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Modern approach in cytological diagnostics 
of lung tumours

Evaluation of the capacity of cytological method in lung tumour diagnostics using liquid biopsy. Use  of immunocytochemistry 
in lung tumour diagnostics allows expanding the capacity of modern cytomorphological methods, to diagnose primary-
multiple neoplasms and the extent of pathological process and verify the diagnosis at the preoperative stage.
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Lung cancer (LC) is one of the most common malig-
nancies. In Russia and Kazakhstan, 59111 new cases of LC 
were registered in 2012. During the last 5 years, the abso-
lute number of cases has decreased by 4.4% in men, and 
increased by 3.8% in women. The share LC in total cancer 
morbidity ranged from 10.5% to 17-26% in men, and from 
2.5% to 5.2% in women [4].

Cytological method is one of the most popular among 
other complex methods of preoperative diagnostics of LC, 
with quite a high sensitivity of 89.4% to 97.3%, and the spec-
ificity of 79-98%. The diagnosis of carcinoma is confirmed in 
83%: in 62% of patients with the tumour the root area, in 79% 
of patients with the tumour in the middle area, and in 88% of 
patients with mantle tumours. The method efficiency is about 
70% for neoplasm less than 3 cm (T1) in diameter, 85-90% for 
neoplasms over 3 cm (T2-T3) in diameter. Cytological exam-
ination of material obtained by fine needle aspiration biopsy 
allows determining the histological form in 65% of cases and 
establishing the degree of tumour differentiation in 40% of 
cases [1, 6, 7, 12]. Such complications, as haemothorax, hydro-
thorax and implantation metastases, are extremely rare [5].

The distribution of patients depending on the form of 
lung disease (including benign and infectious types) is the 
following: epithelial malignant tumours – 27.9%, metastat-
ic tumours – 0.9%, sarcomas – 0.5% [8]. According to the 
clinical picture the lung cancer is classified as a non-small 
cell lung cancer (NSCLC) and small cell lung cancer (SmCLC) 
[14]. Of all lung malignant neoplasms the carcinoma com-
poses 95%. At this, a squamous cell lung carcinoma (SqCLC) 
is more common in men – 44% of all cases vs. 25% in wom-
en. On the contrary, adenocarcinoma is more common in 
women – 42% of all cases vs. 28% in men. Small cell and 
large cell carcinomas are detected in 20% of cases, and car-
cinoma simplex – in 9% of cases [14]. The implementation of 
morphological criteria with account of classification of lung 
neoplasms provides an opportunity for cytologists-histolo-
gists to make an accurate diagnostics for further treatment 
of patients according to the relevant protocol.

Given the fact that cytological method is the initial 
morphological diagnostic test, its results largely define 
future therapeutic tactics. However, there are challenges 
in diagnostics of low differentiated carcinoma, anaplastic 
and dysmorphic cancer, metastatic neoplasms. It justifies 
the need for additional more specific methods such as the 
immunocytochemistry (ICC) test [2]. In this regard, ICC is 
one of the tools which permits to: 

- differentiate these types of cancer, 

- clarify the histogenesis in the preoperative stage, 
- diagnose the primary-multiple lesions, 
- determine the degree of expansion, and 
- assess some of prognostic indicators and the tumour 

sensitivity to chemo-hormone therapy [1]. The significant 
markers for primary lung tumour diagnostics include: CK7, 
CK20, thyroid transcription factor TTF-1, chromogranin A, 
synaptophysin, CD56; surfactant proteins; p63 and CK5/6 
[10, 17, 18, 19]. According to the literature, the expression of 
TTF1 in pulmonary adenocarcinoma (PAC) ranges from 73% 
to 92% [9, 11, 13, 15, 17]. This antigen is not an immediate 
goal for targeted therapy but it could serve as a relevant pre-
diction factor – the sensitivity marker in selection of therapy 
with pemetrexed. In their research on a small-volume mate-
rial, Maoxin Wu and Beverly Wang et al. (2003) have studied 
and demonstrated the relevance of using the ICC-markers 
p63 and TTF-1 for differential diagnostics of low differentiat-
ed SqCLCs and SmCLCs. The authors highlighted that stain-
ing of nuclear TTF-1 was positive and more evidence in 20 
(87%) of 23 cases of SmCLC (14/17 histologic sections, 6/6 
cytoblocks). These authors confirmed that the TTF-1 was the 
factor which defined the differentiation of lung and thyroid 
cells. Its expression was revealed in 81-100% cases of SmCLC, 
and only rare SqCLCs showed a positive staining of TTF-1 an-
tigen - 7-9% [16]. In addition to TTF-1 expression, SmCLC was 
confirmed by positive reaction to synaptophysin (strong, dif-
fuse), chromogranin A (focally), and NSE (focally, weak). 

p63 protein plays an important role in keeping of in-
tegrity and differentiation of squamous epithelium, sup-
porting  the balance between basaloid and undifferenti-
ated stem cells. The research findings have shown that the 
sensitivity and specificity of IHC identification of p63 pro-
tein as a marker of the squamous cell carcinoma detection 
was 100%. The positive and negative prognostic value and 
overall accuracy of the method (correct classification) were 
also equal to 100%. TTF-1 and p63 as nuclear proteins al-
low avoiding the problems associated with the detection 
of cytoplasmic antigens in tumour cells with spare cyto-
plasm. The use of CK7 and CK20 ensures the possibility 
to establish whether the lung tumour is a primary adeno-
carcinoma (AC) (CK7+ and CK20-), a mucus-producing AC 
(CK7 + and CK20+) or a metastasis of gastrointestinal can-
cer (CK7- and CK20+) [16, 17, 19].

Aim of the study. Assessment of the potential of immu-
nocytochemical method in cytological diagnostics of pri-
mary and metastatic lung tumours using Cytospin liquid 
technology.
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Materials and methods. In 2014-2015, the laborato-
ry of clinical cytology of NN Blokhin Russian Medical Re-
search Center of Oncology, RAMS has conducted 955 
immunocytochemical (ICC) tests on the material of 291 
patients with various types of cancer. Of them, 118 pa-
tients (77 men and 41 women) underwent 440 ICC to clar-
ify if their lung tumours were primary or metastatic.  The 
majority of patients had the clinical diagnosis of “lung 
cancer”, in one third of cases the doctor did not exclude 
the secondary affection of lung by metastasis of anoth-
er tumour.

The cytological material was obtained by application of 
the trans-thoracic needle biopsy in 105 patients (89%), bron-
choscopic examination in 7 patients (5.9%), bronchial aspi-
ration in 4 patients (3.4%). In one study the sputum ICC test 
(0.85%) was performed, and in another study the imprint of 
the main bronchus piece has been examined (0.85%).

ICC tests were made using Ventana immunohisto-
stainer (BenchMark ULTRA), and the Dako monoclo-
nal antibodies (MCAB) was used for total cytokera-
tins (clone MNF116, dilution 1:50-1:100), cytokeratin 20 
(clone KS20.8, dilution 1:25-1:50), cytokeratin 5/6 (clone 
D5/16 B4, dilution 1:50), TTF-1 (clone 8G7G3/1, dilution 
1:200), chromogranin A (clone DAK-A3, dilution 1:100-
1:200), synaptophysin (clone SY38, dilution 1:10-1:20), 
Cdx2 (clone DAK Cdx2, 1:50), RCC (clone SPM3/4, di-
lution 1:50), Melan A (clone A103, dilution 1:25), HMB 
45 (clone HMB45, dilution 1:50), ER α (clone 1D5, dilu-
tion 1:60), PR (clone RgR 636, dilution 1:50), tiroglobulin 
(clone DAK-Tg6, dilution 1:100) , CA125 (clone M11, dilu-
tion 1:20), CD45 (clone 2B11 + PP7/26), S100 protein (an-
ti-S100 polyclonal rabbit antibody, dilution 1:400), Vi-
mentin (clone V9, dilution 1:100); monoclonal rabbit 

antibody Cell Marque: to CD56 (MRQ-42, dilution 1: 250), 
cytokeratin 7 (OV-TL 12/30, dilution 1:400). The cytologi-
cal preparations were stained with Mayer’s hematoxylin 
and placed under a cover-glass with use of the Canadi-
an balsam. The tests were performed on the cytological 
monolayer smears obtained by accumulation of punctu-
ate on the special nutrient medium with followed centrif-
ugation on the Cytospin-3 system at 1000 g/min during 5 
minutes (Cytospin-technology).

Taking into account the cytological conclusion state-
ments, the material was divided into several groups:

Primary pulmonary adenocarcinoma (PAC) established 
with confidence,

Provisional diagnosis of PAC,
Low differentiated cancer, likely a non-small cell type,
Differential diagnosis of primary PAC and metastasis,
Malignant tumour of non-epithelial nature (Table 1).
Of 118 patients, the PAC cytological diagnosis estab-

lished with confidence in 55 cases, with ICC confirmation 
by CK7 and TTF1 positive expression in 94.5% of cases (Fig-
ures 1, 2, 3). The marked expression of CK20 has been ob-
served in 50% of primary PAC tests, which was typical for 
mucinous carcinomas (Figures 1, 2, 3).

In that group of conclusion statements, in one case the 
adenocarcinoma (AC) showed the TTF-1 negative pheno-
type, and the metastasis of intestine AC has been detected 
in another case, with recorded Cdx2 and CK20 expression 
(with CK7-/TTF-1) in the immunocytochemical tests (Fig-
ures 4, 5; Table 1).

In 6 out of 118 cases, the PAC provisional diagnosis 
has been made. After ICC tests, the PAC diagnosis (TTF1+/
SC7+) has been confirmed in 2 cases, the TTF1 expression 
was not detected in 4 cases (Table 1).

Table 1 – Options of cytological statements

Types of cytological statements Number of 
observations

Number of samples referred to ICC – ICC 
statements

AC (established with confidence) 55 (46,6 %)

52 – PAC (established with confidence)

1 –PAC (provisional)
1 – Metastasis of intestine AC

1 – ICC is non-informative

АC (provisional) 6 (5,08%)
4 – PAC (provisional)

       2 – PAC (established with confidence)

Low differentiated carcinoma! 22 (18,6%)

15 – PAC

4 – SmC carcinoma

1 – SqC carcinoma
2 – ICC is non-informative

Primary PAC or metastasis of another tumour 31 (26,3%)

13 – PAC

4 – Metastasis of intestine AC

4 – Metastasis of renal cell carcinoma (RCC)
4 – Metastasis of urothelial cancer

2 – Metastasis of breast cancer (BC)
4 – ICC is non-informative

Malignant tumour of non-epithelial nature 4 (3,4%)
2 – Malignant tumour of non-epithelial nature/ 

detalization was not required

2 – Metastasis of melanoma 

Non-informative tests – 7 (5.9%)

Total 118 (100%)
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Figure 1 – Cytogram of PAC, Х200, Х400

Figure 4 – Positive cytoplasmic ICC-reaction of СК20 in 
cells of intestine AC, Х200

Figure 2 – Positive cytoplasmic ICC-reaction of СК7 in 
PAC cells, Х200

Figure 5 – Positive nuclear ICC-reaction of Cdx2 in cells of 
intestine AC, Х200

Figure 3 – Positive nuclear ICC-reaction of TTF1 in PAC 
cells, Х200

Table 2 – Comparison of cytograms with ICC examination findings

Types of cytological statements Cases, n No. of samples referred to ICC – ICC opinions

Primary PAC? 
Metastases in the lung? 
Primary-multiple tumour?

31 (26,32%)

13- PAC: (1- MFMC-RCC) (1 – MFMC-endometrial cancer)

4 – Intestinal AC metastasis

4 – RCC metastasis

4 – Urothelial cancer metastasis

2 – BC metastasis

4 – ICC is non-informative

In 31 cases, the metastasis of another tumor was the 
subject for exclusion. After ICC examination, the primary PAC 
(TTF1+/SC7+) was verified in 13 cases (Table 2). The metastasis 
of intestine AC (Cdx2+/CK20+/TTF1-/CK7-) was detected in 4 

cases, the metastasis of RCC (RCC+/CK20-/TTF1-/CK7-) - in 4 
cases, the metastasis of urothelial carcinoma (CK20+/TTF1-/
CK7+) - in 4 cases,  and the metastatic BC (RE+/CK20-/TTF1-/
CK7+) - in 2 cases  (Figures 6, 7, 8, 9, 10, 11).

Note: MFMC - Multifocal metachronous cancer
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Figure 6 - Cytogram of metastatic papillary RCC in the lung, Х200

Figure 9 – Cytogram of metastatic BC in the lung, Х200

Figure 7 – Positive cytoplasmic ICC-reaction of RCC in 
cells of papillary RCC, Х200

Figure 8 – Negative cytoplasmic ICC-reaction of TTF1 in 
cells of papillary RCC, Х200

Figure 10 – Positive nuclear ICC-reaction of endometrial 
cancer (EC) in cells of BC metastasis, Х200

Figure 11 – Negative nuclear ICC-reaction of TTF1 in BC 
cells, Х200
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Table 3 – ICC data for low differentiated carcinomas

Types of cytological statements Number of 
observations

Number of samples referred to ICC – ICC 
statements

Low differentiated cancer! 
NSCLC? 31 (26,32%)

15 – PAC
4 – Small cell cancer

1 – RCC
2 – ICC is non-informative/evident inflammatory 

component, few tumours cells 

Figure 12 – Cytogram of small cell lung cancer (SmCLC), Х1000

Figure 13 – Positive ICC reaction of chromogranin А in 
SmCLC cells, Х200

Figure 14 – Positive ICC reaction of synaptophysin in 
SmCLC cells, Х200

One fifth of the studied cases belonged to the 
low differentiated carcinomas – the most difficult for 
cytomorphological verification tumours (Table 3).

ICC examination has proven primary PAC in 15 
out of 22 (18.6%) cases (TTF1+/СК7+). Expression of 

neuroendocrinological markers of synaptophysin, 
chromogranin А, CD56 and TTF1+ in the absence of 
reaction from MCAB to SK7-/SK20-, allowed confirming 
the SmCLC diagnosis in 4 cases,  and SqCLC – in 1 case 
(СК5/6+/TTF1-/СК7-/СК20-) (Figures 12,13,14,15,16).

Figure 15 – Positive ICC reaction of CD56 in SmCLC cells, 
Х200

Figure 16 – Positive ICC reaction of TTF1 SmCLC cells, 
Х200
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The group of malignant tumours of non-epithelial na-
ture was the smallest one, with only 4 observations, of 
which in 2 cases the melanoma metastases have been con-
firmed by the ICC reactions with markers to melanosome 
antigens of HMB45, Melan A, and S100 protein. In 2 cases, 
the presence of recurrent lung tumour of a non-epithelial 
nature (EMA-/common cytokeratins-/vimentin+) has to be 
confirmed or excluded without further clarification.

The non-informative material composed in total 5.9%, 
and was due to evident dystrophic and degenerative 
changes of cells obtained from necrosis foci, cystic chang-
es, and limited amount of material.

Conclusion. The demonstrated sensitivity of 955 ICC 
tests conducted on the material of 291 patients with vari-
ous cancer types within the scope of determination of pri-
mary lung carcinoma, histological type of cancer, and met-
astatic tumours organ belonging was 95.6%.

1. During the ICC examination of PAC, the TTF-1 expres-
sion was observed in 90.6%. The detection of this marker 
in 24% of cases led to establishing of diagnosis of the pri-
mary PAC with confidence.

2. The application of ICC tests in low differentiated car-
cinomas and undifferentiated neoplasms permitted to 
verify the primary PAC in 53% of cases, and detect the me-
tastasis and its organ belonging in 27% of cases.

3. In ICC tests of low differentiated carcinomas, 20% of 
them were classified as a small cell lung cancer (SmCLC), 
and 80% as a non-small cell lung cancer (NSCLC).

4. The use of ICC tests in case of primary-miltiple cancer 
is considered essential”. 

Thus, the use of immunocytochemistry in lung cancer 
diagnostics allows expanding the potential of modern 
cytomorphological methods, clarifying the histogene-
sis of the neoplasm at the preoperative stage, diagnos-
ing the primary-multiple neoplasms and determining the 
degree of pathological process.
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