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Abstract
Recently, the incidence rate of head and neck cancer (HNC) has been increasing significantly. It is estimated that there 
are over 550,000 new cases per year, of which over 130,000 are laryngeal cancers. It is assumed that in more than 60% 
of patients the disease is diagnosed late, at stages III–IV, which is associated with unfavorable prognoses: the aver-
age survival ranges from 15% to 45%. The mainstay of successful tumor therapy is the early detection of neoplastic 
tissue. The laryngological examination with the use of traditional instruments should be expanded with an endoscopic 
examination of the larynx using optics in the outpatient clinics. This procedure is sufficient to select patients who need 
a direct laryngoscopy with a surgical biopsy, usually under general anesthesia in operating room conditions. However, 
it may bear potential complications. In 1941, Papanicolaou and Traut showed that brush cytology could be useful in 
detecting precancerous conditions and cervical cancers. For decades, research on the usefulness of brush cytology in 
diagnosing precancerous conditions and laryngeal cancers has been conducted. This paper aims to enable the reader 
to understand the issues related to laryngeal cancer and present the results of the previous use of brush cytology in 
the diagnostic process.
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Introduction

According to the National Cancer Registry, the laryngeal 
cancer incidence in 2010 reached 2,200 cases (1,900 
men and approx. 300 women), representing about 2.7% of 
malignancies in men and 0.4% in women. More than 90% of 
cases occur in patients over 50; the risk increases with age, 
reaching its peak in men over 70 and women at the turn of 
the fifth and sixth decade of life. The incidence of laryngeal 
cancers in men constantly increased until the mid-1990s, 
after which an incidence decline was observed; however, it 
remains stable in women. The 5-year survival rate is 51% 
for men and 63% for women. In Poland, both the morbidity 
and mortality due to larynx cancer are higher than in other 
European Union countries [1, 2]. It is estimated that laryngeal 
cancer incidence in the United States of America in 2016 

reached 13,430, with more than 3,620 deaths reported [3]. 
According to American statistics, it is one of the few oncological 
diseases for which the 5-year survival rate decreased over 
the last 40 years (from 66% to 63%). However, the overall 
incidence rate is decreasing [3]. It is assumed that in more 
than 60% of patients, the disease is diagnosed at stages 
III–IV, which is associated with unfavorable prognoses: the 
average survival ranges from 15% to 45% [4, 5]. This reveals 
the need for further research and innovation in this area. 
The risk factors for laryngeal cancer development include 
alcohol consumption and smoking [6]. Smoking is linearly 
related to laryngeal cancer; the risk among smokers is 
10–15 times higher than among non-smokers. The heaviest 
smokers have up to 30 times higher risk of developing this 
illness [7, 8]. HPV plays a significant role in the pathogenesis 
of cancer of the oral pharynx. In contrast, the impact of 
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oncogenic HPV infections (16,18,31,33,35) on the cancer 
transformation process in laryngeal malignancies appears 
to be much smaller and not fully understood. It is estimated 
that viral DNA incidence ranges from 20% to 30%, but this 
percentage varies among researchers and depends on 
the detection method applied [9, 10]. The most prevalent 
is squamous cell carcinoma (SCC). SCCs are divided into 
well differentiated (G1), moderately differentiated (G2), 
poorly differentiated (G3), and anaplastic (G4) carcinomas, 
depending on keratosis and several miotic figures [11]. 
Lesions in epithelial cells precede the development of 
SCC, which determines the formation of dysplasia. Roegan 
introduced the term dysplasia in 1958; it refers to atypical 
proliferation and lesions in both cell and epithelial structures 
[12, 13]. Leucoplakia, erythroplakia, and epithelial ulceration 
are clinical diagnoses that raise suspicions of neoplastic 
transformation; in histopathological diagnosis, they indicate 
dysplasia at various stages, carcinoma in situ, or invasive 
cancer [14]. In dysplasia, the neoplastic transformation grade 
is about 36.4% and represents a relatively late multistage 
carcinogenesis phase [15]. Forecasting of the transformation 
potential depends on the histological evaluation, which 
involves the quantitative determination of the degree of 
epithelial architecture abnormalities and cellular ones above 
the basal membrane [14]. Such symptoms as hoarseness, 
weakening of the voice, dysphagia, dyspnea, neck tumors, 
or ear pain should lead to further diagnostic processes 
for laryngeal cancer. The diagnosis should be based on 
a physical examination, taking risk factors into account, 
and on a laryngological analysis using a nasofiberscope. 
An optical technique, narrow band imaging (NBI), based 
on the modification of white light using special filters, is 
instrumental in detecting the microvascular abnormalities 
associated with the preneoplastic and neoplastic changes 
in the mucosal lining. This procedure can be performed as 
a diagnostic and during endoscopic laser cordectomy, as it 
allows a more precise assessment of the status of surgical 
margins of early-stage and locally advanced laryngeal 
cancers [16, 17]. Narrow band imaging is also a practical tool 
in laryngeal cancer follow-up after surgical procedures such 
as transoral laser microsurgery or radiotherapy [18]. This 
diagnostic process is not always sufficient; however, it can be 
supplemented with direct laryngoscopy using the collection of 
samples for histopathological examination, usually performed 
under general endotracheal anesthesia in operating room 
conditions. In cases of general anesthesia contraindications 
or cervical spine alterations, an alternative procedure should 
be applied. Videolaryngoscopy during conscious sedation 
might be considered as a surgical approach in patients who 
are not suitable for phonosurgery by microlaryngoscopy. 
It is essential to mention that during surgical biopsy of the 

larynx under local anesthesia, unexpected bleeding or 
laryngospasm may occur [19].

After receiving the histopathological diagnosis, it is 
necessary to evaluate the extent of the disease—that is, the 
disease stage at the time of diagnosis. Standard imaging 
techniques include computed tomography (CT), magnetic 
resonance imaging (MRI), and positron emission tomography 
(PET). The advantage of CT over MRI for laryngeal cancer 
is debatable; CT usually shows a higher specificity in the 
identification of thyroid cartilage invasion compared to 
MRI [20]. The disease stage at the time of diagnosis is a 
critical predictive factor. It is estimated that the T3–T4 stage 
patients are twice as likely to die compared to those at an 
earlier stage; the 5-year survival rate for T1 is about 95.6%, 
while for T4 it is only 52.1% [21]. Therefore, the effective 
diagnostic process leading to early-stage laryngeal cancer 
diagnosis through histopathological examination is of great 
importance. The histopathological examination is a gold 
standard in laryngeal SCC diagnosis. However, it is difficult 
to monitor the effects of treatment or conduct the follow-up 
of a patient with low- or high-grade dysplasia by performing 
regular laryngeal microsurgeries, which, in addition to tissue 
traumatization, carry the risk of infection or perioperative 
bleeding. Moreover, the follow-up of a patient with a history 
of laryngeal cancer is essential, due to the high rate of 
relapse and the frequent occurrence of a second primary 
cancer of this area, which is a result of the negative effect 
of carcinogenic factors on the entire mucous membrane 
of the upper digestive and respiratory tract [22, 23]. To 
minimalize the risks associated with surgery under general 
anesthesia, other auxiliary procedures may be considered. 
In both gynecology and pulmonology, brush cytology is an 
additional tool for diagnosing and monitoring cervical, lung, 
and bronchial cancers [24]. 

Material and methods

This review aims to introduce the contribution of exfoliative 
cytology to the diagnosis of precancerous conditions and 
laryngeal cancers. It considers the following question: ”Is 
brush cytology a highly reliable and valuable diagnostic 
procedure for clinically suspected laryngeal lesions?”

A comprehensive and detailed literature search was 
conducted to answer the above question. The abstracts 
of the studies identified in the search were screened, and 
subsequently, full texts were selected. The primary source 
of literature included search engines and online databases 
with articles regarding medicine and life science, such as 
PubMed and Google Scholar. The other source of data was 
the Wroclaw Medical University library service. 
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Keywords or phrases used in the research included brush 
cytology, exfoliative cytology of larynx, and otolaryngology, 
combined with cytology and histopathology, squamous cell 
carcinoma of the larynx. The included criteria combined the 
use of histopathology with touch smear cytology in suspected 
malignant lesions of the larynx. The studies concerning only 
benign diseases were excluded. As a result, 11 relevant 
articles were identified across 66 years, from 1951 to 2017. 

Discussion 

In 1941, Papanicolaou and Traut showed that brush cytology 
could be useful in detecting precancerous conditions and 
cervical cancers [12]. The role of brush cytology in the 
diagnosis of laryngeal diseases has been explored for years. 
It appears that Morrison et al. were the first to present the 
results of the study (1964), which compared cytology and 
histopathology results in terms of laryngeal cancer – 8 
out of 9 compared results were consistent [25]. In 1951, 
Friedmann compared brush cytology and histopathology 
results in 212 patients with suspected malignant lesions 
within the head and neck, 106 of whom were patients with 
suspected laryngeal cancer. The clinical diagnosis was 
confirmed histopathologically in 110 cases and cytologically 
in 105 cases. Friedmann also raised the importance of 
brush cytology for laryngeal diseases, concluding that 
laryngeal swabs have fewer non-specific cells than nasal, 
nasopharyngeal, or sinus ones [26]. In 1968, W. F. Frable 
and M. A. Frable obtained a positive result from brush 
cytology in 14 out of 19 laryngeal cancer cases. The authors 
also emphasize that the presence of hyperkeratosis in 
a brush smear should raise suspicion of SCC cells [27]. 
Glennie et al. (1976) obtained full compliance in cytological 
and histopathological diagnoses in benign lesions of the 
larynx. In malignancies, the result was consistent in 20 out 
of 22 cases [28]. In the early 1980s, in their prospective 
study involving 350 patients, Lundgren et al. achieved brush 
cytology sensitivity and specificity of 83% and 84% to detect 
moderate- and high-grade dysplasia, carcinoma in situ, or 
invasive cancer. The authors noted that false-negative swab 
results were found in patients who previously underwent 
radiotherapy of the head and neck region or were diagnosed 
with moderate-grade dysplasia. In this study, a positive result 
was obtained in the smear, whereas the surgical biopsy was 
negative. The result was confirmed by the next surgical biopsy 
[29]. In 1994, Waloryszak and Makowska, willing to evaluate 
the usefulness of brushing smears in detecting laryngeal 
cancer, examined 70 patients, finding consistent results in 
91% of cases; the remaining 9% were false-negative results 
[30]. In 2000, Malamou-Mitsi et al. obtained 100% specificity 
of brush cytology in a similar study involving a group of 30 

patients, without obtaining false-positive results and with a 
sensitivity of more than 93%, with one false-negative result 
of smear for non-Hodgkin’s lymphoma of the larynx [31]. In 
2006, Ustundag et al., analyzing the results of 135 patients, 
obtained sensitivity and specificity of brush cytology of the 
order of 82.5% and 94.5% in the diagnosis of benign and 
malignant laryngeal lesions [32]. In 2006, Gugatschka et al. 
recruited 130 patients who underwent laryngostroboscopic 
examination before microsurgery of the larynx with the 
brushing smear collection. The results of the study showed 
the sensitivity of cytology as an isolated test in the range of 
74%, while the combination of this diagnostic method with 
laryngostroboscopic examination made it possible to obtain 
over 97% sensitivity in the detection of glottic cancer [33]. 
In 2015, in their study involving 30 patients, Chatziavramidis 
et al. achieved 85% sensitivity and over 90% specificity 
using restrictive exclusion criteria. The study group did not 
include patients with radio- or chemotherapy for HNC nor 
patients with chronic cardiovascular and lung diseases. 
Brush cytology, liquid-based cytology, and surgical biopsy 
were performed. Additionally, VEGF expression was 
determined in the material from liquid-based cytology. The 
high VEGF expression is associated with a higher relapse 
rate and faster disease progression [34]. In the framework 
of the 2017 research conducted by Ajayan et al. involving a 
group of 50 patients, slightly over 70% sensitivity of brush 
cytology and 100% specificity were obtained. The sensitivity 
of brush cytology was significantly higher in the diagnosis 
of poorly differentiated squamous cell carcinomas (SCCs) 
[35]. In many cases, directly following the administration of 
anesthesia and applying a Kleinsasser laryngoscope, a brush 
smear was first performed, and then the histopathological 
examination sample was collected from the same region 
[25, 29, 31, 35]. Ustundag applied the reverse order in his 
study by first collecting the histopathological sample and 
then performing a brushing smear from the collected sample 
[32]. Despite differences in smear sample collection, the 
results reported by Ustundag do not differ significantly from 
others. In most cases, the sample collected during brush 
cytology was applied to a glass slide, fixed in 95% ethyl 
alcohol, and stained using Papanicolaou [25, 29, 31, 35] or 
May–Grünwald–Giemsa staining techniques [32]. Despite 
different staining techniques, Ustundag received comparable 
results. 

The authors agree that brush cytology can be a 
useful auxiliary examination in the diagnostic process of 
precancerous conditions and laryngeal cancers. Lundgren 
et al. emphasize that a positive result of the brush 
cytology together with a negative biopsy result prompts 
the performance of a repeat biopsy. In contrast, a negative 
cytology result does not exclude cancer. Lundgren also noted 
that brush cytology results are less reliable in patients after 
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radiotherapy or with moderate-grade dysplasia [29]. On the 
other hand, Malamou-Mitsi et al. claim that brush cytology 
can be used as a stand-alone diagnostic method where a 
surgical biopsy is either contraindicated or impossible or 
frequently repeated biopsies can adversely affect the larynx 
structure and function [31]. Ustundag et al. state that the 
best diagnostic method combines histopathological and 
cytological examination [32]. At the same time, Gugatschka 
et al. highlight the role of stroboscopic examination, which in 
combination with brush cytology can be both a satisfactory 
screening test for detecting early glottic cancer and useful 
for long-term patient follow-up [33]. Ajayan et al. stress that 
brush cytology is a cheap and minimally invasive examination 
that provides a quick, simple, and reliable result and should 
be widely used in the diagnostic process of precancerous 
conditions and laryngeal cancers. Nevertheless 
histopathological examination remains the gold standard in 
making the diagnosis [35].

Conclusion

The results of brush cytology in detecting precancerous 
conditions and laryngeal cancers are ambiguous and differ 
in studies. Its sensitivity ranges from 70% to 93%; however, 
it usually reaches approximately 80% and can be increased 
to almost 97% when combined with another diagnostic tool 
such as laryngostroboscopy. Moreover, false-negative swab 
results are found in patients who previously underwent 
radiotherapy of the head and neck region. Therefore, 
brush cytology may not be a suitable diagnostic tool for all 
patients. It is necessary to underline that exfoliative cytology 
and histology are not competitive diagnostic procedures. 
Histopathology examination of laryngeal precancerous 
conditions and malignancy is a gold standard. Furthermore, 
brush cytology appears to be a very cheap, simple, cost-
effective, and relatively accurate test that gives a speedy 
diagnosis. It may be performed under local anesthesia, and 
even consecutive cytology procedures do not lead to vocal 
folds, scars, or a voice impairment, which may occur after 
subsequent biopsies. To summarize, exfoliative cytology 
is not suitable for a final diagnosis, but it may be included 
as an additional tool in the early diagnostic process at the 
prehospitalization stage.
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