
Cancer Cytopathology  September 2020 637

Commentary

Lung Cancer and Molecular Testing in Small Biopsies 
Versus Cytology: The Logics of Worlds

Esther Diana Rossi, MD, PhD, MIAC 1; Austin Wiles, MD 2; and Andrea Vecchione, MD3

The 8th Annual National Molecular Cytopathology Meeting, held in Naples, Italy, on December 2 to 3, 2019, addressed updates  

in diagnostic cytopathology and molecular classifications and specifically focused on lung cancer biomarker testing in  

cytology samples. Lung cancer continues to be the most commonly diagnosed noncutaneous malignancy in the world. In 

the majority of patients, lung cancers are frequently identified when they cannot be surgically accessed, and this leads to 

the use of cytology for a diagnosis and theragnostic testing. The meeting was an international forum for discussing new 

roles and updates for cytopathology in molecular testing as the basis for provoking new trends and novel approaches. The  

relevant literature is referenced. The significance of these updates for the practice of pathology in general is discussed. 
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INTRODUCTION

This commentary summarizes relevant updates to the practice of lung cytopathology with respect to molecular  
diagnostics as discussed during the 8th Annual National Molecular Cytopathology Meeting directed by 
Professor Giancarlo Troncone on December 2 to 3, 2019, in Naples, Italy. We specifically discuss consider-
ations from the presenters about the role of cytopathology specimens versus small surgical biopsies in obtaining 
a primary diagnosis and performing ancillary testing for lung cancers. The relevant literature is referenced. We 
discuss the significance of these updates to the practice of pathology in general.

A FABLE

Not that long ago, though further back than some remember, the pathologist's role in patient care essentially 
ended with a definitive diagnosis. An ideal specimen was simply one that could secure the identity of a tumor. 
As theragnostic postdiagnostic testing has evolved, the pathologist's role in patient care has persisted past the 
point of diagnosis. Whenever a new test comes into being, a hierarchy of specimens evolves. Some specimen 
types are considered gold standards, whereas others are considered less than ideal.

In lung cancer, surgical biopsies have been treated as the ideal specimens for postdiagnostic and theragnos-
tic molecular testing.1-8 Because cytopathology offers a unique opportunity for a direct role in the procurement 
of specimens through rapid onsite evaluation (ROSE), cytopathologists have been directly and dramatically 
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affected by this apparent fall from ideality. The specimen 
procured with the help of a cytopathologist has been over-
shadowed by surgical specimens.

However, that shadow is lifting. The last decade has 
demonstrated that cytology offers highly reliable spec-
imens for diagnostic interpretation in comparison with 
small surgical biopsies. Moreover, cytology specimens and 
surgical specimens can coexist as alternative and parallel 
diagnostic worlds.

WHAT IS AN IDEAL?

Plato of Athens, who lived in ancient Greece around 
400 BCE, anticipated this dilemma of the contempo-
rary cytopathologist. Plato described an abstract, higher 
layer of reality composed of ideal forms. These ideal 
forms are eternal and changeless and represent the 
paradigms that we use to understand and evaluate our 
world. For Plato, all things that exist, from biopsies to 
microscopes to tumors to pathologists themselves, are 
connected to some ideal form. When we say that some-
thing is ideal, we are evaluating how closely a specific 
entity corresponds to its perfected abstract form. For 
Plato, the actual entities that we encounter in life are 
the flawed shadows of their ideal forms.9 For molecu-
lar testing, the surgical pathology specimen has been 
the ideal form, whereas the cytopathology specimen has 
been the flawed, imperfect shadow.

IS CYTOPATHOLOGY THE FLAWED 
SHADOW OF SURGICAL PATHOLOGY?

The 8th Annual National Molecular Cytopathology 
Meeting, held in Naples, Italy, addressed updates in 
diagnostic cytopathology and molecular classifications 
and specifically focused on lung cancer biomarker test-
ing in cytology samples. The meeting was an interna-
tional forum for discussing new roles and updates for 
cytopathology in molecular testing as the basis for pro-
voking new trends and novel approaches. Diverse sym-
posium speakers thematically and explicitly emphasized 
the significant role of cytology in achieving optimal 
molecular testing results.

In 2015, the World Health Organization issued sev-
eral major revisions to the diagnostic categories of lung 
cancer, mostly because of molecular profile discoveries. 
These new World Health Organization classifications in-
cluded cytological specimens alongside surgical specimens 
in tumor classification as diagnostically equivalent.10 

Despite its small size, a cytopathology specimen can 
routinely afford a correct, full-fidelity diagnosis and 
provide ample material for necessary ancillary testing in 
accordance with the standard of care.11-17 As a diagnos-
tic modality, a cytopathological specimen demonstrates 
equivalency to a surgical specimen specifically because of 
the veridical richness of cytomorphology and its relation 
to molecular pathology.

For lung cancers, the last decade has produced 
rapid advances in molecular testing reciprocally with 
novel therapies. Patients presenting at advanced stages 
and with unresectable lung tumors, which represent 
more than 70% of cases, have particularly benefit-
ted.2,10,18-26 This can be partially attributed to basing 
therapeutic decisions on tumor typing, which is in-
creasingly possible with cytology. The technological 
reach of molecular diagnosis has also allowed increasing 
prominence for cytopathology.

Traditionally, molecular testing has required for-
malin-fixed, paraffin-embedded tissue. As such, forma-
lin-fixed, paraffin-embedded cell blocks are the most 
widely used cytological specimens for molecular testing 
because of validation similarity with traditional histolog-
ical samples.11,27 However, the updated molecular testing 
guidelines from the College of American Pathologists, 
the International Association for the Study of Lung 
Cancer, and the Association for Molecular Pathology in 
2018 concur that any cytological sample, characterized 
by adequate and well-preserved material, can be used for 
molecular testing, including smear slides used to judge 
adequacy during ROSE. These guidelines explicitly in-
clude cytological specimens among surgical specimens for 
the testing of routinely treatable mutations when patients 
are diagnosed with lung adenocarcinoma and/or not oth-
erwise specified.23-25 This would allow for the exploration 
of the utility of cytopathology specimens in both ob-
taining a primary diagnosis and performing consequent  
molecular testing.

Subsequently, an increasing number of publications 
have articulated the central role of cytopathology speci-
mens in obtaining the necessary lung cancer diagnosis with 
reliable subsequent molecular testing. In fact, molecular  
cytopathology is often better than surgical pathology 
in many settings.1,11,12,14,15,27 Cytological samples fre-
quently demonstrate higher tumor yields than concurrent 
surgical biopsy specimens. Furthermore, diagnostic ma-
terial can be apportioned among different media during 
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ROSE, such as cell blocks, smears, and liquid-based 
preparations, and this allows for more diverse types of 
analysis during all phases of testing.14-17 In summary, 
recent history has demonstrated the superior ability of 
cytopathology specimens for obtaining an accurate diag-
nosis and performing the necessary theragnostic molec-
ular testing.

The Naples meeting summarily confirmed the es-
sential role of cytology in lung cancer diagnosis and treat-
ment. Speakers documented that molecular testing can 
be run on small biopsies and cytology specimens with 
comparable results. For example, Dooms et al18 described 
a randomized trial comparing 2 different needle sizes 
(19 and 22 gauge) with resultant, successful next-gen-
eration sequencing. Success was obtained with 96% of 
the samples, regardless of the needle sizes, with compa-
rable nondiagnostic biopsy rates. Although tissue samples 
might be smaller, the art of cytomorphological evaluation 
and the practice of molecular diagnosis have more than 
compensated.

To summarize this conference, cytopathological 
methods can produce an ideal specimen for the diagno-
sis and theragnostic testing of lung cancers independent 
of surgical biopsies. The power of molecular diagnosis 
has not eliminated the practice of cytomorphological 
analysis; it has increased its importance. The diagnos-
tic judgment of the cytopathologist during ROSE and 
cytomorphological and immunohistochemical analysis 
represents an ideal diagnostic pathway for patients with 
lung cancer.

A FABLE REVISITED

These developments in cytomorphological analysis and 
theragnostic molecular diagnosis have prompted a re-
evaluation of the practice of cytopathology and its role 
in the care of patients with lung tumors. Cytopathology 
specimens are not a degraded shadow of surgical pathol-
ogy specimens. They have an independent dignity. New 
techniques developed in the last decade have allowed 
for high-quality molecular results to be obtained from 
a multiplicity of cytopathological specimens in addi-
tion to traditional surgical pathology specimens.11-15,27 
Interestingly, ROSE is increasingly important because 
of the triage possibilities afforded by postdiagnostic 
molecular testing. Cytomorphological analysis is now 
more evolved than ever and does not simply serve as an 

adequacy gesture for molecular analysis. However, this 
change was possible only with a re-investment in the de-
velopment of cytomorphological diagnosis, the evolution 
of molecular diagnosis techniques, and resistance to the 
dominant conceptual apparatus, the idea that cytopathol-
ogy is the shadow of surgical pathology. It seems that the 
implicit conceptual apparatus underwriting pathology 
might need its own re-evaluation. Plato's idealism does 
not capture our present situation. Cytopathology is its 
own rich world.

A pathologist's decision to discard, rescue, reha-
bilitate, demonstrate, or explore is underwritten by a 
conceptual apparatus that allows the pathologist to or-
ganize, capture, and use what he or she perceives. This 
happens during all thinking, including clinical work 
and research. As the meeting in Naples demonstrated, 
the last decade has proved verdant for the development 
of cytopathology. Similarly, the 4000  years since the 
time of Plato have produced developments in the sci-
ence of conceptual apparatuses, which is also called phi-
losophy. Conceptual apparatuses are not static; like any 
laboratory process, they can be developed, improved, or 
discarded. However, instead of totally discarding Plato's 
idealism, we can reciprocally redeploy the conclusion of 
the Naples conference. Idealism itself can evolve to help 
us to understand our present and inspire new pathways 
forward.

Plato seems to argue for a world bound to static 
ideal forms. However, cytopathology has been anything 
but static, and many specimens can produce excellent 
results despite being less than ideal. Changeless order 
should not be sought or accepted as an ideal because it 
does not reflect our practice as physicians and scientists 
and represents a misunderstanding of the concept of the 
ideal.28 Although some specimens are certainly better 
than others for different tests, these hierarchies are con-
tingent and not fixed in time. New molecular techniques 
have prompted advances in cytomorphology itself and 
allowed for new gold standards to come into being. 
Rather than 1 world of specimens with corresponding 
ideals, we now have multiple worlds of specimens, each 
with its own ideals. To navigate this complexity, we need 
similar developments in our thinking. Instead of a single 
world, we can now have multiple worlds.

Alain Badiou, a modern student of Plato, argues 
that every entity itself constitutes a world and that “every 
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world is capable of producing its own truth within  
itself.”29 For every tumor, there are multiple ways to  
obtain a specimen, from radical resection to fine-needle 
aspiration biopsy. There are multiple ways to handle the 
specimen at the time of acquisition, from smears, touch 
preparations, Papanicolaou staining, liquid-based prepa-
rations, and Diff-Quik to direct formalin fixation. There 
are multiple visible features of the cells on a slide that 
any pathologist might apprehend to obtain the diagnosis. 
There are multiple tests available after a diagnosis that 
may be important to treatment, and there are multiple 
laboratories available to perform them. This proliferation 
of multiplicities can be overwhelming and deconstructs 
traditional hierarchies. Which way is up? Is there an up? 
Perhaps we can relax our commitment to rigid hierarchies 
amid all this complexity and find a more elegant concept 
to navigate our present and future.

As physicians, we know that each patient is singu-
larly important. Each patient is his or her own world and, 
therefore, has his or her own ideal. Similarly, each spec-
imen is singularly important. However, there are many 
specimens. Appreciating this duality is a logic of worlds. 
So instead of lamenting that a particular specimen is not 
ideal, let us instead find the individual ideal context for 
each specimen or create this context.

The 8th Annual National Molecular Cytopathology 
Meeting did not occur because pathologists lamented the 
obsolescence of lung cytopathology. The contributing 
scientists confronted the multiplicity of advancements 
with their own proliferation of creativity. They implic-
itly grasped the insight of Gilles Deleuze, philosopher 
of multiplicities, and asked “what a body is capable of 
doing.”30 Their answers to this question created new tech-
niques and invigorated the role of the cytopathologist. 
Cytopathological specimens have new capabilities. The 
importance of cytopathological decision making during 
ROSE has brought the decisional apparatus of the pa-
thologist closer than ever to the patient. As techniques 
become more numerous, the potentialities of each speci-
men expand. Concurrently, the judgment of the pathol-
ogist becomes more frequent and necessary. Molecular 
diagnostics has not effaced the need for cytomorphology 
but rather has increased its importance. Molecular cyto-
pathology has its own ideal, and the mapping of it has 
just begun.

The future of pathology lies not in reaffirming gold 
standards but in asking what a body can do. What is the 

gold standard for this specimen for this patient in this 
context? How can your judgment and creativity achieve 
that?

Until another Plato's theory is coming up to be eval-
uated and revised.

FUNDING SUPPORT
No specific funding was disclosed.

CONFLICT OF INTEREST DISCLOSURES
The authors made no disclosures.

REFERENCES
 1. Rekhtman N, Roy-Chowdhuri S. Cytology specimens: a goldmine for 

molecular testing. Arch Pathol Lab Med. 2016;140:1189-1190.
 2. Roy S, Nandi A, Das I, Mandal PK. Comparative study of cytology 

and immunocytochemistry with trucut biopsy and immunohisto-
chemistry in diagnosis of localized lung lesions: a prospective study.  
J Cytol. 2015;32:90-95.

 3. Maldonado F, Jett JR. Advances in the diagnosis of lung cancer: con-
tribution of molecular biology to bronchoscopic diagnosis. Curr Opin 
Pulm Med. 2010;16:315-320.

 4. Sackett MK, Salomao DR, Donovan JL, Yi ES, Aubry MC. Diagnostic 
concordance of histologic lung cancer type between bronchial biopsy 
and cytology specimens taken during the same bronchoscopic proce-
dure. Arch Pathol Lab Med. 2010;134:1504-1512.

 5. Layfield LJ, Baloch Z, Elsheikh T, et al. Standardized terminology and 
nomenclature for respiratory cytology: the Papanicolaou Society of 
Cytopathology guidelines. Diagn Cytopathol. 2016;44:399-409.

 6. Michael CW, Faquin W, Jing X, et al. Committee II: guidelines for 
cytologic sampling techniques of lung and mediastinal lymph nodes. 
Diagn Cytopathol. 2018;46:815-825.

 7. Ravaioli S, Bravaccini S, Tumedei MM, Pironi F, Candoli P, Puccetti 
M. Easily detectable cytomorphological features to evaluate during 
ROSE for rapid lung cancer diagnosis: from cytology to histology. 
Oncotarget. 2017;8:11199-11205.

 8. Layfield LJ. The Papanicolaou Society of Cytopathology classi-
fication for pulmonary specimens: an overview. Cytopathology. 
2016;27:149-152.

 9. Kraut R. Plato. Published 2017. Accessed April 10, 2020. https://
plato.stanf ord.edu/archi ves/fall2 017/entri es/plato/

 10. Inamura K. Lung cancer: understanding its molecular pathology and 
the 2015 WHO classification. Front Oncol. 2017;7:193.

 11. Roy-Chowdhuri S, Pisapia P, Salto-Tellez M, et al. Invited review—
next-generation sequencing: a modern tool in cytopathology. Virchows 
Arch. 2019;475:3-11.

 12. Jain D, Roy-Chowdhuri S. Molecular pathology of lung can-
cer cytology specimens: a concise review. Arch Pathol Lab Med. 
2018;142:1127-1133.

 13. Roy-Chowdhuri S. Molecular testing of residual cytology samples: 
rethink, reclaim, repurpose. Cancer Cytopathol. 2019;127:15-17.

 14. Malapelle U, Mayo-de-Las-Casas C, Molina-Vila MA, et al. 
Consistency and reproducibility of next-generation sequencing and 
other multigene mutational assays: a worldwide ring trial study on 
quantitative cytological molecular reference specimens. Cancer 
Cytopathol. 2017;125:615-626.

 15. Pisapia P, Malapelle U, Roma G, et al. Consistency and reproducibil-
ity of next-generation sequencing in cytopathology: a second world-
wide ring trial study on improved cytological molecular reference 
specimens. Cancer Cytopathol. 2019;127:285-296.

https://plato.stanford.edu/archives/fall2017/entries/plato/
https://plato.stanford.edu/archives/fall2017/entries/plato/


641Cancer Cytopathology  September 2020

Lung Cytology Versus Small Biopsies/Rossi et al

 16. Metovic J, Righi L, Delsedime L, Volante M, Papotti M. Role of 
immunocytochemistry in the cytological diagnosis of pulmonary  
tumors. Acta Cytol. 2020;64:16-29.

 17. Yung RC. Tissue diagnosis of suspected lung cancer: selecting between 
bronchoscopy, transthoracic needle aspiration, and resectional biopsy. 
Respir Care Clin N Am. 2003;9:51-76.

 18. Dooms C, Vander Borght S, Yserbyt J, et al. A randomized clinical 
trial of flex 19G needles versus 22G needles for endobronchial ultra-
sonography in suspected lung cancer. Respiration. 2018;96:275-282.

 19. Dacic S. Molecular profiling of lung carcinoma: identifying clinically 
useful tumor markers for diagnosis and prognosis. Expert Rev Mol 
Diagn. 2007;7:77-86.

 20. VanderLaan PA, Rangachari D, Majid A, et al. Tumor biomarker test-
ing in non–small-cell lung cancer: a decade of change. Lung Cancer. 
2018;116:90-95.

 21. Lee J, Park CK, Yoon HK, et al. PD-L1 expression in ROS1-
rearranged non–small cell lung cancer: a study using simultaneous 
genotypic screening of EGFR, ALK, and ROS1. Thorac Cancer. 
2019;10:103-110.

 22. Thunnissen E, Allen TC, Adam J, et al. Immunohistochemistry of 
pulmonary biomarkers: a perspective from members of the Pulmonary 
Pathology Society. Arch Pathol Lab Med. 2018;142:408-419.

 23. Lindeman NI, Cagle PT, Aisner DL, et al. Updated molecular test-
ing guideline for the selection of lung cancer patients for treatment 
with targeted tyrosine kinase inhibitors: guideline from the College 

of American Pathologists, the International Association for the Study 
of Lung Cancer, and the Association for Molecular Pathology. J Mol 
Diagn. 2018;20:129-159.

 24. Kalemkerian GP, Narula N, Kennedy EB, et al. Molecular testing 
guideline for the selection of patients with lung cancer for treatment 
with targeted tyrosine kinase inhibitors: American Society of Clinical 
Oncology endorsement of the College of American Pathologists/
International Association for the Study of Lung Cancer/Association 
for Molecular Pathology clinical practice guideline update. J Clin 
Oncol. 2018;36:911-919.

 25. Jain D, Allen TC, Aisner DL, et al. Rapid on-site evaluation of endo-
bronchial ultrasound-guided transbronchial needle aspirations for the 
diagnosis of lung cancer: a perspective from members of the Pulmonary 
Pathology Society. Arch Pathol Lab Med. 2018;142:253-262.

 26. Travis WD, Brambilla E, Noguchi M, et al. Diagnosis of lung cancer 
in small biopsies and cytology: implications of the 2011 International 
Association for the Study of Lung Cancer/American Thoracic Society/
European Respiratory Society classification. Arch Pathol Lab Med. 
2013;137:668-684.

 27. Roy-Chowdhuri S. Advances in molecular testing techniques in cyto-
logic specimens. Surg Pathol Clin. 2018;11:669-677.

 28. Whitehead AN. Modes of Thought. Free Press; 1968.
 29. Badiou A. Logics of Worlds: Being and Event II. Continuum; 2009.
 30. Deleuze G. Expressionism in Philosophy: Spinoza. Zone Books; 

1990.


