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PRESIDENT’S MESSAGE

Greetings to all our members.

It is both a privilege and an honor to write this message as your 
President. At the same time, I am deeply mindful of the tremendous 
responsibility that comes with this position, especially in this era of 
rapid advancements in pathology.

In this context, I would like to extend my heartfelt congratulations to 
Dr. Amado O. Tandoc III for his unwavering dedication to the advance-
ment of our very own Philippine Journal of Pathology. Without his 
leadership, commitment, and the tireless efforts of the editorial staff, 
the revival of our beloved PJP would not have come to fruition. More 
importantly, through their collective resolve and hard work, the PJP 
has now been indexed in Scopus, a milestone that further enhances 
the journal’s credibility, visibility, and standing within the scientific 
community.

As someone who strongly advocates for the vital role of research and 
scholarly publication in advancing the field of pathology—particularly 
in a developing country such as the Philippines—I sincerely hope that 
more of our members will find the time and inspiration to engage in 
research and contribute their work to our journal. Through our collective 
efforts, we can continue to strengthen the body of local scientific 
knowledge and elevate the practice of pathology in our country.

I encourage each of you to support and contribute to the continued 
growth and success of the Philippine Journal of Pathology.

Thank you, and I look forward to working with all of you in advancing 
our profession.

Jeffrey S. So, MD, FPSP
President, Philippine Society of Pathologists, Inc.
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There is a reason some melodies linger long after the performance has 
ended. Not because they are triumphant, but because they carry memory 
gently. They remind us that meaning is often found not in fanfare, but in 
persistence, in the patient work of returning, rebuilding, and remaining.

This issue of the Philippine Journal of Pathology comes at the end of a season 
of milestones for the journal, and perhaps also a season of reflection.

In December 2025, during the Annual Convention of the Philippine Associ-
ation of Medical Journal Editors (PAMJE), whose theme was Publishing for 
National Relevance: Aligning Medical Journals with the National Unified 
Health Research Agenda (NUHRA), we were given the opportunity to share 
the experiences of the Philippine Journal of Pathology in reestablishing itself 
as a local medical journal striving to remain both nationally meaningful and 
internationally visible. The conversation was not merely about indexing, 
metrics, or platforms, but about survival, and about the continuing relevance 
of Philippine scholarship in an increasingly crowded scientific landscape.

That same month, the journal formally released its Policy on the Use of Artificial 
Intelligence. Like many journals across the world, we recognize that artificial 
intelligence will shape the future of scientific communication in profound 
ways. Yet amid rapid technological change, the fundamental obligations 
of scientific publishing remain unchanged: transparency, accountability, 
integrity, and trust.

In February 2026, the Philippine Journal of Pathology was accepted into 
Scopus. For many journals, indexing represents arrival. For us, it feels more like 
responsibility. Visibility widens readership, but it also deepens our obligation 
to uphold rigor, ethics, and relevance. The work ahead remains substantial, 
but this milestone belongs not only to the Editorial Board, reviewers, and staff, 
but to every Filipino pathologist, researcher, and author who believed that 
a Philippine journal deserved to endure.

In March 2026, during the PAMJE Educational Forum held on the occasion 
of the 44th anniversary of the DOST–PCHRD, we discussed the 2026 updates 
to the ICMJE Recommendations. These updates remind us that scientific 
publishing is constantly evolving, challenged by emerging technologies, 
changing authorship practices, predatory behavior, and increasing public 
scrutiny. Yet they also reaffirm that journals are not merely repositories of 
papers; they are stewards of scientific credibility.

Cavatina*

https://doi.org/10.21141/PJP.2026.647 *Italian for “a Little Song.”
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Perhaps the most personal moment came during the 2026 Convention of the Philippine Society of 
Pathologists, where I was deeply honored to receive the Distinguished Service Award for work related 
to the journal. My daughter helped prepare an audiovisual presentation tracing the journey of the 
Philippine Journal of Pathology. We took it as an opportunity to honor the late Dr. Jose Ma. Avila, 
adviser to the journal and former Editor-in-Chief of Acta Medica Philippina, whose guidance and faith 
in Philippine medical publishing helped shape many of us.

Accompanied by the piece Cavatina by Stanley Myers, some pathologists later remarked that the 
presentation sounded sad.

Maybe it did.

But not all quiet music is sorrowful. Some melodies simply carry the weight of memory. They acknowledge 
that institutions are built not only through achievement, but through sacrifice, uncertainty, fatigue, and 
the often invisible labor of people who believed in something before others did. In many ways, journals 
resemble such music: sustained not by spectacle, but by endurance.

The work of rebuilding the Philippine Journal of Pathology has never been the work of one person 
alone. It has depended on editors, reviewers, authors, society leaders, mentors, staff, and readers 
who continued to contribute despite limitations familiar to many journals in low- and middle-income 
countries. It has required faith that local scholarship matters, that Philippine data deserve visibility, and 
that our scientific voice should not disappear into silence.

As we release this June 2026 issue, we do so with gratitude: for those who built before us, for those who 
continue the work now, and for those who will inherit it afterward.

Like a Cavatina, perhaps the role of a journal is not always to be loud. Sometimes its task is simply to 
remain clear, honest, and enduring enough for others to hear themselves within it.

Amado O. Tandoc III, MD, FPSP
Editor-in-Chief



Strengthening Diagnostic Approach for Emerging Pathogens
in the Philippines Through TEM-based Ultrastructural Pathology
Maria Sarah Lenon, Jhunel Vinarao, Danielle Aquino

Research Institute for Tropical Medicine, Alabang, Muntinlupa, Philippines

ABSTRACT

The emergence of novel pathogens poses significant challenges to public health systems worldwide, 
demanding rapid and coordinated outbreak response mechanisms. The case of “Pathogen X,” a 
hypothetical novel pathogen, highlights the complexity of such efforts, which require rapid identification, 
diagnostic readiness, and effective containment strategies. Leveraging recent advances in ultrastructural 
pathology and genomics is essential to ensure a timely and robust response. Within this diagnostic framework, 
transmission electron microscopy (TEM) serves as a powerful imaging modality at high magnification that 
enables direct visualization of pathogen particles and infection-induced ultrastructural cellular changes. 
Unlike molecular techniques that infer presence through nucleic acids, TEM offers same-day morphological 
triage, confirmation of pathogen presence, and identification of co-infections. Through techniques such 
as negative staining and ultrathin sectioning, TEM reveals hallmark structural features that not only support 
provisional taxonomic classification and biosafety risk assessment but also inform the design and quality 
control of downstream assays such as metagenomic next-generation sequencing (mNGS) and targeted 
PCR. As such, TEM significantly accelerates and reinforces the overall outbreak investigation workflow. Its 
high-resolution imaging capabilities make it particularly valuable in situations where speed, morphological 
clarity, and pathogen diversity necessitate a direct visualization approach.

Key words: electron microscopy, transmission electron microscopy, ultrastructural pathology, emerging 
pathogens, Pathogen X

ELECTRON MICROSCOPY AS REVOLUTIONARY 
TECHNOLOGY

The first prototype of the electron microscope was 
developed in 1931, engineered by Ernst Ruska and Max 
Knoll in Berlin, revolutionizing how scientists visualize 
life at the smallest scales.1 This groundbreaking invention 
laid the foundation for modern electron microscopy. In 
1939, the first commercially available electron microscope 
was introduced by Siemens, with Ernst Ruska playing 
a key role in its development. Following World War II, 
numerous companies developed commercial electron 
microscopes, notably JEOL in Japan and Philips in 
Europe, leading to widespread adoption in biological and 
materials research.2

Today, modern transmission electron microscopes 
(Figure 1), with resolutions reaching as fine as 0.23 nm 
and magnification exceeding 2 million times, can reveal 
structures far beyond the reach of conventional light 
microscopy.3,4 From viruses and bacterial ultrastructure 
to molecular-level entities such as prions, TEM provides 
an unparalleled window into the architecture of disease. 
For researchers at the forefront of pathogen detection, 
this translates to faster diagnostics, deeper understanding 
of novel threats, and a critical advantage in pandemic 
prevention.

Recent advancements in TEM protocols have significantly 
expanded its diagnostic applications across infectious 
agents. Ranjan et al. demonstrated that negative staining 
enables sample preparation for foot-and-mouth disease 
virus detection in under 10 minutes, highlighting TEM’s 
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efficiency in urgent diagnostic settings.5 Laue further 
emphasized the evolution of diagnostic electron micro-
scopy from a routine laboratory method to a specialized 
tool increasingly used in outbreak investigations and 

pathogen characterization.6 Notably, SARS-CoV-2 was 
initially identified using TEM, which provided rapid 
morphological insights into viral particles before genomic 
data were available, thereby guiding subsequent meta-
genomic sequencing efforts.6,7

In addition to structural visualization, TEM techniques 
such as immunogold labeling have proven valuable 
for biochemical and functional characterization. This 
approach enhances the detection of specific antigens and 
extracellular vesicles associated with pathogens, offering 
insights into mechanisms of disease transmission and 
immune evasion.8 Such capabilities position TEM not only 
as an imaging modality but also as a functional diagnostic 
tool. Further illustrating its versatility, Jiao et al. employed 
TEM to trace virion assembly and intracellular movement 
in plant virology, demonstrating its applicability across 
diverse biological systems.9

CELLULAR, TISSUE, AND BACTERIAL CROSS-SECTION 
ULTRASTRUCTURAL ANALYSIS

Transmission electron microscopy remains indispensable 
for nanoscale visualization of pathogens and host cellular 
architecture. High-quality ultrastructural imaging requires 
advanced instrumentation, meticulous specimen prepa-
ration, and specialized technical expertise. At the Research 
Institute for Tropical Medicine (RITM), personnel 

Figure 1. JEOL JEM-F200 Transmission Electron Microscope 
installed at the Research Institute for Tropical Medicine. 
Photo taken by J.G. Vinarao.

Figure 2. JEOL JEM-F200 transmission electron microscope and its lens system. The JEM-F200 is equipped with a cold field emission 
gun (CFEG), producing a highly coherent electron beam with low energy spread, ideal for resolving nanoscale viral structures. The 
condenser lens system (CL1 and CL2) modulates beam intensity and spot size, enabling optimization for imaging and analytical 
techniques such as energy-dispersive X-ray spectroscopy and electron energy loss spectroscopy. The specimen stage is positioned at 
the center of the column, where the objective lens—critical for high-resolution imaging—focuses transmitted electrons. Downstream 
intermediate and projector lenses determine final magnification and imaging mode, supporting applications ranging from low-
magnification surveys to high-resolution diagnostics.10
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of viral and atypical pathogens. Negative staining (Figure 
4) allows rapid preparation and high-contrast visualization 
of viral particles (Figure 5) using electron-dense stains 
such as uranyl acetate or phosphotungstic acid. Jiang et 
al. demonstrated that TEM with negative staining can 
identify multiple pathogens from bronchoalveolar lavage 
fluid within 48 hours, outperforming many molecular 
diagnostics in turnaround time.14 Importantly, TEM’s 
reagent-independent nature makes it especially valuable 
for detecting unknown or emerging pathogens.

While metagenomic next-generation sequencing has 
revolutionized infectious disease diagnostics through 
hypothesis-free detection of known and novel pathogens, 
TEM remains a vital complementary tool. Unlike 
sequencing methods that infer pathogen presence from 
genetic material, TEM provides direct visual confirma-
tion and enables assessment of infection-induced cellular 
pathology. Although mNGS excels at detecting unexpected 
or co-infecting organisms,15 its sensitivity can be limited by 
high host DNA background unless extensive enrichment 
strategies are applied.16

Advances such as cryo-electron tomography and immuno-
gold labeling have further expanded TEM’s capabilities, 
enabling molecular-level visualization of pathogen–host 
interactions.17 Integration of TEM into public health 
and reference laboratories strengthens surveillance and 
outbreak response capacity, particularly for morphologically 
distinctive or highly transmissible agents. A synergistic 
diagnostic framework combining TEM’s specificity with 
the broad detection range of NGS offers a more robust 
and accurate approach to infectious disease diagnosis.

utilize modern TEM (Figure 2) platforms alongside the 
Leica UC7 ultramicrotome, enabling the production of 
ultrathin sections essential for ultrastructural analysis 
(Figure 3). Preparation workflows include negative and 
positive staining as well as ultrathin sectioning at sub-
micron thicknesses, procedures that demand exceptional 
technical proficiency. 

Beyond imaging, ultrastructural analysis plays a key role 
in elucidating pathogen-induced cellular disruption. 
Yang et al. demonstrated that duck Tembusu virus 
compromises the blood–brain barrier, revealing novel 
cytopathological changes through TEM that shed light 
on neuropathogenesis.11 In bacterial infections, Liss and 
Hensel identified previously unrecognized ultrastructural 
features in  Salmonella enterica-infected cells, challenging 
existing models of intracellular bacterial environments.12 
Similarly, Schulte et al. showed that ultrastructural 
heterogeneity among bacterial morphotypes correlates 
with physiological states, offering insight into bacterial 
viability and stress responses.13

Collectively, these studies underscore the ability of ultra-
structural methods to reveal biological features that may 
be overlooked by molecular or immunological assays. 
Integrating TEM into pathogen detection workflows 
enhances characterization of emerging agents, refines 
disease definitions, and may facilitate discovery of novel 
diagnostic biomarkers.

TEM IN VIRAL DIAGNOSTICS AND INTEGRATION 
WITH GENOMICS

Transmission electron microscopy continues to serve as a 
critical diagnostic modality, particularly for rapid detection 

Figure 3. Transmission electron microscopy sample preparation procedures: (A and B) 
semi-thin and (C and D) ultra-thin sectioning using a diamond knife.

A

C

B

D
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CONCLUSION

Seeing the unseen and future-facing vision
As the world confronts emerging and re-emerging 
pathogens—including Ebola, Zika, COVID-19, and avian 
influenza—early detection has become a cornerstone 
of public health preparedness. The upgraded TEM 
laboratory at RITM was established to strengthen national 
capacity for infectious disease surveillance, diagnostics, and 
outbreak response. In this context, TEM serves not merely 
as an instrument but as a sentinel technology, bridging 
classical microscopy and modern molecular diagnostics.

The commissioning of this advanced TEM system marks 
a significant step forward in the Philippines’ prepared- 
ness for biological threats. Beyond diagnostics, it enables 
cutting-edge research in structural virology, vaccine 
development, nanomedicine, and materials science, 

reinforcing its role as a cornerstone of future-facing 
infectious disease research.
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Figure 5. Generating electron micrographs using the transmission electron microscope 
(TEM). (A) Insertion of the sample holder into the TEM column; (B) Operation of the TEM 
user interface for image acquisition and parameter adjustment.

A B

Figure 4. Negative staining workflow for enhanced ultrastructural visualization of viral 
particles. (A) Setup of the negative staining station, including essential tools and reagents; 
(B) Schematic representation of the staining procedure showing sample adherence to 
grids, followed by (C) sequential washing, blotting, and drying steps.

A B

C
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ABSTRACT

Background. The COVID-19 pandemic caused by SARS-CoV-2 significantly strained healthcare systems 
in the Philippines, highlighting the critical importance of reliable molecular diagnostics and genomic 
surveillance. Although vaccination efforts and public health measures mitigated disease impact, the 
continued emergence of viral variants underscores the need for sustainable local surveillance strategies. 
Strengthening in-country capacity through the development of in silico–designed primers and cost-
effective sequencing approaches can enhance rapid variant detection and improve preparedness for 
future emerging infectious diseases.

Objective. This paper offers a method in detecting the SARS-CoV-2 virus and its variants. A direct PCR 
product sequencing surveillance or DPPSS offers a new possibility of detecting emerging disease by using 
PCR products and using it as templates in determining the base sequence. 

Methodology. A total of 20 random positive samples for SARS-CoV-2 from March 2022 sample pool in Metro 
Manila, Philippines was used in this study. The RNA was extracted using Purelink™ RNA Mini Kit, quantified 
with NanoDrop, and subjected to one-step RT-PCR. An in-house designed in silico primers were used in this 
study by using thermodynamic parameters to optimize specificity and amplification efficiency, considering 
GC contents, balanced Tm, minimal secondary structures and cross-dimers and in silico validation via 
Basic Local Alignment Search Tool (BLAST) against reference databases. 

Amplicons were analyzed through gel electrophoresis, sequenced, and analyzed using BioEdit software. A 
nucleotide BLAST search identified COVID-19 variants, confirmed using Cov-Lineages website.

Results. In silico designed primers (S1, S2, E/M, Orf1ab) collectively exhibited 100% sensitivity in detecting 
SARS-CoV-2 in nasopharyngeal swab samples. Individual primer sensitivities varied, with Orf1ab at 58.82% 
and E/M at 90.91%. Our analysis revealed the prevalence of Omicron sublineage BA.2 in the Philippines, 
aligning with local data showing more BA.2 cases than the global predominance of BA.1.

Conclusion. Combined in silico primers (S1, S2, E/M, ORF1ab) accurately detect SARS-CoV-2 and its variants. 
This method provides a valuable diagnostic and surveillance tool for public health management.
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INTRODUCTION

In early 2020, the world faced a novel public health crisis 
caused by SARS-CoV-2, the etiologic agent of Coronavirus 
2019 (COVID-19). The virus primarily affects the 
respiratory system, causing symptoms ranging from mild 
upper respiratory illness to severe pneumonia.1,2 As of 
January 2026, the World Health Organization (WHO) 
reported 779,102,516 confirmed cases globally,3 while the 
Philippine Department of Health documented 4,140,383 
cases nationwide.4 Multiple variants have since emerged, 
including Alpha, Beta, Gamma, Delta, Epsilon, Eta, Iota, 
Kappa, Zeta, Mu, and Omicron, with Omicron classified 
as a Variant of Concern and others as Variants Being 
Monitored.1,2
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The pandemic highlighted the critical role of laboratory 
diagnostics. Nucleic acid amplification tests, particularly 
reverse transcription- polymerase chain reaction (RT-PCR), 
remain the gold standard for COVID-19 diagnosis due to 
their high sensitivity and specificity. However, limitations 
such as reduced detection in low viral load samples and 
resource-intensive requirements restrict widespread 
implementation in low- and middle-income countries.5,6 
Rapid antigen and antibody-based assays support 
surveillance but require confirmatory testing due to lower 
sensitivity. Meanwhile, genomic surveillance through next-
generation and whole-genome sequencing is essential for 
variant characterization, though high costs limit routine 
clinical use.5

Although the WHO declared the end of COVID-19 as a 
global health emergency in May 2023,7 continued viral 
evolution underscores the need for sustainable and cost-
effective molecular surveillance strategies. SARS-CoV-2 
continues to acquire mutations that influence trans-
missibility, immune escape, and therapeutic effectiveness. 
Strengthening local capacity for variant detection and 
preparedness remains imperative. 

This study introduces Direct PCR Product Sequencing 
Surveillance (DPPSS) as a low-cost alternative for molecular 
surveillance. Direct sequencing of PCR-amplified products 
enables rapid base sequence determination with minimal 
processing errors,8 offering a practical approach for 
resource-limited settings such as the Philippines. Primer 
design targeted key genomic regions of SARS-CoV-2, 
including the spike (S), envelope (E), membrane (M), and 
open reading frame (ORF) regions.9-11 The S primer targets 
the spike protein gene associated with viral entry; the 
EM primer aligns with envelope and membrane regions 
critical for viral assembly; and the O primer spans open 
reading frames to provide broader genomic coverage.12-14 
These targeted regions support effective and efficient 
variant monitoring using the DPPSS method.

As we utilize PCR surveillance sequencing as a cornerstone 
in tracking and understanding the evolution of SARS-
CoV-2, the chosen primers enhance the specificity and 
sensitivity of the assay, ensuring accurate detection and 
surveillance. The strategic placement of primers allows 
for targeted amplification of regions crucial for both 
diagnostic and epidemiological purposes.

This paper aims to present an evaluation in silico-designed 
primers using the DPPSS method being developed for the 
detection of SARS-CoV-2 variants among RNA samples 
extracted from SARS-CoV-2 positive nasopharyngeal 
swab specimens. Likewise, this paper will identify the 
sensitivity of the designed primers to detect the SARS-
CoV-2 virus, determine the type and frequency of SARS-
CoV-2 variants in the positive specimens, and correlate the 
relationship of the detected variants with the clinical and 
epidemiological data during the time of collection. 

METHODOLOGY

Sampling 
A total of 20 random nasopharyngeal/ oropharyngeal 
positive samples for SARS-CoV-2 after RT-PCR testing 

were taken from March 2022 sample pool in Metro Manila, 
Philippines. 

RNA extraction
The viral RNA of the samples was extracted using the 
PureLink™ Viral RNA Mini Kit (Invitrogen®) by following 
the manufacturer’s protocol. Essentially, proteinase K and 
a lysis buffer were used to open cells and obtain RNA. 
Following this, RNA binding was performed using spin-
columns. Wash buffers were used for the RNA washing step 
and lastly, the RNA was eluted through centrifugation. The 
eluted RNA was stored in -20°C.

Nucleic acid quantification 
The RNA extracts were quantified using the Thermo 
Scientific NanoDrop™ 1000 Spectrophotometer. First, the 
device was cleaned using sterile distilled water and bleach 
in an alternate manner for 2 mins each. Following this step, 
“blank” measurements were made by dispensing 1 μL of 
buffer onto the lower optical surface. Upon completing 
the cleaning and blank reading steps, quantification of the 
samples was performed by loading 1 μL of the sample onto 
the device. To accurately assess sample quality, 260/280 or 
260/230 ratios was analyzed in combination with overall 
spectral quality. Pure nucleic acids typically yield a 260/280 
ratio of ~1.8 and a 260/280 ratio of ~2.0 for DNA and 
RNA, respectively.

DPPSS primer
In silico–designed oligonucleotide primer sets targeting the 
ORF1ab, S1, S2, E, and M genomic regions of SARS-CoV-2 
(See Table 1). The table summarizes the target gene, primer 
designation (forward and reverse), nucleotide sequence 
(5′–3′), predicted amplicon length (bp), GC content (%), 
and calculated melting temperature (Tm, °C). Primer 
design was performed using thermodynamic parameters 
to optimize specificity and amplification efficiency, with 
selection criteria including appropriate GC content, 
balanced Tm between primer pairs, absence of significant 
secondary structures (hairpins and self-dimers), minimal 
cross-dimer formation, and in silico specificity verification 
through Basic Local Alignment Search Tool (BLAST) 
analysis against reference genomic databases. It was then 
sent for synthesis to Macrogen, Inc. (South Korea). 

One step RT-PCR 
The one-step RT-PCR was performed using the 
SuperScript™ III One-Step RT-PCR System with Platinum 
Taq DNA Polymerase (Invitrogen®, USA). Following the 
manufacturer’s protocol, each 10 μL reaction contained 2 
μL of 2x Reaction buffer, 0.4 μL DNTPs, 0.6 μL of each 
forward and reverse primers, 0.4 μL Taq polymerase 
enzyme, 1 μL RNA template, and 5 μL distilled, nuclease-
free water. The touchdown amplification was carried out 
using the T100™ thermal cycler (Bio-Rad, Japan). The 
thermal cycling conditions consisted of 30 mins at 50°C for 
reverse transcription, 15 mins at 95°C for Taq polymerase 
activation, 10 cycles of touchdown PCR set at 94°C for 1 
min denaturation, 55°C for 1 min annealing, and 72°C 
for 1 min extension. After this, the final PCR profile is set 
at 20 cycles consisting of 94°C for 1 min denaturation, 
58°C for 1 min annealing, and 72°C for 1 min extension. 
The final extension profile is set at 72°C for 10 mins and 
the reaction is terminated and held at 4°C.
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epidemiological lineage assignment tool available on the 
Cov-Lineages website.

RESULTS

A total of 16 samples were subjected to RNA extraction 
using PureLink™ Viral RNA/DNA kit and one-step RT-
PCR assays. After extraction, the samples’ concentration 
and purity were determined using NanoDrop™. The 
samples with good concentration and purity were included 
for further analysis. Pre-amplification RNA integrity and 
post-amplification product specificity were evaluated by 
agarose gel electrophoresis. Expected amplicon sizes for 
the DPSS primer sets were confirmed as follows: SARS-
CoV-2_Var_S1 (1362 bp), SARS-CoV-2_Var_S2 (655 bp), 
SARS-CoV-2_Var_EM1 (658 bp), and SARS-CoV-2_Var_
O1 (818 bp). 

Figure 1 shows the post-PCR agarose gel electrophoresis 
result of samples 6, 7, 8, 10, 101, 128, 130, 133, 140, 143, 
146, 147, 152, and 156 using SARS-CoV-2_Var_EM1 primer. 
Samples 7, 10, 143, 146, and 152 were the best samples in 
this primer showing a product size of more than 600 bp 
and a band greater than 60 ng. Only the PCR products 
meeting these criteria were selected for sequencing.

The raw sequence data were quality-checked, trimmed 
and assembled to generate consensus sequence and 
alighted to the SARS-CoV-2 reference genome and lineage 
classification performed using the Pango nomenclature 
system based on characteristic mutation profiles within the 
amplified regions. The assigned lineages are summarized 
in Table 3. 

DISCUSSION

The results showed that the four (4) in silico-designed 
primers used for this study: S1, S2, E/M and Orf1ab had 
a sensitivity of 100% when used in combination to detect 
previously tested known nasopharyngeal/ oropharyngeal 
swab samples positive for SARS-CoV-2. Each primer had 
different sensitivities, with Orf1ab being the lowest at 
58.82% and the E/M the highest at 90.91% (Table 4). The 
AGE for the E/M also had the highest number of bands 
noted (Figure 1). This is in contrast with other studies that 

Detection of the RT-PCR product
The amplicons were subjected to electrophoresis using a 
1.0% agarose gel and were stained using gel red. The gels 
were quantified by using a nanodrop and were visualized 
under UV light using XR+ Gel Documentation System 
(Bio-rad, Japan).

Sequencing
Around 20 μL of the RT-PCR amplicons were packaged by 
wrapping parafilm wax around the lid of the PCR reaction 
tubes. The tubes were placed inside sealable bags and were 
sent for sequencing as per the service provider instructions 
(Macrogen Inc., South Korea).

Sequence analysis
The resulting sequencing results were visualized and 
analyzed using the BioEdit software. A consensus sequence 
was generated by aligning the forward and reverse 
sequence of the sample. Note that the reverse sequence 
is in the 3’ to 5’ orientation, thus the sequence should be 
flipped first to set the orientation to the 5’ direction. After 
ensuring that both sequences were in the 5’ direction, the 
sequence alignment was run using the ClustalW function 
of the software. After alignment, the sequence was edited 
by removing the lagging sequence strand first, followed by 
the removal of the leading sequence. Once completed, a 
consensus sequence was generated by using the Consensus 
Sequence generator function of the software.

BLAST search and lineage identification 
A BLAST analysis was performed to determine the variant 
identity of the viral samples using the online platforms 
provided by the National Center for Biotechnology 
Information (NCBI) and the China National Center for 
Bioinformation. The consensus sequence of each sample 
was initially used as the query sequence for BLAST analysis, 
and the corresponding description, species identification, 
and accession number of the top hits were recorded. In 
cases where the consensus sequence failed to yield BLAST 
results, the forward sequencing read was used. If no 
significant match was obtained, the reverse sequence was 
reverse-complemented and subsequently analyzed. The 
resulting BLAST hits were documented accordingly. Using 
the recorded description and accession number, the SARS-
CoV-2 variant was determined through the SARS-CoV-2 

Table 1. In silico-designed primers featuring the following target genes: ORF1ab, S1, S2, E, and M
Target Gene Primer Name Primer Pair Sequence (5’→3’) Product size (bp) GC content Tm

ORF1ab SARS-CoV-2_Var_01 Forward primer 01
ACCAATGTGCTATGAGGCCC

Reverse primer 01
CATCACCCAACTAGCAGGCA

818 55%

55%

60.11

60.04

S SARS-CoV-2_Var_S1 Forward primer S1
CAAATCGCTCCAGGGCAAAC

Reverse primer S1
GTGGCAAAACAGTAAGGCCG

1362 55%

55%

60.11

60.04

S SARS-CoV-2_Var_S2 Forward primer S2
GTCCTTCCCTCAGTCAGCAC

Reverse primer S2
GACTCCTTTGAGCACTGGCT

655 60%

55%

60.00

59.96

E,M SARS-CoV-2_Var_EM1 Forward primer EM1
CGATTGTGTGCGTACTGCTG

55% 59.01
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show Orf1ab, N, and Rdrp as having the highest sensitivities 
among the different evaluated gene target primers.12,15 

Designing primers for a virus that frequently mutates 
such as SARS-CoV-2 is challenging. Ideally, the target 
must be an area that is conserved in the genome so that 
it can still detect the virus. One possible explanation for 
the high sensitivity of E/M in our study can be attributed 
to the lack of mutation detected in the E/M gene from 
the samples included (Appendix 1). All the samples had 
multiple mutations in the S and ORF1ab proteins which is 
compatible with the variant classification of most samples 
under Omicron. This is similar to the study by Mentes et al., 
showed that the E gene had the lowest mutation rate from 
their experiment.16 Further supporting this is a local study 
on the genome sequences in the Philippines during the 
start of the pandemic also showed that the most conserved 
among the different proteins is the envelope protein, 224 
with 100% sequence similarity at both nucleotide and 
amino acid levels relative to the reference.17 

The total number of mutations across the target regions, 
as well as the type (example: point mutation vs. deletion) 
can damage it significantly, leading to potential misclassifi-
cation and affect the accuracy of diagnostics employing the 
primers. It can also affect primer and probe hybridization, 
causing amplification failure in real time polymerase 
chain reaction (RT-PCR), the gold standard for SARS-
CoV-2 diagnosis. This is the reason why multiple primers 
or primer sets are used for SARS-CoV-2 diagnostics as 
recommended also by different studies12,16,18 and supports 
our finding of high sensitivity for combined four primers 
rather than individual ones. Any conflicting results 
warrants repeat RT-PCR and agarose gel electrophoresis 
to exclude technical variability and persistent discordance 
maybe resolved by sequencing the amplified products. The 
sequencing data can be used to identify genomic regions 
and assess mutations that can affect primer binding sites 
that can explain amplification failures in certain targets. 

The mutations in the samples were in the S and ORF1ab 
proteins, but the primers were still able to detect bands 
in the S protein but were not as successful in the ORF1ab 
(Appendix 1). No cross-reactivity was noted. The use of 
multiple targets therefore enhances overall diagnostic 
sensitivity by showing that there can be target-specific 
sequence variation rather than false positive or negative 
results through repeat testing and sequencing confirmation 
utilized by the DPPSS method. 

There have been reports that variants of SARS-CoV-2 
can affect the diagnostic accuracy of RT-PCR testing.19 As 
mentioned, the mutations and other changes can affect the 
target regions of the primers designed to capture the virus. 
In this study, the sample sequencing revealed the different 
virus strains and classification (Table 2). The three WHO 
groups of COVID-19 virus variants are: variants of concern 
(VOCs), variants under monitoring (VUMs), and variants 
of interest (VOIs).20 The most common VOC detected in 
this study was the Omicron, but others present during 
that time such as Delta were seen as well. This reflects 
the epidemiological data during the time the swabs were 
collected in 2021, with each primer showing specificity 
with different variants (Table 3). This also proves that 
this particular primer set can detect SARS-CoV-2 across 
different variants and mutations. 

It could be recalled that three prominent waves have been 
noted since the COVID-19 pandemic was declared in 
2020. The first wave was dominated by two VOC one after 
the other: alpha and delta until the first half of 2021.20,21 
Other variants with higher pathogenicity than alpha 
variants such as Beta (B.1.351) and Gamma (P.1) were also 
present during that time. The first Omicron (B.1.1.529) 
was reported in November 2021 from Botswana, South 
Africa. It was declared a VOC by the WHO because of 
its high transmissibility and virulence, related to the 
numerous mutations (26-32) in spike proteins, N terminal 
domain and receptor binding sites.20 In the Philippines, 

Figure 1. Post PCR agarose gel electrophoresis result for E/M primer (left to right: Samples 6, 7, 8, 10, 101, 128, 130, 
133, 140, 143, 146, 147, 152 and 156).
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nucleotide polymorphisms (SNPs) such as Spike mutation 
E484K that lowers sensitivity to antiviral drugs.21 

While positivity rates were elevated during the height of 
the pandemic, they have since declined significantly in 
the current period. In a resource limited country, it is 
challenging to follow the international recommendations26,27 
on genomic SARS-CoV-2 monitoring which should be a 
threshold minimum of 2.5% or ideally 1% of a particular 
variant among all variants within one unit of time.26 
Sequencing was performed locally in several institutions 
(e.g., Philippine Genome Center), with a requirement of CT 
value of less than <30, positive for any SARS-CoV-2 specific 
target genes sent within 24 hours upon release of RT-PCR 
result.28 There are higher CT values from positive samples 
detected in the current situation, further decreasing the 

the first cases of Omicron infection from the data of 
Philippine Genome Center (PGC) were reported in 
December of 2021 but unlike the worldwide data which 
showed predominance of BA.1 sublineage, there were 
more BA.2 cases observed locally.22-24 Our findings showed 
concordance with this report.

Unlike the other VOCs with a convergent evolution 
pattern, Omicron is highly antigenically divergent. There 
is continuous antigenic drift that gives rise to sub lineages 
that have higher neutralization escape, decreasing the 
vaccination effectiveness.25 This highlights the value of 
genomic surveillance even in the face of lower positivity 
rates, mortality and morbidity caused by the virus. Although 
VOC may still be responsive to current treatments and 
developed vaccines, there may be some standalone single 

Table 2. Identified SARS-CoV-2 variants through BLAST using DPPSS primers
Sample Primer Name  BLAST Result SARS-CoV-2 Variant

AG SARS-CoV-2_Var_S1
 

forward *No significant similarity found.
reverse
consensus XBB.1.5.48 Omicron

AN SARS-CoV-2_Var_S2 forward FL.1.1
XBB.1.5.85

Omicron

reverse BA.2.3.1
BF.7.14.1

Omicron

consensus *No significant similarity found.
AZ SARS-CoV-2_Var_S2 forward FL.1

XBB.1.5.28
Omicron

reverse *No significant similarity found.
consensus

BO SARS-CoV-2_Var_EM1 forward *No significant similarity found. 
 reverse

consensus FL.1.5.1 Omicron
L SARS-CoV-2_Var_EM1 forward XBB.1.41.1

FL.1.5.1
EG.5.1.1

Omicron

reverse FY.3.1
XCF
GP.2

Omicron

consensus *No significant similarity found.
Y SARS-CoV-2-Var_S1 forward BA.2.7

BA.2.1
Omicron

BG SARS-CoV-2_Var_EM1 forward XBB.1.28 Omicron
S SARS-CoV-2_Var_O1 reverse B.1.274  
AI SARS-CoV-2_Var_S1 forward BA.2.40.1 Omicron

reverse *No significant similarity found.
consensus

AM SARS-CoV-2_Var_S2 forward BA.5.2.2 Omicron
AY.106 Delta

reverse BA.2.6.1
XBB.1.22.2

Omicron

consensus *No significant similarity found.
M SARS-CoV-2_Var_EM1 forward *No significant similarity found.

reverse
consensus

C SARS-CoV-2_Var_S1 forward *No significant similarity found.
reverse
consensus

G SARS-CoV-2_Var_S2 forward *No significant similarity found. 
reverse
consensus FL.14

XBB.2.3.9
BA.5.1.38

Omicron

H SARS-CoV-2_Var_S2 forward *No significant similarity found.

https://philippinejournalofpathology.org | Vol. 11 No. 1 June 2026

Datay-Lim et al, Utilization of in silico-designed primers for SARS-CoV-2 Molecular Surveillance Philippine Journal of Pathology | 16



Table 4. Designed DPPSS primers sensitivity
Primer Sensitivity Confidence Interval

S1 66.67% 47.19%-82.71%
S2 83.33% 62.62%-95.26%
E/M 90.91% 70.84%-98.88%
Orf1ab 58.82% 40.7%-75.35%
Combined 4 primers 100.00% 83.16%-100.00%

samples sent for genomic surveillance.29 Hence, we might 
be missing out on important mutations and changes in 
the virus and the current epidemiologic data may not be 
representative of what is currently happening. 

With locally designed primers such as the ones featured 
in our study, we highlight the importance of genomic 
surveillance on a broader geographical coverage to combat 
issues such as presence of immune escape variants,29 as well 
as optimizing workflow for early detection of emerging 
variants. The DPPSS provides a rapid-cost effective and 
targeted surveillance tool for monitoring known variants 
in a resource limited setting. Compared with sequencing, 
this method is simple because it utilizes existing equipment 
available locally and in routine molecular laboratories such as 
PCR machines and electrophoresis, with a straightforward, 
simple workflow. Results can also be analyzed with a shorter 
turn-around time (TAT) because the scope of detection 
focuses on predefined genomic regions with no extensive 
bioinformatics requirement or need for high-throughput 
sequencing machine and extensive library preparations. In 
depth and comprehensive analysis can then be reserved for 
sequencing should the need arise. 

Since Omicron, known to have S gene drop out, is 
currently the most widespread VOC, it is imperative that 
appropriately designed primers with other targets are 
included in the testing. Even though there are a lot of 
commercially available kits, some of them have undisclosed 

primer set sequences which may not be optimized leading 
to false positive results.10 A study by Park et al., showed 
that under-optimized primer sets containing long and 
short dimer bands were present in commercial kits that 
could potentially cause false positive results. Continuous 
monitoring is needed to ensure that diagnostic tests can 
still detect SARS-CoV-2, maintaining the accuracy of kits 
available for detection. 

The information from genomic data can also help in 
vaccine improvement and monitoring viral variability and 
genotypic features that impacts antigenicity, infectivity, 
pathogenicity and susceptibility to treatment and vaccines.25 
Aside from samples collected from patients, other 
surveillance methods such as wastewater monitoring12 can 
also use the primer sets in this study to serve as an early 
warning for transmission trends. With recent Emerging/
Re-emerging Infections Diseases (EREIDS) such as Nipah 
virus (NiV)30 (reported in patients in Bangladesh, India 
who experienced severe neurological and respiratory 
symptoms) and epidemic-prone Water, Sanitation and 
Hygiene (WASH) pathogens, locally available methods 
for developing diagnostic tools must be available for swift 
response. This is applicable not just to emerging viral 
pathogens but also to other infectious agents of public 
health importance. We recommend that continuous 
surveillance must be performed to be prepared to manage 
any public health threat such as NiV and prevent re-
emergence of SARS-CoV-2 pandemic. 

CONCLUSION

The combined used of four in silico-designed primer 
sets (S1, S2, E/M and ORF1ab) demonstrated accurate 
detection of SARS-CoV-2 in previously confirmed RT-PCR-
positive samples, including variants with S gene mutations 
such as Omicron. The multi-target design improves assay 
reliability despite the viral evolution. 

Table 3. Designed DPPSS primers specificity
Primer Name Target Gene Length Tm GC% Specificity and date detected

1 fw CAAATCGCTCCAGGGCAAAC SARS-CoV-2_Var_S1 S 20 60.11 55 XBB.1.5 (Oct 2022)
BA.2.1 (Late 2021)
BA.2.7 (June 2022)

BA.2.40.1 (Mid 2022)
rv GTGGCAAAACAGTAAGGCCG 20 60.04 55  

2 fw GTCCTTCCCTCAGTCAGCAC SARS-CoV-2_Var_S2 S 20 60.04 60 FL.1 (Late 2022)
FL.1.1 (Mid 2023)
XBB.1.5.28 (2022)
XBB.1.5.85 (2022)

BA.5.2.2 (Mid 2022)
AY.106 (2020-Mid 2021)

rv GACTCCTTTGAGCACTGGCT 20 59.96 55 BA.2.3.1 (Early 2022)
BA.2.6.1 (Early 2022)
BF.7.14.1 (Late 2022)

XBB.1.22.2 (Feb 2023)
3 fw CGATTGTGTGCGTACTGCTG SARS-CoV-2_Var_EM1 E & M 20 59.01 55 FL.1.5.1 (2023)

EG.5.1.1 (2023)
XBB.1.28 (Late 2022)

XBB.1.41.1 (2023)
rv AGGTCCTTGATGTCACAGCG 20 60.04 55 FY.3.1 (2023)

XCF (2022)
GP.2 (2022)

4 fw ACCAATGTGCTATGAGGCCC SARS-CoV-2_Var_O1 ORF1ab 20 60.11 55  
rv CATCACCCAACTAGCAGGCA 20 60.04 55 B.1.274 (2020)

Note: The forward (fw) and reverse (rv) primer sequences are directed from 5’ to 3’.

https://philippinejournalofpathology.org | Vol. 11 No. 1 June 2026

Datay-Lim et al, Utilization of in silico-designed primers for SARS-CoV-2 Molecular Surveillance Philippine Journal of Pathology | 17



7.	 UN News. WHO chief declares end to COVID-19 as 
a global health emergency. Published May 5, 2023. 
https://news.un.org/en/story/2023/05/1136367 

8.	 Dorit RL, Ohara O, Hwang CBC, Kim JB, Blackshaw 
S. Direct DNA sequencing of PCR products. Curr 
Protoc Mol Biol. 2001;Chapter15:Unit 15.2. PMID: 
18265116 DOI: 10.1002/0471142727.mb1502s56

9.	 Huang Y, Yang C, Xu XF, Liu SW. Structural and 
functional properties of SARS-CoV-2 spike protein: 
potential antiviral drug development for COVID-19. 
Acta Pharmacol Sin. 2020;41(9):1141-9. PMID: 
32747721 PMCID: PMC7396720 DOI: 10.1038/
s41401-020-0485-4

10.	 Thomas S. The structure of the membrane protein 
of SARS-CoV-2 resembles the sugar transporter 
SemiSWEET. Pathog Immun. 2020;5(1):342-63. 
PMID: 33154981 PMCID: PMC7608487 DOI: 
10.20411/pai.v5i1.377

11.	 V'kovski P, Kratzel A, Steiner S, Stalder H, Thiel V. 
Coronavirus biology and replication: implications 
for SARS-CoV-2. Nat Rev Microbiol. 2021;19:155-
70. PMID: 33116300 PMCID: PMC7592455 DOI: 
10.1038/s41579-020-00468-6

12.	 Mollaei HR, Afshar AA, Kalantar-Neyestanaki D, 
Fazlalipour M, Aflatoonian B. Comparison of five primer 
sets from different genome regions of COVID-19 for 
detection of virus infection by conventional RT-PCR. 
Iran J Microbiol. 2020;12(3):185-93. PMID: 32685113 
PMCID: PMC7340604

13.	 Park M, Won J, Choi BY, Lee CJ. Optimization 
of primer sets and detection protocols for SARS-
CoV-2 using PCR and real-time PCR. Exp Mol 
Med. 2020;52(6):963-77. PMID: 32546849 PMCID: 
PMC7295692 DOI: 10.1038/s12276-020-0452-7

14.	 Qu W, Li J, Cai H, Zhao D. PCR primer design for 
the rapidly evolving SARS-CoV-2 genome. Methods 
Mol Biol. 2022;2392:185-97. PMID: 34773624 DOI: 
10.1007/978-1-0716-1799-1_14

15.	 Otero MCB, Murao LAE, Limen MAG, et al. 
Multifaceted assessment of wastewater-based 
epidemiology for SARS-CoV-2 in selected urban 
communities in Davao City, Philippines: a pilot study. 
Int J Environ Res Public Health. 2022;19(14):8789. 
PMID: 35886640 PMCID: PMC9324557 DOI: 
10.3390/ijerph19148789

16.	 Mentes A, Papp K, Visontai D, et al. Identification of 
mutations in SARS-CoV-2 PCR primer regions. Sci 
Rep. 2022;12(1):18651. PMID: 36333366 PMCID: 
PMC9636223 DOI: 10.1038/s41598-022-21953-3

17.	 Tablizo F, Lapid C, Maralit B, et al. Analysis of SARS-
CoV-2 genome sequences from the philippines: genetic 
surveillance and transmission dynamics. medRxiv. 
Published 2020. DOI: 10.1101/2020.08.22.20180034 

18.	 Saldivar-Espinoza B, Garcia-Segura P, Novau-Ferré 
N, et al. The mutational landscape of SARS-CoV-2. 
Int J Mol Sci. 2023;24(10):9072. PMID: 37240420 
PMCID: PMC10219494 DOI: 10.3390/ijms24109072

19.	 Jain A, Rophina M, Mahajan S, et al. Analysis of the 
potential impact of genomic variants in global SARS-
CoV-2 genomes on molecular diagnostic assays. 
Int J Infect Dis. 2021;102:460-2. PMID: 33181329 
PMCID: PMC7834429 DOI: 10.1016/j.ijid.2020.10.086

The Direct PCR Product Sequencing Surveillance (DPPSS) 
approach provides a simple and cost-effective method 
that enables both detection and mutation monitoring. 
This makes it a practical tool for genomic surveillance 
in resource-limited settings. In the Philippines, DPPSS 
and similar Laboratory Developed Tests (LDTs) may be 
integrated into existing diagnostic workflows, subject to 
appropriate validation and regulatory compliance, to 
strengthen decentralized testing and support national 
surveillance efforts. It also ensures a stronger and prepared 
response to emerging global threats. 
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Concordance Between the Ki-67 and Proliferation Index of 
Molecular Signature Tests (MammaPrint and OncotypeDX) 
Among Filipino Patients in two St. Luke’s Medical Center Facilities:
An Analytical Cross-sectional Study

Rebecca Nagtalon and Manuelito Madrid

St. Luke’s Medical Center-Global City, Philippines

ABSTRACT

Background. Breast cancer remains a leading malignancy among women globally. In addition to 
established factors like histopathology, hormone receptor status, and lymph node involvement, tools 
such as immunohistochemistry and molecular tests have been developed to assess tumor behavior and 
recurrence risk.

Objective. This study investigates the concordance between the Ki-67 proliferation index measured by 
immunohistochemistry and the recurrence risk scores obtained from molecular genomic testing in patients 
with invasive breast cancer.

Methodology. This cross-sectional study included patients with invasive breast carcinoma at St. Luke’s 
Medical Center from 2019 to 2024, who underwent biopsy or mastectomy, with hormone status and Ki-67 
index assessed by immunohistochemistry. All patients also had molecular genomic testing using either 
MammaPrint or OncotypeDX. Concordance between Ki-67 and the genomic recurrence risk score was 
evaluated using Kappa statistics, and results were further analyzed according to clinical risk and hormone 
receptor status.

Results. Fifty-eight (58) patients met the study criteria. Most had grade 2, hormone receptor-positive, HER2-
negative, and node-negative tumors, with high clinical risk based on Adjuvant! Online criteria (adapted 
from the MINDACT trial). The agreement between categorical Ki-67 and molecular recurrence risk was only 
fair: 66.7% for MammaPrint (kappa = 0.35) and 60% for OncotypeDX (kappa = 0.29) using a 30% Ki-67 cutoff.

Conclusion. There is a fair agreement between Ki-67 and the molecular genomic tests. These findings 
are consistent with prior studies reporting weak to moderate association. Despite the limited sample size, 
Ki-67 remains a practical and accessible risk stratification tool, particularly where genomic assays are 
unavailable. The study supports integrating Ki-67 with clinicopathologic and genomic data to guide 
therapy, reflecting current best-practice recommendations.

Key words: breast cancer, Ki-67, OncotypeDX, MammaPrint

INTRODUCTION

There is an increasing worldwide cancer burden. According 
to the Global cancer statistics for 2020, an estimated 19.3 
million new cancer cases and almost 10 million cancer 
deaths occurred worldwide. Breast cancer is one of the 
most prevalent types of cancer and has surpassed lung 
cancer as the most diagnosed malignancy. Among Filipino 
women, breast cancer is the most common cause of 
malignancy accounting for 31.4% of cases. This remains a 
significant public health concern, particularly in developing 
countries such as the Philippines.1-4 When screened, the 
proportion of breast tumors that are malignant varies 
depending on the population studied and the diagnostic 
methods employed. The overall malignancy rates for all 
breast tumors varies from 10 to 20% but depending on 
the age and imaging characteristics, studies show that the 
rates may go as high as 40%.5-11
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Breast cancer treatment is expensive. Majority of payments 
for these treatments come from out-of-pocket expenses. 
Though available, the PhilHealth packages cover only 
a portion of the total cost of treatment. In a study by 
Ngelangel et al., approximately PhP 180,000 pesos in out-
of-pocket expenditures were spent on cancer treatment. 
Government agencies help shoulder some of these expenses 
such as the Malasakit center, Breast Cancer Medicine 
awareness program and the PhilHealth the Z-package, 
however, the financial burden still exists. Surgery alone 
entails a big financial burden on the patient. The addition 
of neoadjuvant or adjuvant chemotherapy causes greater 
physical, and financial impact to Filipino patients.1,12,13

In breast cancer, the clinicopathologic features such as 
age, tumor size and grade, hormone receptor status, and 
axillary lymph node involvement affect the treatment 
protocol for each patient. The National Comprehensive 
Cancer Network (NCCN) guidelines recommend the 
determination of biomarkers such as estrogen receptor 
(ER), progesterone receptor (PR), HER2 status, and 
testing for Ki-67, especially if hormone receptor-
positive, HER2-negative and considering adjuvant 
abemaciclib.14 The determination of these biomarkers 
using immunohistochemistry (IHC) and fluorescence in-
situ hybridization (FISH) subclassify breast cancer to its 
major molecular subtypes: Luminal-types A and B, HER2-
enriched, and Triple negative. The luminal subtypes 
are differentiated according to their hormone receptor 
expression and Ki-67 expression. Luminal A is ER+, PR 
high, HER2 -, and Ki-67 <20%, while Luminal B is ER+, 
PR low or intermediate +, HER2 + or HER2 -, and Ki-
67 ≥20%.15-17 Aside from these, biomarkers such as Ki-67, 
alongside molecular signature tests like MammaPrint and 
OncotypeDX, are crucial in guiding the prognosis and 
treatment planning.

Ki-67 is a nuclear protein associated with cell prolifera-
tion. It has been widely used as a prognostic and predictive 
marker in cancer.18 Ki67 is expressed in actively dividing 
cells. Its signal increases as cells move through the different 
phases of the cell cycle. In tumors, these Ki-67 positive cells 
generally correlated with more aggressive behavior and 
worse clinical course.19,20 It is particularly useful in distin-
guishing between luminal A and luminal B subtypes, which 
have different treatment approaches and prognoses.17,21 

Ki-67 for breast cancer can be used for monitoring 
neoadjuvant chemotherapy and prognostication purposes. 
In the 2021 St. Gallen consensus a definite cut-off for 
recommending chemotherapy in ER-positive node negative 
breast cancer could not be completely established.22,23 The 
recommendations for giving or withholding chemotherapy 
was only recommended in Ki-67 percentages of <5% 
or ≥30%. In a study by Huang et al, the most common 
expression range of Ki-67 in hormone receptor positive, 
HER2-negative breast cancer is 10-30%.24 This shows that a 
great proportion of breast cancer patients will fall into this 
category, urging us to find a more cost-effective biomarker 
that can clinch and guide treatment considering all the 
factors. Several studies have demonstrated that high Ki-
67 levels correlate with poorer prognosis and increased 
likelihood of recurrence.25,26 However, standardization 
issues in Ki-67 assessment methods have led to variations 

in clinical interpretation. Prospective studies that looked 
onto molecular genomic tests such as MINDACT, ADAPT, 
TAILORx, and RxPonder were done to fill the gap.27-30

MammaPrint and OncotypeDX are genomic assays 
designed to stratify breast cancer patients based on 
their risk of recurrence and response to chemotherapy. 
MammaPrint is a 70-gene expression profile that 
categorizes patients into high-risk and low-risk groups.23,24 
OncotypeDX, on the other hand, is a 21-gene assay 
that provides a Recurrence Score (RS) to predict the 
likelihood of distant recurrence and chemotherapy 
benefit in hormone receptor-positive, HER2-negative 
breast cancer patients.25 Studies have shown that both 
tests help personalize treatment decisions and reduce 
unnecessary chemotherapy exposure.26 One of the largest 
studies performed is the MINDACT trial (Microarray In 
Node Negative Disease may Avoid Chemotherapy). This 
was launched with the aim of prospectively validating 
the performance of the Amsterdam 70-gene profiler 
MammaPrint. Using high-throughput microarray analysis, 
MammaPrint can accurately select early-stage breast 
cancer patients who are highly likely to develop distant 
metastases or recurrence and, therefore, may benefit the 
most from adjuvant chemotherapy. The MammaPrint 
results were correlated to the clinical risk as well. In the 
MINDACT trial, low clinical risk in ER+/HER2- breast 
cancer was defined as a 10-year breast cancer-specific 
survival probability of greater than 88% without adjuvant 
systemic therapy. They determined this by using a 
modified version of Adjuvant! Online, considering tumor 
size, grade, nodal status, hormone and HER2 receptor 
status. The low clinical risk was defined by specific criteria 
for tumor size and grade, with variations depending on 
the presence or absence of lymph node involvement.22-24 
The use of Mammaprint and other genomic profiling 
tests such as BluePrint and OncoType DX have been 
utilized in the Philippines. In a study by Kho et al, all 
low-risk Filipinos patients in their study underwent 
adjuvant endocrine therapy alone and foregone otherwise 
clinically recommended chemotherapy. Gene profiling of 
breast cancer in a resource-limited setting is feasible and 
imperative to avoid chemotherapy and/or overtreatment.27

It was recognized in the 2021 St. Gallen International 
Consensus guidelines for treatment of early breast cancer 
that genomic assays are highly recommended, but they 
understand that access to such testing is not available to 
most women around the world. While governance should 
improve this disparity, the availability of Ki-67 scores 
may serve as a surrogate for defining proliferation and 
biological risk.16  Thus, the concordance of Ki-67 index to 
the molecular gene panel, MammaPrint and OncotypeDX, 
can be useful in determining breast cancer treatment. 
Several studies have explored the relationship between the 
Ki-67 index and molecular signature tests. A meta-analysis 
by Petrelli et al. (2015) found a moderate correlation 
between Ki-67 and OncotypeDX RS, suggesting that 
while Ki-67 provides valuable proliferation information, 
molecular assays offer a more comprehensive genomic 
risk assessment.28 Additionally, research has shown that 
Ki-67 alone may not fully capture the tumor's biological 
complexity, necessitating the integration of molecular 
tests for a more accurate prognosis.26 Recent research 
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and OncotypeDX) among Filipino patients with Invasive 
Breast Cancer seen in SLMC in the said time frame. The 
concordance between Ki-67 and molecular genomic tests 
(MammaPrint and OncotypeDX) in determining the risk 
of recurrence based on Kappa statistics was also analyzed 
overall, by age group, by clinical risk, by estrogen and 
progesterone receptor status, and by Her2/neu status. 
Understanding the concordance between these markers in 
Filipino patients, may potentially improve individualized 
breast cancer management in the local setting. 

METHODOLOGY

Study design 
This is an analytic cross-sectional study which included 
patients with Invasive Breast Carcinoma in St. Luke’s 
Medical Center (SLMC) from January 1, 2019, to December 
31, 2024. Data was collected via retrospective review of 
medical charts through the hospital’s electronic medical 
records and laboratory information system. 

Risk assessment
The clinical risk or the probability of breast cancer survival 
without systemic therapy was based on the MINDACT trial 
using the Adjunct Online! tool.31 Figure 1 illustrates the 
assigned the risk based on the data from the histopathology 
report. “Low clinical risk” was defined as: N0 with Grade 
1 tumor ≤3 cm, N0 with Grade 2 tumor ≤2 cm, N0 with 
Grade 3 tumor ≤1 cm, or N1 with Grade 1 ≤2 cm. All 
other tumor grades or nodal stage that did not fit this 
category was defined as “high clinical risk.” 

Inclusion and exclusion criteria
The study included all patients 18 years old and above and 
must have had their breast biopsy or mastectomy done 
in SLMC. The histopathology report must have included 

continues to underscore the prognostic value of Ki-67 in 
breast cancer. A 2023 study by Lee et al., examined the 
association between Ki-67 levels, the 21-gene Recurrence 
Score (OncotypeDX), endocrine resistance, and survival 
outcomes. The study found that higher Ki-67 levels were 
linked to increased endocrine resistance and poorer 
survival rates, highlighting Ki-67's role in predicting 
treatment response and prognosis.29 The relationship 
between Ki-67 and molecular assays like OncotypeDX 
has been further explored in recent studies. Lee et 
al.,'s 2023 research demonstrated that while both Ki-
67 and the 21-gene Recurrence Score are valuable, 
they provide complementary information. Ki-67 offers 
immediate proliferation data, whereas molecular assays 
deliver a broader genomic risk assessment, suggesting 
that integrating both markers could enhance prognostic 
accuracy.28-33 

The Ki-67 proliferation index and molecular signature tests 
such as MammaPrint and OncotypeDX play vital roles in 
breast cancer prognosis and treatment stratification. While 
Ki-67 is a widely accessible marker, molecular tests provide a 
broader genomic perspective. However, given the high cost 
and limited accessibility to genomic tests like MammaPrint 
and Oncotype DX in the Philippines, investigating Ki-
67 as a cost-effective surrogate marker to aid clinicians 
in risk stratification and treatment decisions, especially 
considering the ethnic and genetic diversity in breast 
cancer should be explored. Utilizing Ki-67 may also help 
patients who could benefit from adjuvant chemotherapy, 
thereby optimizing treatment plans without incurring the 
high costs associated with genomic testing.34-37 

The study aimed to evaluate the concordance of Ki-67 index 
score using immunohistochemistry and the recurrence 
score using the molecular genomic tests (MammaPrint 

Figure 1. Assignment of clinical risk.
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the diagnosis of Invasive breast carcinoma with reports of 
the tumor size, histologic grade, histologic subtype, and 
lymphovascular invasion. Additional pathology reports 
should also have Ki-67, hormone status (ER, PR), and 
HER2/neu using IHC or FISH done in the same institution. 
Only those whose biopsy specimens sent out through 
the SLMC laboratory for molecular genomic testing for 
OncotypeDX or MammaPrint were included in the study. 
Those with incomplete reports and other organs or biopsy 
sites that were not the breast were excluded from the study. 

Sample size
PASS 2021 software was used to compute the minimum 
sample size requirement. Parameters were obtained from 
a previous study by Amezcua-Gálvez et al.38 A minimum of 
59 patients were required to achieve 90% statistical power 
given a kappa of 0.35 and alpha set at 0.05. Although a 
minimum sample size was computed, the researchers 
performed total enumeration technique wherein all eligible 
patients will be included in the study. 

Data collection and analysis
Data was encoded in MS Excel by the researcher. Stata 
MP version 17 software was used for data processing and 
analysis. Continuous variables were presented as mean/
standard deviation (SD) and median/interquartile range 
(IQR) depending on the data distribution. Shapiro Wilk 
test was used to assess the normality of data. Categorical 
variables were expressed as frequencies and percentages.

The concordance of Ki-67 with MammaPrint and 
OncotypeDX was examined using percent agreement and 
Cohen’s Kappa statistics. Cohen’s kappa was interpreted as 
poor (<0.00), slight (0.00-0.20), fair (0.21-0.40), moderate 
(0.41-0.60), substantial (0.61-0.80), and almost perfect 
(0.81-1.00) agreement. Subgroup analyses by clinical 
risk was performed. Sensitivity analyses excluding PR- 
and HER2+ were also done. Missing data were neither 
replaced nor estimated.

Ethical considerations
This research protocol was reviewed and approved 
by the St. Luke’s Medical Center Institutional Ethics 
Assess Committee. The study involved retrospective data 
collection from patients admitted between January 2019 
and December 2024, for which a waiver of informed 
consent was granted due to the absence of direct patient 
contact. All patient information was anonymized using 
coded identifiers and securely stored in password-protected 
electronic files and locked physical cabinets accessible only 
to authorized personnel. Privacy and confidentiality were 
maintained throughout, with data remaining for five 
years before destruction. The research was conducted in 
accordance with the Declaration of Helsinki (2013) and the 
ICH-GCP guidelines.

RESULTS

A total of 58 patients were included in the study. Table 1 
presents the characteristics of the included patients. The 
mean age of the cohort was 57.1 years. Based on these 
criteria, the clinical risk stratification is 43% (n = 25) were 
considered low risk and 57% (n=33) were categorized as 
high risk. The median tumor size was 1.6 cm.

Majority of cases were node-negative (N0) with a histologic 
grade 2 (G2). Lymphovascular invasion was identified in 
29% (n=17) of patients. All tumors were estrogen receptor-
positive (ER+, 100%, n=58). Progesterone receptor 
(PR) status was positive in 97% (n = 56) and negative in 
3% (n=2). On HER-2-neu assessment, only 5% (n=3) of 
tumors were positive, while the majority (95%, n=55) were 
negative.

The median Ki67 proliferation index in the study was 30%. 
The percentage of patients who had a Ki-67 greater than 
30% was 52% Genomic risk assessment using MammaPrint 
was performed in 33 patients, yielding a mean score of -0.1 
± 0.3. Thirteen patients (39%) were classified as low-risk 
and 20 (61%) as high-risk. Oncotype DX testing was carried 
out in 25 patients, with a median score of 21. Of these, 80% 
(n=20) fell within the low-to-medium risk category and 
20% (n = 5) were identified as high risk.

Table 1. Demographic and clinical characteristics 
of invasive breast cancer patients, SLMC

Characteristics n (%)
Mean ± SD

Age (in years), mean 57.1 ± 10.4
<50 years 15 (26)
≥50 years 43 (74)

Clinical risk
Low risk 25 (43)
High risk 33 (57)

Tumor size (in cm), median 1.6 [IQR: 1.2, 2.5]
Nodal status

N0 45 (78)
N1 13 (22)
N2 0
N3 0

Histologic grade
G1 10 (17)
G2 36 (62)
G3 12 (21)

Lymphovascular invasion
Yes 17 (29)
No 41 (71)

ER
Positive 58 (100)
Negative 0

PR
Positive 56 (97)
Negative 2 (3)

HER-2-neu
Positive 3 (5)
Negative 55 (95)

Ki67, median 30 [IQR: 15, 40]
<30% 28 (48)
≥30% 30 (52)

Mammaprint, mean [n = 33] -0.1 ± 0.3
Low risk 13 (39)
High risk 20 (61)

Oncotype DX, median [n = 25] 21 [IQR: 14-24]
Low-to-medium risk 20 (80)
High risk 5 (20)
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= 0, p = 1.000). In contrast, among patients aged 50 
years and above, 18 of 24 (75.0%; 95% CI, 56.32–93.68%) 
had concordant results, indicating moderate agreement 
between Ki‑67 and MammaPrint (kappa = 0.50, p = 0.010). 

A similar pattern was seen for Ki‑67 and Oncotype DX: 
in those younger than 50 years, 4 of 6 patients (66.67%; 
95% CI, 12.47–100%) showed concordance, reflecting fair 
agreement (kappa = 0.33, p = 0.337). Among patients ≥50 
years, concordant Ki‑67 and Oncotype DX classifications 
were observed in 11 of 19 cases (57.89%; 95% CI, 33.45–
82.34%), also consistent with fair agreement (kappa = 
0.27, p = 0.067).

Concordance of Ki67 and molecular genomic tests by 
clinical risk
In subgroup analyses by clinical risk, Ki‑67 showed 
different patterns of concordance with the two genomic 
assays. For Ki‑67 and MammaPrint, agreement was higher 
in the low‑risk group: 10 of 13 low clinical risk patients 
(76.92%; 95% CI, 50.42–100%) had concordant results, 
with moderate agreement (kappa = 0.53, p = 0.051), 
compared with 12 of 20 high‑risk patients (60.00%; 95% 
CI, 36.48–83.52%) and only fair agreement (kappa = 0.24, 
p = 0.198). In contrast, for Ki‑67 and Oncotype DX, the 
concordance tended to be better in the high‑risk group, 
where 9 of 13 patients (69.23%; 95% CI, 40.20–98.26%) 
showed concordant classifications with moderate agree-
ment (kappa = 0.43, p = 0.052). Among low clinical risk 
patients, only 6 of 12 (50.00%; 95% CI, 16.82–83.18%) had 
concordant Ki‑67 and Oncotype DX results, corresponding 
to slight agreement (kappa = 0.12, p = 0.356).

Concordance of Ki67 and molecular genomic tests by 
receptor status 
Sensitivity analyses were conducted in hormone receptor–
positive, HER2‑negative subgroups, as all tumors were 
ER‑positive, and the small number of HER2‑positive cases 
(n = 3) precluded meaningful separate analysis. Among 
PR‑positive patients assessed with Ki‑67 and MammaPrint 
(n = 33), 22 showed concordant risk classifications, corres-
ponding to an agreement of 66.67% (95% CI, 49.69–
83.64%) and fair agreement (kappa = 0.35, p = 0.035). 
Similarly, for PR‑positive patients evaluated with Ki‑67 and 

Concordance of Ki67 and molecular genomic tests
As summarized in Table 2, concordant classification between 
the Ki‑67 proliferation index and MammaPrint genomic 
risk was observed in 22 of 33 patients, corresponding to 
an agreement rate of 66.67% (95% CI: 49.69–83.64%). 
Cohen’s kappa was 0.35, indicating fair agreement between 
the two measures, and this association was statistically 
significant (p = 0.035).

When comparing Ki-67 and OncotypeDX, concordant 
results were found in 15 of 25 patients, yielding an 
agreement rate of 60% (15/25; 95% CI: 39.40–80.64%). All 
patients with Ki67 <30% (n = 10) were classified as low-
to-medium risk by Oncotype DX, while among patients 
with Ki67 ≥30% (n=15), 5 were high risk and 10 were low-
to-medium risk by Oncotype DX. Cohen’s kappa statistic 
for the agreement between Ki67 and Oncotype DX was 
0.29, indicating fair agreement, though not statistically 
significant (p = 0.031).

Concordance of Ki67 and molecular genomic tests by 
age group
For Ki‑67 and MammaPrint, concordance was lower in 
younger patients, with only 4 of 9 women under 50 years 
(44.44%; 95% CI, 3.93–84.96%) showing matching risk 
classifications, corresponding to slight agreement (kappa 

Table 4. Concordance of Ki67 and MammaPrint by age group

Ki67
<50 years (n = 9) ≥50 years (n = 24)

Mammaprint Mammaprint 
High risk Low risk Total High risk Low risk Total

≥30% 2 1 3 10 2 12
<30% 4 2 6 4 8 12
Total 6 3 9 14 10 24

Table 5. Concordance of Ki67 and Oncotype DX by age group

Ki67
<50 years (n = 9) ≥50 years (n = 24)

Oncotype DX Oncotype DX
High risk Low-to-medium risk Total High risk Low-to-medium risk Total

≥30% 1 2 3 4 8 12
<30% 0 3 3 0 7 7
Total 1 5 6 4 15 19

Table 2. Concordance of Ki67 and MammaPrint (n = 33)

Ki67
Mammaprint

High risk Low risk Total
≥30% 12 3 15
<30% 8 10 18
Total 20 13 33

Table 3. Concordance of Ki67 and Oncotype DX (n = 25)

Ki67
Oncotype DX

High risk Low-to-medium risk Total
≥30% 5 10 15
<30% 0 10 10
Total 5 20 25
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Oncotype DX (n = 23), 14 had concordant results, yielding 
an agreement of 60.87% (95% CI, 39.29–82.45%) and again 
a fair level of agreement (kappa = 0.30, p = 0.033).

A comparable pattern was observed when the analyses 
were restricted to HER2‑negative patients. Among the 30 
HER2‑negative women who underwent both Ki‑67 and 
MammaPrint testing, 20 had concordant classifications 
(66.67%; 95% CI, 48.76–84.57%), with fair agreement 
(kappa = 0.35, p = 0.048). In the HER2‑negative subgroup 
assessed with Ki‑67 and Oncotype DX (n = 25), concordance 
was seen in 15 patients, corresponding to an agreement of 
60.00% (95% CI, 39.36–80.64%) and fair agreement (kappa 
= 0.29, p = 0.031). Overall, concordance between Ki‑67 
and both genomic assays remained consistently in the fair 
range across PR‑positive and HER2‑negative subgroups, 
with slightly higher agreement rates for MammaPrint 
than for Oncotype DX.

DISCUSSION

This study appraises the real-world concordance between 
the Ki-67 proliferation index determined by immuno-
histochemistry and risk strata from molecular signature 
assays—specifically MammaPrint and OncotypeDX—in 
Filipino patients with predominantly hormone receptor-
positive, node-negative, early-stage breast cancer.

Clinical and genomic risk stratification in a Filipino 
context
Consistent with global epidemiologic trends reported in 
GLOBOCAN and CA: A Cancer Journal for Clinicians, 
breast cancer remains the most frequently diagnosed malig- 
nancy among women in the Philippines and a major 
contributor to cancer mortality, underscoring the need for 
context‑appropriate risk stratification strategies.2-4,39,40 In 
our cohort, most cases were hormone receptor‑positive, 
node‑negative, early‑stage tumors, mirroring the profile of 
contemporary HR‑positive/HER2‑negative populations in 
large international trials and registry studies, but genomic 
testing revealed a spectrum of recurrence risk despite this 
apparently favorable clinicopathologic profile.

Our findings further demonstrate that most of Filipino 
patients treated in this tertiary center are categorized as 
high clinical risk and would traditionally be considered 
candidates for adjuvant chemotherapy. Clinical risk in this 
study was assigned using the modified Adjuvant! Online–

Table 8. Concordance of Ki67 and MammaPrint among PR+ 
patients (n = 33)

Ki67
Mammaprint 

High risk Low risk Total
≥30% 12 3 15
<30% 8 10 18
Total 20 13 33

Table 10. Concordance of Ki67 and MammaPrint among HER2- 
patients (n = 30)

Ki67
Mammaprint 

High risk Low risk Total
≥30% 10 3 13
<30% 7 10 17
Total 17 13 30

Table 9. Concordance of Ki67 and Oncotype DX among PR+ 
patients (n = 23)

Ki67
Oncotype DX

High risk Low-to-medium risk Total
≥30% 5 9 14
<30% 0 9 9
Total 5 18 23

Table 11. Concordance of Ki67 and Oncotype DX among HER2- 
patients (n = 25)

Ki67
Oncotype DX

High risk Low-to-medium risk Total
≥30% 5 10 15
<30% 0 10 10
Total 5 20 25

Table 6. Concordance of Ki67 and MammaPrint by clinical risk

Ki67
High clinical risk (n = 20) Low clinical risk (n = 13)

Mammaprint Mammaprint 
High risk Low risk Total High risk Low risk Total

≥30% 8 1 9 4 2 6
<30% 7 4 11 1 6 7
Total 15 5 20 5 8 13

Table 7. Concordance of Ki67 and Oncotype DX by clinical risk

Ki67
High clinical risk (n = 13) Low clinical risk (n = 12)

Oncotype DX Oncotype DX
High risk Low-to-medium risk Total High risk Low-to-medium risk Total

≥30% 4 4 8 1 6 7
<30% 0 5 5 0 5 5
Total 4 9 13 1 11 12
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Technical limitations in Ki‑67 assessment likely contribute 
substantially to the discordance we observed between 
Ki‑67 and multigene assays. Antibody clone selection, 
fixation and staining protocols, pre‑analytical handling, 
subjective visual scoring, and the lack of universally 
adopted thresholds (and alignment between manual and 
digital image analysis) are all well‑described sources of 
variability.46 Studies by Copur et al. and Selmani et al., 
have reported only low to moderate concordance between 
Ki‑67 and Oncotype DX, regardless of whether Ki‑67 is 
measured by conventional immunohistochemistry or more 
quantitative approaches, underscoring that technical and 
methodological differences limit interchangeability.30,42 
Further comparisons, including those by Tian et al., 
Nguyen et al, and Pons et al., reinforce that heterogeneity in 
Ki-67 scoring methods and population differences impact 
reliability and interchangeability across molecular and 
protein markers.44-46 To mitigate these issues in our study, 
we restricted inclusion to these two tertiary centers with 
uniform tissue processing and IHC protocols, with most 
Ki‑67 readings were rendered by one pathologist, which 
likely reduced—but did not eliminate—measurement 
variability.

Subgroup analyses suggested that patient characteristics 
also modulate concordance patterns. Among women aged 
≥50 years, Ki‑67 and MammaPrint showed moderate 
agreement, whereas only slight agreement was seen in 
those <50 years, a difference that is probably influenced 
by the very small number of younger patients and wide 
confidence intervals in this group. This age‑related 
trend is compatible with prior reports that proliferation 
indices and genomic risk scores may behave differently in 
younger versus older hormone receptor‑positive cohorts, 
particularly where chemotherapy benefit and endocrine 
sensitivity differ.41,42

When stratified by clinical risk, agreement between Ki‑67 
and MammaPrint was highest in the low clinical risk 
group (moderate agreement, kappa = 0.53) and only 
fair in the high‑risk group (kappa = 0.24), suggesting 
that Ki‑67 may align better with genomic risk at the more 
favorable end of the spectrum. In contrast, Ki‑67 and 
Oncotype DX showed the opposite pattern, with moderate 
agreement in clinically high‑risk patients and only slight 
agreement in those at low clinical risk (kappa = 0.12, p 
= 0.356), indicating that the two genomic platforms may 
weigh proliferative and non‑proliferative genes differently 
across risk strata. Similar ‘fair’ levels of concordance were 
observed in sensitivity analyses restricted to PR‑positive 
and HER2‑negative subgroups, reinforcing the notion 
that Ki‑67 and multigene assays capture overlapping but 
distinct dimensions of tumor biology rather than being 
directly interchangeable measures.

Our findings are consistent with meta-analyses and key 
primary studies that attribute discrepancies between 
Ki-67 and multigene assays to technical variability, 
differences in laboratory protocols, inter‑observer 
subjectivity, heterogeneous laboratory practices, and the 
absence of universally applied cut‑offs. Recognizing these 
challenges, the International Ki‑67 in Breast Cancer 
Working Group and related expert panels have issued 
detailed recommendations to standardize pre‑analytical 

based approach adopted in the MINDACT trial, which 
integrates age, tumor size, nodal status, histologic grade, 
and hormone receptor status to estimate relapse risk and 
to compare clinicopathologic risk with genomic signatures 
such as MammaPrint. This approach is comparable to 
other breast cancer clinical decision support systems 
(CDSSs)—including PREDICT, ONCOassist, CancerMath, 
CTS5, and residual cancer burden calculators—which 
similarly combine standard prognostic variables to refine 
adjuvant treatment recommendations. A systematic review 
by Mazo et al., reported that CDSSs improve consistency 
and transparency in complex adjuvant therapy decisions, 
particularly when used alongside multigene assays such 
as Oncotype DX and MammaPrint, although further 
integration of individualized and real‑world data is needed 
to optimize their impact on patient outcomes.41 

The molecular genomic assays utilized in this study 
includes MammaPrint and OncotypeDX. Data from prior 
studies indicate that both assays facilitate individualized 
treatment decision-making and help reduce unnecessary 
chemotherapy administration. MammaPrint employs a 
70-gene signature to stratify patients into high-risk and 
low-risk categories, whereas OncotypeDX analyzes a 
21-gene panel to generate a Recurrence Score (RS) for 
prognostication and therapeutic guidance.29-31 Although 
standardized treatment algorithms, such as those outlined 
in the NCCN Clinical Practice Guidelines, provide a 
framework for managing early breast cancer, molecular 
assays refines a more precise clinical risk estimates beyond 
traditional factors like tumor size, grade, nodal status, and 
hormone receptor profile.14,15 

Biomarker concordance and clinical interpretation
Based on the 2021 St. Gallen International Consensus, 
adjuvant chemotherapy in ER‑positive, HER2‑negative, 
node‑negative breast cancer is most clearly supported at the 
extremes of proliferation, with Ki‑67 values ≤5% arguing 
against chemotherapy and Ki‑67 ≥30% favoring its use.16 
Because no institutional cutoff had been established, we 
adopted the ≥30% threshold recommended by St. Gallen 
to define a high Ki‑67 category in our cohort. Using this 
cutoff, we observed only fair concordance between Ki‑67 
and the molecular genomic assays, with agreement rates 
of 66.7% for MammaPrint (kappa = 0.35) and 60.0% for 
Oncotype DX (kappa = 0.29).

This modest agreement aligns with prior reports showing 
weak to moderate correlation between Ki‑67 and multigene 
signatures, including studies and meta‑analyses indicating 
that Ki‑67 alone cannot fully recapitulate the composite 
genomic risk captured by assays such as Oncotype DX 
and MammaPrint. Several series have reported low 
or non‑significant linear correlations between Ki‑67 
and the 21‑gene Recurrence Score, despite both being 
proliferation‑linked, and kappa coefficients in the low to 
fair range when dichotomized risk groups are compared. 
Taken together with our data, these findings support the 
use of Ki‑67 as a helpful, accessible surrogate marker, but 
reinforce that treatment decisions should ideally integrate 
Ki‑67 with clinicopathologic features and, where available, 
genomic assay results rather than relying on Ki‑67 
alone.22,23,29,30,42-45 
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handling, scoring methodology, and reporting of Ki‑67, 
with the goal of improving reproducibility, enabling more 
reliable cross‑study comparisons, and clarifying how 
Ki‑67 should be integrated with genomic assays in routine 
practice.22,23,29,30,42-48

Limitations and directions for future research
The relatively small sample size limited the power of this 
study to perform more granular subgroup analyses, and 
the retrospective design may have introduced selection bias. 
In addition, only a subset of eligible patients underwent 
molecular genomic testing, reflecting both physician‑driven 
test ordering and substantial out‑of‑pocket costs, which 
in the Philippines are estimated at approximately PHP 
200,000–300,000 (USD 3,000–5,000) per assay. Even in a 
tertiary center such as St. Luke’s Medical Center, multigene 
assays are not requested routinely, further constraining 
the number of cases available for concordance analyses. 
Another limitation is that we were unable to correlate 
Ki‑67 and genomic test results with long‑term outcomes 
such as recurrence or metastasis, preventing direct 
comparison of their prognostic performance in this cohort. 
Prospective studies with larger, more diverse populations 
and systematic follow‑up will be necessary to clarify how 
surrogate markers like Ki‑67 relate to in‑vivo tumor 
biology and to validate their use alongside, or in place of, 
multigene assays in resource‑constrained settings.

CONCLUSION

Given persistent financial barriers in the Philippines, Ki‑67 
remains a pragmatic and widely accessible option for initial 
risk stratification in settings where multigene assays cannot 
be routinely performed. However, our findings support 
integrating Ki‑67 with clinicopathologic and genomic 
information whenever feasible, in line with contemporary 
best‑practice recommendations.14-16,28,31 Consistent with the 
ESMO guidelines for early breast cancer, pretreatment 
assessment should include histological type and grade, 
IHC evaluation of estrogen receptor (ER), progesterone 
receptor (PR) and human epidermal growth factor 
receptor 2 (HER2) biomarkers and a proliferation marker 
such as Ki-67. Furthermore, gene expression assays (e.g., 
EndoPredict, MammaPrint, Oncotype DX, Prosigna and 
others) are primarily recommended for HR-positive, 
HER2-negative tumors at immediate clinical risk based on 
conventional pathology and IHC, and only one of these 
assays should be used for each individual patient.48

Looking forward, research must focus on optimizing 
Ki-67 cut-offs for Filipino and broader Southeast Asian 
populations, ensuring assay standardization, and further 
validating risk models that accommodate local clinical 
realities and resource limitations. And while Ki-67 and 
further molecular genomic tests have yet to be included in 
the National Clinical Practice Guidelines for Breast Cancer, 
collaboration between clinicians, pathologists, and health 
policymakers—especially those involved in national health 
insurance reforms and cancer access programs—will be 
key to implementing findings from cutting-edge genomic 
research for the benefit of Filipino patients.49
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ABSTRACT

Background. Diabetes mellitus (DM) remains a major global health burden, with increasing prevalence 
in developing countries such as the Philippines. Accuracy of glucose measurement is vital for diagnosis 
and management; however, preanalytical variables, particularly glycolysis from varying collection tubes, 
temperature and time interval can significantly affect test results. Despite guideline recommendations 
favoring plasma, serum is still commonly used in local clinical practice.

Objective. This study evaluated the effectiveness of different commercially available blood collection 
tubes in preserving glucose stability by minimizing pre-analytical glycolysis.

Methodology. A cross-sectional observational and quasi-experimental study was conducted among 40 
healthy adult participants (18–59 years) from a tertiary institution in Quezon City, Philippines. A total of 
160 samples were collected using four tube types (one plasma and three serum tubes). Samples were 
analyzed at varying time intervals (0–180 minutes) and storage conditions (room temperature and 4°C). 
Glucose levels were measured using the glucose oxidase method. Statistical analysis included Shapiro–
Wilk, Kruskal–Wallis H-test, Welch’s t-test, and Dwass–Steel–Critchlow–Fligner post hoc comparisons at a 
1% significance level.

Results. Glucose concentrations differed significantly across tube types (p <0.001) and time intervals (p 
<0.001), but not by storage temperature (p = 0.023). Plasma samples demonstrated significantly higher 
glucose levels than serum samples, with all serum tubes showing a consistent negative bias relative to the 
fluoride-containing plasma tube. Although differences remained within the ± 6 mg/dL CLIA allowable total 
error, clinically relevant deviations were observed near diagnostic thresholds. Glucose stability significantly 
declined beyond 60 minutes, indicating ongoing glycolysis despite sample separation.

Conclusion. Blood collection tube type and delayed processing significantly influence glucose 
measurements. While acceptable within analytical limits, systematic biases may affect clinical interpretation. 
Standardization of blood collection practices and stricter pre-analytical protocols are essential to improve 
diagnostic accuracy for diabetes in the Philippines.

Key words: blood collection tubes, fasting blood sugar (FBS), clinical laboratory science

INTRODUCTION

Diabetes mellitus (DM) is a chronic disease described to be 
a group of metabolic diseases characterized by abnormally 
high glucose levels that result from defects in insulin 
secretion, insulin action or both.1,2 The global prevalence 
of DM significantly  increased over the last decade.3 More 
so, it has a major impact on third-world countries, parti- 
cularly the Philippines, with a projected 7.5 million cases 
by 2045. In 2021, there has been 4.3 million Filipinos with 
DM, while 2.8 million remained undiagnosed.4 There 
are four clinical types of Diabetes mellitus described 
according to etiology, Type 1 DM (formerly insulin 
dependent diabetes mellitus or juvenile diabetes mellitus): 
results from autoimmune beta-cell destruction, leading 
to absolute insulin deficiency, Type 2 DM (formerly non-
insulin dependent diabetes mellitus or adult-onset DM): 
results from a progressive insulin secretory defect in the 
background of insulin resistance, Gestational diabetes 
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mellitus (GDM): diabetes first diagnosed during pregnancy, 
and Secondary diabetes: e.g., genetic defects in beta cell 
function or insulin action, diabetes of the exocrine pancreas 
(pancreatitis, cystic fibrosis), drug- or chemical-induced 
diabetes (such as from the treatment of AIDS, after organ 
transplantation, glucocorticoids), other endocrine diseases 
(Cushing’s syndrome, hyperthyroidism).5,6

Glucose measurement, specifically the fasting blood sugar 
(FBS) is one of the most commonly done tests in the 
clinical laboratory. More so, the accurate glucose measure-
ment is key in the diagnosis and management of diabetes 
patients because this serves as a screening test in detecting 
hyperglycemia.7-9 FBS levels of patients with DM are 
characterized to be >126 mg/dL with a threshold level  of 
>180 mg/dL where insulin therapy should be initiated.5 
Knowing the importance of accuracy in the measurement 
of blood glucose, the most suitable collection tube for blood 
glucose determination is still an issue. Previous studies show 
that the common tube still lacks the ability to immediately 
prevent clinically significant glycolysis, a process due to the 
consumption of glucose by the blood cells (RBC, WBC, and 
platelets), even in so-called gold standard tubes containing 
sodium fluoride with potassium oxalate. It is also compared 
to serum tube and citrated tubes which were recommended 
to be considered for glucose measurement.10 While a 2019 
study by Bonetti, G. et al. shows that tubes with sodium 
fluoride/citrate buffer liquid mixture and lithium-heparin 
tube have equal results in avoiding glycolysis completely 
and within 4 hours.11 Currently, in the Philippines the 
majority of clinical laboratories are still using serum 
rather than plasma as the sample for FBS testing. 

This practice is contrary to the Philippines Diabetes 
Clinical Practice Guidelines (CPG) recommendation, 
which is to utilize plasma for the said testing. As to 
the advantage of plasma samples, it allows immediate 
sample tube centrifugation without waiting for the blood 
to clot.12 In this regard, failures in the proper specimen 
handling and collection is considered as one of the 
possible sources of variability in the medical laboratory test 
results as part of the pre-analytical phase errors with the 
highest percentage of 46% up to 77%, compared to the 
analytical and post-analytical phases.13,14

Moreso, since accurate measurements of blood glucose 
levels are crucial for the diagnosis of diabetes, proper blood 
collection tubes should be used to preserve the quality 
of the samples. In this study, the researcher evaluated 
the capability of different commercially available serum 
tubes in preserving the quality of the blood samples by 
preventing clinically significant glycolysis. 

METHODOLOGY

Research design
The research design used in this research is cross-
sectional observational and quasi-experimental design, as 
it attempted to compare the glucose measurements from 
different collection tubes commonly used in the clinical 
laboratory. This was the design used because the aim of 
this research is to observe whether there is relatedness 
between the glucose levels and the collection tubes used 
temperature variation and interval in its measurement. 

Only observation of data was used, and no intervention 
were used to obtain the results.
		
Study population, sample and sampling technique 
The intended study population for this research are 
teaching and non-teaching personnel of tertiary institution 
in Quezon City, Philippines. The age range for that 
participants were from 18 to 59 years old. The healthy 
volunteers were recruited from March 2022 to April 
2022. Nonprobability sampling was used as the sampling 
technique for this research. More so, the subjects were 
required to fast for 8-12 hours. Subjects who exceeded 
the said fasting requirement were rejected from the study. 
These patient preparations, data gathering procedures and 
blood collection procedures were thoroughly discussed to 
the participants through an orientation prior to specimen 
collection. The orientation also discussed the contents 
of the informed consent form, the participants’ rights in 
the study, how their anonymity and confidentiality will be 
ensured, and the potential risks and mitigations were all 
given emphasis. Lastly, the orientation was done personally 
or through an online platform. Once consents were given 
and the orientation successfully done blood collection 
started the next day. The samples that were used in this 
study were the serum and plasma samples collected from 
the teaching and non-teaching personnel.

A total of one hundred-sixty (160) samples from 40 
subjects were analyzed in this study. In addition, any 
information about the participants that were collected 
were kept confidential, which only the researcher can 
access. The information of the patients, such as name, age 
and birthdate gathered during specimen collection were 
kept confidential with the use of patient accession number 
and so their names will not be divulged. Meanwhile, 
information about the participants were kept in a file with 
a lock key, for electronic data it was kept in a folder with 
password and authentication, and it will not be shared with 
anyone, especially those not related to the research. 

The samples from each subject were aliquoted, for 
each blood collection tube, two tubes were prepared 
and labelled according to the accession number of the 
specimens. The serum and plasma were separated from 
their respective tubes and divided to each tube equally, one 
to be stored at room temperature, 26.0 °C (range 23.6–
28.6 °C) and at refrigerated temperature, 4.0 °C. It was 
then measured at varying time intervals, immediately after 
centrifugation, after 30 minutes, after 60 minutes. 120 
minutes and 180 minutes. 
			 
Research instrument 
An informed consent form and questionnaire were given 
to the teaching and non-teaching personnel of tertiary 
institution in Quezon City, Philippines who participated 
in the study. The questionnaire contained questions 
regarding their relevant clinical history, work experience 
and environment. These questions focused on recent 
hospitalization, medication and diet and lifestyle.11 
The equipment used for the collection of samples were 
evacuated tubes and needles, tourniquet, alcohol pads, 
gauze pad, and sharps container. The materials used for 
the glucose measurement are centrifuge, glucose oxidase 
reagent (Randox), and the Biosystems A15 machine. 
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Inclusion and exclusion criteria
Both teaching and non-teaching personnel of tertiary 
institution in Quezon City, Philippines who were willing 
to participate in this study were enrolled. Individuals with 
comorbidities such as chronic liver disease, malignancy, 
autoimmune disease, and pregnant women were excluded. 
In addition, this study did not include individuals with 
prediabetes, established diabetes, or gestational diabetes 
mellitus; therefore, the diagnostic impact of the observed 
plasma–serum and tube‑related differences across all 
glycemic categories could not be fully assessed.
 
Statistical treatment of data
For the statistical treatment of the data, prior to conducting 
the analysis, the test of normality was done using Shapiro-
Wilk statistics which showed that the assumption of 
normality was violated, W = 0.982, p =<0.001. Thus, 
the researcher used the non-parametric statistical tools, 
Kruskal-Wallis H-Test as an alternative to one-way ANOVA 
and Dwass-Steel-Critchlow-Fligner (DSCF) pairwise com-
parisons for the post-hoc analysis. All of which have a 
1% level of significance. These were used in determining 
if there were significant differences among the glucose 
measurement using varying blood collection tube, storage 
temperature and time interval prior to measurement.12,16 

Ethical clearance 
The study was carried out in accordance with the 
ethical standards set by the Trinity University of Asia—
Institutional Ethics Review Committee (TUA—IERC). 
Most importantly, the research protocol and written 
informed consent utilized in this study were reviewed and 
approved by TUA—IERC with a research protocol code 
number, 2022-009-Ganding-GS-FBS-v2.

RESULTS AND DISCUSSION

A total of 40 subjects participated and provided blood 
samples for the four different blood collection tubes: BD 
Vacutainer sodium fluoride/sodium EDTA 13 x 75 mm (P1 
Tube), BD Vacutainer plain serum tube 13 x 75 mm (S1 
Tube), BD Vacutainer serum tube with clot activator 13 x 75 
mm, 4 ml (S2 Tube), and BD Vacutainer serum separator 
tube (SST) 13 x 100 mm (S3 Tube) for an overall total of 
400 blood samples processed during the experiment. After 
specimen collection, the tubes were inverted following 
the manufacturer’s recommendation then were allowed 
to clot serum tubes were allowed to clot according to the 
for 60 minutes for S1, 20 minutes for S2 and S3;16 and 
then all four tubes, including P1 will be centrifuged at 
1600 × g for 10 min using the DSC1512T of Digisystems 
centrifuge. The aliquot preparation was carried out 
immediately after centrifugation. Two tubes were labelled 
according to the accession number of the specimens. The 
serum and plasma were separated from their respective 
tubes and divided to each tubes equally. After the initial 
glucose measurement, tubes were stored at room tempe-
rature (26.0 °C) or at refrigerated temperature (4.0 °C) and 
measured repeatedly after 30, 60, 120, and 180 minutes.

Since the glucose concentration from the four different 
tubes, differs significantly at 1% level of significance, H(3) 
= 25.3, p = <0.001 as shown in Table 4 a post hoc analysis 
using DSCF for pairwise comparison was done to specifically 

Blood collection
Blood samples were collected by a single experienced 
phlebotomist to minimize venipuncture bias and were 
carried out between 7 am and 11 am to limit the effects 
of diurnal and circadian rhythm.15-17 Samples were 
collected through an evacuated tube system to minimize 
contamination and to allow the collection of multiple 
blood collection tubes from the subjects.18-20 The room 
temperature during blood collection was 26.0 °C (range 
23.6–28.6 °C). Visibly lipemic, icteric or hemolyzed samples 
were not included in the study.19,21-23 The blood collection 
tubes that used were the plasma tubes from BD Vacutainer 
sodium fluoride/sodium EDTA 13 x 75 mm (P1 Tube), 2 
ml and the serum tubes used were BD Vacutainer plain 
serum tube 13 x 75 mm (S1 Tube), 4 ml, BD Vacutainer 
serum tube with clot activator 13 x 75 mm, 4 ml (S2 
Tube), and BD Vacutainer serum separator tube (SST) 13 
x 100 mm (S3 Tube), 4 ml.24 Blood collection procedures 
were carried out following the Clinical and Laboratory 
Standards Institute (CLSI) Guidelines GP 41. A total of 
160 specimens were drawn. Forty (40) tubes for each blood 
collection tube mentioned above. More so, the samples 
were collected at the phlebotomy room of the College of 
Medical Technology Diagnostic laboratory. Therefore, 
there were no delays in transportation and no effect on 
environmental temperature. 
	
Specimen processing and aliquot preparation
After collection, serum tubes were allowed to clot for 60 
minutes for S1, 20 minutes for S2 and S3;16 and then all 
four tubes, including P1 were centrifuged at 1600 × g for 
10 minutes using the DSC1512T of Digisystems centrifuge. 
The aliquot preparation was carried out immediately after 
centrifugation. Two tubes were labelled according to the 
accession number of the specimens. The serum and plasma 
were separated from their respective tubes and aliquots of 
the samples were prepared, containing approximately 1.0 
mL aliquots of plasma and serum. For each blood collection 
tube, two tubes were prepared and labelled according to 
the accession number of the specimens, one to be stored 
at room temperature, 26.0 °C (range 23.6–28.6 °C) and at 
refrigerated temperature, 4.0 °C. In addition, prior to the 
measurement of samples visibly lipemic, hemolyzed, and 
icteric was not included in the study

Glucose measurement
The glucose concentration was determined spectrophoto-
metrically using Biosystem A15 autoanalyzer (Biosystems 
Inc.) by a glucose oxidase-peroxidase method (Randox).25 
Prior to the measurement, calibration procedures were 
done. As for the quality control procedures, the researcher 
ran a two-level of quality control material at the beginning 
of each working day before starting any measurement. 
This was conducted by the researcher who is also 
qualified technical personnel and results were properly 
documented. All the specimens from the participants 
were analyzed using the same lot of reagents, eliminating 
any lot-to-lot variability in the results. The researcher 
performed the measurements of all study specimens. 
The glucose concentration was measured immediately 
after centrifugation x and with intervals of 30 minutes, 
60 minutes, 120 minutes, 180 minutes.26,27
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identify the tubes that had a significant difference in their 
glucose concentration (mmol/L). As shown in Tables 5 and 
7, complemented by Figure 5, Test tube 1- Serum 1 (MD = 
5.22); Test Tube #2 - Serum 2 (MD = 5.23); and Test Tube 
#3 - Serum 3 (MD = 5.23) are significantly different from the 
Test Tube #4 Plasma (MD = 5.38), W = 6.337, p = <0.001, 
W = 4.598, p = 0.006, W = 5.754, p = <0.001, respectively.

These findings agree with the conclusion of Pant et al., 
that the use of different tubes for glucose measurement 
yields varying results. This is contrary with the findings of 
Winter et al., who mentioned that glucose concentration 
measured from serum tubes, specifically those with 
thixotropic gel (S3) would remain unchanged. However, 
the findings in this study further agrees with Bhatt et al., 
that the glucose concentration measured from the plasma 
collected using the gray top tube containing NaF/Na 
EDTA tube has higher glucose concentration compared to 
serum tubes. This can be explained and attributed with 
the additive found in P1, the sodium fluoride (NaF) which 
is an antiglycolytic agent.28 Fluoride inhibits enolase, an 
enzyme involved in glycolysis which requires magnesium 
for its optimal activity.7 This is the very reason this tube is 
also recommended by CLSI and ADA as a gold standard 
for glucose measurement. 

Prior to conducting the analysis, Tables 2 and 3 show 
the test of normality was examined using Shapiro-Wilk 

Table 5. Difference of glucose measurement with varying 
storage temperature

  Group Mean Median SD
Glucose concentration 
(mmol/L)

Room Temp. 5.28 5.29 0.437
Refrigerated Temp. 5.23 5.24 0.449

Table 3. Homogeneity of variances test (Levene's)
  F df P

Glucose concentration (mmol/L) 0.712 1 0.399
Note: A low p-value suggests a violation of the assumption of equal variances

Table 4. Independent samples t-test

 
Welch's t Cohen's d

Statistic p Effect Size
Glucose concentration (mmol/L) 2.28 0.023 0.114

Table 2. Glucose concentration in varying temperature storage 
prior to measurement

 Shapiro-Wilk W p
Glucose concentration (mmol/L) 0.982 <0.001
Note: A low p-value suggests a violation of the assumption of normality

statistics which showed that the assumption of normality 
was violated, W = 0.982, p = <0.001. Aside from this, test 
of homogeneity of variance test using Levene’s test was 
utilized and found out that a violation of the assumption 
of equal variances, F = 0.712, p = 0.399 was violated. 
Thus, Welch-Test was used as an alternative to parametric 
T-Test for independent samples.

Table 4 shows the result of Welch-Test reveals that the 
glucose concentration did not differ significantly among 
the varying temperatures storage prior to measurement 
at 1% level of significance, t(1)=2.28, p = 0.023. There 
is a moderate effect size in this analysis reflected in 
Cohen’s (d = 0.114). In addition, Table 5, complemented 

Table 1. Post-hoc analysis using Dwass-Steel-Critchlow-Fligner 
pairwise comparisons on the difference of glucose measure-
ment with varying collection tubes

 Pairwise comparisons – 
Glucose concentration (mmol/L) W p

Test Tube #1 (Serum 1) Test Tube #2 (Serum 2) 2.022 0.481
Test Tube #1 (Serum 1) Test Tube #3 (Serum 3) 0.674 0.964
Test Tube #1 (Serum 1) Test Tube #4 (Plasma) 6.337 <0.001
Test Tube #2 (Serum 2) Test Tube #3 (Serum 3) -1.429 0.744
Test Tube #2 (Serum 2) Test Tube #4 (Plasma) 4.598 0.006
Test Tube #3 (Serum 3) Test Tube #4 (Plasma) 5.754 <0.001

Figure 1. Difference of glucose measurement with varying collection tubes.
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et al. Currently, the CLSI guidelines would recommend 
processing of specimens within two hours but based on the 
results of this study the difference is already significant. 
This finding aligns with the results of Bhatt et al., The 
significant decrease may be attributed to the continuous 
glycolysis due to the presence of red blood cells and white 
blood cells even after separation of plasma or serum.11,29

Although the decreased in the glucose concentration seen 
from measurements done after two and three hours are 
statistically significant, the difference is within the ± 6 mg/
dL (0.33 mmol/L), which is within the standard accept-
able range as defined by the United States Clinical Labo-
ratory Improvement Amendments (CLIA) guideline.12,16,28 
However, in the Philippines, there are no guidelines 
similar to CLIA yet.

Based on the data collected from this study it shows that 
over all glucose concentration measured using different 
blood collection tubes, stored at room and refrigerated 
temperature and are measured at varying time interval 
are significantly different. While there is no significant 
difference in the glucose concentration measured with 
varying temperature storage prior to measurement. It can 
be noted that glucose concentration varies significantly 
when stored in room and refrigerated temperatures. 
S1 has decreased by 4.05% at room temperature and 
2.85% at refrigerated temperature; S2 has decreased by 

by Figure 2, presents the descriptive on the difference of 
glucose measurement with varying storage temperature.

The findings of this study shows that varying temperature 
storage prior to measurement is not significant. This 
suggests that regardless of storage temperature, glucose 
concentration is unaffected. This is contrary to the findings 
of Kubihal et al., who mentioned that glucose is only stable 
at lower temperatures. This may be due to a more robust 
condition of this study that used a significance level of 
1% compared to the other studies that used a 5% level 
of significance.

Glucose concentration in varying time intervals prior 
to measurement
Table 6 shows the result of Kruskal-Wallis H-Test reveals 
that the glucose concentration differs significantly at 1% 
level of significance among the different time intervals 
prior to measurement, H(3)=55.3, p = <0.001. There is 
a weak effect size in this analysis (ε² = 0.0346).

Meanwhile, Table 7 shows the Post hoc analysis using 
DSCF showed that the glucose concentration (mmol/L) at 
different time interval specifically after 120 minutes (MD 
= 5.17); after 180 minutes (MD = 5.17); are significantly 
different from the glucose concentration measured imme-
diately after centrifugation (MD = 5.46), W = -7.36, p = 
<0.001, W = -8.82, p = <0.001, respectively. In addition, 
glucose concentration (mmol/L) measured after 120 
minutes (MD = 5.17); after 180 minutes (MD = 5.17); are 
also significantly different from the glucose concentration 
measured after 60 minutes (MD = 5.36), W = -75.74, p = 
<0.001, W = -7.08, p = <0.001, respectively. 

This study suggests that glucose, whether in plasma 
and serum, is optimally stable only up to one hour. This 
agrees with study made by Winter et al., who mentioned 
that delayed specimen processing and measurement 
beyond one hour should be avoided. As seen in Table 7, 
complemented by Table 8, there is significant decrease 
in glucose concentration with the increasing lapse of 
time, the difference being more with increase in time 
gap, which also agrees with the conclusions of Bhargava 

Table 8. Descriptive on glucose concentration glucose measured 
at varying time intervals prior to measurement

  Time Median
Glucose concentration 
(mmol/L) 

Immediately after centrifugation 5.46
30 minutes 5.32
60 minutes 5.36
120 minutes 5.17
180 minutes 5.17

Table 6. Difference of glucose measurement at varying time 
intervals prior to measurement

 Kruskal-Wallis χ² df p ε²
Glucose concentration 
(mmol/L)

55.3 4 <0.001 0.0346

Table 7. Post-hoc analysis using Dwass-Steel-Critchlow-Fligner 
pairwise comparisons on the difference of glucose measure-
ment with varying time intervals prior to measurement

Pairwise comparisons – 
Glucose concentration (mmol/L)  W P

Immediately after 
centrifugation

30 minutes -4.39 0.016
60 minutes -2.03 0.607

120 minutes -7.36 <0.001
180 minutes -8.82 <0.001

30 minutes 60 minutes 2.52 0.386
120 minutes -3.17 0.163
180 minutes -4.48 0.013

60 minutes 120 minutes -5.74 <0.001
180 minutes -7.08 <0.001

120 minutes 180 minutes -1.18 0.921

Figure 2. Difference of glucose measurement at varying 
temperature storage.
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5.78% at room temperature and 7.47% at refrigerated 
temperature; S3 has decreased by 4.60% at room 
temperature and 4.18% at refrigerated temperature; 
and P1, at the end of the observation the median glucose 
decreased by 5.72% at room temperature and 8.42% at 
refrigerated temperature. Moreso, the overall glucose 
concentration from the four different tubes, differs 
significantly at 1% level of significance, H(3)=25.3, p = 
<0.001. Among the three serum tubes, S2-BD Vacutainer 
serum tube with clot activator has the least Wilcoxon 
rank sum test statistic of W = 4.598.

However, contrary to common notion, at 1% level 
of significance, glucose concentration did not differ 
significantly at either room or refrigerated temperature 
used as storage prior to testing. As recommended and 
suggested by the researcher, based on this study, glucose, 
whether in plasma and serum, is optimally stable only up 
to one hour. Additionally, the red top tube (S3) with a clot 
activator can be used as an alternative to gray top tube, as it 
can be centrifuged within 30 minutes and analyzed within 
an hour. This would optimally prevent significant glycolysis 
in the absence of a tube containing an antiglycolytic agent.

CONCLUSION

This study demonstrates that pre-analytical variables 
significantly influence glucose measurement outcomes. 
The results revealed a statistically significant difference in 
glucose concentration between plasma and serum, with 
plasma glucose consistently higher than serum glucose. 
While the median numerical differences are within the 
6mg/dL (0.33 mmol/L) allowable total error defined by 
CLIA, this systematic negative bias in serum relative to 
plasma becomes clinically relevant near diagnostic cut-
offs such as the ADA fasting glucose threshold of 126 mg/
dL. Overall collection conditions, glucose concentrations 
measured using different blood collection tubes, stored 
at room or refrigerated temperature, and measured at 
varying time intervals were significantly different. These 
findings emphasize the critical role of pre-analytical 
standardization in ensuring reliable glucose measurement. 
The implementation of standardized blood collection 
protocols, including appropriate tube selection and timely 
processing, is essential to improve diagnostic accuracy 
and support optimal clinical decision-making for diabetes 
in the Philippines.

Recommendations

Based on these findings, timely specimen processing should 
be prioritized, with blood samples centrifuged within 20–
30 minutes and analyzed within one hour of collection 
whenever possible. The use of blood collection tubes 
containing antiglycolytic agents is strongly recommended 
to minimize ongoing in vitro glycolysis. When serum tubes 
are used, those with clot activators should be preferred to 
shorten clotting time and reduce serum contact with blood 
cells. Clinical laboratories are encouraged to standardize 
the type of blood collection tubes used for glucose testing 
to reduce variability in results. Future studies including 
individuals with prediabetes, diabetes, and gestational 
diabetes mellitus are warranted to determine how these 
pre‑analytical differences affect diagnosis across all 

glycemic categories. Finally, the development and imple-
mentation of local laboratory protocols defining accept-
able pre-analytical conditions and reference ranges for 
glucose monitoring are essential to promote consistency, 
diagnostic accuracy, and improved patient care outcomes.
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Reassessing the Gold Standard: The Role of AI-Powered Urinalysis 
in Diagnosing Urinary Tract Infections
Mark Justine Bansil

Our Lady of Fatima University, Valenzuela City, Philippines

ABSTRACT

Urinary tract infections (UTIs) are among the most common bacterial infections worldwide, requiring timely 
and accurate diagnosis to guide appropriate therapy and reduce antimicrobial resistance. Although 
urine culture remains the diagnostic gold standard, its prolonged turnaround time and susceptibility to 
pre-analytical variability limit its clinical efficiency. Recent advances in artificial intelligence (AI) have 
positioned urinalysis as a promising alternative diagnostic approach, utilizing machine learning and deep 
learning algorithms for automated analysis and prediction. This review synthesizes current evidence on AI 
applications in urinalysis for UTI diagnosis, examining computational techniques, diagnostic performance, 
clinical integration, limitations, and future directions. The literature demonstrates that AI-powered urinalysis 
can achieve diagnostic accuracy comparable to urine culture, with high sensitivity and specificity while 
reducing diagnostic time. Integration of AI into clinical workflows has the potential to enhance decision-
making, streamline laboratory processes, and support antimicrobial stewardship. However, challenges 
related to data heterogeneity, algorithm interpretability, validation, and regulatory requirements remain 
significant barriers to widespread adoption. Overall, AI-driven urinalysis represents a transformative 
opportunity to complement the existing diagnostic standard and advance more rapid, efficient, and 
personalized approaches to UTI management. 

Key words: artificial intelligence, urinalysis, urinary tract infection, machine learning, deep learning, 
diagnostic accuracy

INTRODUCTION 

Urinary tract infections (UTIs) remain one of the most 
common bacterial infections worldwide, particularly 
affecting women, older adults, and individuals with 
underlying health conditions.1 Accurate and timely 
diagnosis is essential to reduce complications, guide 
targeted antimicrobial therapy and mitigate the rise 
of antimicrobial resistance. At present, urine culture is 
regarded as the gold standard for UTI diagnosis because it 
enables pathogen identification and antibiotic susceptibility 
testing.2 However, culture-based techniques are inherently 
time-consuming—typically requiring 24 to 72 hours to 
generate results—and are susceptible to pre-analytical 
variations such as specimen handling, contamination, and 
prior antibiotic use.3 These limitations often delay clinical 
decision-making and appropriate therapeutic intervention.

The emergence of artificial intelligence (AI) has opened 
new avenues for revolutionizing diagnostic microbiology, 
including urinalysis. AI-powered systems employ machine 
learning and image-recognition algorithms to analyze 
urinalysis data, predict culture outcomes, and even 
identify causative microorganisms without the inherent 
delays of conventional methods.4,5 Several studies have 
demonstrated that AI-driven urinalysis can achieve 
diagnostic performance comparable to traditional culture, 
with notable improvements in sensitivity, specificity, and 
turnaround time.6,7 Furthermore, systematic reviews have 
emphasized AI’s potential to enhance diagnostic accuracy, 
streamline laboratory workflows, and support antimicrobial 
stewardship through early and reliable detection of 
infections.2,8
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Despite this progress, challenges persist in translating AI 
diagnostics into routine clinical practice. Issues surrounding 
algorithm validation across diverse populations, data 
standardization, interpretability, and regulatory compliance 
continue to hinder widespread adoption.1,3 Against this 
backdrop, this review reexamines the long-standing gold 
standard of urine culture in the context of emerging AI-
powered urinalysis technologies. By consolidating current 
evidence, this work provides a critical analysis of their 
diagnostic capabilities, implementation barriers, and 
clinical implications. The novelty of this review lies in its 
focused reassessment of urine culture through the lens of AI 
innovation, highlighting not only how artificial intelligence 
may complement or replace conventional diagnostics but 
also how it can redefine the future of UTI detection and 
management.

METHODOLOGY

This narrative review synthesizes current literature on 
artificial intelligence (AI) applications in urinalysis for the 
diagnosis of urinary tract infections (UTIs). A structured 
search strategy was employed to identify relevant studies 
assessing AI-driven diagnostic performance, predictive 
accuracy, and clinical applicability compared to conventional 
urine culture.

Literature search strategy
A comprehensive search was conducted using PubMed, 
Google Scholar, ScienceDirect, and Web of Science. Sources 
included peer-reviewed journals, clinical reports, and 
white papers covering AI algorithms, machine learning, 
predictive modeling, and digital urinalysis technologies. 
Search terms included “AI in urinalysis,” “machine learning 
in UTI diagnosis,” “automated urine analysis,” “urine 
culture prediction,” and “smart diagnostics for UTIs.”

Inclusion and exclusion criteria
•	 Inclusion: Studies reporting AI applications in 

urinalysis, diagnostic performance comparisons 
with urine culture, algorithm development for UTI 
detection, and workflow improvements in laboratory 
diagnostics.

•	 Exclusion: Studies unrelated to urinalysis or 
UTI diagnosis, general AI applications without 
clinical relevance, or publications lacking sufficient 
methodological rigor.

Data extraction and thematic analysis
Key themes extracted and analyzed included:
1.	 AI algorithms and computational techniques for 

urinalysis
2.	 Diagnostic performance metrics (sensitivity, specificity, 

predictive values)
3.	 Comparative effectiveness versus urine culture
4.	 Workflow and clinical integration
5.	 Challenges, limitations, and validation requirements
6.	 Future directions in AI-driven UTI diagnostics

A qualitative synthesis was performed to identify recurring 
patterns, evidence gaps, and insights into the potential for 
AI-powered urinalysis to complement or replace tradi-
tional urine culture.

Critical evaluation and discussion
The review evaluates the impact of AI on diagnostic 
speed, accuracy, and clinical decision-making. Barriers to 
implementation, ethical considerations, and strategies for 
integration into routine clinical practice are also examined, 
highlighting the evolving role of AI in UTI diagnosis.

RESULTS

The following section is a systematic integrative review, 
presenting the results, clustered according to discussion.

A structured literature search identified a total of 54 records 
across the selected databases. After removal of duplicates, 
41 articles remained for title and abstract screening. Of 
these, 22 studies were considered potentially eligible and 
underwent full-text review. Following the application of 
inclusion and exclusion criteria, 14 studies were included 
in the final analysis. The included studies comprised 
systematic reviews, retrospective analyses, experimental 
investigations, and preprint studies examining the 
application of artificial intelligence in urinalysis for the 
diagnosis and prediction of urinary tract infections.

AI algorithms and computation techniques for urinalysis
Artificial intelligence (AI) has significantly transformed 
urinalysis, introducing advanced computational techniques 
that enhance diagnostic accuracy and efficiency. Machine 
learning algorithms, including logistic regression, random 
forests, and support vector machines, have been widely 
employed to predict urinary tract infections (UTIs) based 
on routine urinalysis parameters. Naik et al., demonstrated 
that machine learning models could reliably predict 
urine culture positivity and identify urinary bloodstream 
infections by integrating automated urinalysis data 
with clinical information, achieving high sensitivity and 
specificity. Such predictive models have the potential 
to support early diagnosis and guide antimicrobial 
stewardship, reducing unnecessary delays associated with 
traditional culture-based methods.2 

Deep learning approaches, particularly convolutional 
neural networks (CNNs), have been applied to analyze 
urine sediment images with remarkable accuracy. Studies 
have shown that CNN-based models can automatically 
detect and classify various urine particles, including 
erythrocytes, leukocytes, and casts, significantly reducing 
the subjectivity and time demands of manual microscopy.4 
These models demonstrate robust pattern recognition 
capabilities, even in complex urine samples, and can be 
continuously improved with larger datasets, enhancing 
reliability across different patient populations. AI-driven 
prediction models have also been developed to forecast 
urine culture outcomes directly. Dedeene et al., introduced a 
multilayer perceptron-based tool incorporating parameters 
such as urine dipstick analysis, urine cytometry, and patient 
demographic features, achieving an area under the curve 
(AUC) of 0.88. Such tools allow clinicians to make rapid 
decisions regarding empiric therapy, particularly in acute 
care settings.7 

The integration of AI with mobile and point-of-care 
(POC) devices represents another promising application 
in urinalysis. Choi et al., demonstrated that AI algorithms 
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could accurately interpret urine test strips using smart- 
phone cameras, providing immediate diagnostic insights 
without the need for conventional laboratory infra-
structure.5 This approach offers substantial advantages in 
resource-limited settings and during high-demand periods, 
enabling rapid triage and monitoring of patients. Despite 
these advances, validation in real-world clinical settings 
remains essential. Goździkiewicz et al., and De Bruyne et al., 
emphasized that large-scale prospective studies are needed 
to confirm the reliability, generalizability, and clinical utility 
of AI-powered urinalysis.3,4 Additionally, considerations 
related to data standardization, algorithm transparency, 
and integration with electronic health records are critical 
for safe and effective implementation.

Overall, AI algorithms and computational techniques 
are reshaping the landscape of urinalysis, offering faster, 
more accurate, and potentially cost-effective alternatives 
to traditional diagnostic methods. The growing body 
of evidence suggests that, with rigorous validation and 
thoughtful integration into clinical workflows, AI-powered 
urinalysis could significantly enhance the early detection 
and management of UTIs, complementing or in some 
cases reducing reliance on conventional urine culture.

Diagnostic performance metrics
The diagnostic performance of AI-powered urinalysis 
has been a major focus of recent research, emphasizing 
its potential to match or even surpass conventional urine 
culture in certain clinical contexts. Studies have consistently 
reported high sensitivity, specificity, and predictive values 
for AI algorithms when applied to automated urinalysis 
data. Choi et al., found that machine learning models could 
predict urine culture results with sensitivity exceeding 90% 
for common uropathogens, while maintaining specificity 
above 85%, demonstrating reliable discrimination between 
positive and negative cultures. Such performance metrics 
indicate that AI algorithms can effectively support early 
diagnosis, allowing clinicians to initiate timely treatment 
and reduce the unnecessary use of broad-spectrum 
antibiotics.5

Several studies have compared AI-based urinalysis to 
traditional culture in terms of overall accuracy and 
predictive performance. Naik et al., reported that AI 
models integrating urine dipstick results, urine sediment 
analysis, and patient clinical data achieved an overall 
accuracy of 87–92% in predicting culture outcomes.2 
Similarly, Dedeene et al., demonstrated that multilayer 
perceptron classifiers could generate area under the curve 
(AUC) values of 0.88–0.91, reflecting strong discriminative 
power. These findings suggest that AI-driven urinalysis 
can serve as a reliable triage tool, particularly in settings 
where immediate culture results are not available and 
may reduce laboratory workload without compromising 
diagnostic integrity.7

The positive and negative predictive values of AI models 
also support their clinical utility. Shen et al., highlighted 
that AI algorithms exhibited high positive predictive values 
for Enterobacteriaceae and Escherichia coli infections, the 
most common causative organisms in UTIs, while negative 
predictive values remained consistently high across 
different patient populations.8 This balance of predictive 

accuracy allows for confident rule-in and rule-out decisions, 
potentially reducing unnecessary empirical antibiotic 
prescriptions. Additionally, De Bruyne et al., observed 
that performance metrics remained robust even when 
AI algorithms were applied to large and heterogeneous 
datasets, indicating potential generalizability across 
multiple clinical environments.4

Despite these promising results, some limitations persist. 
Variability in dataset quality, differences in laboratory 
equipment, and incomplete clinical metadata can affect 
model performance.1,3 Prospective studies are needed to 
validate retrospective findings and evaluate real-world 
implementation. Nonetheless, the growing body of evidence 
demonstrates that AI-powered urinalysis consistently 
achieves diagnostic performance metrics comparable to, 
and in some cases exceeding, conventional urine culture, 
offering a rapid, reliable, and potentially transformative 
approach to UTI diagnosis.

Comparative effectiveness versus urine culture
Recent studies have increasingly focused on comparing 
the effectiveness of AI-powered urinalysis to the traditional 
gold standard of urine culture for diagnosing urinary 
tract infections (UTIs). While urine culture remains the 
definitive method for confirming infection and identifying 
causative organisms, it is time-consuming, often requiring 
24–48 hours for results, and is susceptible to delays in 
clinical decision-making. AI-powered urinalysis offers the 
potential to bridge this gap by providing rapid, reliable 
predictions of culture outcomes, potentially guiding early 
intervention. Choi et al., reported that AI-driven models 
achieved predictive accuracy comparable to urine culture, 
correctly identifying the presence of common pathogens 
such as Escherichia coli and Enterococcus spp. in over 90% 
of cases, while reducing turnaround time.5

Several studies have demonstrated that AI algorithms can 
complement urine culture by serving as an effective triage 
tool. Dedeene et al., showed that AI predictions allowed 
clinicians to prioritize samples with a high probability of 
positivity, thereby optimizing laboratory workflows and 
reducing unnecessary cultures. This approach not only 
improves efficiency but also has significant cost-saving 
implications, particularly in high-volume clinical settings.7 
Naik et al., further highlighted that AI-powered urinalysis 
could identify cases with a high likelihood of negative 
culture results, allowing clinicians to withhold unnecessary 
antibiotic therapy and limit antimicrobial resistance. Such 
stratification demonstrates that AI may function not only 
as a diagnostic aid but also as a decision-support tool for 
more targeted patient management.2 

Comparative analyses have also examined the concordance 
between AI predictions and culture-confirmed results. 
De Bruyne et al., found that while AI models rarely 
misclassified true positives, minor discrepancies arose in 
cases involving mixed or atypical infections, underscoring 
the importance of continued validation and integration 
with confirmatory culture.4 Similarly, Taylor et al., reported 
that AI algorithms performed exceptionally well for single-
pathogen infections but exhibited slightly lower accuracy 
for polymicrobial samples.9 Despite these limitations, the 
overall concordance with culture results remains high, 



suggesting that AI-powered urinalysis can serve as a 
reliable first-line diagnostic approach, particularly when 
rapid decision-making is essential.

Beyond diagnostic accuracy, AI-based urinalysis offers 
significant advantages in speed, scalability, and accessibility. 
Mobile and point-of-care applications have demonstrated 
that AI algorithms can deliver near-instant results at the 
bedside or in outpatient settings, which is particularly 
valuable in resource-limited environments where culture 
facilities may be unavailable.10 Sen et al., also emphasized 
that combining AI-based urine sediment analysis with 
automated flow microimaging significantly enhanced 
pathogen detection while maintaining strong agreement 
with culture-based methods.11 Collectively, these studies 
indicate that AI-powered urinalysis is not intended to 
replace urine culture entirely but can act as a highly 
effective adjunct, improving diagnostic workflows, patient 
outcomes, and antimicrobial stewardship efforts.

Workflow and clinical integration
The integration of AI-powered urinalysis into clinical 
workflows has shown considerable promise in enhancing 
efficiency, reducing diagnostic delays, and improving 
patient management. Traditional urine culture workflows 
often involve multiple steps, including specimen collection, 
transportation, incubation, and manual interpretation, 
which can take 24–72 hours and contribute to bottlenecks 
in patient care. AI algorithms offer an opportunity to 
streamline these processes by rapidly analyzing urine 
samples and predicting culture outcomes, thereby enabling 
more timely clinical decisions. Naik et al., demonstrated 
that AI-based predictive models could reduce the time to 
preliminary diagnosis from days to mere hours, allowing 
clinicians to initiate empiric therapy or prioritize further 
testing without waiting for full culture results.2 

The practical application of AI in clinical settings has been 
facilitated by automated urine analyzers, smartphone-
based urinalysis tools, and integration with electronic 
health record (EHR) systems. Choi et al., showed that AI-
assisted urinalysis, when coupled with automated dipstick 
readers and sediment analysis, could provide real-time 

diagnostic insights while maintaining compatibility with 
existing laboratory information systems.5 This integration 
allows for seamless incorporation of AI predictions into 
routine clinical decision-making, enabling clinicians to 
rapidly identify patients at risk of urinary tract infections 
and optimize care pathways. Demirci et al., emphasized that 
AI-driven platforms not only accelerate analysis but also 
minimize human error associated with manual microscopy, 
improving consistency and reproducibility of results.12

Point-of-care (POC) applications represent another critical 
aspect of workflow enhancement. Althowaimer et al., high-
lighted that AI-enabled POC devices could be deployed in 
outpatient clinics, emergency departments, and resource-
limited settings, offering immediate feedback to healthcare 
providers.1 This capability reduces reliance on centralized 
laboratories, shortens patient wait times, and supports 
timely antimicrobial stewardship decisions. Additionally, 
Dedeene et al., reported that AI integration could help 
laboratories triage specimens more effectively, focusing 
culture resources on samples most likely to yield positive 
results and thereby optimizing laboratory throughput and 
resource allocation.7 

Despite these advantages, successful clinical integration 
requires careful consideration of validation, standardization, 
and staff training. Dai et al., noted that variability in sample 
preparation, laboratory equipment, and data quality could 
influence AI performance, underscoring the need for 
protocol harmonization.13 Furthermore, clinicians must be 
trained to interpret AI-generated predictions appropriately, 
balancing rapid results with confirmatory testing 
when necessary. Shen et al., emphasized that workflow 
integration should also address ethical and regulatory 
concerns, including data privacy, algorithm transparency, 
and accountability in clinical decision-making.8

Overall, the evidence suggests that AI-powered urinalysis 
can improve workflow efficiency, reduce turnaround times, 
and enhance patient care when thoughtfully integrated 
into clinical practice. By complementing existing laboratory 
processes and supporting rapid decision-making at both 
central and point-of-care settings, AI has the potential to 

Table 1. Comparison of diagnostic characteristics between conventional urine culture and AI-powered urinalysis
Parameter Conventional urine culture AI-powered urinalysis Key insights

Diagnostic turnaround 
time

24–72 hours to obtain definitive results Produces preliminary or predictive 
results within minutes

AI significantly reduces diagnostic delay, 
enabling earlier treatment initiation.

Pathogen identification Provides confirmed pathogen 
identification and antimicrobial 

susceptibility

Utilizes algorithmic prediction based 
on image and data analysis

AI models can predict likely pathogens 
before culture confirmation.

Diagnostic accuracy 
(sensitivity/specificity)

Considered the reference 
standard with high accuracy

Comparable accuracy in many studies, 
improving with larger and diverse datasets

Continued training and validation 
enhance AI reliability.

Data requirements Relies on biological culture media 
and manual processing

Requires large, annotated datasets, digital 
images, and computational resources

AI depends on data quality and 
diversity for robust performance.

Interpretability Results are transparent and easily 
interpretable by clinicians

May lack interpretability due 
to algorithmic complexity

Explainable AI is essential to increase 
clinical trust and adoption.

Cost and Labor Labor-intensive and resource-
demanding with recurring costs

Higher initial setup cost but lower 
long-term operational costs

AI systems offer long-term efficiency 
and scalability once implemented.

Clinical Utility Confirms infection and guides 
antibiotic therapy

Provides rapid screening and decision 
support for suspected infections

AI serves as a complementary tool, 
reducing unnecessary cultures and 

improving workflow efficiency.
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transform the diagnostic management of urinary tract 
infections while maintaining high standards of accuracy 
and reliability.

Challenges, limitations, and validation requirements
Despite the promising advances of AI-powered urinalysis, 
multiple challenges and limitations must be addressed before 
widespread clinical adoption can occur. One major concern 
is the variability in dataset quality, which can significantly 
impact algorithm performance. Li et al., highlighted that 
many studies rely on retrospective datasets that may not 
fully capture the heterogeneity of patient populations, 
specimen collection methods, and laboratory conditions.14 
Inconsistent pre-analytical procedures, such as variations in 
urine collection, storage, and handling, can introduce noise 
into AI models, potentially reducing predictive accuracy. 
Similarly, differences in laboratory equipment, including 
automated analyzers and flow imaging systems, may limit 
generalizability across institutions.6

Another significant challenge is the interpretability of AI 
algorithms. While machine learning and deep learning 
models offer high predictive performance, their “black-
box” nature can limit clinician trust and acceptance. Naik 
et al., emphasized that transparent, explainable AI systems 
are critical to ensure that clinicians can understand the 
rationale behind predictions and integrate them safely into 
decision-making.2 Furthermore, ethical, and regulatory 
considerations present additional hurdles. Issues related 
to patient data privacy, algorithm accountability, and 
adherence to local and international diagnostic standards 
must be addressed to avoid misuse and ensure patient 
safety.1

Validation requirements represent another key area of 
focus. Many studies report high diagnostic accuracy under 
controlled research settings, but real-world implementation 
may reveal performance gaps. De Bruyne et al., and Shen et 
al., highlighted the need for prospective, multicenter trials 
to assess AI algorithms under diverse clinical conditions 
and patient populations.4,8 These studies are necessary to 
evaluate robustness, reproducibility, and reliability before 
AI can be considered a true adjunct or replacement for 
urine culture. Additionally, continuous monitoring and 
periodic recalibration of AI models are essential to maintain 

accuracy over time, especially as microbial patterns and 
resistance profiles evolve.

Limitations also extend to specific infection scenarios. Choi et 
al. and Dedeene et al., observed that AI algorithms perform 
slightly less effectively in cases involving polymicrobial 
infections, rare pathogens, or atypical presentations, 
underscoring that culture remains necessary in complex 
or ambiguous cases.5,7 Similarly, AI predictions may be 
influenced by comorbidities or medications that alter urine 
composition, highlighting the need for clinical context 
and judgment alongside algorithmic recommendations. 
Integration challenges, including interoperability with 
electronic health records and laboratory information 
systems, further complicate deployment, requiring robust 
IT infrastructure and staff training.

In summary, while AI-powered urinalysis demonstrates 
considerable promise, its adoption is contingent upon 
addressing key limitations and validation requirements. 
High-quality, diverse datasets, explainable algorithms, 
rigorous prospective testing, and careful integration into 
clinical workflows are essential to ensure that AI can 
safely and effectively complement or enhance traditional 
urine culture diagnostics. Addressing these challenges will 
enable AI to achieve its potential as a transformative tool 
in urinary tract infection management while maintaining 
patient safety, diagnostic reliability, and clinical trust.

Future directions in AI-driven in UTI diagnostics
The evolving landscape of AI-powered urinalysis presents 
numerous opportunities for future development and 
integration into urinary tract infection (UTI) diagnostics. 
One key direction is the refinement of AI algorithms to 
enhance diagnostic accuracy, particularly in complex cases 
involving polymicrobial infections or atypical pathogens. 
Shen et al., emphasized the potential of hybrid models 
that combine multiple AI techniques, including deep 
learning, machine learning, and ensemble approaches, to 
improve sensitivity and specificity across diverse patient 
populations.8 By leveraging larger, multicenter datasets, 
AI models can become more robust and generalizable, 
addressing current limitations in dataset heterogeneity and 
algorithm performance.3

Table 2. Workflow and clinical integration of AI-powered urinalysis compared with conventional diagnostic processes
Workflow component Conventional urine analysis and culture Ai-powered urinalysis workflow Impact on clinical integration

Sample Collection Manual urine collection and labeling; 
prone to handling errors

Similar process but can be linked to 
digital sample tracking systems

Enhanced traceability and reduced 
labeling errors through automation.

Laboratory Processing Manual microscopy and culture 
incubation requiring skilled personnel

Automated imaging and data acquisition 
using AI-enabled analyzers

Reduces manual workload and 
laboratory turnaround time.

Data Interpretation Microbiologist interpretation of 
microscopic findings and culture results

Algorithm-based interpretation 
and pattern recognition for 

pathogen prediction

Provides faster, standardized, and 
reproducible diagnostic insights.

Reporting and 
Documentation

Manual entry into laboratory 
information systems

Seamless integration with 
electronic health records (EHR) and 

automated report generation

Streamlines reporting, minimizes 
transcription errors, and 

supports real-time updates.
Clinical Decision Support Dependent on culture confirmation 

and clinician judgment
AI-generated risk scores and predictive 
outcomes assist early decision-making

Enables early empirical therapy and 
supports antimicrobial stewardship.

Quality Control Periodic manual calibration and 
review of test performance

Continuous algorithmic self-learning 
and performance monitoring

Ensures consistent diagnostic quality 
and adaptive system improvement.

Interdisciplinary 
Communication

Relies on verbal or written communication 
between lab and clinicians

Integrated dashboards facilitate 
real-time collaboration

Improves coordination between 
laboratory staff and clinicians, 

expediting care delivery.
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Integration with point-of-care (POC) testing represents 
another promising avenue. Althowaimer et al., highlighted 
the development of portable, AI-enabled urinalysis devices 
that provide near-instant results, enabling rapid triage in 
outpatient clinics, emergency departments, and resource-
limited settings.1 Such devices can facilitate timely clinical 
decision-making, reduce unnecessary urine cultures, and 
support antimicrobial stewardship by guiding empiric 
therapy more precisely. Coupling these devices with 
telemedicine platforms could further extend access to 
diagnostic services, particularly in underserved or rural 
populations.

The incorporation of multi-omics data into AI-driven 
models is also anticipated to enhance predictive capabilities. 
Naik et al., suggested that integrating genomic, proteomic, 
and metabolomic profiles from urine samples could 
allow AI algorithms to not only detect infections but also 
predict pathogen resistance patterns and disease severity. 
This approach could transform UTI management from 
a reactive to a proactive strategy, enabling personalized 
treatment plans based on individual patient risk profiles 
and microbial characteristics.2

Another significant future direction involves the standard-
ization and regulatory approval of AI-assisted urinalysis 
platforms. De Bruyne et al., stressed the importance of 
developing universally accepted performance benchmarks, 
validation protocols, and reporting guidelines to ensure 
safety, reliability, and interoperability across different 
healthcare systems.4 Continuous post-market surveillance 
and algorithm recalibration will be essential to maintain 
performance in real-world clinical environments, parti-
cularly as microbial patterns evolve over time.

Ethical and educational considerations will also shape 
the future of AI in UTI diagnostics. Clinicians must be 
trained to interpret AI-generated results effectively, 
balancing algorithmic predictions with clinical judgment.7 
Transparent and explainable AI systems will be critical to 
building trust among healthcare providers and patients 
alike, ensuring that technology complements rather than 
replaces human expertise. Choi et al., further emphasized 
the importance of integrating AI within broader diagnostic 
workflows, creating a synergistic approach that combines 
rapid AI-driven assessments with confirmatory urine 
cultures where necessary.5

Overall, the future of AI-driven UTI diagnostics lies 
in the convergence of advanced algorithms, point-of-
care accessibility, multi-omics integration, regulatory 
standardization, and ethical implementation. By addressing 
current limitations and embracing these innovations, AI 
has the potential to transform UTI management, offering 
faster, more accurate, and personalized diagnostic solutions 
while maintaining high standards of patient safety and 
clinical reliability.

DISCUSSION

AI algorithms and computation techniques for urinalysis
The proliferation of AI algorithms and computational 
techniques in urinalysis demonstrates the field’s rapid 
evolution toward precision diagnostics. Machine learning 
and deep learning models have shown strong capability in 
pattern recognition and predictive analytics, with ensemble 
and hybrid approaches further enhancing accuracy. The 
diversity of algorithms allows for tailored solutions for 
different laboratory setups and patient populations. How-

Table 3. Summary of included studies on AI applications in urinalysis for UTI diagnosis
Author (Year) Study design AI Technique/model Data source Key findings

Althowaimer et al. (2024) Review AI-based diagnostic systems Laboratory diagnostic data Highlighted AI’s role in 
improving diagnostic accuracy 

and workflow efficiency
Naik et al. (2024) Review Machine learning models Multi-source clinical data Emphasized AI in rapid diagnosis 

and clinical decision support
Goździkiewicz et al. (2022) Literature review Machine learning algorithms Various datasets Identified benefits and limitations 

of AI in UTI diagnosis
De Bruyne et al. (2023) Review ML and deep learning Clinical urinalysis datasets Demonstrated broad applicability 

of AI in urinalysis
Choi et al. (2024) Retrospective analysis AI-integrated 

predictive modeling
Urine samples with 

culture results
High accuracy in predicting 

urine culture outcomes
Dong et al. (2022) Experimental study AI with flow microimaging Suspected UTI patients High diagnostic performance 

in rapid urinalysis
Dedeene et al. (2024) Retrospective study Neural networks Clinical urinalysis + 

demographics
Effective prediction of 
urine culture results

Shen et al. (2024) Systematic review 
and meta-analysis

ML and DL models Multicenter datasets Reported high pooled diagnostic 
accuracy of AI models

Taylor et al. (2018) Retrospective study Machine learning models Emergency department data Accurate prediction of UTI 
in clinical settings

Del Ben et al. (2023) Observational study Interpretable 
machine learning

Urine screening datasets Improved effectiveness of 
urine culture screening

Şen et al. (2024) Experimental study Machine learning algorithms Clinical datasets Demonstrated reliable 
prediction of UTIs using ML

Demirci et al. (2025) Retrospective cohort Machine learning models Urinalysis and 
hemogram data

Accurate prediction of 
positive urine cultures

Dai et al. (2024) Preprint study Explainable AI models EHR and laboratory datasets Enabled classification of UTI 
risk groups using AI

Li et al. (2021) Preprint study Attention-based AI model Clinical datasets Demonstrated AI potential in 
infection risk prediction
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ever, performance variability due to dataset size, quality, 
and heterogeneity underscores the need for standardized 
training datasets and robust validation frameworks. 
Optimizing these algorithms will be critical for translating 
technical capability into consistent clinical outcomes.

Diagnostic performance metrics
AI-powered urinalysis has demonstrated high diagnostic 
performance across sensitivity, specificity, and predictive 
values, often approaching or surpassing conventional 
urine culture benchmarks. These metrics indicate potential 
for early detection and rapid clinical decision-making. 
However, variations in algorithm design, microbial 
complexity, and pre-analytical factors can influence 
performance, highlighting the importance of rigorous 
prospective validation. While impressive, these metrics 
alone are insufficient; clinical context and interpretability 
remain crucial for safe implementation.

Comparative effectiveness versus urine culture
Comparisons between AI-based urinalysis and traditional 
culture methods reveal promising concordance, particularly 
for common uropathogens. AI demonstrates potential 
to reduce reliance on time-consuming cultures, allowing 
earlier clinical intervention. Nevertheless, culture remains 
indispensable for complex or polymicrobial infections, 
antimicrobial susceptibility testing, and confirmatory 
diagnosis. Integrating AI as a complementary tool rather 
than a replacement may offer the most pragmatic path 
forward while maintaining diagnostic reliability.

Workflow and clinical integration
The integration of AI into laboratory and point-of-care 
workflows enhances efficiency and reduces turnaround 
times, potentially improving patient outcomes. Automated 
analyzers and EHR integration allow real-time clinical 
decision support, facilitating triage and antimicrobial 
stewardship. Despite these advantages, successful adoption 
requires careful attention to staff training, interoperability, 
and system validation. Workflow improvements alone are 
insufficient unless coupled with consistent quality assurance 
and clinician engagement.

Challenges, limitations, and validation requirements
Despite technological advancements, several challenges 
limit the clinical deployment of AI urinalysis. Dataset 
heterogeneity, algorithm interpretability, and variability 
in pre-analytical factors can reduce reliability. Ethical, 
regulatory, and infrastructural considerations further 
complicate adoption. Rigorous prospective validation, 
multicenter studies, and continuous recalibration are 
essential to ensure reproducibility and patient safety. 
Addressing these barriers is pivotal for AI to achieve its 
full potential.

Future directions in AI-driven UTI diagnostics
The future of AI in UTI diagnostics lies in hybrid algorithm 
development, integration with point-of-care devices, multi-
omics incorporation, and regulatory standardization. 
Transparent and explainable AI, combined with clinician 
education, will be essential for trust and adoption. 
Emerging technologies could transform management 
from reactive to proactive, personalized interventions, 
while complementing traditional culture methods. By 

addressing current limitations and leveraging inno- 
vation, AI promises to redefine the diagnostic landscape 
of urinary tract infections.

CONCLUSION

Artificial intelligence has demonstrated significant potential 
to transform urinalysis and the diagnosis of urinary tract 
infections. Advances in machine learning, deep learning, 
and hybrid computational approaches have improved 
the accuracy and speed of detecting pathogens in urine 
samples, offering an alternative or complementary tool to 
traditional culture methods. These technologies provide 
rapid results, support early clinical decision-making, and 
hold promise for integration into point-of-care settings, 
which could enhance patient outcomes and optimize 
healthcare workflows.

Despite these promising developments, several challenges 
remain. Variability in dataset quality, algorithm inter-
pretability, and pre-analytical factors can limit the relia-
bility of AI-powered urinalysis. Ethical considerations, 
regulatory requirements, and the need for standardized 
validation protocols are crucial to ensure safe and 
consistent implementation across diverse clinical settings. 
Additionally, while AI can enhance diagnostic efficiency, 
conventional urine culture remains indispensable for 
complex infections, antimicrobial susceptibility testing, and 
confirmatory diagnoses. Therefore, AI is most effectively 
applied as a complementary tool rather than a full replace-
ment of traditional methods.

Looking ahead, the future of AI-driven UTI diagnostics 
is likely to involve the integration of multi-omics data, 
advanced hybrid algorithms, and portable point-of-care 
devices. Transparent and explainable AI, coupled with 
clinician training, will be essential to foster trust and 
maximize clinical utility. By addressing current limitations 
and embracing innovative approaches, AI has the potential 
to redefine UTI management, providing faster, more 
accurate, and personalized diagnostics while maintaining 
patient safety and clinical reliability. The incorporation 
of AI into routine urinalysis represents a significant step 
toward a more precise and efficient future in UTI diagnosis.
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Angiomyolipoma with Epithelial Cysts: 
A Case Report and Review of Literature
Pia Nenita Duque, Jeffrey So, Jose Gabriel Gonzales, Josefino Castillo, Joseph Vincent Songco

Institute of Pathology, St. Luke’s Medical Center, Quezon City, Philippines

ABSTRACT

Angiomyolipoma with epithelial cysts (AMLEC) is a rare subtype of angiomyolipoma that may closely mimic 
both malignant and benign neoplasms. We report a case of AMLEC in an 18-year-old female presenting 
with acute flank pain and radiologic suspicion for malignancy. This case highlights the diagnostic challenges 
posed by AMLEC, emphasizes its characteristic histopathologic and immunohistochemical features, and 
reviews current concepts regarding its pathogenesis. This case represents the first documented case of 
AMLEC in the Philippines.

Key words: angiomyolipoma, angiomyolipoma with epithelial cysts, kidney neoplasms, histopathology, 
immunohistochemistry, case report

INTRODUCTION

Angiomyolipoma with epithelial cysts (AMLEC) is recog-
nized as a rare subtype of renal angiomyolipoma (AML) 
by the World Health Organization (WHO) Classification 
of Tumors.1 Unlike classic AML, AMLEC is characterized 
by a complex admixture of solid and cystic components, 
a feature that may pose a diagnostic challenge due to its 
ability to closely mimic both benign and malignant renal 
neoplasms on imaging and histopathologic examination. 
Since its initial description in 2006,2,3 only a limited 
number of cases have been reported in the literature, and 
its pathogenesis remains incompletely understood. This 
case report aims to describe the clinicopathologic features 
of AMLEC, highlight the diagnostic utility of immuno-
histochemistry in distinguishing it from its benign and 
malignant mimics, and discuss current theories regarding 
its pathogenesis. To the authors’ knowledge, this represents 
the first reported case of AMLEC in the Philippines, and 
one of the youngest patients described in literature. 

CASE
 
We present the case of a previously healthy 18-year-old 
female who was brought to the emergency department 
due to sudden onset left flank pain. Patient had no 
comorbid diseases, and no family history of tuberous 
sclerosis complex. Magnetic resonance imaging (MRI) 
revealed a heterogeneous mass in the anterior interpolar 
to inferior pole of the left kidney with an exophytic 
component measuring 3.9 x 4.3 x 3.6 cm (Figure 1). Also 
noted was a heterogeneous fluid collection representing 
hyperacute to acute subcapsular renal hemorrhage. The 
primary radiologic consideration at this time was a renal 
cell carcinoma associated with hemorrhage secondary to 
spontaneous rupture. The patient subsequently underwent 
left open radical nephrectomy. On gross examination, there 
was note of a cream tan to brown, firm to rubbery solid 
mass with irregular contour measuring 4 x 3.5 x 2.5 cm 
in single widest dimension, located predominantly within 
the perinephric fat of the middle to inferior pole of the 
kidney, with involvement of the renal cortex on sectioning.
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Microsections of the mass disclosed plump spindle cells 
arranged in solid sheets, associated with thick-walled, 
dysmorphic blood vessels, and focal areas of mature 
adipose tissue, morphologically consistent with classic AML. 
Interspersed between these areas were multiple varisized 
cysts lined by bland-appearing cuboidal to columnar cells, 
with some exhibiting hobnailed appearance. These cystic 

structures were embedded in a cellular, cambium-like 
stroma composed of small, compact round to spindle cells 
with scant cytoplasm, associated with lymphocytic infiltrates 
(Figure 2). 

Immunohistochemical studies (Table 1) were performed 
for a more definite diagnosis and to rule out benign and 
malignant differentials. The solid, spindled areas showed 
positive, patchy expression for melanocytic markers human 
melanoma black (HMB45) and Melan A, while smooth 
muscle actin (SMA) showed diffused positivity, consistent 
with a smooth muscle-predominant AML (Figure 3). 
The cambium-like stroma exhibited positive staining for 
melanocytic markers, with particularly strong staining 
for HMB45 relative to the smooth muscle-predominant 
area (Figure 4A). In addition, the cambium-like layer 
strongly expressed estrogen receptor (ER), progesterone 
receptor (PR), and cluster of differentiation 10 (CD10) 
(Figure 4B to 4D). The cyst-lining cells stained positive for 
cytokeratin, demonstrating their epithelial origin (Figure 
5A). Additionally, these cells showed positive staining for 
paired box 8 transcription factor (PAX8) (Figure 5B) and 
negative staining for melanocytic markers, ER, and PR 
(Figure 4A to 4C). Based on these findings, a diagnosis of 
AMLEC was rendered.

Figure 1. MRI of the upper abdomen showing a heterogeneous 
mass in the left kidney (arrowhead).

Figure 2. Cysts lined by columnar to cuboidal cells embedded in a cambium-like stroma (arrowhead) 
(A) H&E, 100x (B) H&E, 200x. Cyst-lining cells exhibiting hobnailed appearance (C) H&E, 200x (D) 
H&E, 400x.

A

C

B

D
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Figure 3. Spindle cell component of tumor with positive staining for (A) SMA, 200x, (B) HMB45, 200x, 
and (C) Melan A, 200x, with note of negative expression of SMA in the subepithelial stroma (A).

A C

B

Figure 4. Cambium-like subepithelial stroma with positive staining for (A) HMB45, 200x, (B) ER, 
200x, (C) PR, 200x, (D) CD10, 200x, and negative staining in cyst-lining cells.

A

C

B

D
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Following surgery, the patient had an unremarkable 
postoperative course and was discharged stable. At the 
most recent follow-up, patient was clinically well with no 
evidence of disease.

DISCUSSION

AMLEC is a rare subtype of renal AML exhibiting 
cystic and solid architecture, in which epithelial-lined 
cysts surrounded by a cambium-like stromal layer are 
admixed with a predominantly smooth muscle-rich 
angiomyolipomatous component.1-4 The characteristic 
histopathologic features of this entity were first described 
in 2006 by Davis et al.,2 in a series of 11 cases, while in 
the same year, Fine et al.,3 formally designated the lesion 
as angiomyolipoma with epithelial cysts, or AMLEC. 

Based on a review of published literature2,3,5-18 (Table 2), 
fewer than 40 histopathologically well-documented cases 
of AMLEC have been reported, with additional isolated 
cases described in clinically or radiologically focused 
publications. Reported cases of AMLEC span a wide age 
range, from 17 to 76 years, with a median age of 41.5 years 
among the cases reviewed. A female predominance was 
observed, and tumors most commonly arose unilaterally, 
with no clear predilection for the right or left kidney. One 
case demonstrated bilaterality;3 however, histopathologic 
confirmation was done for only one kidney. Tuberous 
sclerosis complex was identified in only three patients,3,5,6 
diagnosed at 17, 37, and 46 years of age, with all tumors 
occurring unilaterally. Notably, one patient with tuberous 
sclerosis complex was found to have an associated 
eosinophilic solid and cystic renal cell carcinoma and 
epithelioid AML in the same kidney.6 Consistent with 

Table 1. Summary of immunohistochemical stain results
Immunohistochemical Stain Spindle cell-predominant area Cyst-lining cells Cambium-like stroma

CK Negative Positive Negative
PAX8 Negative Positive Negative
SMA Positive, strong, diffuse Negative Negative
HMB45 Positive Negative Positive, strong
Melan A Positive Negative Positive
ER Negative Negative Positive
PR Negative Negative Positive
CD10 Negative Positive, weak, focal Positive
CD10, cluster of differentiation 10; CK, cytokeratin; ER, estrogen receptor; HMB45, human melanoma black; PAX8, paired 
box 8 transcription factor; PR, progesterone receptor; SMA, smooth muscle actin

Figure 5. Cyst-lining cells showing positive staining for (A) CK, 200x and (B) PAX8, 200x.

A B

Table 2. Comparison of clinical and demographic features of present and previously reported cases
Feature Previously reported cases2-3,5-18 (36 patients) Present case

Age (years) 17-76 (Median 41.5) 18
Sex Female predominance (67%) Female
Clinical presentation Incidental findings (52%)

Others: Flank pain, hematuria, dysuria
Flank pain

Laterality Unilateral (Right = Left)
Bilateral in one case3

Left

Size (cm.) 1.3-11 (Median 3) 4
Tuberous sclerosis complex Three cases: 17/Male5, 37/Female3, 46/Female6 No personal or family history
Outcome Alive with no disease recurrence Alive with no evidence of disease 

at most recent follow-up
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The epithelial cysts are described as variably sized and 
lined by bland-appearing cuboidal to columnar cells with 
eosinophilic to clear cytoplasm.2-4 Some exhibit hobnail 
morphology, with nuclei protruding into the cystic 
lumen.2-4 These cyst-lining cells typically stain positive 
for pancytokeratins, thereby supporting their epithelial 
nature, and are negative for melanocytic markers, as well 
as ER, PR, and CD10.2-4 The origin of these epithelial 
cells, however, is a subject of contention, with two possible 
theories discussed in literature. One was proposed by Fine 
et al.,3 who theorized that the cysts come from dilated 
entrapped native tubules because of their morphologic 
resemblance to collecting duct epithelium. Obstruction of 
these tubules by the AML is said to result in dilatation and 
cyst formation.3 This mechanism is favored by a number 
of subsequent case reports.13,14 Notably, a study by Karafin 
et al.,5 further supported this theory by demonstrating 
similar PAX2 and PAX8 positivity between epithelial cysts 
of AMLEC and renal tubules of benign kidney tissue. In 
contrast, Davis et al.,2 argued against entrapment of renal 
tubules as the origin, stressing that entrapped tubules are 
typically confined to the periphery of AMLs, which they 
did not observe in their case series. They further noted the 
presence of epithelial cysts located completely outside the 
kidney, which is incompatible with entrapment of native 
renal parenchyma.2 On the basis of these observations, 
Mikami et al.,9 speculated that the epithelial cysts may 
represent a component of the neoplastic process. In 
support of this, Filho et al.,15 demonstrated expression of 
melanocytic markers in the epithelial lining of the cysts, 
suggesting neoplastic differentiation from AML. However, 
this finding is documented only in a single case and has 
not been reproduced in other published reports. Several 
authors have acknowledged that either mechanism may 
be possible.7,10,16,17 More recently, Li et al.,13 made use 
of the immunohistochemical stains glycoprotein non-
metastatic melanoma protein B (GPNMB) and tuberous 
sclerosis 2 (TSC2) to demonstrate aberrant expression in 
the stromal component of AMLEC cases, while a normal 
immunoprofile was observed in the epithelial cysts and 
adjacent renal parenchyma, suggesting that these cysts 
represent entrapped tubules. In the present case, positive 
expression for PAX8 and lack of expression for melanocytic 
markers of the epithelial lining is more in keeping with 
renal tubular derivation, though conclusions regarding 
cyst origin cannot be definitively drawn.

Due to its complex histomorphology, AMLEC may be 
confused with a variety of benign and malignant renal 
tumors. Renal cell carcinoma is the most commonly cited 
malignant mimic of AMLEC in published cases, both 
radiologically and histopathologically.3,7,10-13,18 In particular, 
clear cell renal cell carcinoma with cystic architecture 
in which neoplastic cells line cystic spaces, may closely 
resemble AMLEC, which has also been shown to exhibit 
clear cell change within the epithelial lining.3-4,9 In the 
present case, a renal cell carcinoma with a sarcomatoid 
component was also considered due to the presence of a 
prominent spindle cell stroma. Another malignant entity 
entertained in the differential diagnosis of this case is 
synovial sarcoma. Similar to AMLEC, biphasic synovial 
sarcoma is composed of both spindle cell and epithelial 
components, with the latter forming glandular spaces 
lined by cuboidal to columnar cells.19 Among the benign 

literature, our patient is female with a unilateral tumor; 
however, at 18 years of age, she represents one of the 
youngest reported cases, and the youngest case with no 
personal or family history of tuberous sclerosis complex. 
AMLEC has most commonly been reported as an 
asymptomatic incidental finding on imaging performed 
during routine medical examinations or evaluation 
for unrelated conditions,2-4 in contrast to our patient 
who presented with sudden onset flank pain. When 
symptomatic, presenting features have included flank 
pain,2,3,7,8 hematuria,2,3,9 dysuria,3,7 and less commonly, groin 
pain,3 chronic renal insufficiency,3 and acute abdomen 
from retroperitoneal hemorrhage.2 Radiologically, AMLEC 
typically appears as a solid or complex cystic mass,4 as 
opposed to most classic AMLs which exhibit high fat content 
on ultrasonography and computed tomography.1 Owing to 
its nonspecific imaging characteristics, AMLEC has been 
reported to mimic renal cell carcinoma,3,7,10-13 resulting 
in radical surgical management. In the present case, 
although renal cell carcinoma was similarly the primary 
clinical and radiologic consideration, the presence of acute 
subcapsular hemorrhage was a factor that influenced the 
decision to proceed with radical surgical intervention 
in the context of tumor-associated bleeding. Following 
resection, AMLEC was grossly described in literature as 
a well-circumscribed, yellow to gray, solid to cystic mass, 
with sizes ranging from 1.3 cm. to 11 cm,2,3,5-18 the largest 
of which was reported by Varshney et al.7 In this patient, 
the tumor was predominantly solid on gross examination, 
and fell within the reported size range.

Microscopically, AMLEC is characterized by three 
distinct features, namely, a smooth muscle-predominant 
angiomyolipomatous component, epithelial-lined cysts, 
and a compact, subepithelial cambium-like stromal layer.1-3 

The smooth-muscle predominant AML accounts for the 
solid areas of the tumor, and is composed of sheets or 
fascicles of plump spindle cells arising from thick-walled 
vessels, and scant to absent adipose tissue.2-4 These typically 
stain positive for SMA and the melanocytic markers 
HMB45 and Melan A, consistent with the immunohisto-
chemical profile of a smooth muscle-predominant AML.2-4

The subepithelial layer immediately beneath the epithelial-
lined cysts is composed of small, compact spindle cells 
with scant cytoplasm, forming a cambium-like pattern 
that is sharply demarcated from the surrounding smooth 
muscle component.2-4 Immunohistochemically, this 
cambium-like stromal layer shows strong expression of 
melanocytic markers, compared to the adjacent smooth 
muscle stroma where staining is less intense. It also 
typically expresses ER, PR, and CD10. Together with its 
morphologic resemblance to endometrial stroma and 
distinct immunoprofile, this stromal component has 
been interpreted as exhibiting features of both Müllerian 
and melanocytic differentiation.3,4,10 In the literature, 
Müllerian differentiation in renal neoplasms has been 
attributed to the shared embryologic origin of the 
urinary and genital systems from the urogenital ridge, 
resulting in overlapping epithelial and mesenchymal 
differentiation between the two systems.3-4,10 This cambium-
like layer is considered a defining feature of AMLEC 
that distinguishes it from other cystic renal neoplasms.2-4
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mimics, mixed epithelial and stromal tumor (MEST) is 
regarded as one of the prime differentials owing to its 
substantial morphologic overlaps with AMLEC.19 Like 
AMLEC, MEST exhibits a biphasic architecture composed 
of epithelial cysts lined by cuboidal or hobnail-shaped cells 
embedded in a spindle cell stroma that also expresses ER, 
PR, and CD10.1 By immunohistochemistry, positivity for 
HMB45 and Melan A in the subepithelial cambium-like 
layer and spindle cell component can reliably distinguish 
AMLEC from its benign and malignant mimics, which lack 
melanocytic expression.4 

Recent case reports have identified alterations in TSC1 and 
TSC2 in sporadic cases of AMLEC. Song et al.,8 reported 
a case with a TSC2 nonsense mutation, while Xu et al.,18 
described a fat-poor AMLEC harboring a TSC1 splice-site 
mutation. In addition to lending support to the discussion 
on the origin of epithelial cysts, GPNMB and TSC2 
immunostains were utilized by Li et al.,13 to demonstrate 
underlying TSC2 pathway alterations in a number of 
AMLEC cases. 

AMLEC is considered a benign renal neoplasm, and to date, 
there have been no reported cases of recurrence, metastasis, 
or malignant transformation. Most patients described in 
the literature underwent surgery in the form of partial or 
radical nephrectomy, commonly because of preoperative 
radiologic suspicion for renal cell carcinoma.2-4 When 
follow-up information is available, reported outcomes have 
been favorable, with patients remaining alive and without 
evidence of disease following resection.3,4,6-10,16-18

CONCLUSION

Angiomyolipoma with epithelial cysts is a rare renal 
neoplasm with a limited number of reported cases in the 
literature. Owing to its tendency to mimic malignancy on 
imaging and its close morphologic overlap with several 
benign and malignant renal tumors, AMLEC should be 
considered in the differential diagnosis of solid to cystic 
renal neoplasms. Careful histopathologic evaluation, 
supplemented by immunohistochemistry, is essential for 
accurate diagnosis.
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Monomorphic Epitheliotropic Intestinal T-cell Lymphoma 
with Alveolar and Maxillary Metastases: A Case Report
Clarisse Anne Nuqui,1 Waldemar Siy,1 Karen Damian2

1Department of Laboratories, University of the Philippines – Philippine General Hospital
2Department of Pathology, University of the Philippines Manila College of Medicine

ABSTRACT

This is a case of monomorphic epitheliotropic intestinal T cell lymphoma presenting as ruptured viscous 
in a 64-year-old male. Monotonous cells were seen to infiltrate the full thickness of the bowel with 
immunoreactivity for CD3, CD8, CD56, CD68 and Granzyme B. The patient subsequently presented with 
maxillary and alveolar mass with similar immunohistomorphologic findings, suggesting metastasis. This rare 
disease has poor prognosis thus further reports should be conducted to profile this type of tumor.

Key words: monomorphic epitheliotropic intestinal T-cell lymphoma; intestinal perforation; enteropathy-
associated T-cell lymphoma type II; case report

INTRODUCTION

Monomorphic epitheliotropic intestinal T-cell lymphoma 
(MEITL) is a rare and aggressive type of tumor derived 
from intraepithelial T lymphocytes. This entity was 
previously grouped under Type II Enteropathy associated 
T-cell lymphoma but was re-classified as a distinct entity 
due to its lack of association with celiac disease.1 The disease 
has a worldwide distribution, however, most reports are 
seen in the Asian population, with most cases occurring 
in East Asia.2-5 MEITL and EATL comprise 2% of known 
cases of peripheral T-cell lymphomas in Asia. In the 
Philippines, cases of primary intestinal T-cell lymphoma 
are underreported. As of writing, there is no known case 
of MEITL reported in recent literature locally.  

CASE

We report a case of a 64-year-old male who presented 
in the emergency room with a 3-day history of sharp 
periumbilical pain which eventually worsened and 
became associated with fever. Patient has no known 
comorbidities, or history of celiac disease. He is a 20-pack 
year smoker, with a family history of emphysema. Physical 
examination findings showed stable vital signs but with 
distended abdomen, direct and rebound tenderness on all 
quadrants with guarding. Chest X-ray revealed pneumo- 
peritoneum thus a ruptured viscus was considered. 

The patient was subsequently admitted and underwent 
an exploratory laparotomy where intraoperative findings 
showed a necrotic segment of jejunum 10 to 20 cm 
from the Ligament of Treitz (LOT), thick walled and 
perforated ileum located 200 cm from LOT, and multiple 
palpable mesenteric lymph nodes. Ileal resection, gastro-
jejunostomy, and double barrel ileostomy was done, and 
the specimen submitted for histopathology. 

The patient was discharged well. Three weeks after the 
initial presentation, the patient noted enlarging right 
maxillary and left alveolar mass, warranting consultation 
in the outpatient department. Biopsy done revealed similar 
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microscopic and immunohistochemical findings with the 
intestinal specimen. One month after initial admission, the 
patient was readmitted for generalized abdominal pain, 
vomiting with noted hypotension, guarding and abdominal 
distention on physical examination. Patient was managed 
as a case of ruptured viscous and underwent re-exploratory 
laparotomy and partial duodenojejunectomy. During his 
hospital stay, the patient had episodes of hypotension, 
desaturation, and melena. The patient was referred to 
hospice and palliative care but eventually opted discharge 
and was lost to follow up. 

Segments of ileum and jejunum were sent for histo-
pathologic examination. Both ileal and jejunal resection 
specimens showed multiple, dark green, ill-defined masses 
which constrict but do not obstruct the lumen. The mass 
was also seen to grossly perforate the jejunum (Figure 1). 
On microscopy, monotonous small to medium round cells 
are seen to densely infiltrate the mucosa. The intestinal 
villi appear to be attenuated and are entirely lost in other 
areas (Figure 2). No glandular spacing or dropout is seen 
(Figure 3A). On high power view, the cells have vesicular 
nuclei and conspicuous nucleoli with scant cytoplasm 
(Figure 3B). Other areas of the intestine adjacent to the 
tumor show necrosis and ulceration (Figure 4A). Areas 

uninvolved by the tumor also show lymphoid infiltration, 
similar to lymphocytic colitis. (Figure 4B). The same 
microscopic features were also seen in the maxillary, 
alveolar and second resection specimens (Figure 5). 

Immunohistochemistry studies showed positive expression 
for LCA, CD3, CD8, CD56, CD68 and Granzyme B (Figure 
5). The tumor has negative staining for Pancytokeratin, 
CD20, CD30, CD4 and CD5 (Figure 6). Given the clinical 
and immunohistomorphologic findings, the diagnosis of 
Monomorphic Epitheliotrophic Intestinal T-cell Lymphoma 
was established.

DISCUSSION

MEITL is a primary intestinal T-cell lymphoma that is 
known to have a worldwide distribution but is mostly 
reported among the Asian and Hispanic population. Most 
reported cases are in the East Asian Region, but cases 
have also been reported in western countries, which share 
the same clinical course and histomorphologic findings.6 
Historically, MEITL was grouped under Enteropathy-type-
T-cell lymphoma and designated as Type 2 Enteropathy 
associated T-cell lymphoma (EATL). In 2016, it was 
reclassified as a separate entity due to its lack of association 

Figure 1. Resected segment of the ileum shows multiple ill-
defined cream white to yellow necrotic lesions which perforate 
the full thickness of the intestinal wall 
Photos courtesy of Dr. Darwin Del Rosario from the Surgery Department.

Figure 2. Intestinal Mass. Dense sheets of round blue cells are 
seen to infiltrate the mucosa, with attenuation of the small 
intestinal villi, and ulceration of the surface epithelium (H&E, 
20x).

Figure 3. Intestinal Mass. Monomorphic 
round blue cells are seen to surround glands. 
(A) No increased glandular spacing or loss 
of glands are seen (H&E, 20x). (B) The cells 
are monomorphic with round to irregular 
vesicular nuclei, conspicuous nucleoli, and 
dense chromatin (H&E, 100x).A B
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Figure 6. Immunohistochemistry profile of the intestinal mass. The mass showed: (A) Strong, diffuse positivity for CD3 (HRP, 40x); 
(B) Patchy positivity for CD8 (HRP, 40x); (C) Diffuse positivity for CD56 (HRP, 40x); (D) Diffuse positivity for CD68 (HRP, 40x); (E) Diffuse 
positivity for Granzyme B (HRP, 40x).

Figure 5. Alveolar Mass. (A) Morphologically 
similar monomorphic cells are also seen to 
infiltrate the alveolar mass, showing a “starry 
sky” appearance (H&E, 20x). (B) Tumor cells 
stained positive for CD3, confirming their 
T-cell lineage (HRP, 20x). C. CD20 only stained 
positively in the admixed non-neoplastic B 
cells (HRP, 20x).A

A C

B

Figure 4. Intestinal Mass. (A) Other areas of 
the small intestine show necrosis (H&E, 20x). 
(B) Areas uninvolved by the tumor show 
normal architecture with intraepithelial 
lymphocytes (H&E, 20x).A B

B

C

D E
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with celiac disease, and its pathogenesis is less dependent 
on its presence. Genetic differences between the two entities 
supported this change in classification. MEITL showed 
MYC oncogene locus gain, and rare gains of chromosome 
1q and 5q.7 On the other hand, Type 1 Enteropathy 
associated T-cell lymphoma showed gains of chromosome 
1q and 5q and HLA-DQB1 genotype patterns with celiac 
disease. 

MEITL is reported to affect mostly adults, with an age 
range of 54-67 years old, with male predominance.2 The 
disease usually presents with vague symptoms including 
abdominal pain, weight loss, and intestinal obstruction 
or perforation. MEITL most commonly affects the small 
intestine, with some cases being reported to affect the 
colon, stomach, and duodenum. The disease is known 
to disseminate to mesenteric lymph nodes, and in rare 
cases, in the lung, liver, and brain.8-10 In the patient’s case, 
the disease was noted to have metastasized to the bone, 
particularly in the right maxilla. 

Because symptoms can be non-specific, patients tend to be 
diagnosed late and may not be able to start treatment early. 
The disease carries a poor prognosis, with only a median 
survival rate of 7 months, coupled with a low chemo- 
therapy response rate on CHOP-like polychemotherapy. 
Despite this, cases with recurrence free survival for five 
years have been previously reported and those with 
complete surgical resection carry a better prognosis.2,11 

Grossly, the tumor presents as an ulcerated mass and is 
indistinguishable from other hematolymphoid tumors. 
Microscopic examination shows monomorphic small round 
blue cells invading the intestinal mucosa, expanding the 
and distorting the villi. The affinity of the T-cells to the 

intestinal mucosa is the basis for their epitheliotropism. 
However, neoplastic cells may also invade the entirety 
of the gastrointestinal wall causing perforation. Typical 
immunophenotypic profile of MEITL shows CD2+, CD3+, 
CD4−, CD5−, CD7+, CD8+, and CD56+. Granzyme 
expression is less consistent.12 Differential diagnoses are 
listed below (Table 1). The closest differential diagnosis 
with the case presented is EATL, which shares similar 
cytotoxic T-cell immunophenotype. However, for EATL, 
tumor cells are more polymorphic, and CD8 and CD56 
are negative. Intestinal T-cell lymphoma, NOS, should 
also be considered which can also show atypical lymphoid 
infiltration and epitheliotropism. However, this can be 
excluded with its CD4 positivity and CD56 negativity. 

Another entity that should be excluded is Extranodal NK/
T-cell lymphoma (ENKTL). These tumors are composed 
of medium-sized lymphoid cells, with positivity for CD3, 
Granzyme B, and variably express CD56, similar to our 
case. However, no angiocentric or angioinvasive pattern 
was seen, which is characteristic of ENKTL.13 Epstein 
Barr Virus positivity for this case is still in question, 
however, since the patient was lost to follow up, further 
testing cannot be done. It is therefore recommended that 
EBER-In Situ Hybridization be performed to complete 
rule out this entity, as there may be a modification in the 
chemotherapy regimen. Addition of L-Asparaginase to 
the traditional CHOP regimen is recommended in some 
studies.14 Other studies recommend a different treatment 
altogether, without the use of anthracycline-based drugs, 
using asparaginase-gemcitabine based regimens.15 

Etiology of MEITL remains unknown. Neoplastic T-cells 
are implicated to arise from intestinal intraepithelial 
lymphocytes with CD8+ and CD56+. Whole genome 

Figure 7. Immunohistochemistry profile of the intestinal mass. (A-E) The mass showed negativity for (A) Pancytokeratin, (B) CD20, 
(C) CD30, (D) CD4, and (E) CD5 (HRP, 40x).

A CB

D E
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sequencing showed characteristic activating mutations of 
the JAK-STAT pathway, with mutations of STAT5B being 
the most common.16 In one small study using Next 
Generation Sequencing, mutations in STAT5B, SETD2, 
NRAS, KRAS, and JAK3 were identified.17 Fluorescence 
in-situ hybridization studies have also demonstrated 
SETD2 deletions and MYC gene locus alterations. 
Expression of MYC was associated with less monomorphic 
morphology on histology, p53 mutations, and poorer 
overall survival in one study.6 

Although diagnosis rests mostly on the morphology and 
immunophenotypic profile, molecular studies can help 
in detecting more mutations which can be future drug 
targets. Reporting should be intensified to characterize this 
type of tumor and increase the index of suspicion for its 
occurrence before patients deteriorate. More knowledge 
on MEITL can help in the search for better therapeutic 
regimen for these patients and alter their clinical course. 

CONCLUSION

This is a case of a 64-year-old male presenting with 
abdominal pain and ruptured viscous at the emergency 
room. On histopathologic examination, dense sheets 
of small to medium sized mononuclear cells were seen 
to infiltrate and perforate the bowel wall. The tumor 
was immunoreactive for CD3, CD8, CD56, CD68 and 
Granzyme B, confirming its diagnosis as Monomorphic 
Epitheliotropic Intestinal T-cell Lymphoma. Although this 
entity is commonly seen in the Asian population, no case 
has been reported yet in the Philippines. Reporting should 
be intensified to characterize this type of rare tumor to 
help future researchers in their search for a cure.
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DEK::AFF2 Squamous Cell Carcinoma is a Deceptive Mimic
of Inverted Sinonasal Papilloma: A Case Report
Karen Cybelle Sotalbo, Jonathan Rivera, Clarisse Anne Nuqui

Department of Laboratories, Philippine General Hospital

ABSTRACT

An elderly Filipino female presented with a 5-year enlarging left nasolacrimal mass initially diagnosed as 
Inverted Papilloma of the Lacrimal Sac. Repeat biopsy revealed a papillomatous neoplasm with thick and 
thin papillae, solid invaginating lobules, and anastomosing trabeculae of monomorphic squamotransitional 
cells, briskly infiltrated by neutrophils. Mucocytes, respiratory epithelium, and microcysts, typical of Inverting 
Sinonasal Papilloma, are absent. Immunohistochemistry, including a validated AFF2 IHC, confirmed the 
diagnosis of DEK::AFF2 sinonasal carcinoma. Awareness of this emerging entity is essential to prevent 
misdiagnosis and prompt surgical management.

Key words: DEK, AFF2, squamous cell carcinoma, case report, Philippines

INTRODUCTION

DEK::AFF2 sinonasal carcinoma is an emerging entity 
in the sinonasal tract and skull base classified as a 
subtype of Non-keratinizing Squamous Cell Carcinoma. 
However, it is likely an under-recognized neoplasm often 
misdiagnosed as a benign inverted sinonasal papilloma 
(ISP) due to its frequent papillomatous growth and 
strikingly bland monomorphic cytology.1-5 Alternatively, 
due to its banal appearance, some cases of DEK::AFF2 
sinonasal carcinoma have been previously classified as 
“low-grade papillary Schneiderian carcinoma.”2-6 A subset 
of cases may also display overt carcinomatous features 
similar to non-keratinizing squamous cell carcinoma or 
adenosquamous carcinoma of the sinonasal tract and skull 
base.2,3,5 The diagnosis is made upon evaluation of key 
histologic and immunophenotypic features followed by 
confirmatory molecular testing for the DEK::AFF2 fusion 
or a validated immunohistochemical (IHC) assay for the 
AFF2 protein, as a confirmatory surrogate.3 Increasing 
awareness is important as this tumor can have frequent 
local recurrences, occasional lymph node and distant 
metastases, and rare tumor-related deaths.3,5 Here, we 
report the first diagnosed case of DEK::AFF2 sinonasal 
carcinoma in an elderly Filipino patient.

CASE 

A 76-year-old female presented with a 5-year history of 
an enlarging left nasolacrimal mass. The mass began at 
the medial aspect of the left eye, with associated tearing 
and discharge. Eye drops were initially prescribed but 
afforded no relief from symptoms. She then sought 
consultation from another institution, where she was 
diagnosed with Chronic Dacryocystitis and Nasolacrimal 
Duct Obstruction, and subsequently underwent laser 
dacryocystorhinostomy. The patient reported slight relief 
of symptoms. However, in the interim, there was a gradual 
enlargement of the mass with an increase in tearing and 
discharge. Two months before the consult, a biopsy was 
done in another institution, where she was diagnosed with 
papilloma of the lacrimal duct, inverted type. Antibiotics 
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were prescribed, but the mass continued to increase in size, 
now with a left nasal extension. The patient eventually 
sought a consultation at the outpatient department.

On physical examination, there was a 4.0 x 4.0 x 2.0 cm 
firm, non-tender, fixed nodular mass on the left maxilla 
involving the left orbit and medial canthus. There was 
noted tearing and crusting of the left eye. On rhinoscopy, 
there was a fleshy mass completely obstructing the left nasal 
cavity. The rest of the physical examination, family history, 
and previous medical history are unremarkable.

Imaging showed that the mass arose from the left lacrimal 
sac with extension to the pre- and post-septal cavity, 
abutting the medial rectus muscle. The mass also extends 
to the inferomedial aspect of the globe, left frontal sinus, 
left anterior ethmoid sinus, and left nasal cavity, indenting 
the turbinates, and occupying the left nasolacrimal sac and 
duct. Mild septal deviation is seen (Figure 1A). No intra-
cranial extension was noted. The right frontal, ethmoid, 
and sphenoid sinuses, as well as the right nasal cavity, 
are uninvolved. A repeat biopsy was done and sent for 
histopathologic examination.

The tissue sample consists of several tan-brown fleshy 
fragments with an aggregate dimension of 3.5 cm. 
Histologic examination shows a papillomatous neoplasm 
forming thin and thick papillae, solid endophytic lobules, 
and anastomosing trabeculae of epithelial tumor cells 
(Figure 1B). The endophytic lobules comprise a solid 
proliferation of squamotransitional cells reminiscent of 
inverting sinonasal papilloma (Figure 1C). However, in 
contrast to inverting sinonasal papilloma, the neoplastic 
epithelium does not contain mucocytes, intermediate 
or respiratory-type epithelial cells, and microcysts that 
contain microabscesses. Instead, the polygonal tumor cells 
display striking monomorphism, ovoid vesicular nuclei, 
conspicuous nucleoli, and ample eosinophilic cytoplasm. 
An accompanying brisk peritumoral and intratumoral 
neutrophilic infiltrate is seen (Figure 1D). Due to the 
aforementioned histologic findings, immunohistochemical 
work-up using Pancytokeratin (AE1/AE3), p63, NUT, 
INI-1, and AFF2 for the C-terminus were performed. The 
tumor showed strong and diffuse expression of pancyto-
keratin and p63 (Figure 1E), confirming an epithelial 
neoplasm with squamous differentiation, was negative for 
NUT (image not included), ruling out a NUT carcinoma, 
and had retained expression of INI-1 (image not included), 
excluding a SMARCB1-deficient sinonasal carcinoma. 
The tumor showed a strong diffuse nuclear expression 
of AFF2 in all tumor cells (Figure 1F), confirming the 
diagnosis of DEK::AFF2 sinonasal carcinoma. The patient 
underwent complete resection of the tumor, including 
the orbital contents.

DISCUSSION

Epidemiology/Incidence
Sinonasal carcinomas are rare (1/100,000 population) and 
aggressive tumors that represent 3-5% of all head and neck 
cancers. Investigation of publicly available RNA data sets 
of sinonasal papillomas and squamous cell carcinomas 
and review of recurrent sinonasal papillomas over a two-
decade period have suggested DEK::AFF2 sinonasal carci-

noma to occur in 4.7-10.7% of cases. A total of 49 cases 
has been published to date.1-10 This is the first reported 
case of DEK::AFF2 sinonasal carcinoma in the Philippines.

Clinicopathologic features, presentation, and 
anatomic involvement
DEK::AFF2 sinonasal carcinoma most frequently involves 
the nasal cavity. This is followed in decreasing order of 
frequency by the nasopharynx, skull base, paranasal 
sinuses, middle ear, orbit, temporal bone, and rarely, by 
the lacrimal sac, similar to the present case.3,5 Interestingly, 
a case of DEK::AFF2-rearranged carcinoma has been 
reported in the lung with broncho-centric growth and 
co-expression of p40 and TTF-1, suggesting a potential 
origin from the basal cells of the respiratory epithelium.7

Morphologic features, differential diagnosis, and 
ancillary work-up
The histologic features of DEK::AFF2 sinonasal carcinoma 
usually fit into three distinct morphologic patterns, which 
may guide pathologists to its recognition. The Low-
grade Papillary Schneiderian Carcinoma subtype is the 
most common. From its namesake, prior cases with this 
morphologic pattern were previously classified as “Low-
grade Papillary Schneiderian Carcinomas” but were later 
found to harbor the defining DEK::AFF2 fusion, resulting 
in their reclassification.2,6 In this subtype, the neoplastic 
epithelium forms endophytic lobules usually with rounded 
non-infiltrative contours and anastomosing trabeculae, 
resembling ISP, its closest differential. In contrast to 
ISP, the tumor usually displays a greater architectural 
complexity, with back-to-back invaginating lobules and 
trabeculae forming a maze-like or labyrinthine pattern. 
Furthermore, the cells are strikingly monomorphic 
and bland, without the usual admixture of squamous, 
mucocytes, and respiratory-type cells in the epithelium and 
abscess-containing microcysts, which are distinguishing 
features of ISP. Likewise, these cell components are 
required to be at least focally present in ISP with dysplasia 
or carcinoma-ex ISP. Conspicuous central acantholytic 
change in the lobules confers a dilapidated appearance, 
pseudopapillary pattern, or areas reminiscent of stellate 
reticulum, which could be mistaken for ameloblastic 
epithelium. Stromal neutrophilic infiltrates surround 
the lobules or infiltrate between tumor cells.2,3,6 Less 
commonly, DEK::AFF2 sinonasal carcinoma may display 
an infiltrative pattern with varying but often limited 
squamous and/or glandular differentiation, corresponding 
to the non-keratinizing squamous cell carcinoma and 
adenosquamous carcinoma morphologic subtypes. When 
encountering these 2 morphologic subtypes, a wide range 
of differential diagnoses is considered. Briefly, cases 
of non-keratinizing squamous cell carcinoma subtype 
should be distinguished from 1) Virus-related (EBV or 
HPV) carcinomas; 2) Squamous cell carcinoma arising 
from ISP with an underlying EGFR-mutation; 3) poorly-
differentiated malignant neoplasms with squamous 
phenotype to include NUT carcinoma, SWI/SNF-related 
carcinoma, and adamantinoma-like ewing sarcoma; and 
4) Carcinogen-driven squamous cell carcinomas. Cases 
with adenosquamous carcinoma should be distinguished 
from HPV-multiphenotypic sinonasal carcinoma, 
adenosquamous carcinoma, and from mucoepidermoid 
carcinoma. Thus, work-up to variably consist of p40, p16, 
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Figure 1. Imaging and histopathologic findings of the case. (A) Imaging shows the tumor in the ethmoid sinus and left nasal cavity. 
It abuts the medial rectus muscle and displaces the left globe (white arrow). (B) Tumor fragments consist of papillae, solid endophytic 
lobules, and anastomosing thick trabeculae of tumor cells (H&E, 40x). (C) Solid endophytic lobules resemble those of inverting sinonasal 
papilloma but with greater cell crowding and solid growth (H&E, 100x). (D) Squamo-transitional tumor cells are monomorphic with ovoid 
vesicular nuclei and ample eosinophilic cytoplasm. Mucocytes, respiratory epithelium, and microcysts typical of ISP are not observed. 
Neutrophils surround the tumor cell clusters or infiltrate between tumor cells (H&E, 400x). (E) Tumor shows nuclear expression of p63 
(IHC, 200x). (F) Tumor shows strong diffuse nuclear expression of AFF2 in all cells (IHC, 200x).
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NUT, INI-1, BRG1, CD99, and NKX2.2 IHCs, EBERish 
and HPVish, and/or molecular testing for MAML2 
gene rearrangement, will select cases requiring further 
DEK::AFF2 fusion confirmatory testing.3,8,9 

Molecular testing and AFF2 IHC
The diagnosis of DEK::AFF2 carcinoma is based on the 
presence of the defining DEK::AFF2 gene fusion. The 
DEK::AFF2 fusion has been identified using whole-
genome sequencing,10 whole transcriptome sequencing,2 
targeted RNA next-generation sequencing (NGS),1,11,12 
and/or fluorescent in situ hybridization (FISH) using DEK 
dual fusion or break-apart probes.2,6,10,13,14 Furthermore, 
recognition of the breakpoints and fusion variants has 
led to the development of specific primers to identify the 
DEK::AFF2 fusion via reverse transcription polymerase 
chain reaction (RT-PCR).6 More recently, studies on the 
differential AFF2 protein expression in fusion-positive 
tumors have led to the development of an immunohisto-
chemical assay targeting the C-terminus peptide of the 
AFF2 protein.2 An adequately validated AFF2 IHC has 
demonstrated excellent sensitivity, specificity, positive 
predictive value, and negative predictive value as a 
surrogate marker for the DEK::AFF2 fusion when at least 
30% of tumor cells are observed to display moderate to 
strong nuclear expression.2,5,14,15 Thus, in resource-limited 
settings, RT-PCR or a rigorously validated AFF2 IHC, 
combined with morphologic evaluation and an appropriate 
immunohistochemical panel to exclude other differentials, 
is an effective method to confirm the diagnosis of 
DEK::AFF2 sinonasal carcinoma.
 
Prognosis/clinical behavior
DEK::AFF2 sinonasal carcinoma shows frequent local 
recurrences or progression (50-55.5%) with occasional 
lymph node (25.0-29.6%) and distant (17-25.9%) meta-
stases. Tumor-related deaths are found to range from 
5.9% to 25%, depending on the reported case series, with 
variable median follow-up (7-18 months).3,5 

CONCLUSION

DEK::AFF2 sinonasal carcinoma is an under-recognized 
malignant neoplasm. Frequently, it shows papillomatous 
growth with banal and strikingly monomorphic tumor 
cells, easily misconstrued as an inverting sinonasal 
papilloma. In these cases, accurate diagnosis is facilitated 
by identifying architectural complexity, strikingly mono-
morphic tumor cells, absence of the typical cellular 
components of inverting sinonasal papilloma (mucocytes, 
respiratory-type epithelial cells, and microcysts), and 
peritumoral neutrophilic infiltrates. An appropriate IHC 
panel and molecular testing for the DEK::AFF2 fusion or 
an AFF2 IHC targeting the C-terminus as a surrogate will 
confirm the diagnosis. Awareness of this emerging entity to 
distinguish from ISP is clinically relevant to prevent delay 
in surgical management, as it has been shown to behave 
aggressively with frequent local recurrence, occasional 
metastasis, and rare tumor-related deaths.
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Recurrent Sporadic Parathyroid Carcinoma in a 
29-Year-Old Filipino Female Presenting with Primary Hyperparathyroidism: 
A Case Report and Literature Review
Eldimson Bermudo, Jose Vicente Borja II, Al-Zamzam Abubakar

Department of Pathology and Laboratory Medicine, Zamboanga City Medical Center, Philippines

ABSTRACT

Parathyroid carcinoma is a rare endocrine malignancy with an indolent course but a high risk of recur-
rence. Diagnosis remains challenging, requiring integration of clinical, biochemical, radiologic, and histo-
pathologic findings. We report a young patient presenting with primary hyperparathyroidism complicated 
by multiple pathologic fractures and chronic renal failure. Despite initial surgical and medical manage-
ment, late aggressive recurrence occurred, resulting in significant systemic complications. This case high-
lights the need for vigilant long-term surveillance and improved diagnostic and therapeutic strategies.

Key words: parathyroid carcinoma, tumor recurrence, hyperparathyroidism, bone pains, pathologic 
fractures, case report, Philippines

INTRODUCTION

Parathyroid carcinoma is an exceptionally rare endocrine 
malignancy, typically characterized by indolent growth 
and a slow, progressive clinical course. The mean age at 
diagnosis reported in published studies is approximately 
56 years, making occurrence in young adults distinctly 
uncommon. In this report, we present a recurrent sporadic 
parathyroid carcinoma in a 29-year-old Filipino female, 
who represents the second youngest patient documented 
in the literature to date. 

While many published cases describe relatively favorable 
outcomes and prolonged survival following surgical 
management, parathyroid carcinoma is also recognized 
for its high propensity for recurrence, posing signifi-
cant challenges in long-term treatment. Unlike typical 
cases, the index patient demonstrated an unusually long 
eight-year symptom-free interval prior to recurrence, 
followed by a more aggressive clinical course complicated 
by severe skeletal manifestations, multiple electrolyte 
imbalances and chronic renal failure. This case under-
scores the critical importance of early recognition, vigilant 
surveillance, and multidisciplinary management in patients 
with parathyroid carcinoma, even after apparent remission.

Due to the rarity of this malignancy, this case warrants 
thorough documentation, as it provides valuable insights 
into diagnostic techniques, treatment approaches, and 
the complexities associated with managing recurrent 
disease. Moreover, it underscores the necessity for further 
research to standardize staging systems and refine clinical 
protocols, ultimately aiming to improve diagnostic accuracy 
and long-term survival for similar future cases.

CASE

This is the case of a 29-year-old female who initially 
presented in 2014 with recurrent bone pain and multiple 
fractures and was diagnosed with primary hyper-
parathyroidism secondary to parathyroid carcinoma. She 
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underwent a 3 ½ parathyroidectomy with en bloc left 
thyroid lobectomy and isthmusectomy, with histopathology 
confirming the diagnosis. Postoperatively, the patient 
reported significant relief of symptoms following surgical 
and medical treatment. However, due to poor archiving 
in previous years, the original histopathology slides and 
previous biopsy reports were unavailable for retrospective 
review.

The patient experienced an eight-year period of sympto-
matic relief before bone pain recurred, accompanied by 
onset of chronic renal failure, prompting hospitalization. 
Physical examination revealed a palpable, firm, movable 

mass measuring 1.5 x 1.5 cm in the right paratracheal 
area. Neck ultrasonography revealed two well-defined 
hypoechoic solid lesions in the superior and inferior 
segments of the right thyroid lobe, measuring 2.1 x 1.7 cm 
and 3.4 x 1.7 cm, respectively (Figure 1). The left thyroid 
lobe was surgically absent.

The patient has no other significant comorbidities, and 
her family history is unremarkable. She presents with 
kyphoscoliotic chest deformity, exhibiting severe lower 
thoracolumbar dextroscoliosis (Figure 2A), along with 
multiple deformities in the right humerus and bilateral 
femurs. Radiologic examination of the humerus revealed 

Figure 1. Ultrasound of the 
neck revealed hypoechoic solid 
lesions (*) in the superior and 
inferior segments of the right 
thyroid lobe with ill-defined 
margins (A & B), and minimal 
perivascularity noted (B).

A B

Figure 2. Multiple abnormal radiologic findings: (A) Chest radiography, postero-anterior view revealed severe lower thoraco-lumbar 
dextroscoliosis; (B) Humerus, antero-posterior view revealed pathologic fracture with angulation and impaction in the right humerus 
(*) with diffuse osteopenia; (C) Thigh, antero-posterior view showed pathologic fracture of the left femur with expansile osteolytic 
changes along the midshaft and distal posterior aspect; and (D) Pelvis radiography, anterior-posterior view revealed right femoral neck 
pathologic fracture (*) and mixed osteolytic-blastic changes.

A CB

D
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a pathologic fracture with angulation and impaction in the 
right humerus, along with diffuse osteopenia and blastic 
changes in the proximal ulna. A pathologic fracture was also 
noted in the left femur, with expansile osteolytic changes 
along the midshaft and distal posterior aspect, accompanied 
by diffuse osteopenia. Additionally, mixed osteolytic-blastic 
changes were observed in the pelvis, which may suggest a 
metastatic process. A pathologic fracture was also noted in 
the right femoral neck. KUB ultrasound revealed bilateral 
nephrolithiasis. Additional diagnostic tests revealed 
multiple electrolyte imbalances (serum calcium: 14.03 mg/
dL; serum potassium: 2.5 mmol/L; serum sodium: 135 
mmol/L), anemia, elevated intact parathyroid hormone 
(546.96 pg/ml) level, hypothyroidism, and chronic renal 
failure (233 umol/L).

In the subsequent year, patient had undergone right 
inferior parathyroidectomy with en bloc total lobectomy, 
right frozen section biopsy and intraoperative iPTH for 
margin assessment and diagnosis. The specimen submitted 
for pathology consists of a single, intact, fresh, tan red to 
bright red, smooth and glistening parathyroid gland (3.1 x 
2.3 x 1.6 cm) and left thyroid lobe (4.0 x 2.5 x 1.3 cm) Serial 
sections of the parathyroid gland show an encapsulated, 
tan gray to tan brown, slightly fleshy, homogenous, solid 
mass with lobulated appearance (Figure 3). 

Histopathologic examination of the parathyroid gland 
revealed an encapsulated, well-delineated mass composed 
of tumor cells arranged in a solid growth pattern (Figures 
4 and 6). The tumor cells exhibited distinct cytoplasmic 
membranes, moderately enlarged, irregularly round to 
ovoid vesicular nuclei, and inconspicuous to prominent 
nucleoli, with abundant eosinophilic cytoplasm. Broad 
fibrous bands were observed between tumor cells, and 
frequent mitotic figures were noted (Figures 5 and 9). 
Lymphovascular and capsular invasion were also present 
(Figures 7 and 8).

Along with the clinical and other diagnostic findings, the 
histomorphologic features are consistent with a diagnosis 
of parathyroid carcinoma. Immunohistochemical studies 
were performed to support the diagnosis, including 
GATA3, TTF-1, AE1/AE3, synaptophysin, chromogranin 
A, CEA, Ki-67, and PTH. The tumor cells showed strong 
nuclear reactivity with GATA3, a parathyroid-specific 
marker. Negative staining with TTF-1 further confirmed 
that the tumor is of parathyroid origin and excluded the 
differential diagnoses of well-differentiated or poorly 
differentiated thyroid carcinoma. Additionally, the negative 
staining with CEA ruled out medullary thyroid carcinoma.

Although strong cytoplasmic (granular) and nuclear 
expression of chromogranin A and GATA3, respectively, 
may suggest paraganglioma, the strong membranous 
expression of AE1/AE3 in this case ruled out this diagnosis. 
The immunoprofile, showing positive staining for GATA3, 
PTH, AE1/AE3, and chromogranin A, alongside negative 
staining for TTF-1, CEA, and synaptophysin, narrowed 
the differential diagnoses to parathyroid adenoma, atypical 
parathyroid adenoma, and parathyroid carcinoma.

However, the histomorphologic features, including 
moderate nuclear atypia, presence of macronucleoli, 

Figure 5. Uniform tumor cells with mild to moderate atypia. 
Seen also are dense fibrous bands () between tumor cells 
(H&E, 100x).

Figure 4. Encapsulated (C) mass showing uniform tumor cells 
(TC) in solid sheet growth pattern (H&E, 40x).

Figure 3. Gross appearance of the parathyroid gland (*) and left 
thyroid lobe ().
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increased mitotic activity (>9/10 mm²), lymphovascular 
invasion (Figure 8F), and a high proliferative index (Ki-
67: 10%), strongly support the diagnosis of parathyroid 
carcinoma.

Despite successful surgical intervention and multi-
disciplinary supportive management, the patient’s clinical 
condition did not improve. Further treatment with 
radiation or systemic therapy was not pursued, as her 
condition became unstable several days after admission. She 
subsequently developed an acute myocardial infarction, 
which led to her demise.

DISCUSSION

Parathyroid carcinoma is an exceedingly rare endocrine 
malignancy, representing approximately 0.005% of all 
cancers and accounting for less than 1% of primary 
hyperparathyroidism cases.1,2 While it can occasionally 
occur as part of genetic syndromes, it is more commonly 
sporadic.3 Hereditary conditions linked to parathyroid 
carcinoma include hyperparathyroidism-jaw tumor (HPT-
JT) syndrome, multiple endocrine neoplasia (MEN) 
syndromes, and non-syndromic familial isolated primary 

hyperparathyroidism (FIHP).4 The mean age at diagnosis 
is 56 years (ranging from 15 to 89 years), with no signi-
ficant sex predilection.5,6 The youngest reported patient 
with parathyroid carcinoma was 13 years old. In the 
presented case, the patient was initially diagnosed with 
parathyroid carcinoma at the age of 19. Cases of 
parathyroid carcinoma are rarely documented, both in 
the Philippines and globally. Due to its rarity, there is no 
universally accepted standardized approach for diagnosis, 
prognosis, or treatment, and the TNM staging system is 
not consistently applied.7,8

Genomic alterations associated with parathyroid carci-
noma (PC) are predominantly characterized by mutations 
in the CDC73 germline gene, which encodes a loss-of-
function protein known as parafibromin. Recent whole-
exome sequencing studies of PC have revealed additional 
mutations in several other genes, including mTOR, 
KMT2D, CDKN2C, THRAP3, PIK3CA, and EZH2, as 
well as amplification of the CCND1 gene. Notably, altera-
tions in the PI3K/AKT/mTOR signaling pathway are 
frequently observed in the sporadic forms of parathyroid 
carcinoma.9 In this case, the patient had no family history 
of hyperparathyroidism or parathyroid tumors.

It typically presents with severe symptomatic hyper-
calcemia, which is often associated with significant skeletal 
and renal complications. These may include multiple 
pathologic fractures, nephrolithiasis, and various electro-
lyte imbalances.10 The extent of these complications can 
lead to substantial morbidity, highlighting the critical need 
for early recognition and intervention.

The diagnosis of parathyroid carcinoma remains 
challenging. Currently, histopathologic diagnosis is derived 
in parathyroid tumors that exhibit at least one of the 
following features: (1) angioinvasion (vascular invasion), 
(2) lymphatic invasion, (3) perineural invasion, (4) local 
malignant invasion into adjacent structures or organs, or 
(5) regional or distant metastasis.11 In the present case, 
along with moderate nuclear atypia, the tumor exhibits 
macronucleoli, increased mitotic activity, a high Ki-67 
index, and lymphovascular invasion. Clinical findings that 
may raise suspicion for malignancy include the presence 
of a palpable neck mass, a parathyroid gland larger than 3 
cm, severe hypercalcemia (>12 mg/dL), markedly elevated 
parathyroid hormone (PTH) levels (more than three times 
the upper limit), and intraoperative adhesions.12 If only 
some of these criteria are met, the tumor may be classified 
as an atypical parathyroid tumor.

Immunohistochemistry studies have been employed in the 
literature with variable diagnostic results, adding complexity 
to the diagnosis. Parathyroid carcinoma is typically 
characterized by the immunohistochemical loss of expression 
of markers such as parafibromin, APC, E-cadherin, p27, 
BCL2, MDM2, and 5-hydroxymethylcytosine. In contrast, 
positive expression of PGP9.5, galectin-3, and TERT is often 
observed. Parafibromin, encoded by the CDC73/HRPT2 
gene, is implicated in both hereditary hyperparathyroidism–
jaw tumor syndrome and sporadic parathyroid carcinomas. 
Loss of parafibromin expression, typically resulting from 
CDC73 mutations, has been associated with dysregulated 
cell proliferation, transcriptional control, and histone 

Figure 7. Lymphovascular invasion of tumor cells (H&E, 100x).

Figure 6. Transition between parathyroid tumor cells (TC) and 
remnant normal parathyroid tissue (N) (H&E, 40x).
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Figure 8. Immunohistochemical stains demonstrating weak and focal nuclear staining for GATA3 (A); strong, diffuse membranous 
staining for pancytokeratin (B); strong and diffuse cytoplasmic (granular) staining for chromogranin A (C); nuclear staining for Ki-67 
(D); moderate, focal cytoplasmic granular staining for PTH (E); and strong membranous staining for CD34, highlighting lymphovascular 
invasion (F) (all images at 400x magnification).
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B
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modification. However, the diagnostic utility of para-
fibromin immunohistochemistry (IHC) in parathyroid 
carcinoma remains variable.13 Some studies reported 
loss of parafibromin expression in 29.1% of atypical 
parathyroid adenomas, a frequency intermediate between 
parathyroid carcinoma and parathyroid adenoma.14 
Thus, while parafibromin IHC is not definitive, it may 
serve as a supportive diagnostic adjunct in suspected 
parathyroid carcinoma. Additionally, there is frequently 
overexpression of p53 and an elevated Ki-67 labeling 

index, often exceeding 5%. While parathyroid hormone 
(PTH) is typically expressed in parathyroid carcinoma, 
its presence alone is not specific, as other neuroendocrine 
neoplasms can also demonstrate aberrant PTH staining. 
The co-expression of PTH and GATA3, however, can 
help confirm the parathyroid origin of the tumor. Similar 
to other epithelial neuroendocrine tumors, parathyroid 
carcinoma usually shows positive staining for cytokeratins 
and chromogranins.11

Parathyroid carcinoma typically exhibits an indolent and 
slowly progressive course, characterized by low rates of 
lymph node and systemic metastasis, but a higher incidence 
of local recurrence. Mortality is primarily attributed to 
complications arising from hypercalcemia, rather than 
the tumor burden itself.2,15 According to the literature, 
the reported 5-year survival rate ranges from 76% to 85%, 
while the 10-year survival rate ranges from 49% to 77%.6

The primary treatment for parathyroid carcinoma is 
surgical excision of the tumor.16 If there is a strong pre-
operative suspicion of parathyroid carcinoma, it is essential 
for the surgeon to consider more aggressive approaches, 
such as en bloc resection, to improve disease outcomes, as 
the prognosis is heavily influenced by the extent of surgical 
resection.17,18 The surgical approach for parathyroid 
carcinoma consists of the en bloc resection of the primary 
tumor with negative margins, usually associated with the 
excision of ipsilateral thyroid lobes and adjacent involved 
structures.19 For tumors that are not amenable to surgical 
removal, adjuvant treatments, including radiotherapy, 
chemotherapy, immunotherapy, and ablation, may be 
considered. Management of hypercalcemia often involves 
a combination of bisphosphonates, calcimimetic agents, 
and the osteoclast inhibitor denosumab.15 Mortality from 
parathyroid carcinoma is typically linked to complications 
of hypercalcemia rather than the direct impact of tumor 
burden itself.

CONCLUSION

The diagnosis of parathyroid carcinoma continues to 
present significant challenges. Accurate diagnosis requires 
the integration of clinical, biochemical, radiologic, histo-
morphologic, and immunohistochemical findings. 
Parathyroid carcinoma is notably characterized by its 
tendency for recurrence and resistance to conventional 
treatment modalities. Despite its typically slow clinical 
progression, long-term surveillance and aggressive 
management strategies are often recommended to 
optimize patient outcomes. Given the rarity of parathyroid 
carcinoma, each case provides valuable insights that can 
help refine diagnostic approaches and treatment protocols. 
Documenting such cases is essential, as it contributes 
to the development of more effective strategies for 
managing future cases, ultimately improving patient care 
and survival outcomes.
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Cytogenetic Damage from E-cigarette Use: 
Buccal Micronucleus Frequencies and 
Policy Implications in the Philippines
Reality Araojo1 and Norvie Jalani2
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ABSTRACT

The rapid rise of e-cigarettes and vapes in the Philippines, especially after Republic Act No. 11900, has raised 
health concerns among youth. Though marketed as safer alternatives, their aerosols have been shown to 
cause harm. By measuring buccal micronucleus frequencies, this study found significantly higher counts 
in e-cigarette users compared to non-users, with secondhand smoke exposure independently associated 
with elevated genotoxic damage (adjusted OR 11.8; p = 0.035). The findings support stricter regulations 
and broader smoke-free policies to safeguard public health amid the growing use of electronic nicotine 
delivery systems.

Key words: e-cigarettes, buccal micronucleus, genotoxicity, youth vaping, tobacco regulation, Philippines

The human genome is constantly exposed to environ-
mental and lifestyle-related genotoxins, making accessible 
biomarkers essential for early detection of chromosomal 
damage. The buccal mucosa, consisting of stratified 
squamous epithelial cells, is the first tissue to contact 
inhaled and ingested toxicants, making it a relevant site 
for monitoring aerodigestive exposures. The buccal 
micronucleus cytome (B-MNcyt) assay is a validated tool 
in molecular epidemiology for assessing chromosomal 
instability and early genotoxic damage. Micronuclei (MN) 
are formed from entire chromosomes or acentric fragments 
that do not incorporate into daughter nuclei during cell 
division. Their presence in exfoliated buccal cells indicates 
DNA damage in the basal epithelial layer that occurred 5-14 
days prior to sampling. Although international research 
reports increased MN frequencies among e-cigarette users, 
there is limited local cytogenetic evidence in the Philippines. 
This study aimed to compare MN frequency between adult 
e-cigarette users and non-users in Southern Philippines 
and identify factors associated with elevated MN counts.

A study in the Southern Philippines, involving 62 adults 
(31 e-cigarette users and 31 non-smokers), examined 
buccal cells stained with Papanicolaou for micronuclei 
(MN). Micronuclei were identified and counted manually 
using a 5-headed electric light microscope by two 
independent raters blinded to group allocation, following 
the morphological criteria of Tolbert et al.1 Inter-rater 
reliability was good (ICC = 0.770), and discrepancies 
were resolved through consensus review. Elevated MN 
was defined as ≥203 per 1,000 cells (Figure 1). This 
threshold was determined empirically as the 85th percentile 
of the combined cohort MN distribution (n = 62), since 
standard reference values were not suitable given the 
notably elevated baseline MN frequencies observed in both 
groups, likely reflecting shared environmental exposures 
in this urban population.2 The dichotomized outcome 
(elevated vs not elevated) served as the dependent variable 
in the regression analyses. Binary logistic regression 
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was used for crude estimates, and Firth's bias-reduced 
logistic regression for adjusted estimates, selected to 
address potential complete or quasi-complete separation 
and ensure reliable parameter estimates given the small 
case-control subsample (n=30, 10 cases and 20 controls). 
Results indicated that e-cigarette users had significantly 
higher MN levels (152.3 ± 102.6 versus 34.9 ± 28.5; p 
<0.001). Regression analysis showed that secondhand 
smoke exposure was associated with elevated MN (adjusted 
OR 11.8; p = 0.035) (Table 1). Pearson's correlation found 
no significant relationships between continuous MN 
counts and vaping duration, frequency, device type, puff 
topography, or nicotine concentration among users (all 
p-values >0.05). These null findings should be interpreted 
cautiously, given the limited sample size (n = 31), which 
may have been insufficient to detect weak-to-moderate 

dose-response relationships. The possibility that genotoxic 
injury follows a threshold model warrants investigation in 
larger, adequately powered studies.3,4

A key finding was the independent association between 
secondhand smoke exposure and elevated MN counts. 
Vapers exposed to environmental tobacco smoke faced 
nearly twelve times the risk of higher MN counts compared 
to those without exposure. This association might be due 
to the inflamed state of the buccal mucosa in e-cigarette 
users, which reduces the cellular threshold for reacting 
to additional toxicants in combustible tobacco smoke. 
These findings have important public health implications, 
emphasizing that strict enforcement of smoke-free laws 
is necessary to protect individuals already experiencing 
baseline genotoxic stress from vaping.5-7

Figure 1. Boxplot of micronucleus frequencies 
among e-cigarette users and non-users.

Table 1. Regression analysis predictors of elevated micronucleus counts 
(≥203/1000 cells, n = 30)

Variable Crude OR (95% CI) p-value Adjusted OR (95% CI) p-value
Age (20-29) 3.3 (0.6-19.5) 0.551 1.2 (0.1-86.6) 0.934
Male sex 13.5 (1.4-128.3) 0.023* 8.5 (0.2-638.1) 0.178
Islamic faith 7.0 (1.3-37.9) 0.024* 1.7 (0.07-24.2) 0.704
Ethnicity 3.3 (0.6-19.5) 0.192 5.9 (0.2-221.8) 0.340
Socioeconomic status 0.5 (0.1-2.5) 0.402 3.9 (0.2-135.3) 0.432
Alcohol consumption 0.6 (0.1-3.3) 0.544 0.6 (0.003-10.7) 0.821
Secondhand smoke 16.0 (2.4-106.7) 0.004** 11.8 (2.2-72.0) 0.035*
Tooth brushing 0.7 (0.1-5.1) 0.730 0.6 (0.002-6219.8) 0.882
Daily flossing 0.6 (0.1-3.3) 0.544 0.7 (0.002-57.4) 0.877
Mouthwash use 1.9 (0.4-9.6) 0.432 2.5 (0.03-376.2) 0.695
Vegetable consumption 1.3 (0.2-6.4) 0.784 2.8 (0.07-21811) 0.655
Fruit consumption 2.7 (0.4-16.0) 0.283 0.8 (0.02-13.1) 0.865
*p <0.05; **p <0.01
Crude analysis: Binary logistic regression. 
Adjusted analysis: Firth's bias-reduced logistic regression.

Figure 2. Buccal epithelial cells showing micronuclei among (A) e-cigarette users and (B) non-users (Papanicolaou stain, 400x).
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toxicology and weaker protections for minors have contri-
buted to an environment that may promote nicotine 
addiction and cellular damage. Replacing it with health-
centered regulations, expanding aerosol-free policies, and 
adopting genomic monitoring tools like the B-MNcyt assay 
can foster a more science-driven public health approach. 
This strategy should prioritize the long-term biological 
health of Filipinos. The evidence of DNA damage in the 
buccal cells of young Filipinos highlights the urgent need 
for policymakers to treat health rights as a fundamental 
national priority.
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Nonmass Lesion on Breast Ultrasound: A Protean Finding
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INTRODUCTION

The 2025 version of the Breast Imaging Reporting and 
Data System (BI-RADS) has undergone significant struc-
tural changes since 2013. Among the notable changes is the 
inclusion of Nonmass lesion (NML) on breast ultrasound. 
It is characterized as a discrete finding that is distinctly 
different from normal tissue but lacks the margins of a 
mass and cannot be assigned a specific shape.1

Nonmass lesion was first described in 2004 by the Japanese 
Association of Breast and Thyroid Sonology and has since 
undergone multiple classifications by different authors. 
A recent description by the Japan Society of Ultrasonics 
in Medicine encompasses the following findings: a hypo-
echoic area in the mammary gland, duct abnormalities, 
architectural distortion, multiple small cysts, and echo-
genic foci without a hypoechoic area.2

Nonmass lesions may be observed when ultrasound is 
used to further evaluate mammographic findings of 
asymmetries, suspicious calcifications, and findings of 
nonmass enhancement on MRI and contrast-enhanced 
mammogram (CEM).3

NML on ultrasound correlate with more than 50% of 
developing asymmetries on mammogram;4 21.4% of 
hypoechoic nonmass lesions or posterior shadowing 
correlated with architectural distortion.5 About 39% of 
nonmass lesion correspond to nonmass enhancement 
on MRI.6

A nonmass lesion exhibits variable echogenicity and 
distribution. It may present as duct abnormalities involving 
single or multiple dilated ducts and may also have 
associated features such as echogenic foci, architectural 
distortion, posterior shadowing, or multiple cysts.2

The incidence of nonmass lesions ranges from 1-10%2 and 
may signal malignancy in 6.3 – 54% of cases.7

The differential diagnoses of NMLs include benign 
processes such as fibrocystic changes, inflammation, post-
operative scars, and biopsy scars.8

Ductal carcinoma in situ (DCIS) and invasive lobular 
cancer (ILC) comprise the most common malignancies 
presenting as nonmass lesions.2 Twenty five to sixty one 
percent (25-61%) of DCIS present as NML on ultra-
sound.9 High-grade DCIS comedo type is considered if 
there is posterior shadowing associated with clumped 
microcalcifications.10 Nonmass findings of invasive lobular 
carcinoma may present as posterior shadowing only or 
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Figure 1. Selected images of her surveillance PET-CT images showed nonmass uptake in the upper outer quadrant of the left breast 
(A, B) corresponding to a hypoechoic nonmass lesion with shadowing on ultrasound (C). MLO view of her digital breast tomo- 
synthesis (D) demonstrated an architectural distortion (box) at the superior aspect of the left breast. Gross specimen (E) defined the 
lesion as the inked area.

manifest as hypoechoic inhomogeneous areas consistent 
with noncohesive and infiltrative growth pattern of ILC.11

Local experience

The first case (Figure 1) demonstrates multimodality 
imaging findings of a 72-year-old female who is post-
mastectomy of the right.

Post-cancer treatment changes and residual lesions 
after chemotherapy may also present as nonmass lesions 
(Figure 2).2 This represents one of the challenging aspects 
of breast cancer care. 

An example of this is the second case (Figure 3) of a 
61-year-old female diagnosed with triple negative breast 
cancer in the left breast.

Radiologists use the Response Evaluation Criteria in 
Solid Tumor (RECIST 1.1) to document response to neo- 
adjuvant chemotherapy. Complete response (CR) is defined 

as the disappearance of all the target tumors while a 
partial response (PR) shows at least a 30% decrease in 
diameter of the tumor.12

In a study by Woo et al, radiologic complete response 
(breast rCR) is defined as disappearance of the breast 
tumor. If residual disease is observed on follow-up imaging, 
it is labelled as breast non-rCR.13

However, radiologic response is not equivalent to patho-
logic response. The latter remains as the gold standard in 
assessing residual tumor burden. In the 8th edition of the 
American Joint Committee on Cancer (AJCC), tumor size 
is based on the largest contiguous focus of residual tumor 
cells, excluding intervening treatment-related fibrosis.14 
It is not the extent of residual tumor foci spanning areas 
with treatment-related fibrosis.15

In a study involving one hundred female patients with 
breast cancer,16 the prevalent morphological changes after 
chemotherapy are fibrosis and elastosis/collagenization 

A B D E

C

A B DC E

Figure 2. H & E of the needle core biopsy showing high-grade ductal carcinoma in situ (DCIS) on 100x magnification (A) showing 
comedo (B), cribriform (C), micropapillary (D) and solid (E) patterns.
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DIAGNOSTIC INSIGHT

The management of breast cancer is continually evolving 
as evidenced by the evolution of its imaging and the 
emergence of new descriptors such as non-mass lesion 
on breast ultrasound. A team-based approach with close 
coordination among clinicians, radiologists and patho-
logists, is critically integral to optimizing patient care.

in the stroma. Nuclear alterations are predominantly 
pyknosis and hyperchromasia.

In the second case, although a nonmass lesion was identi-
fied on ultrasound after chemotherapy, the final histo-
pathology showed no residual carcinoma, and findings 
are illustrated in Figure 4.
 

Figure 4. H & E 100x magnification showing (A) the area of the biopsy cavity with inflammation, fibrosis, and cystic contents; (B) 
shows intralobular stroma with dense lymphocytic infiltration while the interlobular stroma shows fibrosis. Other findings include (C) 
an area with aggregates of foamy histiocytes with scattered foreign-body type giant cells and cholesterol clefts.

A B C

Figure 3. Initial breast ultrasound (A) showed an irregular hypoechoic solid mass prior to clip marking. She underwent neoadjuvant 
chemotherapy and on follow-up ultrasound (B), a hypoechoic nonmass lesion was now noted with the clip visible (arrow). CC view of 
her digital breast tomosynthesis (C) showed an asymmetry at the outer left breast. She then underwent partial mastectomy. Gross 
specimen (D) and the corresponding specimen mammogram (E) showing both the lesion and the metallic clip.

A D

B
E
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CONCLUSION

Cancer is a moving target, and we must not lose sight 
of it. Although a definitive mass or a protean nonmass 
lesion may appear at different points of care, as diagnosti- 
cians, our common goal remains the same: to identify 
and characterize it.
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