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ABSTRACT

Objective: Adequate macroscopic sampling is vital for accurate staging in non-small cell lung carcinomas. This study
compares the concordance of 1 (standard) versus 2 blocks per centimeter sampling on detecting tumor subtype, lymphovascular
invasion, and perineural invasion in lung tumor resections with a diameter greater than 3 cm.

Methods: Twenty lung resection specimens with a tumor diameter greater than 3 cm, processed between 2016 and 2019, were
included. Samples were taken at 1 block per centimeter followed by a 2nd block per centimeter using a double-blind method.
Two pathologists evaluated histological type, lymphovascular invasion, and perineural invasion. Fisher’s Exact, Cohen’s
Kappa concordance coefficient, the McNemar test, and the Mann-Whitney U test were used for statistical analysis.

Results: Cases comprised 80% squamous cell carcinoma and 20% adenocarcinoma. Squamous cell carcinoma cases had
significantly larger mean diameters (p=0.029). Histological subtyping showed complete concordance (100%; k=1.000). High
concordance (k=0.857) was observed for perineural invasion. Lymphovascular invasion detection showed only moderate
concordance (k=0.500); lymphovascular invasion was identified in 10% of cases with standard sampling versus 25% with
extended sampling. This 2.5-fold increase in detection did not reach statistical significance on paired testing in this pilot
cohort (McNemar p=0.25).

Conclusion: Sampling 1 block per centimeter is sufficient for histological subtyping. However, standard sampling shows
reduced sensitivity for lymphovascular invasion, a critical prognostic factor. We recommend taking at least 2 samples per
centimeter in tumors larger than 3 cm to reduce the risk of false-negative lymphovascular invasion reporting and to support
accurate staging and appropriate adjuvant treatment decisions.
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INTRODUCTION

Lung cancer continues to be the leading cause of cancer-
related deaths worldwide in terms of both incidence
and mortality. According to GLOBOCAN 2020 data,
lung cancer remains a leading cause of global cancer
mortality, accounting for an estimated 2.2 million new
cases (11.4%) and nearly 1.8 million deaths (18.0%)
(1). Surgical resection is the gold standard treatment for
early-stage non-small cell lung carcinomas (NSCLC)
(2). The accuracy of pathological examination is of
vital importance for the accurate staging of patients
post-surgery, prediction of prognosis, and particularly
for determining the necessity of adjuvant treatment.
Pathological staging (p TNM) relies on tumor size, lymph
node status, and the presence of metastasis, as well as
histological subtype and invasion parameters (3,4).
However, in large tumors, intratumoral heterogeneity is
one of the major obstacles to accurate diagnosis.

According to the Royal College of Pathologists (RCPath),
submitting the entire tumor for microscopic examination
is recommended for lesions measuring 3 cm or less (5).
Current international guidelines, such as those of the
College of American Pathologists (CAP) and RCPath,
generally recommend taking “one block per centimeter”
or “representative samples from the greatest dimension
of the tumor” for the macroscopic sampling of resection
specimens (5,6). However, in tumors larger than 3 cm,
the adequacy of this standard approach in capturing
critical prognostic factors that reflect the biological
behavior of the tumor (such as vascular invasion and
high-grade histological components) is controversial.

In particular, lymphovascular invasion (L VI) is accepted
as an independent risk factor for recurrence and survival
in early-stage NSCLC patients (7,8). The presence of
LVI may place the patient in the “high-risk” group and
render them a candidate for adjuvant chemotherapy,
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even in the absence of significant tumor size or lymph
node metastasis. Therefore, overlooking LVI foci during
macroscopic sampling may lead to undertreatment of the
patient.

The aim of this study is to investigate the diagnostic
concordance of standard (one block per centimeter)
and extended (two blocks per centimeter) sampling
protocols on the detection of tumor histological subtype
and vascular and perineural invasion, and their potential
impact on the clinical decision-making process in lung
tumor resections larger than 3 cm.

METHODS
Case Selection and Gross Examination
Lung  resection  specimens (lobectomy  or

pneumonectomy) obtained from patients operated on
for lung tumors at Kartal Dr. Liitfi Kirdar Training
and Research Hospital between 2016 and 2019 were
prospectively analyzed. Tumors measuring 3 cm or
less in diameter were excluded from the study. The
specimens were opened along the bronchial tree in
accordance with standard grossing procedures. Serial
sections were performed at 1-cm intervals through the
tumor bed. Tissue samples were fixed in 10% neutral
buffered formalin for 24 hours.

Sampling Protocol and Histopathological Evaluation
Based on the greatest dimension of the tumor, the first
pathologist sampled one block per centimeter (standard
protocol). Subsequently, a second set of samples (one
additional block per centimeter) was cassetted by a
second pathologist using a double-blind method, blinded
to the initial evaluation findings and to the previously
sampled areas.

The sampled tissues were histopathologically evaluated
by two pathologists for histological subtype and for
the presence of lymphovascular invasion (LVI) and
perineural invasion (PNI). The microscopic evaluation
was performed sequentially; first, the slides from
the standard sampling (1 block/cm) were examined,
followed by the evaluation of the additional samples (2nd
block/cm). Lymphovascular and perineural invasion
were assessed on hematoxylin and eosin (H&E)—stained
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sections; immunohistochemical or elastic special
stains (e.g., CD31, D2-40) were not routinely used for
equivocal cases.

STATISTICAL ANALYSIS

Statistical analysis was performed using IBM SPSS
Statistics for Windows, Version 23.0 (IBM Corp.,
Armonk, NY). Descriptive statistics were expressed as
mean =+ standard deviation (SD) and median (minimum-—
maximum) for continuous variables, and as frequencies
(n) and percentages (%) for categorical variables.

Because the sample size was small and the data did
not follow a normal distribution, the Mann-Whitney
U test was used to compare continuous variables (age,
tumor size) between groups. Categorical variables were
compared using Fisher’s exact test. The diagnostic
agreement between the standard (1 block/cm) and
extended (2 blocks/cm) sampling protocols was assessed
using Cohen’s Kappa (k) coefficient. Because the
extended protocol comprised the standard blocks plus
additional sections, disagreement between protocols
was, by design, unidirectional; the difference in detection
rates for lymphovascular and perineural invasion was
therefore evaluated with the McNemar test for paired
nominal data (exact binomial version, given the small
number of discordant pairs). A p-value of <0.05 was
considered statistically significant.

RESULTS

The study included a total of 20 patients, comprising
16 males (80%) and 4 females (20%). The most
common tumor localization was the right upper
lobe (40%), followed by the left upper lobe (35%).
Histopathologically, 16 cases (80%) were diagnosed as
squamous cell carcinoma (SCC) and 4 cases (20%) as
adenocarcinoma (Table 1).

The mean age of the patients was 66.25 + 8.74 years
(median: 68.50; range: 51-79). The mean age of male
patients (68.75+7.76 years) was significantly higher than
that of female patients (56.25 + 4.03 years) (p=0.011).
The mean tumor diameter was 5.82 + 1.63 cm. When
compared by histological subtype, the mean diameter of
SCC cases (6.2 = 1.5 cm) was significantly larger than

Table 1. Clinicopathological Characteristics of Patients

Characteristic Category Count (n) Percentage %)
Gender Male 16 80.0
Female 4 20.0
Tumor Localization Right Upper Lobe 8 40.0
Left Upper Lobe 7 35.0
Right Lower Lobe 2 10.0
Left Lower Lobe 1 5.0
Right Middle & Lower Lobe 1 5.0
Right Upper & Middle Lobe 1 5.0
Histopathological Diagnosis Squamous Cell Carcinoma 16 80.0
Adenocarcinoma 4 20.0
Total 20 100.0
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Table 2. Comparison of Age and Tumor Diameter Between Groups

Variable Group n Mean Median (Min—Max) p*
Age (years) Male 16 68.75+7.76 71.0 (51-79) 0.011
Female 4 56.25+4.03 55.0 (52-60)
Tumor Diameter (cm) [Squamous Cell Carcinoma | 16 6.2=+1.5 6.0 (3.5-9.0) 0.029
Adenocarcinoma 4 44+0.9 4.3 (3.5-5.5)

* Mann-Whitney U test.

that of adenocarcinoma cases (4.4 = 0.9 cm) (p=0.029).
There was no statistically significant difference in tumor
size according to gender (p=0.290) (Table 2).

There was 100% concordance between the standard
sampling (1 block/cm) and the extended sampling (2
blocks/cm) protocols regarding the primary histological
diagnosis. No change in tumor subtype was observed
with additional sampling (x=1.000).

With the standard sampling protocol (1 block/cm),
LVI was detected in 2 cases (10%). With the extended
sampling protocol (2 blocks/cm), LVI was detected
in 5 cases (25%). The standard method missed LVI
in 3 cases that were subsequently identified by the
extended protocol; no case positive by the standard
method became negative with extended sampling. The
concordance between the two methods for LVI detection
was moderate (k=0.500). Although the extended protocol
more than doubled the LVI detection rate (10% vs 25%),
this difference did not reach statistical significance on
the McNemar test (p=0.25, exact), reflecting the limited
number of discordant pairs in this pilot series.

Standard sampling detected PNI in 4 cases (20%),
whereas extended sampling detected PNI in 5 cases
(25%). Only 1 case that was negative in the standard
protocol was found to be positive with the extended
protocol. A high level of concordance was observed
between the two methods for PNI detection (k=0.857;
McNemar p>0.99). No significant correlation was found
between tumor size and PNI presence in either sampling
group (Table 3).

DISCUSSION
In the present study, we evaluated the diagnostic
concordance of macroscopic sampling density in lung

tumor resections larger than 3 cm. Our cohort was
characterized by a male predominance (80%) and a
high frequency of squamous cell carcinomas (SCC,
80%). Consistent with the literature describing SCCs
as typically bulky, centrally located masses, we found
that SCC cases had a significantly larger mean tumor
diameter than adenocarcinomas (9). Male patients were
also significantly older than female patients (p=0.011).
While these clinicopathological features align with
general epidemiological expectations and support the
representativeness of our cohort, the principal focus of
our investigation is the impact of sampling density on the
detection of prognostically vital parameters, particularly
lymphovascular invasion (1,9).

A key finding of our study is the “moderate concordance”
(xk=0.50) observed between the 1 block/cm and 2 blocks/
cm protocols in the detection of lymphovascular invasion.
This finding highlights the risk of the standard sampling
method missing vascular invasion foci, which may show
a focal or heterogeneous distribution within the tumor.
Although the extended protocol identified LVI in 2.5
times as many cases, the increase did not reach statistical
significance on paired testing (McNemar p=0.25) given
the pilot sample size; the moderate agreement and the
magnitude of the difference nonetheless represent a
clinically relevant signal that warrants confirmation
in larger series. In the literature, the presence of LVI
has been defined as an independent poor prognostic
factor that increases the risk of recurrence and shortens
survival even in Stage I NSCLC patients (7,10). More
importantly, the National Comprehensive Cancer
Network (NCCN) and other current oncology guidelines
recommend adjuvant chemotherapy for patients with
a tumor diameter greater than 4 cm, or even for those
smaller than 4 cm if they carry “high-risk factors” (11).

Table 3. Diagnostic Concordance According to Sampling Protocols

Parameter Standard (1 block/cm) [ Extended (2 blocks/cm) K McNemar p
Histological Subtype 1.000 —
Squamous Cell Carcinoma 16 (80%) 16 (80%)

Adenocarcinoma 4 (20%) 4 (20%)
Perineural Invasion 0.857 >().99
Present 4 (20%) 5 (25%)
Absent 16 (80%) 15 (75%)
Lymphovascular Invasion 0.500 0.25
Present 2 (10%) 5 (25%)
Absent 18 (90%) 15 (75%)

K, Cohen’s Kappa coefficient. McNemar p-values are two-sided exact values for the paired comparison of detection
rates. For histological subtype there were no discordant pairs, so the McNemar test is not applicable.

3
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Vascular invasion is one of the primary high-risk factors.
Therefore, as suggested by our data, the detection of LVI
through additional sampling has the potential to change
not only the patient’s stage but also the treatment plan
(the decision for chemotherapy).

Perineural invasion (PNI) is recognized as a distinct route
of metastasis and a marker of aggressive tumor behavior
in NSCLC. Unlike lymphatic or vascular spread, PNI
facilitates tumor dissemination along the nerve sheaths,
often extending beyond the main tumor mass. Several
studies have identified PNI as an independent negative
prognostic factor associated with higher recurrence
rates and shorter overall survival (12,13). Although
our study demonstrated high concordance (x=0.857)
for PNI detection between sampling protocols, the
biological significance of this parameter mandates
careful microscopic evaluation. The higher concordance
observed for PNI than for LVI may reflect the different
spatial distribution of these two features: perineural
invasion in NSCLC tends to cluster around the larger
nerves accompanying the bronchovascular bundles
near the tumor core, which are consistently represented
even with standard sampling, whereas lymphovascular
invasion is frequently focal and heterogeneously
distributed throughout the tumor and its periphery,
rendering its detection more dependent on sampling
density. The presence of PNI should alert the clinician
to a higher risk of locoregional recurrence, potentially
influencing follow-up intensity.

Lung carcinomas, particularly adenocarcinomas, are
characterized by significant histological heterogeneity.
The current WHO classification emphasizes not only the
predominant pattern but also the presence of high-grade
components such as micropapillary or solid patterns,
which significantly impact tumor grading and prognosis
[9]. While our study showed 100% concordance for the
main histological subtype (e.g.,adenocarcinomavs SCC),
the literature suggests that limited sampling may miss
these minor high-grade components in mixed tumors.
Accordingly, although main-subtype assignment was
fully concordant in our predominantly squamous cohort,
extended sampling remains essential in adenocarcinomas
to capture minor high-grade (micropapillary or solid)
components that carry adverse prognostic weight under
the WHO 2021 classification. Therefore, although the
primary diagnosis remains stable, extensive sampling
is crucial to accurately document the full spectrum of
histological patterns, which is essential for precise
grading and prognostic stratification.

In daily pathology practice, especially in high-volume
centers, taking extra blocks for each case may be seen
as a factor that increases workload and cost. However,
considering the cost of lung cancer treatment and the
management of recurrent disease, the cost of adding a
few blocks during the diagnostic phase (e.g., 5 extra
cassettes for a 5 cm tumor) is negligible. Our results
support prioritizing the risk of “understaging” over cost
concerns, particularly in tumors larger than 3 cm.

Sampling Density in Large Lung Tumors

The main limitation of our study is the small sample size
(n=20). This limited number may have been insufficient
to capture potential discordances in perineural invasion
(PNI), and the high concordance observed should
be interpreted with caution. The small number of
discordant cases also meant that the observed increase
in LVI detection did not reach statistical significance on
paired (McNemar) testing, indicating that the study was
underpowered for this comparison and underscoring the
need for adequately powered series. Another limitation
is the histopathological distribution of the cohort,
which was predominantly composed of squamous cell
carcinomas (80%). Consequently, the low number of
adenocarcinoma cases precluded a statistical evaluation
of whether increased sampling improves the detection
of prognostically critical minor high-grade components
(e.g., micropapillary or solid patterns). Nevertheless,
this study is of a pilot nature, and the discordance found
(especially for LVI) indicates that the subject should be
investigated in larger series.

CONCLUSION

In conclusion, our study demonstrates that the standard
sampling protocol (one block per centimeter) is generally
sufficient for determining the primary histological
subtype and detecting perineural invasion in lung tumors
larger than 3 cm. However, the moderate concordance
observed for lymphovascular invasion (LVI) indicates
that the standard method has lower sensitivity for
detecting this heterogeneous parameter than the extended
sampling protocol (two blocks per centimeter).

Given that LVI is an independent high-risk factor that
can directly alter clinical management by necessitating
adjuvant chemotherapy—even in early-stage disease—
its accurate detection is of vital importance. Therefore,
particularly for tumors larger than 3 ¢cm in which initial
standard sampling fails to identify LVI, we recommend
that pathologists consider submitting additional sections
to minimize the risk of false-negative reporting.
Although our results are based on a pilot study, they
suggest that maximizing sampling density may reduce
the risk of understaging and undertreatment, a finding
that warrants validation in larger, adenocarcinoma-
predominant cohorts.
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