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ABSTRACT
Objective: Follicular lesions of the thyroid with papillary carcinoma nuclear characteristics are 
classified as infiltrative follicular variant of papillary thyroid carcinoma-FVPTC (IFVPTC), encapsulated/
well demarcated FVPTC with tumour capsular invasion (IEFVPTC), and the newly described category 
“non-invasive follicular thyroid neoplasm with papillary-like nuclear features” (NIFTP) formerly known 
as non-invasive encapsulated FVPTC. This study evaluated whether computerized image analysis can 
detect nuclear differences between these three tumour subtypes. Materials and methods: Slides 
with histological material from 15 cases of NIFTP and 33 cases of FVPTC subtypes (22 IEFVPTC, and 
11 IFVPTC) were analyzed using the Image J image processing program. Tumour cells were compared 
for both nuclear morphometry and chromatin textural characteristics. Results: Nuclei from NIFTP and 
IFVPTC tumours differed in terms of chromatin textural features (grey intensity): mean (92.37 ± 21.01 
vs 72.99 ± 14.73, p = 0.02), median (84.93 ± 21.17 vs 65.18 ± 17.08, p = 0.02), standard deviation (47.77 ± 
9.55 vs 39.39 ± 7.18; p = 0.02), and coefficient of variation of standard deviation (19.96 ± 4.01 vs 24.75 ± 
3.31; p = 0.003). No differences were found in relation to IEFVPTC. Conclusion: Computerized image 
analysis revealed differences in nuclear texture between NIFTP and IFVPTC, but not for IEFVPTC.
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INTRODUCTION

Papillary thyroid carcinoma (PTC) is the most 
common thyroid cancer. There are many 

histological variants, the most common being the 
classic and follicular (FVPTC) forms. Diagnoses of the 

latter form have become more common (1), with two 
main subtypes: infiltrative (IFVPTC) and encapsulated 
(2,3), which has also been shown as more frequent (1). 

Although FVPTC is generally associated with a 
better prognosis than classic PTC (4), there are still 
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questions as to the behaviour of its histological subtypes. 
Encapsulated FVPTC, for example, represents a 
diagnostic challenge and seems to present its own genetic 
and evolutive characteristics (5,6), such as different 
biological behaviour. Recently, a group of experts 
compared patients with encapsulated/well demarcated 
FVPTC with tumour capsular invasion (IEFVPTC) 
against those without vascular and/or tumour capsule 
invasion (non-invasive); they reported that the non-
invasive tumour had a distinct behaviour with very low 
risk of progression, proposing the name non-invasive 
follicular thyroid neoplasms with papillary-like nuclear 
features, or NIFTP (7). Based on these findings, the 
World Health Organization added NIFTP to their 
classification list of endocrine tumours, with diagnosis 
based on very specific histopathological criteria such as 
well-defined lesion demarcation, absence of capsular of 
vascular infiltration, and the presence of atypical nuclear 
features similar to those in PTC (8). Thus, only a very 
specific subset of non-invasive encapsulated tumours 
can now be reclassified as NIFTP.

In spite of the fact that this new classification 
represents an undeniable advance (9), there are 
situations in which the cited histopathological criteria 
cannot be fully evaluated, for example due to a lack of 
tumour material integrity. In fact, in the same way as in 
follicular adenomas and carcinomas, NIFTP diagnosis 
depends on detailed evaluation of the whole tumour 
capsule to exclude invasion (7). Also, the criteria used 
by different services for the definition of nuclear atypia 
can present certain heterogeneity (10). 

Computerized image analysis of follicular cell nuclei 
is a proven reproducible, low cost, operator independent 
method representing a diagnosis support tool which is 
potentially useful in evaluating thyroid tumours (11-
13). Recently, using this method, Valentim and cols. 
reported high discriminatory power between follicular 
carcinomas and adenomas and between the latter and 
FVPTC (14). In this sense, these computer resources 
could contribute to the differential diagnosis of NIFTP, 
conferring more objectivity to pathological evaluation. 
Therefore, this study evaluated whether computerized 
image analysis can detect nuclear differences between 
NIFTP and the FVPTC subtypes. 

MATERIALS AND METHODS

This cross-sectional study compared NIFTP, 
IEFVPTC and IFVPTC tumour subtypes for nuclear 

morphometry and chromatin textural characteristics. 
Tumoral histological material from the 48 follicular 
lesions was reviewed by two experienced pathologists 
(MEAM/CCO), and was reclassified as NIFTP (n = 
15), IEFVPTC (n = 22), or IFVPTC (n = 11) according 
to recommendations (7,8). Only cases where tumour 
capsule was completely included in histopathological 
analysis were included in this study. New sections were 
cut from the paraffin block samples, mounted on slides, 
and stained with haematoxylin-eosin (HE). 

Images were acquired by the same pathologists 
(MEAM/CCO) from the HE sections. Areas of 
the slides most representative of tumours and with 
a high number of nuclei were photographed using a 
PANORAMIC MIDI II – 3D camera (Histech, Japan; 
http://3dhistech.com/pannoramic_midi) at 43X 
magnification. In general, three or four photographs 
were taken of each slide and the best photo chosen and 
randomly numbered for analysis.

Histological images were submitted to nuclear 
analysis with the help of the Image J computer program 
(15), by two researchers who had no access to the final 
histopathological diagnosis (blinded analysis). Briefly, 
the program transforms the millions of colours from 
the captured colour images into 256 grey tones (16-bit 
grey-scale), considerably reducing the number of tones 
in the nuclei images, allowing a much clearer evaluation 
of chromatin compaction level and better homogeneity 
between samples despite differences in colour (13). 
Manual selection and individual analysis of nuclei was 
performed from the grey-scale images (Figure 1), 
those with nuclei clustering and superimposition were 
excluded. After nuclear selection, the Image J program 
evaluated a series of morphometric and textural 
parameters (16). Nuclear morphometric evaluation 
included the following parameters: area; perimeter; 
circularity; larger diameter (Feret); area per Feret and 
perimeter/area indexes; and larger/smaller diameter 
(Aspect Ratio, AR), perimeter/area (P/A), and area/
Feret ratios. The morphometric parameters, expressed 
in pixels, were converted to microns (µm). Evaluation 
of textural chromatin characteristics included: mean, 
median and standard deviation (STDEV) of grey 
intensity (expressed in a scale of 256 shades of grey, 
in which higher numbers indicate lighter nuclei: 0 = 
black; 255 = white); roughness (RA); regularity of 
nuclear membrane (Round); solidity; fractal dimension 
(Fractal); entropy; and grey intensity/area ratio. 
Secondary indicators relative to evaluated parameters 
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Figure 1. Slide photo exemplifying the morphometric analysis of the 
histological material of a follicular variant of papillary carcinoma (FVPTC) 
under analysis by Image J program. The program transforms the millions 
of tones of the captured color images into 256 tones of grey (grey-scale, 
16-bits), considerably reducing the number of tones in the nuclei images, 
allowing a much clearer evaluation of chromatin compaction level and 
better homogeneity between samples despite differences in color A: color 
photo; B: grey-scale photo; C and D: selected nucleus. 

(coefficients of variation) were also calculated: 
coefficients of variation (CV) for Mean intensity (CV-
Mean intensity), STDEV (CV-STDEV), and Median 
intensity (CV-Median intensity).

The minimum number of nuclei to be studied in 
each photo was obtained from a previous statistical 
study using a standard error of 5% for each variable, 
assuring that, from the value obtained, any further 
increase in number of nuclei would not affect the final 
result. In this way, we evaluated 60 nuclei per photo, a 
total of 2,880 in all. 

Calculations were performed using a median of 60 
nuclear measurements per case. Nuclear parameters 
were tested for normality using the Shapiro-Wilk 
test and described as mean and standard deviation 
or median and quartiles (25% and 75%; p25-p75) 
according to data normality (17). The three tumour 
subtypes were initially tested using ANOVA for normal 
and the Kruskal-Wallis test for non-normal distribution. 
Parameters showing statistical differences in the 
comparative tests were submitted to post-hoc (Sidak) 
analysis to test which tumours differed between each 

other. Significance was considered when p < 0.05 in 
the bicaudal test.

This study was approved by the local Research 
Ethics Committee (protocol number 635.459; CAAE 
number 29089214.1.0000.5411).

RESULTS

Patients with NIFTP, IEFVPTC and IFVPTC did not 
differ for age [median (minimum maximum) of 49 
(34.5; 61), 52,5 (44.5; 58.25), and 52 (44.5; 53.5) 
years, respectively; p = 0.85] or gender [13 (86.7%), 
22 (100%), and 10 (90.9%) women, respectively; p = 
0.15]. Mean tumour diameter (±standard deviation) 
was greater in IEFVPTC (2.57 ± 1.67 cm) than 
IFVPTC (1.25 ± 0.89 cm; p = 0.03), however NIFTP 
did not show difference when compared to the other 
two groups (1.86 ± 1.29 cm; p > 0.05). 

Comparing the three tumour subtypes (Table 1), 
NIFTP and IFVPTC showed significant differences in 
the texture parameters of mean grey intensity [92.37 
± 21.01 versus (vs) 72.99 ± 14.73; p = 0.02), median 
grey intensity (84.93 ± 21.17 vs 65.18 ± 17.08;  
p = 0.02), STDEV (47.77 ± 9.55 vs 39.39 ± 7.18;  
p = 0.02), and CV-STDEV (19.96 ± 4.01 vs 24.75 ± 
3.31; p = 0.003), indicating that the former presents 
clearer nuclei with more heterogenous colouration 
than the latter. IEFVPTC showed no difference 
in any nuclear parameter in relation to NIFTP or 
IFVPTC.

DISCUSSION

In this study, we observed significant differences 
between NIFTP and IFVPTC. In general, the 
differential between infiltrative (IFVPTC) and 
encapsulated FVPTC depends on evaluating a series of 
both qualitive and quantitative histological parameters. 
Differentiation between the encapsulated lesions 
(NIFTP and IEFVPTC), in turn, would be based on 
more complex morphological criteria, i.e., the presence 
of vascular and capsular invasion, quantification of 
mitotic activity, the presence of papillary structures, and 
of solid/trabecular/insular growth pattern, as well as 
using nuclear scores (7). All this analysis requires highly 
specialized training and meticulous evaluation, as well 
as the adequate supply and preparation of histological 
material. In this sense, tools which can help in the 
diagnostic process would be very welcome.
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We observed nuclear textural differences between 
NIFTP and IFVPTC, indicating that the former 
presents clearer nuclei with more heterogenous 
colouration than the latter. Chromatin clearing is a 
prominent feature in FVPTC and can be present in 
any of the three tumour subtypes, but, as with other 
nuclear characteristics, it is not often used to compare 
them. However, the more aggressive tumour would 
be expected to exhibit more prominent nuclear atypia, 
including nucleoplasm clearing. Thus, our findings 
remain to be clarified. Other features have been cited 
as criteria for diagnosing NIFTP (7). Considering 
these additional parameters, diagnosing this subtype 
depends on the availability, integrity, and evaluation of 
all the tumour material which is not always possible. In 
this way, the technique used here, evaluating only the 
cell nucleus, could contribute to differential diagnosis 
between NIFTP and IFVPTC, particularly in situations 
where all the included histological material was not 
sufficient. 

The findings of the present study were as expected, 
since assuming a progressive malignancy grading, with 
NIFTP (the best prognosis tumour) and IFVPTC 
(the worst), it would be plausible that both presented 
different nuclear characteristics. On the other hand, 
no significant differences were found between the 
encapsulated variants of FVPTC with and without 
invasive features (NIFTP and IEFVPTC). The reasons 
for these findings still require clarification. It is true 
that the morphological differentiation between these 
two lesions is more complex, as it involves analysis of 
the presence or lack of tumour capsular invasion. As 
computerized image analysis of the nuclear pattern does 
not help diagnostic definition in these variants, perhaps 
the capsular question requires further study for a better 
biological understanding of these neoplasms. We can 
hypothesize that nuclear features are influenced by the 
genetic background as several studies have indicated 
that NIFTP and IEFVPTC share a higher rate of RAS 
mutations, at variance with IFVPTC that show more 

Table 1. Morphometric and textural parameters of encapsulated/well demarcated follicular variant of papillary thyroid carcinoma with tumour capsular 
invasion, infiltrative follicular variant of papillary thyroid carcinoma, and noninvasive follicular thyroid neoplasms with papillary-like nuclear features

Parameter
Tumors

PNIFTP 
(n = 15)

IEFVPTC
(n = 22)

IFVPTC
(n = 11)

Area (µm²)* 57.38 ± 15.98 64.46 ± 18.95 53.61 ± 14.24 0.58

Mean gray intensity*† 92.37 ± 21.01b 81.72 ± 21.3 72.99 ± 14.73a 0.02

STDEV*† 47.77 ± 9.55b 44.51 ± 8.22 39.39 ± 7.18a 0.02

Perimeter (µm)* 30.86 ± 4.65 31.7 ± 4.95 29.57 ± 3.34 0.48

Circularity**  0.77 (0.69; 0.89) 0.84 (0.74; 0,87) 0.81 (0.71; 0.87) 0.52

Feret (µm)* 10.81 ± 1.65 11.18 ± 1.58 10.56 ± 1.0 0.68

Median gray intensity*† 84.93 ± 21.17b 73.05 ± 20.8 65.18 ± 17.08a 0.02

AR** 1.37 (1.24; 1.43) 1.31 (1.26; 1.36) 1.33 (1.27; 1.59) 0.73

Roundness** 0.73 (0.71; 0.81) 0.76 (0.74; 0.8) 0.76 (0.63; 0.79) 0.76

Solidity** 0.9 (0.88; 0.95) 0.93 (0.9; 0.95) 0.92 (0.89; 0.94) 0.37

Fractal* 2.46 ± 0.04 2.46 ± 0.03 2.44 ± 0.04 0.28

Entropy* 4.62 ± 0.62 4.76 ± 0.48 4.51 ± 0.89 0.67

Perimeter/Area (µm-1)** 0.5 (0.48; 0.68) 0.49 (0.46; 0.55) 0.56 (0.48; 0.66) 0.18

RA* 99.49 ± 19.16a 110.15 ± 21.07 115.66 ± 20.47b 0.05

Area/Feret (µm)** 5.63 (4.29; 5.92) 5.9 (4.91; 6.33) 4.77 (4.58; 5.97) 0.18

Gray intensity/Area (units/µm-2)** 0.14 (0.12; 0.18) 0.12 (0.11 ;0.15) 0.12 (0.12; 0.15) 0.15

CV – Mean intensity** 21.45 (19.53; 24.27) 21.95 (20.31; 26.46) 22.63 (20.47; 26.26) 0.45

CV-STDEV* 19.96 ± 4.01a 22.34 ± 4.08 24.75 ± 3.31b 0.003

CV – Median Intensity** 26.86 (23.22; 30.76) 26.63 (24.25; 36.01) 28.13 (25.62; 33.75) 0.46

* Mean ± standard deviation. ** Median (percentile 25; percentile 75). Statistical test: ANOVA and Kruskal Wallis, complemented by the Multiple Comparisons test. † Expressed in a scale of 256 
shades of grey, in which higher numbers mean lighter nuclei (0 = black; 255 = white). Different letters mean statistical difference (bold indicates significant differences between a and b; p < 0.05). 
AR: Aspect Ratio; CV: coefficient of variation; IEFVPTC: encapsulated/well demarcated follicular variant of papillary carcinoma with tumour capsular invasion; IFVPTC: infiltrative follicular variant of 
papillary carcinoma; NIFTP: noninvasive follicular thyroid neoplasms with papillary-like nuclear features; RA: roughness; STDEV: standard deviation of gray intensity; µm: micrometer. 
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frequently BRAF mutations. Thus, encapsulated, 
and particularly NIFTP tumours would be closer to 
the group of follicular neoplasms than to PTC, as in 
the case of IFVPTC (7,18). In addition, it has been 
suggested that there is temporal evolution accompanied 
by genetic mutations which can lead to an initially 
standard NIFTP tumour becoming an IEFVPTC (7).

Actually, nuclear morphological and textural 
aspects have been used in diagnostic evaluation of 
FVPTC subtypes. Similar to our results, Maletta and 
cols. reported nuclear differences between benign 
nodules and NIFTP, but not between NIFTP 
and IEFVPTC where overlapping was observed 
(19). Perhaps the differences between NIFTP and 
IEFVPTC are not easily detectable, or so expressive, 
when only considering nuclear characteristics, and 
other elements (morphologic, histopathological, 
genetic) must be included in the equation.  
It is known that some features such as the presence of 
nodal metastases and BRAFV600E mutation appear to 
differentiate these tumours (20). However, it would 
be desirable that earlier and/or less expensive/complex 
diagnostic methods were available to differentiate them.

The main limitation of this study is the small 
number of samples evaluated, which although small, 
was still sufficient to identify the above reported 
differences. Despite this limitation, this study showed 
that computerized image analysis, an objective and 
reproducible method, could be a valuable tool to 
identify nuclear differences between IFVPTC, a more 
aggressive tumour, and NIFTP, a less aggressive lesion. 
From a practical point of view, as suggested above, the 
method could be particularly useful in the diagnostic 
evaluation of neoplasms in which all tumoral tissue is 
not available for histopathological evaluation. 

In conclusion, we verified that a computerized 
image analysis tool detected nuclear textural differences 
between NIFTP and IFVPTC, but not between 
NIFTP and IEFVPTC. Therefore, optimization of 
this technique, with the integration of additional 
morphological, genetic or histopathological parameters, 
could represent a useful complimentary diagnostic tool 
for evaluating follicular patterned lesions with papillary-
like nuclear characteristics. New studies with larger 
sample numbers are needed to confirm and expand 
upon the results obtained in this study. 
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