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Abstract

Introduction: This study aimed to clarify the diagnostic structural features in cytology specimens that
are useful in subtyping non-small cell lung carcinoma (NSCLC) into adenocarcinoma (ADC) and
squamous cell carcinoma {SQCC).

Methods: Cytology specimens [n = 233) of NSCLCs, which included ADCs (n = 149) and SQCCs (n=
84), were analyzed. The following cytological features were evaluated: isolated cell, flat sheet, three-
dimensional cluster with irregular arrangement, papillary-like structure, micropapillary-like structure,
acinar-like structure, palisading pattern, protrusion of nuclei at the periphery of the cluster,
honeycomb pattern, streaming arrangement, three-dimensional sheets with regular arrangement,
flattening at the periphery of the cluster, fuzzy pattern at the periphery of the cluster, and mutual
inclusion.

Resuits: ADCs exhibited significantly higher frequencies of flat sheet (p < 0.001), papillary-like
structure {p < 0.001), micropapillary-like structure (p = 0.028), acinar-like structure (p < 0.001) and
protrusion of nuclei at the periphery of the cluster (p < 0.001) than SQCCs. The latter exhihited
significantly higher frequencies of streaming arrangement (p < 0.001), three-dimensional sheets with
regular arrangement {p < 0.001), flattening at the periphery of the cluster {p < 0.001), fuzzy pattern
at the periphery of the cluster (p < 0.001), and mutual inclusion (p < 0.001) than ADCs.

Discussion/Conclusion: Cytological structural features, such as flat sheet, papillary-like structure,
micropapillary-like structure, acinar-like structure, and protrusion of nuclei at the periphery of the
cluster, indicated ADC, whereas streaming arrangement, three-dimensional sheets with regular
arrangement, flattening at the periphery of the cluster, fuzzy pattern at the periphery of the cluster,
and mutual inclusion indicated SQCC. Paying attention to these cytological structural features can
enable the accurate subtyping of NSCLC into ADC and SQCC.



Introduction

Lung cancer is the most common cause of cancer death worldwide [1]. Distinguishing non-small cell
lung carcinoma {NSCLC) from small cell carcinoma is important for deciding the therapeutic strategy.
With the development of target-specific therapies, the importance of subtyping NSCLC into
adenocarcinoma (ADC) and squamous cel] carcinoma (SQCC) has been increasingly realized in order
to decide the therapeutic strategy. For ADC, testing of epidermal growth factor receptor (EGFR)
mutation and anaplastic lymphoma kinase {ALK) and ROS proto-oncogene 1 (ROS1) fusion is
important [2]. For SQCC, bevacizumab administration is contraindicated owing to the risk of life-
threatening hemoptysis [3]. The combination of pemetrexed and cisplatin has shown worse overall
survival in patients with SQCC than in those with other NSCLC [4].

Approximately 70% of {ung carcinomas are unresectable because patients present with advanced-
stage disease [5); small biopsy and cytology specimens are the primary diagnostic tools for the
majority of patients with lung carcinoma. Thus, correct subtyping of NSCLC into ADC and SQCC would
be important for cytology specimens. Subtyping of NSCLC into ADC and SQCC in small biopsy and
cytology specimens has been recommended [6-8]. Although ancillary techniques such as
immunochistochemistry (IHC), are useful for distinguishing histological types of NSCLC, it is preferable
to minimize IHC and use morphological analysis alone for diagnosis considering that specimens may
be spared for molecular testing (e.g., EGFR) [5] [8].

Subtyping of NSCLC in cytology specimens is mainly based on cytological features. For instance,
foamy cytoplasm, eccentrically situated nuclei, granular chromatin, and single prominent nucleolus
indicate ADC [9]. Keratinization, dense cytoplasm, centrally situated nuclei, coarse granular
chromatin, and multiple nucleoli indicate SQCC [9].

Recently, development of techniques for collecting specimens, such as in bronchoscopy biopsy and
fine needle aspiration cytology, has led to increased proportion of fresh specimens. In fresh cytology
specimens, structural features can be observed more precisely, and evaluation of the structural
features can contribute remarkably to the determination of histologic subtypes. In the 8th edition of
General Rule for Clinical and Pathological Record of Lung Cancer {Japanese classification of lung
carcinoma), some structural features of cytology specimens that were potential clues for subtyping
NSCLC into ADC and SQCC were proposed [9]. We selected 14 cytological features therefrom and
evaluated them to clarify the diagnostic structural features in cytology specimens. To the best of our
knowledge, this is the first study that aimed to revalidate the diagnostic value of the 14 cytologic
structural features.

This study aimed to clarify the diagnostic structural features in cytology specimens that help in
subtyping NSCLC into ADC and SQCC.

Materials and Methods
Patients and study design

This study was conducted in the Department of Diagnostic Pathology, Kagawa University Hospital
(Takamatsu City, Kagawa Prefecture, Japan). Cytology specimens of primary lung ADC or SQCC,
diagnosed over a 4-year period (January 2017 to December 2020), were retrospectively evaluated.



The cytology specimens included exfoliative and fine needle aspiration {(FNA). Cases with a paired
concomitant or subsequent histologic diagnosis as ADC or SQCC using biopsies or surgical specimens
were eligible for this study. Histological diagnosis was based on morphological analysis or IHC.
Morphologically, cases showing glandular structure or intracytoplasmic mucin were classified as ADC,
while those showing keratinization or intercellular bridge were classified as SQCC. For those that did
not show any of the above morphological features, immunohistochemical staining for TTF-1 and p40
was performed, and those that were TTF-1-positive were classified as ADC and those that were p40-
positive were classified as SQCC (shown in Fig. 1). Metastatic tumors were excluded. The specimens
were fixed with 95% ethanol and stained using the Papanicolaou method.

Evaluation of cytological structural features

Cytology specimens were examined by two pathologists and a cytotechnologist. They were evaluated
based on the presence or absence of each cytological structural feature; isolated cell, flat sheet,
three-dimensional cluster with irregular arrangement, papillary-like structure, micropapillary-like
structure, acinar-like structure, palisading pattern, protrusion of nuciei at the periphery of the
cluster, honeycomb pattern, streaming arrangement, three-dimensional sheets with regular
arrangement, flattening at the periphery of the cluster, fuzzy pattern at the periphery of the cluster,
and mutual inclusion. Discrepant interpretations across the evaluators were resolved by consensus.

Statistical analysis

Statistical analyses were performed with SPSS software (IBM Japan, Chuo City, Tokyo Capital, Japan).
Sensitivity, specificity, positive predictive value, and negative predictive value were calculated for
each structural feature. Pearson's chi-squared test or Fisher's exact test was applied to verify the
association between each cytological structural feature and histological subtype. The level of
statistical significance was set at p < 0.05.

Results

A total of 233 cases ware included in the analysis; of them, 149 were ADC (63.9%) and 84 were SQCC
(36.1%). The cytological findings are summarized in Table 1.

Flat sheet, papillary-like structure, micropapillary-like structure, acinar-like structure, and protrusion
of nuclei at the periphery of the cluster were detected at a significant frequency in ADC. Streaming
arrangement, three-dimensional sheets with regular arrangement, flattening at the periphery of the
cluster, fuzzy pattern at the periphery of the cluster, and mutual inclusion were detected at a
significant frequency in SQCC.

1 Isolated cell

The tumaor cells were poorly cohesive and singly scattered (shown in Fig. 2). There were 137 ADCs
and 78 SQCCs; the sensitivity, specificity, positive predictive value, and negative predictive value for
ADC were 91.9%, 7.1%, 63.7%, and 33,3%, respectively. There was no statistically significant
difference (p value = 0.803}.

2 Flat sheet



The cluster was composed of flat mono-layered tumor cells. The cluster with well-defined cell
borders was classified as honeycomb pattern {shown in Fig. 3). There were 42 ADCs and 5 SQCCs; the
sensitivity, specificity, positive predictive value, and negative predictive value for ADC were 28.2%,
94.0%, 89.4%, and 42.5%, respectively. The difference between ADC and SQCC was statistically
significant (p value < 0.001).

3 Three-dimensional cluster with irregular arrangement

The cluster was composed of more than three tumor cell layers. Arrangement of the tumor cells was
irregular (shown in Fig. 4). There were 137 ADCs and 76 SQCCs; the sensitivity, specificity, positive
predictive value, and negative predictive value for ADC were 91.9%, 9.5%, 64.3%, and 40.0%,
respectively. There was no statistically significant difference (p value = 0.701).

4 Papillary-like structure

The cluster was composed of medium to large numbers of tumor cells. Peripheral tumor cells of the
cluster protruded outward in peninsula shape with or without a fibrovascular core (shown in Fig.5).
There were 64 ADCs and 11 SQCCs; the sensitivity, specificity, positive predictive value, and negative
predictive value for ADC were 43.0%, 86.9%, 85.3%, and 46.2%, respectively. The difference between
ADC and SQCC was statistically significant (p value < 0.001).

5 Micropapillary-like structure

The clusters were composed of 3-20 tumor cells with flower crown-like, ball-like, or mulberry-like
formation {shown in Fig. 6). There were nine ADCs and no SQCCs; the sensitivity, specificity, positive
predictive value and, negative predictive value for ADC were 6.0%, 100.0%, 100.0%, and 37.5%,
respectively. The difference between ADC and SQCC was statistically significant {p value = 0.028).

6 Acinar-like structure

The cluster showed circular arrangements of tumor cells with lacunae. Arrangements without lacuna
were excluded (shown in Fig. 7). There were 52 ADCs and 5 5QCCs; the sensitivity, specificity, positive
predictive value, and negative predictive value for ADC were 35.1%, 94.0%, 91.2%, and 45.1%,
respectively. The difference between ADC and SQCC was statistically significant (p value < 0.001).

7 Palisading pattern

Columnar tumor cells showed palisading arrangement at the periphery of the cluster (shown in Fig.
8). There were four ADCs and one SQCCs; the sensitivity, specificity, positive predictive value, and
negative predictive value for ADC were 2.7%, 80.0%, 98.8%, and 36.4%, respectively. There was no
statistically significant difference (p value = 0.656).

8 Protrusion of nuclei at the periphery of the cluster

Nuclei at the periphery of the cluster protruded outwards. The length of the protruding nuclei was
more than half the length of the nuclei. Two or more nuclei of tumor cells were required for the
protrusion {shown in Fig. 8). There were 122 ADCs and 35 SQCCs; the sensitivity, specificity, positive



predictive value, and negative predictive value for ADC were 81.9%, 58.3%, 77.7%, and 64.5%,
respectively. The difference between ADC and SQCC was statistically significant {p value < 0.001).

9 Honeycomb pattern

The cluster was composed of flat mono-layered tumor cells with sharply delineated cell borders.
Nuclei of the tumor cells were located in the center of the cytoplasm (shown in Fig. 10). There were
two ADCs and no SQCCs; the sensitivity, specificity, positive predictive value, and negative predictive
value for ADC were 1.3%, 100.0%, 100.0%, and 36.4%, respectively. There was no statistically
significant difference (p value = 0.537).

10 Streaming arrangement

The tumor cells with oval or spindle nuclei showed fascicular structure along the direction of major
axis of the nuclei in the cluster {(shown in Fig. 11). There were 11 ADCs and 47 SQCCs; the sensitivity,
specificity, positive predictive value and negative predictive value for SQCC were 56.0%, 92.6%,
81.0%, and 78.9%, respectively. The difference hetween ADC and SQCC was statistically significant (p
value < 0,001).

11 Three-dimensional sheets with regular arrangement

The cluster was composed of layered sheets of tumor cells with evenly distributed nuclei (shown in
Fig. 12). There were three ADCs and 34 SQCCs; the sensitivity, specificity, positive predictive value
and negative predictive for SQCC value were 40.5%, 98.0%, 91.9%, and 74.5%, respectively. The
difference between ADC and SQCC was statistically significant (p value < 0.001).

12 Flattening at the periphery of the cluster Nuclei of tumor cells located in the periphery of the
cluster were elongated and flat (shown in Fig. 10). There were 17 ADCs and 50 SQCCs; the sensitivity,
specificity, positive predictive value, and negative predictive value for SQCC were 59,5%, 88.6%,
74.6%, and 79.5%, respectively. The difference between ADC and SQCC was statistically significant {p
value < 0.001),

13 Fuzzy pattern at the periphery of the cluster

Cytoplasmic elongation of tumor cells was seen toward the outside of the cluster. Two or more
cytoplasmic elongations were needed (shown in Fig. 13). There were 12 ADCs and four SQCCs; the
sensitivity, specificity, positive predictive value, and negative predictive value for SQCC were 28.6%,
91.9%, 66.7%, and 69.5%, respectively. The difference between ADC and SQCC was statistically
significant (p value < 0.001).

14 Mutual inclusion

Two tumor cells showed a structure that appeared like a single cell englobing another cell (shown in
Fig. 14). There were 38 ADCs and 61 SQCCs; the sensitivity, specificity, positive predictive value, and

_negative predictive value for SQCC were 72.6%, 74.5%, 61.6%, and 82.8%, respectively. The
difference between ADC and SQCC was statistically significant (p value < 0.001).



Discussion/Conclusion

Previously, there were no therapeutic implications for further classification of NSCLC; hence, very
little attention was given to the distinction of ADC from SQCC in small tissue samples [5]. Recently,
with the development of target-specific therapies, the need for accurate subtyping of non-small cell
carcinoma into ADC and SQCC has arisen for appropriate clinical decision making. Most lung
carcinomas are diagnosed in advanced unresectable stage, and the diagnosis is often done
exclusively from cytology or small biopsy specimens [5]. Although typing of NSCLC into ADC and SQCC
is often recommended in small biopsy and cytology specimens [6-8], differentiating between ADC
and SQCC is sometimes chalienging in cytology specimens.

The accuracy of subtyping NSCLC into ADC and SQCC in cytology specimens has been reported
previously. Rekhtman et al. had reported that accuracy of cytological tumor subtyping in
concordance with histologic diagnosis was 96% in ADC and SQCC cases [10]. Edward et al. had
reported that comparison of preoperative tumor classification of cytology specimens with
postoperative classification showed the rate of correct specific preoperative diagnosis to be 32% in
ADC and 64% in SQCC [11]. Nizzoli et al. reported both cytological and histological typing to be
concordant in 88% of ADC and SQCC cases [12]. Although accurate tumor subtyping may not always
be obtained by cytology specimen only, as mentioned above, subtyping of NSCLC into ADC and SQCC
should be done whenever possible.

In recent years, the frequency of fresh cytology specimens has increased due to the development of
techniques of specimen collection, such as in bronchoscopy hiopsy and fine needle aspiration
cytology. In fresh cytology specimens, structural features can be observed more precisely.

In a previous report, some cytological structural features that were clues to subclassify NSCLC into
ADC and SQCC had been mentioned. Jhonston et al. had reported acinar structure in cytology
specimens of ADC [13]. Nandeesh et al. had reported that glands and three-dimensional and papillary
clusters are seen in ADC while single cells are seen in SQCC [14]. MacDonald et al. previously
reported that the mono-layered sheet is a feature that indicated bronchicloalveolar carcinoma,
corresponding to adenocarcinoma in situ in the 2021 World Health Organization classification of lung
tumors [15]. Morency et al. had reported a drunken honeycomb pattern in invasive mucinous
adenocarcinoma [16). Idowu et al. enumerated the cytomorphological features of adenocarcinoma,
including three-dimensional clusters, individual cells, acinar arrangements, or papillary fronds with
fibrovascular septa. They also reported that well-differentiated SQCC typically appears as individual
cells or cohesive sheets of tumor cells [17].

In the current study, the presence of cytological structural features, such as flat sheet, papillary-like
structure, micropapillary-like structure, acinar-like structure, or protrusion of nuclei at the periphery
of the cluster, provided clues that indicated ADC. Flat sheet would correspond to lepidic pattern of
growth in adenocarcinoma in situ, minimally invasive adenocarcinoma, or lepidic adenocarcinoma.
This cytological siructural feature was seen in a small number of ADC cases, such as acinar
adenocarcinoma, papitlary adenocarcinoma, micropapillary adenocarcinoma, or solid
adenocarcinoma cases; it was seldom seen in SQCC cases. Papillary-like structures were seen in ADC
cases with papillary pattern of growth. This cytological structural feature was also seldom seen in
SQCC cases. Micropapillary-like structure was observed in ADC cases with micropapillary pattern of
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growth. No SQCC case showed micropapillary-like structure. Acinar-like structure was seen in ADC
cases with acinar or cribriform structure pattern of growth; it was seldom seen in SQCC cases.
Protrusion of nuclei at the periphery of the cluster was seen in ADC with any architectural pattern; it
was also observed in some 5QCC cases.

Presence of cytological structural features, such as sireaming arrangement, three-dimensional sheets
with regular arrangement, flattening at the periphery of cluster, fuzzy pattern at the periphery of the
cluster, or mutual inclusion, provided clues that indicated SQCC. Streaming arrangement, three-
dimensional sheets with regular arrangement, and flattening at the periphery of the cluster were
observed in poorly differentiated SQCC cases, such as non-keratinizing sguamous cell carcinoma or
basaloid squamous cell carcinoma; therefore, these structural features could play an important role
in the diagnosis of SQCC cases having no keratinization in cytology specimen. 1t was noteworthy that
mutual inclusion could be seen in not only SQCC cases but also ADC cases.

In this study, palisading pattern and honeycomb pattern had no statistical significance, although they
had high specificity and positive predictive value. A palisading pattern was ohserved in papillary
adenocarcinoma, invasive mucinous adenocarcinoma, and basaloid squamous cell carcinoma cases;
it could also be seen in enteric adenocarcinoma, fetal adenocarcinoma or metastatic colonic
carcinoma. A honeycomb pattern was observed in invasive mucinous adenocarcinoma cases, in this
study; it could also be seen in fetal adenocarcinoma,

Although the cytological structural features, with statistically significant difference, would be
characteristic of ADC or SQCC, a single cytological parameter is usually less reliable as a specific
feature of ADC or SQCC. In this study, although flat sheet and acinar-like structures had high
specificity and positive predictive value for ADC, the structural features were seen in some SQCC
cases as well. Although three-dimensional sheets with regular arrangement had high specificity and
positive predictive value for SQCC, the features were seen in some ADC cases as well. Nizzoli et al.
had reported an SQCC case in which acinar-like structure was seen [12]. When two or more of these
cytological structural features are present in combination, the diagnostic accuracy would be high.

A limitation of this study is that some cytologic structural features were relatively small in number,
such as micropapillary-like structure, palisading pattern, and honeycomb pattern. A study with a
large number of NSCLC cases would be required in the future. Another limitation is that the cytologic
structural features could possibly have diagnostic discrepancies.

In conclusion, we evaluated the diagnostic value of cytological structural features in cytology
specimens to obtain more accurate subtyping of NSCLC into ADC and SQCC. To the best of our
knowledge, this is the first study to focus on the structural features of cytology specimen of NSCLC
and revalidate the diagnostic value of cytological structural features described in the General Rule for
Clinical and Pathological Record of Lung Cancer {the 8th edition). The cytological structural features

would overall help to make accurate diagnosis of NSCLC.
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Figure Legends
Fig. 1.

Diagnostic procedure of biopsies and surgical specimens. NSCLC, non-small cell lung carcinoma; IHC,
immunohistochemistry; ADC, adenocarcinoma; SQCC, squamous cell carcinoma.

Fig. 2.

Adenocarcinoma case showing the isolated cell feature, Poorly cohesive singly scattered tumor cells
are seen.

Fig. 3.

Adenocarcinoma case showing the flat sheet feature. The cluster is composed of mono-layered
tumor cells.

Fig. 4.

Adenocarcinoma case showing three-dimensional clusters with irregular arrangement. The cluster is
composed of multilayer tumor cells with irregular arrangement.

Fig. 5.

Adenocarcinoma case showing papillary-like structures. Peripheral cells of the cluster protrude
outward in peninsula shape. There is no fibrovascular core in this case.

Fig. 6.

Adenocarcinoma case showing micropapillary-like structures. The clusters are composed of 3—20
tumor cells, They show flower crown-like, hall-like, or mulberry-like formation.

Fig. 7.

Adenocarcinoma case showing acinar-like structures. There is a circular arrangement of cells with
lacuna in the cluster (arrow).

Fig. 8.

Adenocarcinoma case showing a palisading patterns. At the periphery of the cluster, the columnar
cells show a palisading pattern (arrow).

Fig. 9.

Adenocarcinoma case showing protrusion of nuclei at the periphery of the cluster. At the periphery
of the cluster, some nuclei protrude outward (arrow).

Fig. 10.

Adenocarcinoma case showing a honeycomb pattern. The cluster is composed of mono-layered
tumor cells. The cell borders are relatively clear. '
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Fig, 11.

Squamous cell carcinoma case showing streaming arrangements and flattening at the periphery of
the cluster. Tumor cells with oval or spindle nuclei present fascicular structure in the cluster.
Elongated and flat nuciei are seen at the periphery of the cluster (arrow).

Fig. 12,

Squamous cell carcinoma case showing three-dimensional sheets with regular arrangement. The
cluster is composed of multilayered tumor cells with relatively evenly spaced nuclei.

Fig. 13.

Squamous cell carcinoma case showing fuzzy patterns at the periphery of the cluster. Cytoplasmic
elongation toward the outside of the cluster is seen (arrow).

Fig. 14.

Squamous cell carcinoma case showing the mutual inclusion feature. One tumor cell pushes another

tumor cell as if englobing it (arrow).
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Table 1. Sensitivity, specificity, positive predictive value, negative predictive value, and p value of each cytological

structural feature

Histological type
Cytological structural feature ADC SQCC SE SP PPV NPV pvalue

(n = 149) (n=84)
Isolated cell 137 78 919 7.1 63.7 333 0.803
Flat sheet 42 5 28.2  94.0 894 425 <0.001
Three-dimensional  cluster  with
. 137 76 919 95 643 40.0 0.701
irregular arrangement
Papillary-like structure 64 11 43.0 86.9 85.3 46.2 < 0.001
Micropapillary-like structure 9 0 6.0 100.0 100.0 375 0.028
Acinar-like structure 52 5 35.1 9S40 91.2 451 <0.001
Palisading pattern 4 1 27 800 988 364 0.656
Protrusion of nuclei at the periphery of

122 35 g1.9 583 777 645 <0.001
the cluster
Honeycomb pattern 2 0 1.3  100.0 100.0 364 0.537
Streaming arrangement 11 47 56.0 92.6 81.0 78.9 <0.001
Three-dimensional sheets with regular

3 34 405 98.0 919 745 <0.001
arrangement
Flattening at the periphery of the

17 50 59.5 886 746 795 <0.001
cluster
F tt t th iph f th

vesy patiern al the peripiely oT e 1o 24 286 919 667 695 <0.001

cluster
Mutual inclusion 38 61 72.6 745 61.6 828 <0001

ADC, adenocarcinoma; SQCC, squamous cell carcinoma; SE, sensitivity; SP, specificity; PPV, positive predictive

value; NPV, negative predictive value
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