
Correlating tumour cellularity from thyroid FNA direct smears with successful 

massively parallel sequencing (MPS). 
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Aim 

Objective: To assess cytological thyroid tumoural FNA smears for 

tumour cellularity and tumour load, and correlate this with the 

concentration and quality of the extracted DNA, in order to determine a 

minimum cellularity/tumour load to enable MPS testing.  

FNA smears from 16 papillary thyroid carcinoma (PTC) and 8 follicular 

neoplasm (FN) of varying cellularity were selected for DNA extraction.  

1. Cellularity 

Prior to molecular testing, FNA slides were manually assessed for 

overall cellularity Overall cellularity was determined by counting the 

number of tumoural cells in a high power (HP) (x40) microscope field of 

view (FOV). A number of fields were selected to be photographed and 

printed. Flat sheets with minimal nuclear overlap were preferably 

selected and were assessed by two independent reviewers. From this 

exercise we were able to establish a flat sheet occupying one quarter of 

the FOV equates to approximately 250 thyroid tumoural cells. This 

method was used to estimate the cellularity of the smear. A second 

counting method employed in cases of lower cellularity, and consisted of 

recognising a smaller unit of 10 cells and counting the units.  

The cellularity of the FNA smears were assessed by 3 observers and 

classified into 3 categories;  

1. scant (<1000 cells);  

2. moderate (1000-5000 cells) 

3. abundant >5000 cells.  

2.Tumour load 

Tumour load was visually evaluated as tumour cells as a percentage of 

nucleated cells. Tumour load for MPS should be above 10-20% for 

lowest limit of detection of mutant allele frequency [1,2]. 

Results showed the quantity of DNA extracted from the direct smears 

was poor for those smears estimated to contain less than 5000 cells. 

The highly cellular category 3 containing more than 5000 cells, showed 

a proportionately higher yield than the other two categories but still fell 

short of the acceptable concentration required by our laboratory to 

proceed to MPS. In our experience, to achieve the required sensitivity to 

detect mutations around 5%, at least 2ng/uL of extracted DNA is 

needed. 

Investigating the risk of malignancy in thyroid nodules is often carried 

out by cytological evaluation of FNA material. Access to various 

molecular platforms has seen a recent increase in the number of 

mutations associated with some thyroid cancers. This additional 

information may add to personalised treatment options for patients. 

More information is being requested from these small samples. 

Evaluating the quantity of material necessary for molecular testing is a 

subjective process. Attempting molecular testing on insufficient material 

wastes valuable resources and can delay actioning treatment plans. 

Providing an objective method of quantifying cellularity with accurate 

and reproducible results could produce diagnostic efficiencies [3,4].  

 

Ideally a cell block prepared from the procedure would be used for 

molecular testing, however often there is insufficient material in the cell 

block to proceed to molecular testing. In such cases, the FNA smears 

potentially could provide sufficient tumoural material for testing.  

 

Various authors have shown similar sensitivity and specificity of MPS on 

FNA samples compared to surgical samples provided there was 

adequate input DNA [3,5]. Our DNA extracts were not able to reach the 

minimum yield of 2ng/uL to proceed to MPS. However, on occasion, it is 

still possible to obtain MPS results if the DNA extract is of high quality.  

 

A number other pre analytical factors affect DNA extraction such as 

nature of the tumour (cystic versus solid), use of archival material and 

accurate tumour load estimates [6].  

 

Success of MPS is directly dependent upon input DNA quality and 

quantity. Although we did not proceed to MPS this study highlights the 

need to optimise pre-analytical factors and consider alternative testing 

platforms which offer greater sensitivity (e.g. pyrosequencing, digital 

droplet PCR) [7] .  
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3. DNA extraction 

Smears were scraped and DNA extracted 

using the Qiasymphony robot according to 

manufacturer’s protocol.  DNA quantity was 

measured using the Qubit fluorometer. If 

sufficient quantity is extracted, quality will be 

measured using the Kappa library 

quantification kit.   

 

4. MPS testing 

Samples with sufficient quality and quantity of 

DNA extract were sent for MPS testing. 
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Background: Risk stratification for the malignant potential of thyroid 

nodules relies on cytological assessment of fine needle aspiration (FNA) 

material, however it is sometimes inconclusive. Proceeding to a 

secondary molecular test is desirable, as advances in molecular testing 

can provide additional predictive and prognostic information.  Ideally, a 

cell block with adequate cellularity is used for molecular testing, 

however, the cell block may not contain sufficient tumoural material.  The 

ability to extract tumoural DNA directly from already prepared smears 

may facilitate rapid additional molecular testing without requiring 

additional patient sampling.  Accurate assessment of tumour cellularity 

and successful extraction of DNA are key factors influencing molecular 

results.  

Figure 1: A shows  244 follicular nuclei occupying approximately ¼ of a high power (x40) 

FOV. B demonstrates a group of 10 follicular nuclei which can be used as a repeating 

pattern for estimating overall cellularity. (Quik Diff stain x40 magnification) 

Table 2 shows the  relationship between Cellularity Categories and  DNA extract  

concentrations 

Conclusions 

Conclusion: The use of FNA direct smears from thyroid tumours is 

unlikely to serve as a viable substrate for MPS testing.  

Although this study was unable to produce sufficient quantity of DNA 

extract for MPS, other more sensitive testing platforms may still serve to 

assist with the accurate diagnosis of nodular thyroid disease and 

potentially reduce the number of repeat procedures.   

Figure 2: Shows a sheet of PTC cells  but with plentiful 

nucleated macrophages in the background . Tumour 

cellularity was estimated at less than 40 % (Papanicolaou 

stain x10 magnification). 
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Relationship between Cellularity Category and 
DNA extract concentration

Table 1 itemises the cellularity, 

tumour load and DNA 

concentration for each case. 

A B 

Case No  
Cellularity 
Category 

Tumour 
Load 

Concentration  
ng/uL 

6 1 90-100 0.071 

15 1 90-100 0.069 

16 1 90-100 <0.05 too low 

19 1 90-100 0.069 

21 1 
insufficie

nt <0.05 too low 

23 1 90-100 0.054 

1 2 90-100 0.08 

9 2 90-100 0.057 

11 2 <40 0.053 

12 2 90-100 0.089 

17 2 90-100 0.082 

20 2 90-100 0.268 

22 2 90-100 0.111 

24 2 90-100 <0.05 too low 

5 3 90-100 1.47 

7 3 90-100 1.38 

8 3 90-100 0.154 

10 3 90-100 0.297 

13 3 90-100 1.06 

14 3 90-100 0.08 

18 3 90-100 1.51 


