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This prospective comparative study evaluated the diagnostic accuracy of Elastic
Tissue Staining (ETS) versus Hematoxylin and Eosin (H&E) staining for detecting venous
invasion in colorectal, breast and thyroid malignancies, with emphasis on clinical implications.
Archived cancer specimens from 94 patients with histologically confirmed colorectal (n=30),
breast (n=32) and thyroid cancers (n=32) were analyzed. ETS, performed using Verhoeff-Van
Gieson (VVG) staining, was compared with consensus H&E staining, which is considered the
gold standard for diagnosis. Diagnostic performance was assessed using sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), accuracy, the Chi-square
test, the Phi coefficient and McNemar's test. ETS demonstrated perfect sensitivity (100%) and
NPV (100%) across all cancer types, effectively eliminating false-negative results. Specificity
is highest in colorectal cancer (80%), moderate in breast cancer (63.6%) and lowest in thyroid
cancer (50%). ETS achieved significantly higher diagnostic accuracy (91.3%, p<0.001) when
compared to H&E, particularly its superior detection of venous invasion in thyroid cancers
(81.2% with ETS vs. 62.5% with H&E, p=0.031). ETS substantially improves the diagnostic
accuracy of venous invasion compared with conventional H&E staining, ensuring no false-
negative cases and enhancing clarity in histologically challenging tissues, especially thyroid
cancer. Although specificity varied, the consistently exceptional sensitivity strongly supports
the routine integration of ETS into pathological practice to improve staging accuracy, prognostic
assessment and clinical management.

Keywords: Breast Neoplasms; Colorectal Neoplasms; Elastic Tissue;
Thyroid Neoplasms; Venous Invasion.

Vascular invasion is defined as the
infiltration of malignant tumor cells into blood
vessels, particularly veins, due to their thinner walls
and is a critical histopathological indicator of tumor
aggressiveness and metastatic potential.! Vascular
invasion represents a complex biological process
involving key molecular and cellular events, such

as epithelial-mesenchymal transition, extracellular
matrix degradation, tumor cell intravasation and
eventual colonization of distant anatomical sites.'?
The presence of vascular invasion profoundly
influences cancer staging, prognosis and treatment
across various malignancies. Venous invasion is an
independent prognostic factor in colorectal cancer
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and is closely associated with adverse outcomes
such as hepatic metastasis, often necessitating
aggressive adjuvant chemotherapy.?* Venous
invasion serves as a strong predictor of axillary
lymph node involvement and distant dissemination
in breast cancer, thereby guiding systemic
therapeutic decisions, including chemotherapy
and hormonal therapy.** The identification and
extent of venous invasion in thyroid carcinoma
significantly affect tumor classification, risk
stratification and therapeutic strategies, guiding
decisions on radioactive iodine therapy and surgical
management.® Moreover, microvascular invasion
in hepatocellular carcinoma strongly correlates
with early recurrence and reduced overall survival,
underscoring the prognostic gravity of vascular
invasion detection across multiple cancer types."’
Despite its clear prognostic importance,
accurate detection of venous invasion using
conventional Hematoxylin and Eosin (H&E)
staining remains diagnostically challenging. Subtle
foci of vascular invasion are frequently overlooked
or misinterpreted as retraction artifacts or stromal
clefts, resulting in diagnostic inconsistencies and
variability among pathologists.® This limitation
risks underdiagnosing venous invasion, potentially
compromising cancer staging accuracy and
clinical management decisions. Recognizing these
diagnostic challenges, specialized histochemical
staining techniques such as Elastic Tissue Staining
(ETS), particularly Verhoeff-Van Gieson (VVG),
have been developed and refined to enhance
diagnostic sensitivity and reproducibility. VVG
provides superior contrast, clear visualization of
elastic fibers and greater reliability in distinguishing
true venous invasion from artifacts, making it
the preferred technique over other elastic tissue
staining methods in routine diagnostic practice.
ETS distinctly highlights elastic fibers within
vascular walls, effectively delineating vessel
boundaries and thereby significantly improving
identification of tumor emboli within veins.’
Previous studies have demonstrated
the diagnostic superiority of ETS in colorectal
cancer by revealing venous invasion in cases
initially considered negative by standard H&E,
thereby enabling more accurate cancer staging and
improved prognostication.>* Elastin staining also
significantly improves venous invasion detection,
raising detection rates from 44% with H&E alone
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to approximately 56%, thereby substantially
influencing adjuvant treatment decisions in clinical
practice.'® Additionally, ETS has shown promise
in reducing interobserver variability by providing
clear, reproducible histological markers of vessel
boundaries, thus increasing diagnostic consistency
among pathologists.? The accurate identification
of venous invasion has profound implications: in
node-negative colorectal cancer, confirmed venous
invasion may result in disease upstaging and
indicate the necessity for adjuvant chemotherapy.?
In thyroid cancer, the precise quantification of
venous invasion critically influences decisions
regarding radioactive iodine therapy and aggressive
surgical management. Likewise, reliable detection
of vascular invasion in breast cancer directly
impacts systemic chemotherapy or the extension
of endocrine therapy, potentially altering patient
outcomes significantly.

Furthermore, reduced expression of
fibulin-2, a protein integral to maintaining the
structural integrity of elastic fibers, is associated
with increased vascular invasion and decreased
recurrence-free survival in breast cancer patients.
This observation underscores the biological
significance of elastic fibers in vascular integrity,
with the loss of fibulin-2 potentially facilitating
malignant cell invasion into blood vessels.'
ETS techniques such as Elastic Van Gieson or
Orecein stains have proved particularly valuable in
challenging thyroid cancer cases, where routine
H&E staining frequently yields inconclusive
results. These specialized stains substantially
enhance visualization of the elastic lamina within
venous walls, allowing definitive differentiation
between true venous invasion and histological
artifacts.!! Specifically, in thyroid tumors exhibiting
follicular patterns, elastic stains reliably identify
venous invasion even when vessel walls are
markedly distorted by tumor infiltration or
surrounding inflammation, providing robust
histological evidence of malignancy.'?

Despite their clear diagnostic advantages,
elastin-based staining techniques remain
inconsistently utilized outside gastrointestinal
malignancies, representing a critical gap in
standardized pathological practice.* Consequently,
the primary objective of this study is to
systematically evaluate and directly compare the
diagnostic accuracy and clinical utility of ETS
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against standard H&E staining in detecting venous
invasion across colorectal, breast and thyroid
malignancies. By clarifying the added diagnostic
value of ETS, this study seeks to advocate for its
routine integration into pathological evaluations,
ultimately promoting improved cancer staging
accuracy, treatment strategies and patient outcomes.

MATERIALS AND METHODS

Study Design and Ethical Approval

This study utilized a prospective,
observational, comparative design, allowing real-
time data collection and systematic comparison of
staining techniques for detecting venous invasion.
Ethical approval was secured from the Institutional
Review Board (IRB) and the University Research
and Ethics Committees at Gulf Medical University
(Approval No: IRB-COM-STD-11-JULY-2024),
ensuring adherence to ethical standards, patient
confidentiality and robust research governance
protocols.
Study Population

The study population comprised 94
archived formalin-fixed, paraffin-embedded (FFPE)
tissue specimens retrospectively collected from
patients histologically diagnosed with colorectal
(n=30), breast (n=32), or thyroid carcinomas (n=32)
at Thumbay Laboratory, Gulf Medical University,
from September 2024 to April 2025. Inclusion
criteria were explicitly defined as FFPE resection
specimens histologically confirmed as malignant
tumors, specifically of colon, breast, or thyroid
origin. Specimens were systematically excluded if
they represented benign lesions, malignancies from
other tissues, contained insufficient viable tumor
tissue, demonstrated extensive necrosis, exhibited
poor slide quality, or lacked comprehensive clinical
and pathological documentation, as these factors
could negatively affect the reliability of vascular
invasion assessments.
Histological Processing and Staining Procedures

Standardized histological processing
was performed following validated laboratory
protocols and in accordance with College of
American Pathologists (CAP) guidelines to
guarantee reproducibility and diagnostic accuracy.
Tissue grossing was conducted using the GrossPath
1500 grossing station. Subsequently, specimens
underwent automated processing with STP 120
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Micron and ASP6025 Leica tissue processors,
followed by embedding with the EC-350-1-2
embedding system. Serial tissue sections of 4
um thickness were prepared using a HistoCore
HM-325 microtome. Routine H&E staining was
executed using an automated HMS760x robotic
stainer for baseline assessment. To enhance the
precision of vascular invasion detection, VVG
special staining was performed on additional
serial sections from each tissue block to distinctly
visualize elastic fibers within vessel walls.
Microscopic Evaluation and Diagnostic
Consensus

Microscopic evaluation was conducted
using a BX-51 high-resolution light microscope,
facilitating detailed visualization of tissue
morphology. Diagnostic assessment was executed
in two stages: initially, all H&E-stained slides
were independently evaluated by an experienced
senior pathologist to establish baseline consensus
diagnoses for venous invasion. Subsequently, the
same slides underwent re-assessment after ETS,
first by the senior pathologist and subsequently
by four trained student researchers. Each
researcher independently examined both H&E
and corresponding ETS slides, following identical
assessment sequences to ensure methodological
consistency. All staining procedures and slide
preparations were rigorously supervised by
qualified laboratory personnel.

To minimize interobserver variability,
structured training sessions led by the senior
pathologist were conducted. Training emphasized
essential morphological criteria for reliably
identifying venous invasion on both H&E and
ETS slides, focusing explicitly on distinguishing
true venous invasion from histological artifacts.
Periodic cross-validation sessions were held to
monitor interobserver reliability, ensuring excellent
agreement (Cohen’s Kappa statistic €”0.8).
Statistical Analysis

The primary aim was to ascertain whether
ETS improved diagnostic sensitivity, specificity
and clarity of venous invasion detection compared
to conventional H&E staining in colorectal,
breast and thyroid carcinomas. The diagnostic
performance of ETS was systematically compared
across staining techniques and among multiple
observers to comprehensively evaluate its added
diagnostic value. Enhanced diagnostic visibility,
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consistently reported by both pathologists and
researchers, was interpreted as evidence supporting
the routine integration of ETS in clinical practice.

Statistical analyses included calculations
of sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV) and overall
diagnostic accuracy. Comparative analysis utilized
Chi-square and Phi coefficient tests to evaluate the
strength and statistical significance of associations
between ETS and consensus H&E diagnoses.
The McNemar’s test was specifically employed
to assess the statistical significance of diagnostic
discrepancies between the two staining methods.
All statistical analyses were performed using IBM
SPSS software (Version 28.0), with a significance
threshold defined at p-values <0.05.

RESULTS

The study cohort comprised 94 participants
diagnosed with breast, colorectal and thyroid
malignancies. The mean age of the participants
was 51.59 years (SD £18.17), with a median age
of 52.5 years and an age range spanning from 17 to
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86 years, thereby representing a wide spectrum of
adult age groups. The most frequently represented
age bracket was 51-60 years, accounting for 22.3%
of the sample. Females constituted a majority of
the cohort (59.6%), reflecting the inclusion of
breast cancer cases. The distribution of cancer
types was approximately balanced, with breast
cancer comprising 34%, colorectal cancer 31.9%
and thyroid cancer 34% of cases.

The poorly differentiated Grade 3
tumors were the most prevalent, representing
45.7% of cases, indicating a predominance of
more aggressive tumor biology. In contrast, well-
differentiated Grade 1 tumors accounted for the
smallest proportion (22.3%). Tumor size was
largely substantial, with 66% of tumors exceeding
4.0 cm in greatest dimension, suggesting that
many patients presented with a considerable
tumor burden. Consistent with this, nearly 47%
of cases were classified as Stage III, underscoring
the predominance of advanced disease within this
patient population. The diagnostic accuracy of
ETS for identifying venous invasion was evaluated
against the consensus H&E staining method,

Table 1. Descriptive Statistics of the Study Cohort

Variable Category Frequency (n) Percentage (%)

Age Group <20 years 4 4.2
21-30 years 12 12.8
31-40 years 10 10.6

41-50 years 17 18.1

51-60 years 21 223
61-70 years 14 14.9
71-80 years 10 10.6

>80 years 6 6.4
Gender F 56 59.6
M 38 40.4

Cancer Type Breast Cancer 32 34
Colorectal Cancer 30 31.9

Thyroid Cancer 32 34
Tumor Grade 1 21 223
2 30 31.9
3 43 45.7
Tumor Size (cm) <2.0cm 20 21.3
2.0-4.0 cm 12 12.8

>4.0 cm 62 66
Tumor Stage I 20 213
I 30 31.9
1 44 46.8
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Table 2. Sensitivity and Specificity Analysis of Elastic Tissue Staining vs. Consensus H&E

Specificity PPV NPV Accuracy  Chi-square Phi p-value
(%) (%) Coefficient

Sensitivity

Cancer Type

@)
23.85

(%)

(%)

(%)
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<0.001

0.859

100 80.0 96.2 100 96.9

Colorectal
(n=32)
Breast

63.6 90.9 100 933 15.32 0.716 <0.001

100

(n=30)
Thyroid
(n=30)

Total

50.0 76.9 100 86.7 11.25 0.612 0.001

100

60.7 88.6 100 91.3 48.74 0.728 <0.001

100

(1=92)

regarded as the gold standard. The key findings
of this comparative analysis are summarized in
Table 2.

Across all three cancer types, ETS
demonstrated a remarkable sensitivity of 100%,
indicating that no cases of venous invasion were
missed. This perfect sensitivity underscores the
robust ability of ETS to detect all true positive
cases, effectively eliminating false negatives, a
critical factor for guiding clinical management
and therapeutic decision-making. The specificity
of ETS reflects its ability to correctly identify
patients without venous invasion, which varies
among cancer types. Colorectal cancer exhibited
the highest specificity at 80%, indicating limited
false positives and high diagnostic clarity. In
breast cancer, specificity was moderate at 63.6%,
suggesting a moderate proportion of false-positive
findings. Thyroid cancer showed the lowest
specificity at 50%, implying that ETS may tend to
overestimate venous invasion in this histologically
complex tissue type. Despite this variation, ETS
achieved an exceptional NPV of 100% across all
cancer types, meaning that a negative ETS result
reliably excludes venous invasion. The PPV ranged
from 76.9% in thyroid cancer to 96.2% in colorectal
cancer, indicating that positive ETS results are
generally trustworthy, particularly in colorectal
tumors.

Diagnostic accuracy, defined as the
overall proportion of correctly classified cases
(true positives and true negatives), further supports
the clinical utility of ETS. Colorectal cancer cases
showed the highest accuracy at 96.9%, reflecting a
combination of excellent sensitivity and specificity.
Breast cancer demonstrated an accuracy of 93.3%,
indicating strong performance despite a slightly
increased false positive rate. Thyroid cancer
exhibited an accuracy of 86.7%, which, while
comparatively lower, still represents a substantial
diagnostic capability given the tissue’s complex
architecture. ETS achieved an overall diagnostic
accuracy of 91.3%, underscoring its consistent
reliability across diverse histologies.

These results confirm that ETS is highly
effective in detecting venous invasion, particularly
in colorectal and breast cancers and remains a
valuable adjunct in thyroid cancer despite some
limitations in specificity. The combination of
perfect sensitivity, high accuracy and a definitive
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negative predictive value renders ETS adependable  associations between ETS and H&E diagnoses,
screening and diagnostic tool. Statistical validation ~ with p-values less than 0.05. Phi coefficients ranged
using Chi-square tests and Phi coefficient analyses ~ from 0.612 to 0.859, reflecting moderate to strong
(Table 2) further reinforces these findings. All  correlations and demonstrating the substantial
cancer types exhibited statistically significant concordance between the two staining modalities.

Table 3. Diagnostic Agreement between Consensus H&E and Consensus Elastic Staining

Cancer Total Discordant H&E Elastic Sig.(2-tailed)
Type Pairs Pairs Detection % Detection %

All Cases 94 11 70% 82% <0.001
Thyroid Cancer 32 6 62.5% 81.2% 0.031
Colorectal Cancer 30 1 83.3% 86.7% 1.000
Breast Cancer 32 4 66% 78% 0.125

Fig. 1. H&E-stained section of breast carcinoma Fig. 2. H&E-stained section of breast carcinoma
showing no evidence of venous invasion. showing venous invasion

Fig. 3. H&E-stained section of colorectal Fig. 4. H&E-stained section of colorectal
adenocarcinoma without venous invasion adenocarcinoma with suspected venous invasion
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ETS demonstrated a superior detection
rate for venous invasion across the entire cohort,
identifying 82% of cases compared to 70% with
H&E staining. This difference was statistically
significant (p < 0.001), highlighting the enhanced
diagnostic sensitivity of ETS. When analyzed by
cancer subtype, ETS maintained its advantage
compared to H&E staining. In thyroid cancer,
ETS detected venous invasion in 81.2% of cases,
compared to 62.5% with H&E. This difference
reached statistical significance (p = 0.031),
underscoring the particular utility of ETS in a tissue
type known for its complex vascular and stromal
architecture. In colorectal cancer, ETS detected
venous invasion in 86.7% of cases, slightly higher
than the 83.3% detected by H&E. However, this

Fig. 5. H&E-stained section of thyroid carcinoma
without venous invasion

Fig. 7. Elastic-stained section of breast carcinoma
showing tumor embolus enclosed within a blue-black
elastic-lined vessel

Fig. 6. H&E-stained section of thyroid carcinoma with
possible venous invasion
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Fig. 8. Colorectal cancer section with clear venous Fig. 9. Thyroid carcinoma showing intravascular

invasion, as tumor cells are seen inside a well-defined tumor within a vessel wall, sharply highlighted by
vessel with dark-stained elastic fibers. dark elastic staining.
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difference was not statistically significant (p =
1.000), suggesting that conventional H&E staining
already provides a high diagnostic yield in this
subgroup. For breast cancer, ETS identified venous
invasion in 78% of cases compared to 66% with
H&E. While the trend favoured ETS, the difference
did not reach statistical significance (p = 0.125),
which may be attributed to a modest sample size
or interpretive challenges associated with breast
tumor histology. Importantly, in no instance was
a case positive by H&E but negative by ETS.
This observation confirms that ETS did not miss
any case of venous invasion identified by H&E,
reinforcing its role as a superior or complementary
diagnostic tool. These findings collectively
support the incorporation of ETS into routine
histopathological evaluation, particularly in cases
where venous invasion has critical prognostic and
therapeutic implications.

Representative H&E-stained sections
for breast, colorectal and thyroid carcinomas are
shown below, depicting cases with and without
histologically confirmed venous invasion. These
sections were critically reviewed during the
diagnostic assessment and served as the reference
standard for validating vascular involvement.

Figure 1 shows that blood vessels appear
collapsed or distorted due to surrounding stromal
fibrosis, but no tumor emboli are visible within
the vascular lumen. The vessel walls are thin
and difficult to delineate, which limits diagnostic
clarity.

Figure 2 indicates that a cluster of tumor
cells is seen within a vessel-like space. However,
due to the absence of a clearly defined endothelial
or elastic layer, it is difficult to confirm true venous
invasion versus a retraction artifact. This illustrates
one of the key limitations of H&E in identifying
venous invasion with certainty.

Figure 3 shows that several blood vessels
are observed adjacent to the tumor margin,
but their lumens are free of tumor cells. The
endothelial lining appears intact and no disruption
is evident, suggesting a true negative for vascular
involvement.

Figure 4 indicates that tumor cells appear
to be present within a vascular structure. However,
the lack of a well-defined elastic lamina makes it
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difficult to distinguish between true vessel invasion
and interstitial spread. Further staining is often
required to confirm invasion.

Figure 5 shows that small blood vessels
are compressed within the fibrotic stroma and no
tumor cells are observed within their lumens. The
thin and fragmented nature of vessels in thyroid
tissue makes assessment particularly challenging
with H&E alone.

Figure 6 indicates a suspicious cluster
of tumor cells partially filling a space that may
represent a vessel. The confirmation is difficult due
to indistinct vessel wall features and surrounding
fibrosis, which highlights that thyroid tissue
architecture may obscure vascular landmarks in
standard H&E staining.

H&E staining often showed limited
clarity in detecting venous invasion across breast,
colorectal and thyroid cancers. In many cases,
vessel walls were poorly defined and distinguishing
true invasion from artifacts was challenging.
These findings highlight that while H&E is widely
used, it may not reliably reveal venous invasion,
emphasizing the need for complementary stains
like ETS for more accurate diagnosis. ETS was
applied to sections of breast, colorectal and thyroid
cancers to assess venous invasion. In each case,
this special stain enhanced the contrast between
vessel walls and surrounding tissues by selectively
highlighting elastic fibers in a distinct blue-black
color. This allowed for precise delineation of
vascular structures, particularly the internal elastic
lamina, which is often difficult to appreciate with
H&E alone. In the following images, the blue-
black-stained vessel walls provide clear evidence
of tumor cells within vascular lumina, confirming
venous invasion. The enhanced visibility reduces
ambiguity and helps distinguish true vascular
invasion from mimics such as retraction artifacts
or stromal clefts.

Figures 7 to 9 demonstrate how elastic
staining significantly improves diagnostic
confidence in identifying venous invasion by
providing a strong contrast between vessel
structures and surrounding tissue. The blue-black
coloration of elastic fibers serves as a reliable
marker to confirm the presence of tumor cells
within true vascular spaces.
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DISCUSSION

The descriptive analysis provided a
comprehensive demographic and clinical profile
of the 94 patients included, forming an essential
foundation for interpreting subsequent analytical
results. The broad age distribution (17-86 years;
mean 51.59 years, median 52.50 years) ensured
representation across the adult lifespan, consistent
with epidemiological data indicating higher
cancer incidence among middle-aged and older
populations.'*'> The prominent concentration of
patients (22.3%) aged 51-60 years is reflective of
established age-related cancer risk profiles, with
lower frequencies at extreme age groups aligning
with typical clinical demographics observed in
cancer registries.'* The females comprised the
majority (59.6%) of the cohort, influenced by
the inclusion of breast cancer cases. This gender
distribution is clinically significant, as gender-
based differences influence tumor biology, disease
progression and the expression of diagnostic
markers.'®!

The balanced representation of breast
(34%), colorectal (31.9%) and thyroid cancers
(34%) facilitated a robust comparative analysis
across diverse malignancies characterized
by distinct natural histories and patterns of
vascular invasion.'®!* Nearly half (45.7%) of the
cohort exhibited poorly differentiated Grade 3
tumors, indicative of aggressive tumor biology,
aligning with recent data highlighting increased
aggressiveness at advanced disease stages.?**!
Furthermore, the predominance of large tumors
(>4.0 cm in 66% of cases) underscores significant
tumor burden at diagnosis, associated with
increased risk for vascular invasion and worse
clinical outcomes.?>** The stage distribution,
predominantly advanced (Stage III, 46.8%),
further emphasized the clinical complexity of
this cohort and the critical importance of accurate
and sensitive diagnostic approaches for detecting
venous invasion.** These demographic and clinical
characteristics underscore the clinical need for
effective vascular invasion detection methods to
improve diagnostic accuracy, staging precision and
informed clinical decision-making.?*2

This study underscored the considerable
diagnostic utility of ETS in accurately detecting
venous invasion across colorectal, breast and
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thyroid malignancies compared to conventional
H&E staining. ETS demonstrated perfect sensitivity
(100%) across all cancers, reliably identifying all
true positive cases and ensuring no false negatives.
ETS serves as an exceptionally reliable screening
tool, providing absolute confidence in excluding
venous invasion when results are negative,
an essential attribute given the severe clinical
consequences of missing venous invasion, such
as inaccurate staging and suboptimal therapeutic
interventions, as highlighted in recent studies.”’

The sensitivity and NPV remain uniformly
high and the specificity varies significantly based
on the tumor. Colorectal cancer exhibited the
highest specificity (80%), suggesting that ETS
effectively minimized false-positive results
and provided high diagnostic accuracy (96.9%)
and PPV (96.2%). This finding confirms ETS
as a robust adjunct tool for colorectal cancer
pathology, consistent with previous research
emphasizing its enhanced sensitivity and clinical
utility in this setting, as explained in previous
studies.'¢* Breast cancer demonstrated moderate
specificity (63.6%) and slightly reduced PPV
(90.9%), yet its consistently high NPV (100%)
and significant statistical association ()*=15.32,
p<0.001; ®=0.716) maintained clinical relevance,
particularly in reliably excluding venous invasion
when ETS was negative.

Thyroid cancer exhibited the lowest
specificity (50%), indicating higher false-positive
rates, likely influenced by histological complexity,
dense stromal architecture and frequent presence of
vessel-wall fragmentation or fibrosis, complicating
definitive interpretation as stated in previous
studies.’**! ETS maintained perfect sensitivity
and achieved statistical significance (p=0.001),
underscoring its diagnostic value. Given these
specificity variations, ETS findings in thyroid
cancer must be carefully interpreted within
morphological contexts and corroborated with
additional diagnostic markers or clinical correlation
to reduce interpretative ambiguity, as mentioned in
previous studies.*>*

The significant statistical associations
(p<0.001) and robust Phi coefficients (0.612-
0.859) reinforced the diagnostic relevance of ETS
and supported its broader clinical integration,
particularly where venous invasion critically
informs staging, prognosis and treatment planning.
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The aggregated diagnostic accuracy (91.3%)
further established ETS as universally applicable,
despite specificity challenges in certain cancers.

The superior detection rates by ETS
(82%) compared to H&E (70%) clearly highlight
the capability of ETS to reveal venous invasion
otherwise obscured or ambiguous in standard
H&E staining, a finding consistent with previous
high-impact studies.?3***5 ETS significantly
enhanced detection in thyroid cancers (81.2%
vs. 62.5%, p=0.031), demonstrating particular
utility in thyroid malignancies where subtle
vascular features are frequently overlooked on
routine stains. ETS showed only marginal and
statistically non-significant improvements in
colorectal cancer (86.7% vs. 83.3%, p=1.000)
and breast cancer (78% vs. 66%, p=0.125). The
consistent detection of additional cases supports its
role as a complementary confirmatory method in
diagnostically ambiguous scenarios, as discussed
in recent studies.***’

The practical significance of additional
positive findings by ETS remains a crucial topic
for further investigation. Previous research
underscores the prognostic significance of venous
invasion detection methods, reinforcing the clinical
imperative for reproducible and standardized
techniques such as ETS, particularly in colorectal
cancers, where elastic lamina invasion directly
influences patient outcomes.>*® The established
prognostic importance of vascular invasion across
cancers justifies routine incorporation of ETS
in diagnostic workflows.***® The integration of
complementary immunohistochemical markers
(e.g., CD31, D2-40) could further improve
diagnostic accuracy, particularly in breast cancer,
where subtle invasion is frequently overlooked.*"!
Such multimodal diagnostic strategies may also
help reduce false positives in tissues with complex
histomorphology or extensive fibrosis.

A critical limitation of the present study
was the relatively small sample size in subgroup
analysis, limiting statistical power, generalizability
and interpretative robustness, particularly for
thyroid and breast cancers. The single-centered
design of the study could restrict the broader
applicability of the findings due to variations in
histological practice and patient demographics.
Future research should therefore include larger
multicenter cohorts with diverse histological
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subtypes, investigating the histopathological
mechanisms underlying enhanced sensitivity
of ETS while explicitly correlating diagnostic
findings with clinical outcomes such as recurrence,
metastasis and survival, to firmly establish the
prognostic and clinical utility of ETS.

CONCLUSION

ETS consistently demonstrated superior
sensitivity and high diagnostic accuracy for
venous invasion detection across colorectal,
breast and thyroid cancers, strongly supporting
its routine integration into diagnostic practice.
However, critical histological interpretation
remains essential, as specificity varies by tumor
type, highlighting the potential for false positives
in histologically complex tissues. ETS emerges as
a complementary diagnostic approach, providing
critical diagnostic clarity and significantly
enhancing pathological evaluation, while careful
morphological interpretation remains essential to
account for specificity limitations. ETS strengthens
staging accuracy and optimizes patient management
when integrated into routine diagnostic practice.
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