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Introduction

Lung cancer is one of the most frequent cancers worldwide. 
It accounts for the majority of cancer deaths in men and is 
the second most frequent cause of cancer death in women (1). 
Several lung cancer entities are recognized by the WHO 
classification with adenocarcinoma, squamous cell carcinoma 
and small cell carcinoma representing the most prevalent 

entities (2). The histologic differentiation of lung carcinomas 
is associated with prognoses and therapeutic consequences 
(3,4). Areas with varying differentiation that correspond to 
different entities, e.g., with squamous and adenocarcinoma 
differentiation, may be found within a lung cancer (5). 
Additionally, amongst adenocarcinomas morphological 
variants are recognized that can be present in different areas 
of a single tumor. Lepidic, acinar, papillary, micropapillary 

Review Article

Core needle biopsy for screening detected lung cancer—does it 
capture all in light of tumor heterogeneity?—a narrative review

Carina Binder, Felicitas Oberndorfer, Leonhard Müllauer

Department of Pathology, Medical University Vienna, Vienna, Austria

Contributions: (I) Conception and design: All authors; (II) Administrative support: None; (III) Provision of study materials or patients: None; (IV) 

Collection and assembly of data: All authors; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII) Final 

approval of manuscript: All authors.

Correspondence to: Dr. Leonhard Müllauer. Department of Pathology, Medical University Vienna, Waehringer Guertel 18-20, A-1090 Vienna, Austria. 

Email: leonhard.muellauer@meduniwien.ac.at.

Abstract: Lung cancer is a heterogeneous disease with distinct histologic differentiation patterns and 
molecular subtypes. This heterogeneity results in different prognoses and therapeutic implications. In case 
a lung nodule, defined as a lesion 3 cm or less in diameter, or a lung tumor, defined as a lesion larger than  
3 cm, has been detected by imaging and a core needle biopsy (CNB) performed, the question arises whether 
the biopsy is representative for the nodule or tumor and leads to the correct histopathologic and molecular 
diagnosis, which is essential for matching therapy and tumor biology. The aim of this narrative review is 
to give an overview on the diagnostic efficacy of CNB to reflect the histomorphology of a lung carcinoma 
and to yield tissue suitable for molecular diagnostics also taking into account tumor heterogeneity. We 
conducted a literature search using PubMed to gather findings on the diagnostic utility of CNB of lung 
nodules and tumors. The prevailing assessment reports a high accuracy for detecting a malignancy. However, 
CNB cannot predict reliably prognostically relevant morphologic subtypes of lung adenocarcinomas. 
Additionally, the scoring of PD-L1 expression, which is a biomarker for stratifying lung cancer patients for 
immune checkpoint inhibitor therapy, is compromised by spatial heterogenous expression within tumors. 
Furthermore, lung carcinomas exhibit high intra- and intertumor genetic heterogeneity. Nevertheless, key 
driver gene mutations that are relevant for targeted therapy are mostly clonal, at least at the time of initial 
diagnosis. This makes the mutation analysis of CNB obtained small tissue samples feasible and provides 
results that are representative for the tumor. In summary, CNB can provide sufficient and high quality tissue 
to diagnose a malignancy and enable genetic analysis with high accuracy. However, the ability to determine 
the morphologic subtypes of lung adenocarcinomas and to score PD-L1 expression of tumor cells is limited. 

Keywords: Tumor heterogeneity; lung cancer; needle biopsy; representativity

Received: 06 February 2021; Accepted: 22 June 2021; Published: 30 October 2021.

doi: 10.21037/shc-21-1

View this article at: https://dx.doi.org/10.21037/shc-21-1

9

https://crossmark.crossref.org/dialog/?doi=10.21037/shc-21-1


Shanghai Chest, 2021Page 2 of 9

© Shanghai Chest. All rights reserved. Shanghai Chest 2021;5:40 | https://dx.doi.org/10.21037/shc-21-1

and solid patterns are seen most frequently (2). The 
WHO classification of lung tumors recommends to report 
the different morphological subtypes present in lung 
adenocarcinoma resection specimens and to specify the 
predominant histologic subtype (2), which correlates with 
overall and disease free survival and may predict the benefit 
from adjuvant chemo- and radiotherapy (6,7).

Adenocarcinoma, squamous cell  carcinoma and 
small cell carcinoma are genetically different diseases 
(8,9). Additionally, within a given lung cancer genetic 
intratumoral heterogeneity is prevalent (10,11). Moreover, 
the genetic composition of a primary lung carcinoma and its 
metastasis may differ (12). Tumor heterogeneity, however, 
is not restricted to the genetic makeup of cancer cells but 
rather involves also differences in protein expression as 
well. These differences may be influenced by intrinsic and 
extrinsic factors, such as interferon-γ release by immune 
cells in the case of PD-L1, a molecular target for immune 
checkpoint inhibitor therapy in lung cancer (13). 

A lung nodule implies a pulmonary lesion that is well-
circumscribed and 3 cm or less in diameter. In contrast, 
the terms tumor or mass are used for lesions larger than  
3 cm (14). In case imaging detected a lung nodule or tumor 
in symptomatic patients or accidentally revealed one in 
asymptomatic patients or in the course of a screening 
program, in particular with low dose chest computed 
tomography (CT), further clarification of the lesion is 
required (15-17). The options include surveillance CT 
imaging, CT-guided biopsy, transbronchial biopsy for 
central lesions, and surgical resection (18). However, most 
lung cancers are in an advanced and inoperable stage at 
diagnosis. Therefore, diagnosis relies heavily on obtaining 
a sufficient number of tumor cells for cytology and/or on 
retrieving small pieces of tumor tissue for morphological 
diagnosis and molecular testing to identify drug targets. 
To this end, tissue from a peripheral nodule or tumor is 
frequently retrieved by image guided (mostly by using 
CT) core needle biopsy (CNB) (18-20). With tumor 
heterogeneity in mind, the question arises whether such a 
biopsy is representative for the tumor and whether it leads 
to the correct diagnosis and molecular test results which 
form the basis for the selection of the most appropriate 
therapy. In this review, we will summarize the strengths and 
limitations of core needle biopsies for the diagnosis of lung 
cancer, histological subtyping and molecular testing.

We present the following article in accordance with the 
Narrative Review reporting checklist (available at: https://
dx.doi.org/10.21037/shc-21-1).

Methods

We searched the literature using PubMed for articles on 
CNB, lung cancer classification, morphologic subtypes of 
lung cancer, lung cancer biomarkers, tumor heterogeneity 
and genetics of lung cancer. Relevant publications were 
reviewed by the authors and the most pertinent results 
summarized.

CNB and morphologic heterogeneity of lung cancer

A lung nodule or tumor detected during screening can be 
further evaluated by transthoracic fine-needle aspiration 
biopsy (FNAB) or CNB. Both procedures are more 
commonly guided by CT and less frequently by ultrasound, 
the latter being employed for peripheral lesions abutting the 
pleura (19,21,22). Pooled data from 48 studies demonstrate 
a high diagnostic accuracy for both methods. The overall 
diagnostic accuracy of CT-guided biopsy (FNAB plus CNB) 
was 92.1% with a sensitivity of 92.1% and a specificity of 
around 100% for the diagnosis of malignancy (23). CNB 
has a slightly higher sensitivity, specificity and accuracy 
for detecting a malignancy in comparison with FNAB  
(21,22,24,25). Even for small nodules with a diameter  
≤2 cm the diagnostic accuracy of CNB ranged from 
87–95% (18). Whereas FNAB provides only cytology 
specimens for smears and/or cell blocks, CNB yields a tissue 
specimen. Although FNAB is a useful technique for the 
diagnosis of lung cancer, CNB provides the advantage of 
facilitating a histology with preservation of the architectural 
context of lesional cells and their microenvironment. 
FNAB and CNB are regarded as rather safe procedures, 
even though complications may occur, with pneumothorax 
and pulmonary hemorrhage being the most frequent and 
found at rates of 20.5% and 2.8%, respectively, in a pooled 
analysis of 75 publications (23).

Adenocarcinomas are heterogeneous in their morphology 
with frequently different growth patterns present within 
a single tumor (Figure 1). In contrast, squamous cell 
carcinoma and neuroendocrine carcinoma show less 
morphologic variation within a given tumor, although 
mixed tumors, e.g., adenosquamous carcinomas or mixed 
neuroendocrine/non-neuroendocrine carcinomas and 
biphasic epithelial-mesenchymal tumors (carcinosarcomas) 
do occur (26). The WHO classification recommends for 
lung adenocarcinomas a semiquantitative estimation of 
each growth pattern in 5% increments for determining 
the single predominant differentiation (2). The pattern 
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of differentiation has prognostic impact. For example, 
the presence of a micropapillary component of 5% or 
greater is a risk factor for recurrence in patients treated 
with limited resection (27). Furthermore, in patients with 
stage I lung adenocarcinoma, a solid predominant subtype 
is an independent predictor of early recurrence (28). 
The morphologic pattern may also provide predictive 
information on response to therapy. For instance, in early 
stage lung adenocarcinomas the response to stereotactic 
body radiation therapy was better in tumors with lepidic, 
acinar and papillary differentiation than in micropapillary 
and/or solid pattern carcinomas (7). Moreover, patients 
with micropapillary and solid patterns benefit more from 
adjuvant chemotherapy (4). In spite of these observations, 
therapy stratification according to the predominant 
histologic subtype is currently not a standardized approach, 
yet, it may be important for prospective clinical trial 
designs.

In case of CNB the question arises whether the biopsy is 
predictive of the predominant morphologic subtype of the 
whole lung nodule or tumor. Matsuzawa et al. reported a 
66% concordance of predominant subtypes in 326 biopsies 
and matched surgical resection specimens (29). As might 
be expected, histopathologic diagnostic concordance and 
the extent of tumor area captured by the biopsy correlated. 
Biopsies with tumor areas >0.7 mm2 were slightly higher 
concordant than biopsies with smaller tumor areas  
(<0.7 mm2) (29). A similar concordance rate between CNB 
and surgically resected tumors of overall 64% was observed 

by Tsai et al., however, the concordance differed among 
subtypes with lepidic 78% (91/117); acinar 58% (98/168); 
papillary 33% (1/3); micropapillary 80% (4/5); and solid 
44% (11/25) concordance (25). There was no difference in 
the concordance rate associated with the punctured part of 
the tumor (central or peripheral areas within the tumor) 
and the number of times a puncture was performed. In line 
with the reports of Matsuzawa and Tsai the study of Huang 
et al. observed in 58.6% of their 128 cases concordant 
predominant pattern subtyping of adenocarcinoma 
between biopsy and the corresponding surgical resection  
specimen (30).

Although lobectomy is the therapy of choice for early 
stage lung carcinomas, in selected cases, e.g., patients with 
a contraindication for lobar resection or node-negative 
adenocarcinomas with a low-grade growth pattern, a limited 
resection would be advantageous as pulmonary tissue would 
be preserved (31,32). However, Huang et al. reported that 
only 18–33% morphologically high-grade (micropapillary/
solid predominant) tumors were detected by CNB (30). 
Therefore, CNB cannot predict reliably the presence or 
absence of high-grade adenocarcinoma predominance in 
a lung nodule or tumor and thus is not suitable to support 
therapeutic decisions depending on an exact subtype 
classification.

The ability to correctly determine the subtype of 
lung carcinoma and to evaluate the presence of invasion 
is lower with CNB tissues than with surgical resection  
specimens (33). The WHO classification recommends to 
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Figure 1 Morphologic subtypes of lung adenocarcinoma. Lepidic (A), acinar (B), papillary (C), micropapillary (D), solid (E). (Hematoxylin 
and eosin staining; magnification 100× for all images, scale bar =500 µm).
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diagnose adenocarcinoma and squamous cell carcinoma 
on small biopsies when the criteria for specific diagnosis of 
these entities are fulfilled (34). If clear adeno- or squamous 
cell patterns are absent, but immunohistochemistry 
(e.g., TTF-1 or p63 staining) favors either of them, 
the nomenclature “non-small cell carcinoma (NSCC), 
favor adenocarcinoma” or “NSCC, favor squamous cell 
carcinoma” should be used (34). A similar cautious naming 
has been suggested for CNB with histologies suggestive 
of large cell neuroendocrine carcinoma, adenosquamous 
carcinoma and sarcomatoid carcinoma (2,33).

A further limitation of CNB is the impossibility to 
definitely render the diagnosis of adenocarcinoma in-situ 
(AIS) or minimal invasive adenocarcinoma (MIA), as due to 
tumor heterogeneity an invasion may not be present in the 
biopsy. Therefore, a non-invasive growth pattern in a CNB 
should be referred to as a lepidic growth pattern (33,34). In 
the corresponding surgical resection specimen, the tumor 
may represent AIS, MIA or invasive adenocarcinoma with 
a lepidic component. Additionally, large cell carcinoma, 
an undifferentiated non-small-cell lung cancer (NSCLC), 
cannot be diagnosed by CNB. In a CNB specimen it 
should be named NSCLC-not otherwise specified (NOS). 
A definite diagnosis of large cell carcinoma requires a 
thoroughly sampled surgically resected tumor (33). 

CNB and diagnostic accuracy of PD-L1 immunohistology

Immunotherapy with antibodies to PD-1 (programmed cell 
death protein 1) and its ligand PD-L1 is an option for the 
treatment of advanced NSCLC (35). The expression of PD-
L1 on tumor cells is a biomarker that is enriched in patients 
that are more likely to respond to immunotherapy (36,37). 
The determination of the so-called tumor proportion score 
(TPS), which is the percentage of PD-L1 reactive cancer 
cells as assessed by immunohistochemistry, is essential for 
patient stratification (38). Patients with NSCLC with a TPS 
≥50% are eligible for first-line treatment with the PD-1 
blocking antibody pembrolizumab (35). In later therapy 
lines, depending on the therapeutic antibody used, the TPS 
cut-off level for immune therapy eligibility is only 1% or the 
proof of tumor PD-L1 expression is not mandatory at all, in 
particular in combination with chemotherapy (39,40).

The expression of PD-L1 by cancer cells is often spatially 
heterogenous within a tumor and may differ between the 
primary tumor and metastasis (41-43). Additionally, a 
temporal heterogeneity of PD-L1 expression exists, which 
is caused by tumor cell intrinsic mechanisms and external 

stimuli, such as interferon-γ released by immune cells (13). 
This spatial and temporal heterogeneity limits the validity 
of PD-L1 expression as a biomarker for immunotherapy. 

The small amount of tumor tissue retrievable by CNB 
may confine the representativity of PD-L1 assessment. 
Tsai et al. reported that CNB specimens were adequate for 
immunohistochemical evaluation of PD-L1 expression in 
96.4% (44). They retrieved a mean number of 7.9 biopsies 
per sample, which is above the more widely used 2–4 passes 
performed at most institutions (44). A limitation of the 
study of Tsai et al. is the lack of comparison of CNB PD-
L1 stainings with corresponding surgically resected nodules 
or tumors. Gradecki et al. compared PD-L1 expression 
in 51 paired CNB and surgical resection specimens of  
NSCLC (45). PD-L1 staining was grouped as 0%, 1% to 
49%, and ≥50% of carcinoma cells positive. In the PD-L1 
strongly expressing group (≥50%) the concordance was high 
with 92.2%. The authors thus suggested that CNB may be 
adequate for determining PD-L1 in NSCLC. However, 
overall the CNB and the corresponding surgical resection 
specimen results were concordant in only 76% of cases, 
with discrepancies mainly in the low expressing cancers (45). 
Discordant PD-L1 scoring between biopsies and surgical 
resection specimens were also noted in other studies with 
false negative PD-L1 expression assessment with biopsies 
in 2.5% to 48% of cases (46-48). A low-level expression of 
PD-L1 may thus be missed with CNB, and these patients 
may be unwarrantedly excluded from immunotherapy. 
Therefore, it seems advisable to repeat the PD-L1 staining 
provided a surgical resection specimen is available, in 
particular for low-level expressing CNB specimens.

CNB and molecular heterogeneity of lung cancer

Lung adenocarcinoma, squamous cell carcinoma and 
small cell carcinoma are genetically different entities  
(8,9). Furthermore, each carcinoma exhibits a spectrum of 
mutated genes that differs between individual patients with 
a tumor of the same histologic subtype (49). Additionally, 
within a given tumor different areas harbor common 
as well as distinct mutations (10,11). This intratumor 
heterogeneity is the result of genetic instability of cancer 
cells and a selection of the fittest clones by evolution (50). 
Intratumor heterogeneity is in general regarded as a 
cause for the development of therapy resistance and may 
be associated with increased mortality (51,52). Regional 
exome sequencing of NSCLC revealed a branched model 
of cancer development with a trunk of mutations that are 
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ubiquitous in a tumor and branches of mutations present 
only in subclones in some areas of a tumor (10,11). In 
the study of de Bruin et al. 13 of 14 known cancer gene 
mutations were present in the trunks of the mutation trees 
in 11 analyzed NSCLC (10). This indicates that these 
clonal mutations occurred early during evolution of the 
tumors. However, about a third of all nonsilent mutations 
were present in at least one region but not in all regions 
of individual tumors. Similar observations were made 
by Zhang et al. who reported 20 out of 21 known cancer 
driver gene mutations present in all regions of individual  
NSCLCs (11). Additionally, they observed that not all driver 
mutations develop before subclonal diversification. Some 
may arise thereafter. On average, 24% of all mutations 
were not present in all analyzed regions of a tumor and 
thus subclonal. A molecular heterogeneity is already 
present in the early in-situ and minimal invasive forms of 
lung adenocarcinomas (AIS and MIA), although key driver 
genes such as EGFR and KRAS are usually present in all 
regions of a tumor (53). In conclusion, although NSCLC 
exhibits high intratumoral genetic heterogeneity, single-
area sequencing may be adequate to identify the majority of 
known key driver gene mutations in NSCLC at the time of 
initial tumor diagnosis (10,11).

A few studies addressed the question whether within 
a lung adenocarcinoma areas with different histologic 
differentiation harbor the same mutations. Dietz et al. 
investigated by digital PCR the distribution of allele 
frequencies of EGFR and KRAS mutations in lung 
adenocarcinomas in correlation to the morphological 
patterns in a tumor (54). Mutant allele frequencies were 
higher in areas with a predominant solid pattern compared 
to all other histologies. Nevertheless, their data indicate that 
driver gene mutations are present throughout the whole 
tumor, with a correlation between the allele frequencies 
and histologic growth patterns (54), which may be caused 
by differences in tumor cell abundancy. Mattsson et al. also 
reported consistent EGFR and KRAS mutation status within 
histologically heterogeneous lung cancers (55). Conversely, 
rare discrepancies in EGFR and KRAS mutations between 
areas with different growth patterns were observed by 
Zhong et al., who utilized direct sequencing and a mutation 
specific polymerase chain reaction (PCR) assay (56). They 
concluded that discrepancies might be due to the various 
abundance of mutant tumor cells and the sensitivity of the 
employed detection assay. In contrast, Tomonaga et al. 
observed a high intratumor EGFR mutation heterogeneity 
of 23.7% (9/38) between morphologically different areas 

in lung adenocarcinomas by employing a mutant-enriched 
PCR assay (57).

When considering possible differences in the mutation 
status between primary lung cancer and their metastasis 
contradictory results exist. For example, the percentage of 
discordant results of EGFR mutation status varied from 0% 
to 38.8% in 7 studies (58). A meta-analysis of 9 publications 
reported a 12.2% (86/707) discrepancy in EGFR mutation 
status between the primary lung carcinoma and lymph 
node metastasis (59). In contrast, other authors showed 
that mutation heterogeneity is rare between primary 
tumors and their metastasis. Kim et al. identified infrequent 
genetic heterogeneity of 16 genes, including EGFR, 
between primary tumor and metastasis by next-generation 
sequencing (12). Likewise, Vignot et al. also observed a high 
concordance of NGS detected recurrent somatic alterations 
between primary tumor and metastasis from patients with 
NSCLC (60). Sherwood et al. described in a review of  
26 articles that there are variable discordance rates between 
primary tumor and their metastasis. However, as there 
is a substantial concordance, the authors concluded that 
molecular diagnosis could be made with the primary tumor 
or the metastasis, provided sensitive detection methods are 
used (61).

Genetic intratumor heterogeneity raises the question 
whether a small amount of tumor tissue retrieved by CNB 
is adequate for molecular diagnostics. The number of cells 
required for a successful mutation test has not been well 
defined, but a range of 100–400 tumor cells in the specimen 
has been suggested (58). Core needle biopsies provided an 
adequate amount of tissue to perform molecular studies in 
100% of cases in one study compared to 94% of specimen 
retrieved by FNA (21). Solomon et al. observed 100% 
concordance in EGFR and KRAS testing in 16 lung 
adenocarcinomas between CNB and the surgical resection 
specimens (62). Likewise, Kim et al. compared EGFR, 
KRAS, BRAF and PIK3CA mutational status between  
14 CNB and surgical resection specimens and did not 
observe any differences (63). Furthermore, Masago et al. 
compared EGFR exon 18, 19, 21 sequencing of biopsies 
with surgical resection specimens and found a 100% 
concordance in 18 paired samples (64). These data suggest 
that CNB obtained tissues may be sufficient to identify key 
driver gene mutations in lung adenocarcinomas. In line with 
that, according to the College of American Pathologists 
(CAP)/International Association for the Study of Lung 
Cancer (IASLC)/Association for Molecular Pathology 
(AMP) guideline on molecular testing in NSCLC, EGFR 
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testing of multiple different areas within a single tumor is 
not necessary (65). 

Conclusions

CNB is a highly valuable technique for the clarification 
of lung nodules and tumors with a high accuracy for 
the diagnosis of malignancy. Additionally, it can provide 
sufficient and suitable tissue for molecular testing. 
Limitations are posed by intratumor heterogeneity for the 
morphological subtyping of lung adenocarcinomas and 
PD-L1 assessment, in particular for low-level expressing 
tumors. 
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