on
histopathological criteria, such as the International Classification of Diseases for Oncology (ICD-O),
which focuses on disease coding but does not adequately capture clinical or economic heterogeneity[2,3,
12,14]. More advanced classifications, such as the WHO Blue Books and the American Joint Committee
on Cancer (AJCC) staging system, incorporate molecular features and biomarkers, highlighting their
increasing relevance in oncology[20]. However, these systems remain insufficient for stratifying
patients according to therapeutic approaches and associated costs.

The development of a clinically and economically meaningful classification system for oncology
patients represents both a significant challenge and an opportunity for healthcare systems.

In this context, the aim of the PATONCOS tool is to establish a novel working methodology
based on the stratification of homogeneous oncohematological patient groups, integrating clinical
characteristics and therapeutic determinants in order to enable cost comparisons and evaluations of
therapeutic approaches across medical centers, ultimately identifying opportunities for improvement
in clinical practice and resource allocation.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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2. Materials and Methods
2.1. Study Design and Settings

A multicenter observational study was conducted through a collaborative working group com-
posed of hospital pharmacists specialized in oncology from four tertiary hospitals in Madrid (Spain):
Puerta de Hierro University Hospital, Fuenlabrada University Hospital, Infanta Cristina University
Hospital, and Henares University Hospital. These centers were selected based on a shared regional
context, similar pharmacy software for chemotherapy prescriptions, experience in health economics,
and comparable clinical workflows.

The combined catchment area covered a population of over 1,085,000 inhabitants. The working
group was established in December 2018, with monthly meetings held to develop, validate, and refine
the methodology.

The study protocol was submitted to the Research Ethics Committee of the Puerta de Hierro
Hospital Foundation (Majadahonda, Madrid) for registration and validation.

2.2. Development of the PATONCO Classification System

A standardized work procedure was designed to unify the classification of adult oncohemato-
logical patients across participating centers. The classification system (PATONCO categories) was
developed based on variables that determine therapeutic decision-making, including tumor location,
therapeutic objective (adjuvant, neoadjuvant, or metastatic), and the presence of clinically relevant
biomarkers.

Selected biomarkers included ALK, EGFR, BRCA, PIK3CA, KRAS, NRAS, HER2, and hormone
receptors (HR). Biomarkers without a direct impact on therapeutic decision-making, such as Ki-67, were
excluded. In hematological malignancies, clinical conditions influencing treatment strategies—such as
eligibility for hematopoietic transplantation—were also incorporated.

Baseline characteristics for each cancer type, including diagnostic criteria, pathological features,
molecular alterations, and treatment options, were defined to ensure standardization. The classification
system was validated through multidisciplinary collaboration with oncologists and hematologists.

PATONCOS TOOL
Patient Stratification in Oncology and Hematology

CLINICAL PARAMETERS BIOMARKER DATA ECONOMIC INDICATOR
D A < o (i 50 [sil
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Figure 1. Conceptual framework of the PATONCOS tool. The model integrates clinical parameters (tumour
type, disease stage, and treatment intent), biomarker data, and economic indicators to stratify patients into
homogeneous groups (PATONCO categories). This stratification enables cost analysis and clinical insights,
supporting benchmarking and resource allocation across healthcare systems.
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2.3. Implementation and Data Collection

The PATONCO classification was integrated into the pharmacy prescription software of each
participating center, enabling the automatic classification of all oncohematological patients with
electronic prescriptions. This allowed systematic data extraction and inter-center comparability.

The implementation phase took place between May and September 2019, during which discrep-
ancies and potential errors were identified and resolved through working group meetings. Patients
enrolled in clinical trials were excluded to avoid potential bias.

A structured database was developed as part of a big data architecture. Monthly data extraction
included patient identification, PATONCO category, treatment, dosage form, unit dose, and cost. The
database was updated continuously and closed annually to allow for longitudinal comparisons.

The operational workflow of the PATONCOS tool, including patient selection, data collection,
classification, cost calculation, and subsequent economic analysis, is illustrated in Figure 2.

Implementation of the PATONCOS Tool

« Eligible Oncology & Hematology Patients
© Inclusion / Exclusion Criteria
« Retrospective & Prospective Data

DATA COLLECTION

+ Demographics * Tumor Types
« Tumor Types * Biomarker Data

\ o Data . i V
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o Stratification Algorithm l
+ Tumor Type & Disease Stage 9

« Biomarker Status Breast Lung @

 TherapeuticIntent cgiorectal Cancer Ovarian
Cancer

COST CALCULATION

* Medication Costs o Follow-up Costs
i ion Costs italization Costs

COST ANALYSIS & HEALTH ECONOMICS

O |2l 1S | e

w Cost Drivers  Cost Variation | Inter-Hospital | Cost-Effectivenes
Benchmarking

Ny

COST ANALYSIS & HEALTH ECONOMICS
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© Cost Variation O Inter-Hospital
Benchmarking

Figure 2. Workflow of the PATONCOS tool implementation. The process includes patient cohort selection, data
collection, classification into PATONCO categories based on clinical and biomarker variables, cost calculation, and
subsequent health economic analysis. This structured approach enables identification of cost drivers, inter-hospital
variability, and benchmarking across centres

2.4. Cost Definition and Economic Indicator

Cost analysis was based exclusively on direct pharmaceutical costs corresponding to marketed
medicinal products, according to the Spanish Agency for Medicines and Health Products. Supportive
therapies, indirect costs, and intangible costs were excluded.

A key economic indicator was defined as the average cost per patient per month for each PA-
TONCO category. This indicator was calculated as the mean monthly cost of pharmacological treatment
per patient within each category. Calculations were standardized using Microsoft Access, including
the estimation of patient numbers and standard deviation.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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For benchmarking purposes, procurement prices were monitored at 6, 12, and 18 months to
minimize inter-hospital variability.

2.5. Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics version 25.

A descriptive analysis of monthly cumulative consumption was conducted for each hospital
and PATONCO category, including measures of central tendency (mean and median) and dispersion
(standard deviation, minimum, and maximum), as well as normality testing.

Comparisons of average cost per patient per month across the four hospitals were performed
using the Kruskal-Wallis test, given the non-normal distribution of variables. When statistically
significant differences were identified, post hoc pairwise comparisons were conducted using Dunn’s
test with Holm correction for multiple testing.

Statistical significance was set at p < 0.05, with high statistical significance defined as p<0.01.

2.6. Study Period and Benchmarking

Once the classification system and methodology were fully established, economic benchmarking
was performed using data collected in 2022. The comparison system remained operational throughout
the study period, including during the COVID-19 pandemic.

At the time of analysis, the hematology component was partially developed, including multiple
myeloma and Hodgkin and non-Hodgkin lymphoma.

3. Results
3.1. PATONCOS Tool Development

The main outcome of this multicentre project was the development of the PATONCOS tool, a
structured working instrument based on a novel classification system for oncohaematological patients.
This tool enables the differentiation of patients according to therapeutic approach and associated
economic impact.

The primary objective of the PATONCOS tool was the identification and validation of a cost
element—defined as the average cost per patient per month within each PATONCO category—to
facilitate the comparison of clinical and economic variability across centers. The development of
the tool was supported by a collaborative working group and implemented through a standardized
methodology integrated into routine clinical practice.

This methodology allows for continuous benchmarking by generating comparative economic data
between centers based on homogeneous patient groups. The workflow and structural components of
the PATONCOS tool are illustrated in Figures 3 and 4.

PatoncoS Tool

Working group

[ Patonco dassification
system
M

Figure 3. Elements of PATONCOS tool
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3.2. PATONCO Classification System

The PATONCOS classification system was defined based on tumor location, therapeutic objectives
(adjuvant, neoadjuvant, or metastatic), and the presence of clinically relevant biomarkers that influence
treatment decisions. Selected biomarkers included EGFR, HER2, NRAS, KRAS, BRCA, ALK, PIK3CA
mutations, and hormone receptors.

Additional clinical conditions affecting therapeutic strategies were incorporated, particularly in
hematological patients (e.g., eligibility for hematopoietic transplantation). A standardized nomencla-
ture was established to ensure consistency and facilitate systematic analysis.

A total of 62 programs were identified according to diagnostic frequency and economic impact,
including 54 oncology and 8 hematology categories (A representative subset of PATONCO categories
is shown in Table 1 to illustrate the classification framework. The complete list of categories is provided
in Supplementary Table S1). The classification system was designed as a dynamic structure, allowing
updates according to the introduction of new therapies, biomarkers, and treatment indications.

Table 1. Representative PATONCO categories according to tumour type, therapeutic intent, and biomarker status

Representative PATONCO Categories

Adjuvant HER2(+) HR(-); Adjuvant HER2(-) HR(+); Metastatic
HER2(-) HR(+); Metastatic triple-negative

Adjuvant colon cancer; Metastatic KRAS/NRAS mutated;
Metastatic KRAS/NRAS wild-type

Adjuvant NSCLC; Metastatic non-squamous ALK(-)/EGFR(-);

Tumour Type

Breast cancer

Colorectal cancer

Lung cancer (NSCLC)

Ovarian cancer

Prostate cancer
Melanoma

Gastroesophageal cancer (GEJ)

Haematological malignancies

Metastatic ALK(+) /EGFR(+)

Adjuvant ovarian cancer; Metastatic BRCA(+) first line; Platinum-
resistant second line

Hormone-sensitive metastatic; Castration-resistant metastatic
Adjuvant melanoma; Metastatic BRAF(+); Metastatic BRAF(-)
Adjuvant adenocarcinoma; Metastatic HER2(+); Metastatic
HER2(-)

Hodgkin lymphoma; Large B-cell lymphoma; Multiple myeloma
(transplant candidate)

3.3. Study Population

A total of 3,659 patients were included in the analysis: 3,168 in oncology categories and 491 in
hematology categories. Among these, 2,846 patients belonged to categories with more than 50 patients
and were included in detailed comparative analyzes (2,436 oncology; 410 hematology).

The most prevalent PATONCOS categories were:

e  Metastatic breast cancer HER2(—) HR(+)
*  Metastatic non-squamous non-small cell lung cancer ALK(—) EGFR(—)

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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e Adjuvant colon cancer

. Metastatic colorectal cancer KRAS/NRAS mutated
®  Metastatic colorectal cancer KRAS/NRAS wild-type
¢ Castration-resistant metastatic prostate cancer

*  Multiple myeloma transplant candidate

Each of these categories included between 153 and 285 patients, representing the groups with the
highest clinical and economic impact.

3.4. Cost Indicator and Inter-Hospital Comparison

The PATONCOS tool enabled the calculation of the average cost per patient per month for each
PATONCO category, allowing direct comparison between hospitals.

Significant differences in cost were observed across most high-prevalence categories. Among the
25 categories with more than 50 patients, only two did not show statistically significant differences
between hospitals. These findings reflect variability in therapeutic strategies, drug selection, and the
adoption of innovative treatments.

The comparative analysis for 2022 (Table 2) includes the average cost per patient per month for
each hospital and PATONCO category, as well as the mean deviation between centers. Higher patient
volumes were observed in Hospital 1 and Hospital 3 compared to Hospitals 2 and 4.

Table 2. Average monthly cost per patient in the most representative PATONCO categories across participating

hospitals.

PATONCO Category H1 H2 H3 H4 Dispensed Patients H p
MBC HER2(-) HR(+) 1546.76 (1198.78) 119250 (865.80)  1497.64 (1233.16) 142645 (861.11) 2079 285 21.63** .000
MNSCLC ALK(-) EGER(-) 1851.02 (1773.10)  2327.83 (1626.00)  1832.98 (1584.21) 1797.35(1592.73) 1130 208 25.29% 000
Adjuvant colon cancer 60.43 (61.49) 117.08 (568.66) 151.57 (546.73) 62.73 (32.37) 655 191 126.60** .000
MCRC KRAS/NRAS mutated 972.40 (997.52) 791.77 (717.42) 502.62 (698.64)  542.36 (713.52) 999 175 94.04** .000

MCRC KRAS/NRAS wild-type  1632.86 (1067.64)  1650.30 (1311.47)  1058.25 (1313.52) 1520.21 (1201.89) 1209 170 92.61** .000
Castration-resistant metastatic

prostate cancer 2387.42 (2030.45) 191545 (1944.07) 2962.25(2228.91) 1780.68 (1311.32) 940 166  52.37** .000
Multiple myeloma

(transplant candidate) 2009.50 (2958.81)  1106.19 (2286.92)  2613.81 (3965.06) 3272.27 (4932.95) 1012 153 11.56** .009
Adjuvant breast cancer

HER2(-) HR(+) 238.04 (566.73) 41.90 (45.75) 465.41 (883.28)  182.58 (492.69) 457 117 71.04** .000
Hormone-sensitive metastatic

prostate cancer 2265.70 (2062.00)  2621.13 (1940.00) 2763.11 (2145.70) 1354.96 (971.46) 498 101 40.22** .000
Metastatic small cell lung cancer 1163.57 (1296.99) 1283.81 (1243.63)  715.06 (875.21) 1253.02 (1272.92) 353 101 18.45** .000

H1-H4: Hospital 1-4; MBC: metastatic breast cancer; MNSCLC: metastatic non-small cell lung cancer; MCRC: metastatic
colorectal cancer. * p < 0.05; ** p < 0.01.

3.5. Drivers of Cost Variability

Differences in cost between hospitals were primarily associated with variability in pharmacologi-
cal treatment selection within the same PATONCO categories.

In metastatic breast cancer HER2(—) HR(+), variability was related to the use of everolimus, alpelisib,
and the differential distribution of cyclin-dependent kinase inhibitors (ribociclib, abemaciclib, palbociclib).

In metastatic non-small cell lung cancer, the differences were mainly associated with the use of
immunotherapies such as ipilimumab, nivolumab, and atezolizumab.

In adjuvant colon cancer, variability was linked to the use of pembrolizumab, regorafenib, and
trifluridine/tipiracil.

In metastatic colorectal cancer, cost differences were driven by the use of trifluridine/tipiracil,
aflibercept, and differences in prescribing anti-EGFR therapies such as panitumumab and cetuximab.

In castration-resistant metastatic prostate cancer, differences were associated with access to
olaparib, enzalutamide, and the uptake of generic drugs.

In multiple myeloma transplant candidates, variability was related to the use of carfilzomib and
access to daratumumab as first-line therapy.

These findings highlight that differences in therapeutic choices within homogeneous patient
groups translate into measurable economic variability.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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3.6. Budget Impact Distribution

Beyond individual cost indicators, the PATONCOS tool also enabled the analysis of the distri-
bution of total healthcare expenditure by combining the average cost per patient per month with the
number of patients in each category. The budget impact model highlights the substantial economic
weight of high-prevalence categories, particularly metastatic lung and breast cancer, reinforcing the
relevance of patient stratification for resource allocation. (Table 3).

Table 3. Budget impact model based on average monthly cost per patient and number of patients across PATONCO

categories.
PATONCO Category H1 H2 H3 H4 Avg (€) Dispensed Patients H Impact (€)
MNSCLC ALK(-) EGFR(-) 1851.02 2327.83 1832.98 1797.35 1952.30 1130 208 25.29%*  406077.36
MBC HER2(-) HR(+) 1546.76 1192.50 1497.64 1426.45 1415.84 2079 285 21.63**  403513.69
CR metastatic prostate cancer ~ 2387.42 1915.45 2962.25 1780.68 2261.45 940 166 52.37*  375400.70
MM non-transplant 4002.05 2238.41 2219.96 2664.74 2781.29 815 112 61.33**  311504.48
MM transplant candidate 2009.50 1106.19 2613.81 3272.27 2009.50 1012 153 11.56*  307453.50
MNSCLC ALK(-) EGFR(+) 4507.12 3501.82 3749.08 4117.00 3968.76 424 75 8.35*  297656.63
MCRC KRAS/NRAS wt 1632.86 1650.30 1058.25 1520.21 1465.41 1209 170 92.61**  249118.85
HS metastatic prostate cancer ~ 2265.70 2621.13 2763.11 1354.96 2251.23 498 101 40.22%  227373.73
NSCLC squamous 2055.38 2218.76 1532.76 1562.25 1842.29 392 97 20.71*  178701.89
Adjuvant NSCLC 1313.05 286.05 1045.29 2163.33 1507.22 377 113 8.06*  170316.24
MBC HER2(+) HR(+) 2685.88 2425.44 2495.37 2233.89 2460.15 625 65 7.19NS  159909.43
Neoadjuvant breast HER2(+) 2649.06 2208.15 1896.48 3266.54 2505.06 320 61 8.25%  152808.51
Neoadjuvant breast TN 2446.99 58.35 101.94 423.67 2446.99 295 62 141.47* 151713.38
Adjuvant breast HER2(+) 2143.24 1670.44 1766.15 1449.95 1757.45 510 80 28.42**  140595.60
Metastatic SCLC 1163.57 1283.81 715.06 1253.02 1233.47 353 101 18.45*  124580.13

H1-H4: Hospital 1-4; MBC: metastatic breast cancer; MNSCLC: metastatic non-small cell lung cancer; MCRC: metastatic colorectal
cancer; HS: hormone-sensitive; CR: castration-resistant; MM: multiple myeloma. * p < 0.05; ** p < 0.01; NS: not significant.

This approach provides a more realistic representation of budget impact, reflecting both treatment
costs and patient volumes, and supporting more accurate financial planning and resource allocation.
The weighted monthly economic impact by PATONCO category is illustrated in Figure 5, highlighting
the categories with the greatest contribution to the overall budget burden.

Weighted Monthly Economic Impact by PATONCO Category

Metastatic NSCLC non-squamous 406,07
ALK(-) EGFR(-)
Metastatic breast cancer HER2(-) 403,52
HR(+)
Castration-resistant metastatic 375,401
prostate cancer
Multiple myeloma non-transplant 311,504
candidate
Multiple myeloma transplant 307,454
candidate
Metastatic NSCLC non-squamous 297,657
ALK(-) EGFR(+)
Metastatic colorectal cancer
KRAS/NRAS wild-type o
Hormone-sensitive metastatic 227,374
prostate cancer
Metastatic NSCLC squamous ALK(-) 178,702
EGFR(-)

Adjuvant NSCLC 170,316

Metastatic breast cancer HER2(+) 159,909
HR(+)
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Figure 5. Weighted monthly economic impact by PATONCO category. The figure shows the relative budget burden of
each category based on the average monthly cost per patient and the number of patients included in each group.
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4. Discussion

To our knowledge, this study represents the first attempt to classify oncohaematological patients
by integrating tumor location, disease stage, and clinically relevant biomarkers with an economic indi-
cator to enable inter-center comparison. This approach provides a novel framework for understanding
the economic impact of cancer treatment in real-world clinical practice.

The distribution of tumor types in our study is consistent with previously reported epidemio-
logical patterns, with breast, colorectal, prostate, and lung cancers being the most prevalent [9,21-25].
Similarly, the distribution of patients across categories aligns with prior real-world data [9,26], sup-
porting the external validity of the classification system.

The PATONCOS tool allows for the analysis of economic resource allocation among patients
receiving different therapeutic strategies within homogeneous groups defined by tumor characteristics
and biomarkers. Unlike traditional classification systems, this methodology enables dynamic patient
stratification according to disease progression and therapeutic changes. The continuous updating of
pharmacy dispensing data provides a real-time mechanism for identifying shifts in treatment patterns
and associated costs.

This adaptability is particularly relevant in the current context of rapid therapeutic innovation
in oncology and hematology. The system is designed to evolve in response to new drugs, emerg-
ing biomarkers, and changing treatment indications, ensuring that classification remains clinically
meaningful and economically relevant over time.

Existing frameworks, such as the ESMO-Magnitude of Clinical Benefit Scale (ESMO-MCBS), focus
primarily on evaluating the clinical benefit of therapies rather than patient-level stratification[27].
While valuable, these approaches do not allow direct comparison of similar patient groups across
institutions, limiting their utility for benchmarking. Other economic studies have analyzed costs
by tumor type or treatment phase, but they often include heterogeneous patient populations or
incorporate non-pharmacological costs, making comparisons difficult[28,29].

The rapid acceptance and implementation of the PATONCO classification by oncology and
hematology teams across participating centers highlights its feasibility and clinical applicability. Its
integration into routine clinical workflows demonstrates that it can be adopted without significant
disruption, even in complex healthcare environments. Notably, the tool remained operational during
the COVID-19 pandemic, indicating robustness and low dependency on additional resources.

One of the main strengths of this approach is its ability to identify variability in pharmacological
treatment within homogeneous patient groups. Differences in drug selection, access to innovative
therapies, and prescribing patterns were reflected in measurable cost differences between hospitals.
This variability may be partially influenced by hospital volume, although our data do not allow
definitive conclusions in this regard|[3].

Previous studies have typically evaluated the annual cost per patient based on aggregated expen-
diture divided by the total number of treated patients, without accounting for clinical heterogeneity [9].
In contrast, the PATONCOS methodology introduces a more granular approach by analyzing cost per
patient per month within clinically defined subgroups. This allows for more precise identification of cost
drivers, particularly in the context of targeted therapies, immunotherapy, and novel hormonal agents.

The increasing economic burden of oncology treatments is well documented and is largely driven
by the introduction of targeted therapies, including anti-HER2 and anti-EGFR agents, tyrosine kinase
inhibiTOR, mTOR inhibitors, and cyclin-dependent kinase inhibitors[9,23]. Our findings are consistent
with these observations and further demonstrate how differences in the adoption of these therapies
contribute to inter-hospital variability.

In prostate cancer and multiple myeloma, similar trends have been reported, with significant
cost increases associated with new therapeutic agents such as enzalutamide, abiraterone, carfilzomib,
and daratumumabl4,6,30]. However, previous analyzes often included broader healthcare costs or
different methodological approaches, limiting direct comparison with our results.
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The PATONCOS tool also enables the evaluation of budget impact by combining cost per patient per
month with patient volume, providing a more realistic representation of healthcare expenditure. This dual
perspective is essential for decision-making processes related to resource allocation and planning. The
implementation workflow (Figure 2) enabled systematic and reproducible data collection across centers.

Despite its strengths, this study has several limitations. The classification system requires contin-
uous updating to reflect ongoing therapeutic innovation and disease progression. Additionally, the
hematology component of the analysis is still partially developed, and future work should expand its
scope. The incorporation of artificial intelligence and advanced data analytics may further enhance the
scalability and automation of this methodology.

Future research should focus on integrating clinical outcomes, such as survival and quality of life,
with economic indicators. This would allow for a more comprehensive assessment of value in oncology
care and further strengthen the role of tools such as PATONCOS in healthcare decision-making.

Overall, this study supports the need for new methodologies that align clinical stratification
with economic evaluation. By enabling real-time, patient-centered cost analysis, the PATONCOS tool
provides a practical framework for improving transparency, reducing variability, and promoting more
efficient and sustainable use of healthcare resources.

5. Conclusions

This study presents a novel approach for the classification of oncohematological patients that
integrates clinical characteristics, therapeutic determinants, and economic evaluation within a unified
framework.

The PATONCOS tool enables the comparison of treatment costs across institutions using a
standardized and clinically meaningful stratification system. By introducing the average cost per
patient per month as a robust economic indicator, this methodology facilitates the identification of
variability in therapeutic strategies and supports benchmarking between centers.

This approach contributes to a better understanding of the economic burden of cancer from the
perspectives of patients, healthcare professionals, and health systems. Furthermore, it provides a practical
tool for improving resource allocation and promoting more efficient and sustainable healthcare management.

The implementation of this methodology represents a step forward in aligning clinical decision-
making with economic evaluation in oncology and hematology, particularly in the context of rapid
therapeutic innovation.

6. Future directions

Future research should focus on evaluating clinically meaningful outcomes, including overall
survival, quality of life, end-of-life toxicity, and the use of chemotherapy in the last 30 days of life, stratified
according to the current PATONCOS classification. This approach would enable a more comprehensive
assessment of the relationship between healthcare resource utilization and patient outcomes.

The implementation of the PATONCOS tool across all healthcare facilities within a defined region
would provide a detailed and structured overview of expenditure in one of the most economically
impactful areas of healthcare systems. Prioritizing the most prevalent conditions and those associated
with the highest economic burden may facilitate the identification of targeted strategies aimed at
optimizing resource allocation and improving efficiency.

In this context, the PATONCOS framework has the potential to bridge the gap between the generation
of high-quality scientific evidence, its translation into routine clinical practice, and its integration into
healthcare budgeting processes. Expanding the use of this tool to additional centers, including national
and international cohorts, would enhance the external validity of the classification system and improve
the homogeneity of patient groups, allowing robust evaluation of its generalizability and scalability.

Furthermore, the incorporation of advanced information technologies, including artificial intel-
ligence-based systems, could support automated patient classification and continuous updating of
stratification criteria. The development of automated pre-assignment checklists and real-time alerts
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linked to changes in electronic health record data may reduce variability in patient classification and
ensure dynamic reassessment throughout the clinical course.

Finally, the integration of clinical outcomes—such as overall survival, progression-free survival, and
patient-reported outcomes—with economic data represents a key step toward value-based healthcare.
Linking cost indicators with outcome measures would enable a more comprehensive evaluation of treat-
ment effectiveness and support more informed, patient-centered decision-making in resource allocation.
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ESMO European Society for Medical Oncology

ESMO-MCBS  European Society for Medical Oncology- Magnitude of Clinical Benefit Scale
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ICD-O International Classification of Disease for Oncology
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MCC-KNM Metastasic Colorectal Cancer Kras Nras Mutate
MCC-KNN Metastasic Colorectal Cancer Kras Nras Native

MMTC Multiple Myeloma Transplant Candidate

MNSCLC Metastasic Non Small Cell Lung Cancer No Squamous
NSCLC Non Small Cell Lung Cancer

RH Hormonal Receptor

TDABC Time Driven Activity-Based Costing
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