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Resumen
Los enfoques y las metodologías de la inteligencia artificial se han vuelto 
fundamentales para optimizar el funcionamiento de los sistemas de salud, 
en particular de los procesos de vigilancia epidemiológica. En el Registro de  
Cáncer de Base Poblacional (RCBP) de Quito, la implementación de la 
automatización robótica de procesos representa un avance significativo en 
la gestión de los datos. Debido a la fragmentación del sistema de salud y la 
falta de interoperabilidad, el RCBP referido revisa manualmente alrededor de 
200 000 informes histopatológicos cada año. En 2024 se desarrolló una fase 
piloto que integró algoritmos de visión computacional, reconocimiento óptico 
de caracteres y procesamiento de lenguaje natural para identificar, clasificar 
y extraer información clave desde archivos PDF. Además, se desarrolló una 
interfaz gráfica para facilitar el monitoreo de las funciones automatizadas. 
Esta innovación redujo los tiempos de procesamiento, mejoró la oportunidad 
en la disponibilidad de información esencial para la formulación políticas 
públicas y estableció una base para integrar análisis avanzados en futuras 
fases del proyecto.

Palabras clave: inteligencia artificial; epidemiología; sistema de vigilancia 
sanitaria; monitoreo epidemiológico; neoplasias; procesamiento de lenguaje 
natural.

Abstract

Artificial intelligence approaches and methodologies have become 
fundamental to optimizing the functioning of health systems, particularly  
epidemiological surveillance processes. In the Quito Population-Based 
Cancer Registry (PBCR), the implementation of robotic process automation 
represents a significant advance in data management. Due to the frag- 
mentation of the healthcare system and a lack of interoperability,  
the PBCR manually reviews approximately 200,000 histopathology reports 

Wilmer Alexander Tarupi-Montenegro1 , William David Bastidas-Maldonado2 , Oswaldo Andrés Celi-Vega2

1  National Tumor Registry, SOLCA Núcleo de Quito, Quito, Ecuador.
2  Department of Information and Communication Technologies, Data Management, SOLCA Núcleo de Quito, Quito, Ecuador.

Citation
Tarupi-Montenegro W, Bastidas-Maldonado W, Celi- 
Vega O. Robotic automation to strengthen cancer  
surveillance in Quito, Ecuador: results of a pilot 
phase. Rev Col Cancerol. 2026;30(3):285-90. 
https://doi.org/10.35509/01239015.1162

Conflicts of interest
The authors declare no conflicts of interest.

Corresponding author
Wilmer Alexander Tarupi-Montenegro 
National Tumor Registry, SOLCA Núcleo de Quito,  
Quito, Ecuador.

Email: 
wilmer.tarupi@solcaquito.org.ec 

Automatización robótica para el fortalecimiento de la vigilancia 
del cáncer en Quito, Ecuador: resultados de una fase piloto

Robotic automation to strengthen cancer surveillance in Quito, 
Ecuador: results of a pilot phase

Submission date:	  
Acceptance date: 
Available online:

19/11/2025
15/05/2026
01/09/2026

https://orcid.org/0000-0002-3611-7759
https://orcid.org/0009-0008-0423-5129
https://orcid.org/0009-0009-3400-7183
mailto:https://doi.org/10.35509/01239015.1162?subject=
mailto:wilmer.tarupi%40solcaquito.org.ec?subject=


Revista Colombiana de Cancerología286

Introduction
In Latin America, the segmentation and fragmentation of 
health systems, the absence of unified clinical registries,  
and weak coordination across care levels significantly 
hinder the coordination of cancer care (1). In the field of 
epidemiological surveillance, these barriers also limit the 
consolidation, quality, and timely availability of cancer data, 
particularly affecting population-based cancer registries, 
whose work remains constrained by manual processes and 
the use of heterogeneous and poorly standardized formats. 

Although cancer registries are recognized as fundamental 
tools for generating key scientific evidence for the formula-
tion of public health policies and for the planning of oncol-
ogy services (2),  they face significant challenges. In Quito 
(Ecuador), the Population-Based Cancer Registry (PBCR) 
reviews approximately 200,000 histopathology reports  
annually in various formats (PDF, Word, and Excel), which  
delays the identification of cases and limits the timely 
availability of data for calculating cancer incidence 
and mortality, central indicators of the World Health 
Organization’s Global Action Plan for the Prevention and 
Control of Noncommunicable Diseases (1). 

In this context, this article addresses the pilot imple-
mentation of an automation process at the Quito PBCR.  
The first phase, developed and implemented in 2024, 
consisted of an automated process based on computer 
vision algorithms, optical character recognition, and natural 
language processing for the identification, classification, 
and reading of histopathology reports in PDF format.  
The system captures and tabulates relevant data directly 
from the reports and integrates artificial intelligence appli-
cations to optimize resources and improve the efficiency  
of the Quito PBCR’s methodology.

The study
Population-based cancer registries systematically collect all 
newly diagnosed cancer cases within a defined geographic 
area and time period. To do so, they use multiple sources 
of information (pathology reports, death certificates, 
hospital discharge reports, medical records, among others).  
The pathology report is a central source for character- 
izing the tumor (location, type, and morphology), although 
it does not, by itself, complete the data collection process 
(3). In Quito, during 2015–2019, 89.4% of cancer cases in 
men and 91.5% in women were registered with microscopic 
verification. 

In the Quito PBCR, case collection is conducted using both 
active and passive methods in accordance with interna-
tional standards (4). However, manually reviewing a large 
volume of data causes significant delays in the availability of  
information. This limitation prompted the development  
of an artificial intelligence-based solution to automate  
the structured extraction of information from digital  
histopathology reports.

The Quito PBCR requires (approximately) 15 months to pro-
cess annual information from all identified data sources. 
This timeline is further extended by delays from the National 
Institute of Statistics and Censuses in providing data on 
hospital discharges and general deaths, as well as the time 
needed for analysis and dissemination. Overall, the com-
plete cycle takes about four years, which explains the delay 
in publishing the data.

Artificial intelligence-based intervention 

Identifying new cases from histopathology reports, detect-
ing duplicates, and coding tumors according to the third 

each year. In 2024, a pilot phase was developed that integrated computer  
vision, optical character recognition, and natural language processing  
algorithms to identify, classify, and extract key information from PDF 
files. A graphical interface was also developed to facilitate monitoring 
of the automated functions. This innovation reduced processing times, 
improved the timeliness of essential data availability and processing 
for public policy formulation, and established a foundation for integrating 
advanced analytics in future phases of the project.

Keywords: artificial intelligence; epidemiology; health surveillance system; 
epidemiological monitoring; neoplasms; natural language processing.
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edition of the International Classification of Diseases for 
Oncology (ICD-O-3) are essential processes in any PBCR. 
In this context, AI is being incorporated to strengthen and 
streamline these established procedures, particularly  
for the initial identification of cases from digital reports 
(Figure 1). The pilot phase, developed in 2024, aimed  
to optimize the identification of new cases from digital  
histopathology reports using the following components:

1.	 Optical character recognition: Text extraction from 
images and PDF documents using PyTesseract and 
OpenCV.

2.	 Specialized spell checker: Integration of a spell 
checker with an oncology dictionary and bigram 
support, improving the accuracy of recognized text.

3.	 Automatic document classification: Application 
of deep learning algorithms to categorize reports 
based on their structure and content.

4.	 File distribution and organization: Automatic sub-
mission of classified documents to the appropriate 
databases, facilitating access.

5.	 Graphical user interface: A platform developed in 
React to visualize, monitor, and control processes  
in a user-friendly and efficient manner.

Figure 1. Diagram of the robotic automation for identifying new cases in the Quito PBCR from PDF documents

Findings 
An automated process was implemented to identify cancer 
cases from a sample of 70,000 histopathology reports in 
PDF format, sourced from eight information sources selected 
for their concentration of cases in the city (Quito) and 
representing approximately 60% of the collected reports.  
The reports covered all cancer types, and the system  
enabled the classification, extraction, and visualization  
of essential variables: patient data (names, identification, 
age, sex, and medical history), tumor data (date of sample 
receipt, report number, location, morphology, diagnostic 
basis, and collection technique), and source data (facility 
name and the pathologist’s name), under the supervision 
of the Quito PBCR’s technical team. This process achieved 
adequate accuracy for the management and validation 
of specialized clinical information.

System validation (three rounds) 

•	 First round: Focused on document identification and 
classification, it established a baseline with 85.0% 
accuracy. This means that in 15.0% of the reports, 
the application did not correctly capture the data, 
particularly variables related to diagnosis (e.g., date of  
diagnosis) and patient identification (e.g., names, 
document type and number, and age). The main diffi-
culties stemmed from low-quality reports and hetero-
geneous data organization, even though the reports 
originated from the same source.

•	 Second round: The algorithms for reading deficient  
documents were improved, and an Application 
Programming Interface (API) was integrated to extract  
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and validate key data, such as dates and patient  
information, achieving 90.0% accuracy.

•	 Third round: All available documents were evaluated, 
with emphasis on those that failed in previous rounds.  
A 95.0% accuracy rate was achieved after targeted  
corrections.

After validating the classification and extraction engine,  
an intuitive interface was developed to optimize system  

Source: Robotic Automation System of the Quito PBCR (anonymized screenshot).

Figure 2. Intuitive interface of the Robotic Automation System in the Quito PBCR

control (Figure 2). The interface enabled identification 
of each histopathology report and provided access  
to a metadata section that displayed the extracted infor-
mation (patient data, tumor characteristics, and source 
data). This system reduced the total annual processing time 
for incident cases by five months. Limitations associated 
with low image quality were addressed by adjusting the 
preprocessing algorithm.
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Discussion

The implementation of this pilot phase significantly reduced 
processing times and manual intervention, improving 
the efficiency and timeliness of essential data and strength-
ening the management and formulation of public policies 
on cancer in Ecuador. Timeliness in data publication is  
a key indicator of quality, but it must be balanced with 
the completeness and accuracy of the information, which 
poses a structural challenge for health information systems 
(3-4). In developed countries, PBCRs deliver data between  
18 and 24 months after diagnosis (5), whereas average  
delays in Latin America are two years, a situation exacerbated 
in Ecuador by the fragmentation and lack of interoperability 
of the health system  (6).

This is compounded by the heterogeneity of histopatho-
logical reports, which reflects common structural and 
interoperability gaps in the region (7-8). Unlike countries 
such as Australia (9), where integrated systems operate on 
a single platform that centralizes standardized information, 
registries in Latin America lack standardization, limiting 
their efficiency. This suggests that heterogeneity is not  
an intrinsic flaw but a reflection of structural and contextual 
gaps that can be addressed through progressive standard-
ization processes and institutional interoperability.

The speed at which the registry can generate and report 
information depends on institutional factors, some beyond 
its control; however, in manageable areas such as histo-
pathology report processing, incorporating AI-based solu-
tions has proven to be effective in optimizing time and 
improving the timeliness of data delivery and processing 
(10). The results of this pilot phase reinforce the importance 
of collaboration between PBCR developers and data regis- 
tration experts to maintain accuracy, efficiency, and con- 
tinuous system updates.

In this context, the implemented IT solution offers a viable 
alternative for optimizing the availability and updating of 
oncology information. Its application not only improves 
timeliness but also lays the groundwork for a scalable inte-
gration model that can be adapted to other countries and 
regions, thereby contributing to more efficient public health 
decision-making.

Although the automation implemented so far has been 
effective, there is greater potential. Incorporating all formats 

from diverse sources would further reduce data collection 
and processing times. However, at the healthcare system 
level, it would be desirable to standardize histopathology 
report formats from the outset so that all sources report  
the same variables. Subsequent phases will include auto-
mated identification of confirmed cancer cases and integra-
tion of the system with data analysis software. This will not 
only increase efficiency and accessibility but also improve 
the timeliness of information delivery, enhance quality,  
and ensure more secure data handling.

Ethical considerations
The National Tumor Registry of Ecuador manages personal 
data for public interest purposes, in accordance with  
Ministerial Agreement 6345, published in the Official 
Registry 784 of July 11, 1984, and the Organic Law on the Pro-
tection of Personal Data, published in the Official Registry 
Supplement 459 of May 26, 2021. Information processing  
is conducted under confidentiality and security standards, 
in line with international recommendations from the Inter- 
national Agency for Research on Cancer (IARC), ensuring 
responsible scientific use of data and the protection of 
patient identity.
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