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1 Diagnosis of thyroid nodule malignancies 

1.1 Review question 

1.1.1 For people with thyroid nodules that require further investigation following 
ultrasound, what is the diagnostic accuracy of fine needle aspiration cytology (FNAC) 
with rapid on-site evaluation, FNAC without rapid on-site evaluation or core biopsy for 
diagnosing thyroid cancer? 

1.1.2 Introduction 

Fine needle aspiration cytology (FNAC) and core biopsy are highly valuable diagnostic 
methods for analysing the nature of a thyroid nodule and assess the need for surgical 
management. FNAC with rapid on site evaluation (ROSE) also known as rapid on-site 
assessment (ROSA) helps to provide an assessment of adequacy on-site, however, requires 
adequate staffing support and can limit the type of cytological preparation used (direct smear 
vs cytospin and cell block). Cellular cell block preparations form suitable material for 
immunohistochemistry and cytogenetic testing using fluorescence in-situ hybridisation 
(FISH). Core biopsy, whilst a more invasive procedure than FNAC, provides a tissue biopsy 
which can be used for diagnosis, potentially reduces the inadequacy rates and can be 
suitable material to perform thyroid fusion gene panel testing in addition to 
immunohistochemistry and FISH testing when required. 

Current practice in the UK is to classify thyroid cytology using the RCPath modification of 
BTA classification which maps over to the Bethesda classification system. The different Thy 
categories has an expected positive predictive value for malignancy and the guidance also 
suggests accepted inadequacy rate (Thy1 category). This review seeks to determine the 
accuracy of FNAC and core biopsy for detecting thyroid cancer in people identified on 
ultrasound as needing further assessment. 

1.1.3 Summary of the protocol 

For full details see the review protocol in  Appendix A. 

Table 1: PIRO characteristics of review question 

Population Inclusion: People aged 16 or over suspected of thyroid cancer with potentially 
malignant nodules on ultrasound.   

Exclusion: Children and young people under 16 years. 

 

Population strata: 1) papers containing people selected for FNAC  with prior 
US; 2) papers where people were given FNAC  without prior US (or where 
there was no report of prior US) 

Target 
conditions 

nodules with thyroid cancer malignancy  

 

Index test  • Fine-needle aspiration cytology (FNAC) without rapid on-site evaluation 
(ROSE) with smear without cytospin and cellblock 

• Fine-needle aspiration cytology (FNAC) without ROSE with Cytospin and cell 
block, without smear.  

• Fine-needle aspiration cytology (FNAC) without ROSE with smear, cytospin 
and cell block 

• Fine-needle aspiration cytology (FNAC) with ROSE (by cytopathologist or 
technician) and with smear without cytospin and cell block 

• Fine-needle aspiration cytology (FNAC) with ROSE (by cytopathologist or 
technician) and with smear with cytospin and cell block  



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
6 

• Core biopsy 

Reference 
standard 

Surgical histopathological findings 

Statistical 
measures  

Sensitivity and specificity 

Study design Retrospective or prospective designs. Retrospective designs may have an 
inherent bias in that the only people with histopathological findings may be 
those at the highest level of presumed risk in these studies. This will mean that 
the population may be altered from what would be expected from the 
population of people who would normally be tested. Thus, retrospective studies 
are downgraded for indirectness.  

1.1.4 Methods and process 

This evidence review was developed using the methods and process described in 
Developing NICE guidelines: the manual. Methods specific to this review question are 
described in the review protocol in appendix A and the methods document.  

Declarations of interest were recorded according to NICE’s conflicts of interest policy.  

1.1.5 Diagnostic evidence  

1.1.5.1 Included studies 

148 eligible studies were found and included in the review.1-4, 6-9, 18, 19, 23-25, 29, 30, 32, 38, 41, 42, 47, 50, 

51, 53, 55, 61, 67, 69, 70, 72, 80, 85, 88, 90, 91, 97, 98, 106, 108, 115, 123, 126, 127, 131, 133, 138, 144, 149, 150, 152, 153, 155, 159-161, 163, 

166-168, 175, 182, 187, 188, 193, 194, 196, 199, 200, 204, 206-208, 210, 211, 217, 221, 223, 224, 226, 229, 233, 236, 237, 239-242, 252, 256-

258, 260, 261, 266, 267, 269, 275-278, 282, 284-287, 289, 295, 296, 298-301, 307, 309-312, 315-317, 327, 329, 330, 332, 334, 339, 342-345, 

347, 353-355, 360-365, 372, 377, 378, 381, 385, 389-392 These studies are summarised in Table 2 and details of 
the scales used are provided in Table 3. Evidence from the included studies is summarised 
in the clinical evidence summaries below in Table 4 to Table 23.  

Sensitivity and specificity were the outcomes used in this review.  Sensitivity was identified 
as the primary measure in guiding decision-making. The committee therefore set clinical 
decision thresholds for sensitivity of 0.95, above which a test would be recommended, and 
0.85, below which a test would be deemed of no clinical use. They also set clinical decision 
thresholds for specificity of 0.8, above which a test would be recommended, and 0.7, below 
which a test would be deemed of no clinical use.  

Although the question specifies a population that has been selected for FNAC on the basis of 
prior US findings, this review contains two strata: one without evidence of prior US-based 
selection and one with evidence of US-based selection. This broadening of the scope of the 
review was carried out pre-hoc because the committee envisaged that many otherwise 
useful papers would exist where evidence of prior US-based selection was absent. This 
proved to be the case, and the evidence has been separated for the two strata.   

Collection of a number of ‘unsatisfactory’ or ‘inadequate’ results, where an insufficient 
number of cells for adequate testing were collected in an aspiration, were a feature of many 
studies. This is a common problem with FNAC testing, and failure to allow for this in the 
analysis of results will ignore an important aspect of test accuracy performance. In some 
studies attempts were made to repeat unsatisfactory tests, even if these involved prolonged 
periods of waiting such as several days or weeks, and in all studies the data that has been 
analysed has been the fullest dataset available. However in most studies unsatisfactory 
results remained. Unfortunately, the vast majority of studies completely ignored the 
unsatisfactory results in their accuracy analyses. In this review the main analysis has 
attempted to adjust for this failing by using an adjusted analysis. 322 This adjusted analysis 
accounts for unsatisfactory findings by designating unsatisfactory FNAC findings that turn out 

https://www.nice.org.uk/process/pmg20/chapter/introduction-and-overview
https://www.nice.org.uk/about/who-we-are/policies-and-procedures
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to be malignant on pathology as false negatives and unsatisfactory FNAC findings that turn 
out to be benign on histopathology as false positives. The rationale is that an unsatisfactory 
finding cannot definitively indicate malignancy or benignity – therefore in a patient who is 
shown by the gold standard to have a malignant nodule the unsatisfactory reading should be 
regarded as unsupportive of that finding and can therefore legitimately be seen as a false 
negative; likewise in a patient who is shown by the gold standard to have a benign nodule 
the unsatisfactory reading should be regarded as unsupportive of that finding and can 
therefore legitimately be seen as a false positive. As well as being a rational approach this 
strategy also allows this review to demonstrate any accuracy advantages of the ‘ROSE’ 
strategy, where rapid on-site evaluation may enable repeat measures to be made 
immediately. If the inadequate results are ignored in the analysis then this removes the very 
feature that would lead to differences in accuracy performance between the two approaches: 
it is the inadequate results that reduce accuracy and their removal would create equipoise. 
This would eliminate any purpose for comparing strategies with and without ROSE. 

On the other hand, it could be argued that the adjustment strategy may be a somewhat harsh 
approach given that in the clinical setting an unsatisfactory reading may be satisfactorily 
repeated at a later date (albeit in many cases, if a ROSE approach is not employed, at a 
significantly later date), which would alleviate the diagnostic problem caused by an 
unsatisfactory reading. Therefore a ‘raw analysis’, where no correction has been made for 
unsatisfactory results, has also been performed as a sensitivity analysis.  

Data were meta-analysed with Bayesian methods using WinBugs software (see methods 
chapter) provided that at least 3 data cohorts with appropriately similar PIRO were available. 
If only two data cohorts were available the data were not meta-analysed, and the data from 
the two papers were simply presented side by side to allow transparent interpretation. 

Data were combined on the basis of any established FNAC classification approach being 
used, such as the Bethesda or Royal College of Pathologists (RCPath) approaches (see 
Table 3). For example, all studies evaluating the Bethesda approach were combined within 
their respective strata. However, many studies did not use established approaches and 
tended to use four broad generic classification types, which were not named. The first type 
has been classified as ‘two way’, where the study authors simply classified FNAC  findings 
as malignant or benign (or with suitable synonyms such as positive and negative). The 
second type has been classified as ‘three way’, where findings were classified as malignant, 
suspicious and benign. The middle category might be described in different ways, but there 
were always three categories. The third type has been classified as ‘four way’ and findings 
would usually be classified as malignant, suspicious, indeterminate and benign. The final 
type has been designated ‘five way’ and findings would be classified as malignant, 
suspicious, with two grades of indeterminate and benign. This could be regarded as roughly 
equivalent to Bethesda grades VI, V, IV, III and II respectively. These four different types 
were combined separately. The rationale for keeping the types separate is explained as 
follows. If everyone can be classified as either malignant or benign in type one then this 
means that the same terms must differ in meaning in the other types (two, three and four) 
because everyone cannot be classified as solely malignant or benign in the other types. This 
means that some people who would be classified as, for example, malignant in the ‘2 way’ 
type would not be so classified in the 3-way type. Because the terms have different 
meanings across types they must be analysed separately.  

See also the study selection flow chart in Appendix C, sensitivity and specificity forest plots 
and sensitivity/1-specificity plots in Appendix F, and study evidence tables in Appendix D. 

1.1.5.2 Excluded studies 

See the excluded studies list in Appendix I. 
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1.1.6 Summary of studies aiming to detect nodule malignancy  

Table 2: Summary of studies included in the evidence review 
Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 

select patients? 
Use of ultrasound 
guidance? 

FNAC  strategy 

Abboud, 20031 Lebanon 46 Patients undergoing 
thyroidectomy who 
also had FNAC 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Abou-Foul, 20212 UK 471 All patients who 
had thyroid 
resection (total or 
hemithyroidectomy) 
and FNAC 

If final histology 
reported incidental 
malignant lesions 
that were not 
sampled during the 
FNAC, these reports 
were excluded from 
the analysis 

U Y Fine needle aspiration 
cytology without ROSE, 
with smear only 

Acar, 20173 Turkey 226 nodules 
(pre-Bethesda) 
and 316 
nodules 
(Bethesda) 

Patients undergoing 
total thyroidectomy 
for thyroid nodules, 
with FNAC pre-
Bethesda or post-
Bethesda inception 

Not reported U Y Fine needle aspiration 
cytology without ROSE, 
with smear only 

Afroze, 20024 Pakistan 170 Patients undergoing 
FNAC of thyroid 
nodules and 
subsequent thyroid 
surgery 

Patients without 
computerised 
records or operated 
on outside study 
hospital 

U Y Fine needle aspiration 
cytology with ROSE, 
with smear + cytospin 
and cell block 

Agcaoglu, 20136 Turkey 730 Prior US, otherwise 
not reported 

Non-diagnostic 
results 

Y Y Fine needle aspiration 
cytology with ROSE, 
with smear only 
(cytopathologist 
attended in 77% of 
FNAB procedures) 

Aggarwal, 19897 Unclear 36 Patients with 
ultrasonographically 
solitary cold thyroid 
nodules given 
FNAC and 
subsequent surgery 

Not reported Y U Fine needle aspiration 
cytology without ROSE, 
with smear only 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

Agrawal, 1995 #10938 India 100 Patients for whom 
FNAC and post-
surgical pathology 
were available 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Aguilar-Diosdado, 19979 Spain 289 Patients undergoing 
resection for 
nodular goitre; 
carcinoma or 
suspicious on 
FNAC;   thyroid 
nodule associated 
with 
lymphadenopathy; 
thyroid nodule 
associated with 
previous radiation 
exposure; 
enlargement of a 
thyroid mass 
despite L-thyroxine 
therapy; clinical 
symptoms of 
hoarseness or 
dysphagia in 
patients with thyroid 
nodules [despite 
specific FNAC  
findings being an 
indication for 
surgery, the fact 
that most people 
being sent to 
surgery had benign 
FNAC  findings 
meant this paper 
was deemed 
acceptable for 
inclusion]. 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear + cytospin + 
cell block 

Al-Hureibi, 200318 Yemen 199 Patients undergoing 
FNAC  and 
subsequent thyroid 
surgery for thyroid 
nodules/swelling. 

Not reported U N Fine needle aspiration 
cytology without ROSE, 
with smear only 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

Altavilla, 199023 Italy 257 Not reported Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Al-Taweel, 199019 Kuwait 91 Consecutive 
patients undergoing 
FNAC for solitary 
thyroid nodules with 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Ananthakrishnan, 199024 India 150 consecutive 
patients with a 
single palpable 
nodule in thyroid for 
whom FNAC and 
histopathology were 
performed 

No histopathology 
available 

U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Anderson, 198725 UK 373 Not reported Not reported U N Fine needle aspiration 
cytology without ROSE, 
with smear only 

Arul, 201529 India 392 All the FNACs of 
thyroid lesions 
between July 2012 
and January 2015 
were retrieved 
retrospectively; 
surgical 
histopathology 
obtained; FNAC 
classified according 
to 6 tier TBSRTC 

No histopathology 
results 

U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Aydogan, 201930 Turkey 514 Patients undergoing 
thyroidectomy after 
FNAC; decision for 
surgery depended 
on nodule size, 
malignant or 
indeterminate 
cytology, 
compressive 
symptoms, Graves 
disease and 
multinodular goitre 
[adequate number 
of benign on FNAC  

Not reported U Y Fine needle aspiration 
cytology without ROSE, 
with smear only 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

to allow inclusion to 
this review]. 

Bahaj, 202132 Saudi 
Arabia 

314 Patients undergoing 
FNAC and thyroid 
surgery 

Not reported U Y Fine needle aspiration 
cytology without ROSE, 
with smear only 

Bashier, 199638 Sudan 89 Patients with a 
solitary or 
significantly 
dominant thyroid 
nodule, followed up 
by histopathological 
confirmation 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Belanger, 198341 Canada 63 Presence of a solid 
or partially cystic 
cold nodule; 
informed consent 
for surgery 
regardless of 
cytological findings; 
no surgical 
contraindications 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Bellantone, 200442 Italy 119 Patients undergoing 
UG FNAC and 
subsequent surgery 
because of 
suspicious or 
malignant cytology, 
persistently 
nondiagnostic 
cytology, cytology 
consistent with 
predominantly 
follicular lesion, 
incomplete cyst 
resolution, 
compressive 
symptoms and/or 
large nodular size 

Not reported U Y Fine needle aspiration 
cytology without ROSE, 
with smear + cytospin + 
cell block.  

 

Biscotti, 199547 USA 41 FNAC  specimens 
from patients who 
also provided a 
histopathological 
sample at surgery 

Not reported U U 1. Fine needle 
aspiration cytology 
without ROSE, with 
smear only 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

2. Fine needle 
aspiration cytology 
without ROSE, with 
smear + cytospin and 
cell block – Thin-prep 

Bodo, 197950 Hungary 131 Patients with diffuse 
enlargement of the 
thyroid gland, given 
FNAC  and surgery. 
No reasons given 
for surgery, but 
most given surgery 
were negative on 
FNAC,  so FNAC  
not the only 
criterion. 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Borman, 199551 USA 27 Patients with 
thyroid nodules 
undergoing FNAC  
with subsequent 
surgery. Surgery 
was given if 
indicated by FNAC,  
or if there were 
compression 
symptoms, a 
recurrent cyst or 
other clinical 
suspicion in the 
presence of benign 
FNAC  findings. 
[Because there 
were almost half of 
all cases made up 
of benign FNAC  
cases this study 
has been included 
in the review.]   

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Brauer, 198453 USA 134 Patients undergoing 
FNAC  for thyroid 
nodules with 
subsequent 
surgery. Majority 
had 

Not reported N Y Fine needle aspiration 
cytology without ROSE, 
with smear only 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

hypofunctioning 
solitary nodules. 
Initially surgery was 
given to all patients 
regardless of 
FNAC.  As the 
study progressed 
benign findings 
were less likely to 
be referred. 
[However, overall 
the number of 
benign FNAC  
findings sent to 
surgery is sufficient 
for inclusion to this 
review] 

Bugis, 198655 Canada 198 Patients presenting 
with a solitary 
nodule, with FNAC  
and subsequent 
surgery. 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Can, 200861 Turkey 23 (USG) and 
18 (non USG) 

All consecutive 
patients who 
underwent FNAC  
of thyroid nodules, 
followed by surgery 

No surgery 
performed (note that 
this is an exclusion 
criterion for the data 
included here but 
was not an exclusion 
criterion for the study 
that also looked at 
data from patients 
who did not have 
surgery) 

U USG for 23 and 
non-USG for 18 

Fine needle aspiration 
cytology without ROSE, 
with smear only 

Chang, 199767 China 662 Patients undergoing 
FNAC  and surgery 
for thyroid nodules. 
Surgery indicated 
for those with a 
malignant or 
indeterminate 
result. Those with a 
benign result only 
underwent surgery 
in cases of a rapidly 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

growing nodule, 
local compression 
or cosmetic 
reasons. 

Choden, 202169 Bhutan 81 Patients undergoing 
FNAC who also 
underwent surgical 
resection 

Patients with missing 
data 

U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Choe, 201870 South 
Korea 

705 Patients undergoing 
core needle biopsy, 
with subsequent 
surgery. Reasons 
for surgery not 
given. [Some going 
to surgery had 
benign CNB results 
so CNB results 
were not sole 
criterion]. 

Not reported Y N Core biopsy 

Chow, 199972 Hong Kong 76 Patients with non-
toxic solitary thyroid 
nodules or 
predominant 
nodules in non-toxic 
nodular goitre who 
underwent surgery 
with prior FNAC. 
Benign FNAC  
findings were not 
routinely sent for 
surgery unless they 
increased in size of 
the patients 
requested surgery – 
however most of 
those referred for 
surgery were 
benign on FNAC. 

Not reported N N Fine needle aspiration 
cytology without ROSE, 
with smear only 

Cristallini, 1989 #116180 Italy 41 Patients undergoing 
thyroidectomy with 
prior FNAC 

Toxic nodules U N Fine needle aspiration 
cytology without ROSE, 
with smear + cytospin 
and cell block 

Danese, 199885 Italy 535 Consecutive 
patients with single 

Not reported U USG and no USG Fine needle aspiration 
cytology without ROSE, 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

or multiple thyroid 
nodules given 
either conventional 
or UG FNAC,  
followed by surgery. 

with smear + cytospin 
and cell block. 

Davidsohn, 199588 USA 50 Patients having an 
FNAC  for thyroid 
nodules with 
subsequent 
thyroidectomy. If 
FNAC  was benign 
surgery would still 
be given because 
of large nodules, 
patient preference 
or for cosmetic 
reasons 

Not reported U U Fine needle aspiration 
cytology with ROSE, 
with smear + cytospin 
and cell block 

de Roy van Zuidewijn, 
199490 

Holland 265 Patients undergoing 
FNAC  and 
thyroidectomy 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

de Vos tot Nederveen 
Cappel, 200191 

Holland 254 Patients with 
FNACs carried out 
for thyroid nodules 
followed by thyroid 
surgery. People 
benign on FNAC  
were eligible for 
surgery if they had 
a rapidly growing 
nodule causing 
local compression, 
or due to cosmetic 
reasons 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Dwarakanathan, 198997 USA 63 Patients undergoing 
FNAC  and 
subsequent surgery 
for single nodules 
or multinodular 
goitres with a 
dominant nodule. 
Most nodules were 
cold on scan. 
Surgery was given 
for benign FNAC  

Not reported U N Fine needle aspiration 
cytology without ROSE, 
with smear + cytospin 
and cell block 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

findings for reasons 
of patient 
preference, 
cosmetic 
considerations, 
large goitres, large 
nodules, and other 
clinically worrisome 
features such as 
the age of the 
patient or male sex 
(n=26). This 
ensured all of the 
FNAC  categories 
were covered in the 
study. 

El Hag, 202198 Saudi 
Arabia 

323 All thyroid FNAs 
with histopathology 
follow up 

Not reported U Y Fine needle aspiration 
cytology with ROSE, 
with smear only 

Ferrari, 1985106 Italy 68 Patients with cold 
nodules undergoing 
FNAC  and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear + cytospin 
and cell block 

Fiorentino, 2021108 Italy 693 Patients with FNAC 
and surgical 
specimens 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Francis, 1999115 Kuwait 45 Patients attending 
thyroid unit for FNA 

Not meeting criteria 
for FNAC;   aspirated 
cervical lymph nodes 

U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Gardiner, 1986123 Canada 207 Patients given 
FNAC for diffuse 
thyroid 
enlargements, 
multinodular 
thyroids and 
thyroids with 
discrete nodules; 
subsequent surgery 

Not reported N U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Gershengorn, 1977126 USA 33 Fifty consecutive 
patients presenting 
with discrete 
usually single 
thyroid nodules 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

given FNAC  and 
surgery 

Giansanti, 1989127 Italy 114 Patients with solid, 
cold, thyroid 
nodules, with FNAC  
and subsequent 
surgery. 

Not reported U N Fine needle aspiration 
cytology without ROSE, 
with smear only 

Gossain, 1998131 USA 19 Patients with a 
single palpable 
nodule, undergoing 
FNAC  followed by 
surgery 

Not reported U N Fine needle aspiration 
cytology without ROSE, 
with smear only 

Gould, 1989133 USA 69 People with thyroid 
nodules with an 
FNAC,  touch 
imprint and final 
histopathology 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Guo, 2015138 China 489 All thyroid FNAs 
that were followed 
by surgery; 
indications for 
FNAC  were 
palpable nodules 
with US finding 
suggesting 
malignancy such as 
microcalcification, 
margin irregularity, 
intranodular 
vascularity or taller 
than wide shape 

Not reported Y Y (for 79%) Fine needle aspiration 
cytology without ROSE, 
with smear only 

Hamming, 1990149 Holland 169 Patients with 
nodular thyroid 
disease given 
FNAC  and 
subsequent 
surgery. Surgery 
performed to 
confirm or exclude 
a malignant 
neoplasm or to 
remove a nodular 
goitre for cosmetic 

Not reported U N Fine needle aspiration 
cytology without ROSE, 
with smear only 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

or mechanical 
reasons. 

Haberal, 2009144 Turkey 260 Adequate FNAC 
followed by 
thyroidectomy or 
lobectomy for a 
dominant thyroid 
nodule 

Not reported U Y Fine needle aspiration 
cytology without ROSE, 
with smear only 

Hamming, 1998150 Holland 240 Patients operated 
on for nodular 
thyroid disease with 
an evaluable FNAC 

non-evaluable 
smears – insufficient 
material for 
cytodiagnosis. 

U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Hawkins, 1987153 Spain 415 Patients referred to 
endocrinology unit 
because of diffuse 
or nodular goitres, 
with or without 
symptoms; surgery 
(in patients with 
positive or 
suspicious FNAB 
cytology and/or 
suggestive clinical 
histories, and in 
patients with cold 
thyroid nodules and 
negative FNAB 
results that did not 
respond to 6 
months of 
suppressive 
thyroxine therapy 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear + cytospin 
and cell block. Unclear 
in description but stated 
that ‘if fluid was drawn 
the centrifuged 
sediment was studied’, 
indicating that at least 
cytospin was used in 
addition to smear. 

Harsoulis, 1986152 Greece 213 Patients with a 
solitary or dominant 
thyroid nodule 
within either a 
multinodular or 
diffusely enlarged 
gland who were 
subsequently given 
surgery. Surgery 
was indicated by 
FNAC  but also by 
the recent 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

appearance of a 
cold solid nodule, a 
history of recurrent 
cysts and for all 
male patients 

Heimann, 1964155 Unclear 23 Patients undergoing 
FNAC  and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Hosokawa, 2019159 Japan 685 Patients undergoing 
FNAC  and surgery 
on thyroid nodules 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Hougaard Chakera, 2003160 Denmark 67 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Huang, 2020161 China 392 1. Thyroid nodules 
with 1~4 of the 
following five 
suspicious 
ultrasonic features -
“solid nodules, 
hypoechoic or 
extremely 
hypoechoic, 
irregular boundary, 
microcalcification, 
taller-than-wide 
shape” - based on 
the classification 
standard of TI-
RADS proposed by 
Kwak et al; 2. 
Conventional 
thyroid 
ultrasonography, 
ultrasound 
elastography and 
FNAC performed 
before surgery; and 
3. Cytologic results 
as well as a final 
diagnosis of the 
nodules based on 

1. Surgery for 
hyperthyroidism; 2. 
Previous history of 
neck radiation or 
surgery; and 3. 
Thyroid nodules that 
do not meet the 
standard of KWAK-
TIRADS. 

 

Y N Fine needle aspiration 
cytology without ROSE, 
with smear only 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

postoperative 
pathology. 

Hussain, 1993163 UK 108 Patients identified 
by radionuclide 
imaging as having a 
solitary cold thyroid 
nodule, who had 
FNAC  followed by 
surgery; surgery 
carried out on all 
patients with a 
solitary cold nodule 

Not reported U U Fine needle aspiration 
cytology with ROSE, 
with smear + cytospin 
and cell block 

Jalan, 2017166 India 40 All patients with 
complaints of 
thyroid swelling [for 
this review, surgery] 

Not reported U USG and non-USG 
done in 22, but not 
the majority. Non-
USG done in the 
other 18 

Fine needle aspiration 
cytology without ROSE, 
with smear only 

Jat, 2019167 Saudi 
Arabia 

75 All patients came in 
OPD with clinically 
diagnosed as a 
solitary thyroid 
nodule having no 
hyper or 
hypothyroidism, 
irrespective of age 
and sex; thyroid 
surgery 

patients presenting 
with extra-thyroid 
neck swelling; 
patients having toxic 
or non- toxic diffuse 
or multinodular goitre 

U Y Fine needle aspiration 
cytology with ROSE, 
with smear only 

Jayaram, 1999168 Malaysia 325 Patients with 
thyroid lesions 
given FNAC  and 
thyroid surgery 

Not reported N U Fine needle aspiration 
cytology with ROSE, 
with smear only 

Kelman, 2001175 USA 109 Patients presenting 
with a thyroid 
nodule, who were 
given FNAC  and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Kim, 2013182 South 
Korea 

200 Patients with 
thyroid nodules with 
a >90% solid 
component with 
maximum diameter 
of 5mm; underwent 
FNAC  and surgery 

Not reported U Y Fine needle aspiration 
cytology without ROSE, 
with smear only 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

Kimoto, 1999187 Japan 61 Not reported Not reported Y Y Fine needle aspiration 
cytology without ROSE, 
with smear only 

Kini, 1985188 USA 379 Patients with 
thyroid nodules 
undergoing FNAC  
and subsequent 
surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Kojic Katovic, 2004193 Croatia 80 Patients with 
complete pre-
operative 
investigations for 
thyroid nodules 
(US, IS, FNA) and 
subsequent 
histopathological 
diagnosis 

Not reported Y Y Fine needle aspiration 
cytology without ROSE, 
with smear only 

Kolendorf, 1975194 Denmark 20 Patients admitted 
for thyroid 
disorders, given 
FNAC  and open 
surgical biopsy 

Not reported N N Fine needle aspiration 
cytology without ROSE, 
with smear only 

Kothari, 2019 #1269 196 India 53 Not reported Not reported U U Fine needle aspiration 
cytology with ROSE, 
with smear only 

Kumar, 1992199 India 86 consecutive 
patients with 
solitary nodules 
undergoing FNAC  
and subsequent 
surgery 

Not reported U N Fine needle aspiration 
cytology without ROSE, 
with smear + cytospin 
and cell block 

La ROSE, 1991200 Italy 827 Cold thyroid 
nodules examined 
with FNAC  that 
were given 
subsequent 
surgery. Surgery 
was offered to 
those to those that 
were malignant or 
highly suspicious 
on FNAC;   

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

probable adenoma 
were suggested to 
undergo surgery. 
‘Benign’ or 
‘inadequate’ 
nodules were also 
given surgery if 
there was clinical 
suspicion or 
through patient 
choice. [Thus 
although there was 
some bias in the 
access to surgery, 
there was definite 
access from all 
FNAC  categories, 
allowing a 
reasonably valid 
assessment of 
accuracy to be 
made]. 

Leenhardt, 1999204 France 94 Consecutive 
patients with thyroid 
nodules referred for 
FNAC  after US; 
non palpable 
nodules. Surgery 
provided for a 
histopathological 
diagnosis. Surgery 
was offered to 
those to those that 
were malignant or 
suspicious on 
FNAC;   
supracentrimetric or 
isolated cold 
nodules; 
simultaneous 
presence of a 
palpable nodule in 
a multinodular 
gland and 
miscellaneous 

Not reported Y Y Fine needle aspiration 
cytology without ROSE, 
with smear only 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

reasons. [Thus, 
although there was 
some bias in the 
access to surgery, 
there was definite 
access from all 
FNAC  categories, 
allowing a 
reasonably valid 
assessment of 
accuracy to be 
made]. 

Li, 2021207 China 623 Patients having 
FNAC and thyroid 
surgery 

No report on the 
sensation during 
puncture of the 
nodule – whether 
‘soft’, ‘hard’ or ‘hard 
with grittiness’ 

U Y Fine needle aspiration 
cytology without ROSE, 
with smear only 

Li, 2013206 China 51 Patients with 
suspected solid 
thyroid nodules, 
later given US 
guided biopsy and 
a histopathological 
confirmation after, 
presumably, 
surgery. 

Patients hyper-
susceptible to 
SonoVue or with 
coagulation 
dysfunction were 
excluded 

U Y Core biopsy with US 
guidance 

Core biopsy with CEUS 
guidance 

Liel, 1985208 Israel 49 Patients with ‘cold’ 
or ‘warm’ thyroid 
nodules given 
FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear + cytospin 
and cell block 

Lioe, 1998 #1280210 UK 67 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Liu, 2009211 Taiwan 40 Patients with auto-
immune thyroiditis; 
hypothyroidism or 
hyperthyroidism 
with thyroid 
nodules; given 

Diffuse thyroid 
disorders 

U U Fine needle aspiration 
cytology with ROSE, 
with smear only 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

FNAC with 
subsequent surgery 

Lukitto, 1998217 Indonesia 167 Patients with 
thyroid nodules 
undergoing FNAC 
and surgery. 
Indications for 
surgery not 
provided. Out of 
250, 167 went for 
thyroidectomy, and 
162 of these were 
‘negative’ on FNAC,  
so it seems that the 
decision was not 
based on FNAC. 
Therefore this study 
has been included. 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Mamoon, 1997221 Pakistan 176 Patients undergoing 
FNAC  and 
subsequent surgery 
for thyroid nodules 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Mandal, 2011223 India 108 Patients with 
nodular thyroid 
disease given 
FNAC followed by 
surgery 

Diffuse goitre, 
debilitated elderly, 
other comorbidities 
making the patient 
unfit for surgery 

N N Fine needle aspiration 
cytology without ROSE, 
with smear only 

Mandreker, 1995224 India 238 Patients presenting 
with a diffuse or 
nodular thyroid 
enlargement and 
solitary thyroid 
nodule; FNAC  and 
subsequent surgery 
carried out 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Maruta, 2003226 Japan 304 Thyroid nodule 
aspirations from a 
database where 
people has also 
had thyroid surgery 

Not reported U Y Fine needle aspiration 
cytology without ROSE, 
with smear only 

Mastorakis, 2014229 Greece 1000 Patients with 
thyroid nodules 
given FNAC and 

Not reported N Y Fine needle aspiration 
cytology without ROSE, 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

subsequent 
surgery; surgery 
given on basis of 
FNAC  results but 
also regardless of 
cytology – upon 
basis of other 
criteria such as 
multinodular 
lesions, nodule size 
or a lack of 
response to 
treatment or patient 
decision. 

with smear + cytospin 
and cell block 

McElroy, 2014233 USA 28 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear + cytospin 
and cell block 

Mehrotra, 2006236 UK 450 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U USG for 102; no 
USG for 348 

Fine needle aspiration 
cytology without ROSE, 
with smear only 

Meko, 1995237 USA 90 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U Y Fine needle aspiration 
cytology with ROSE, 
with smear + cytospin 
and cell block 

Merchant, 1995239 UK 56 Patients with 
thyroid nodules or 
diffuse thyroid 
enlargement given 
FNAC and 
subsequent 
surgery; surgery 
given secondary to 
cytology, clinical 
signs or evidence 
from second line 
investigations. 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Mijovic, 2009240 Canada 115 Consecutive 
patients undergoing 
thyroidectomy for 
cytologically proven 
malignancy or 
nodules suspicious 

Not reported U N Fine needle aspiration 
cytology without ROSE, 
with smear only 

AND some (unspecified 
number) were: 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

for being malignant 
(e.g. history of 
radiation exposure, 
family history, size 
and so on); surgery 
also performed on 
patients with 
Graves disease, 
large goitres and 
compression 
symptoms with 
FNAC  performed 
pre-op. 

Fine needle aspiration 
cytology without ROSE, 
with smear + cell block. 
The paper stated that: 
‘all cases had at least a 
smear stained with 
Papanicolaou, and, if 
enough material was 
available, a smear 
stained with Diff quick 
and a cell block was 
performed’ 

Mikosch, 2000241 Austria 708 Patients with 
thyroid nodules 
given FNAC and 
subsequent 
surgery; FNAC  
indicated by 
patients with 
hypoechoicity, 
irregular margins. 
microcalcifications 
US, growth of the 
nodule during follow 
up or 
hypofunctional 
nodules on 
scintiscan; reasons 
for surgery included 
cytological findings 
or obstructive 
reasons 

Not reported Y Y Fine needle aspiration 
cytology without ROSE, 
with smear only 

Miller, 1979242 USA 147 Patients with 
discrete thyroid 
nodules given 
FNAC and 
subsequent surgery 

Functional nodules 
and cystic nodules 
without appreciable 
residual after 
aspiration of fluid 

U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Munn, 1988 #1322252 USA 49 Patients with 
palpable thyroid 
nodules given 
FNAC and 
subsequent surgery 

History of radiation 
exposure; family 
history of medullary 
carcinoma 

U U Fine needle aspiration 
cytology without ROSE, 
with smear only 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

Nagarajan, 2015 #1326256 USA 1320 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear + cytospin 
and cell block 

Nart, 2010 #1327257 Turkey 291 Patients with FNAC  
followed up with 
surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Natarajan, 1994258 India 25 Patients with 
solitary cold thyroid 
nodules given 
FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Naz, 2014260 Pakistan 61 Patients presenting 
with thyroid 
swelling, 
undergoing FNAC.  
For this review only 
those sent for 
surgery were 
included, but no 
rationale for surgery 
given; however it 
appears that those 
sent for surgery 
represented all 
gradings of the 
FNAC. 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear + cell block. 

Ng, 1988 #1330261 Singapore 46 Patients with 
solitary thyroid 
nodules given 
FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Okumura, 1999 #1334266 Japan 109 Patients with 
thyroid nodules that 
were given FNAC  
and surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Ongphiphadhanakul, 1992 
#1335267 

Thailand 129 Patients with 
solitary thyroid 
nodules given 
FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

Ozdemir, 2017269 Turkey 1810 nodules 
(pre Bethesda) 
and 5115 
nodules (post-
Bethesda) 

Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Age <16 years; 
previous history of 
thyroid surgery or 
percutaneous 
invasive procedures 
to thyroid nodules; 
radiotherapy to head 
and neck 

Y Y Fine needle aspiration 
cytology without ROSE, 
with smear only 

Pepper, 1989275 USA 21 Patients with 
thyroid nodules 
given FNAC and 
subsequent 
surgery; surgery 
given because of 
FNAC  findings or  
because of 
personal choice or 
because of nodule 
growth despite 
levothyroxine 
treatment 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear + cytospin 
and cell block 

Petersen, 1984276 Denmark 189 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear + cytospin 
and cell block 

Piana, 2011277 Italy 2047 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported Y Y Fine needle aspiration 
cytology without ROSE, 
with smear only 

Pisani, 2000278 Italy 42 Consecutive 
patients with thyroid 
nodules given 
FNAC and 
subsequent surgery 

Not reported U USG for both FNAC  
and CNB 

 

Fine needle aspiration 
cytology without ROSE, 
with smear only 

 

Core biopsy 

Prinz, 1983282 USA 109 Patients with 
palpable nodules 
hypo-functioning on 
thyroid scintiscan; 
subsequent 
thyroidectomy 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

Radetic, 1984284 Croatia 2190 Patients with 
thyroid goitres 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Raina, 2011285 India 25 Patients with 
thyroid nodules 
receiving FNAC  [in 
review, only those 
confirmed by 
histopathology were 
included, but in 
paper there were 
additionally also 71 
not sent for surgery. 
Reasons not given 
but FNAC  results 
not the only 
reasons as half 
sent for surgery 
were benign on 
FNA] 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Rammeh, 2019 #1349286 Tunisia 64 Patients with 
palpable thyroid 
nodules given 
FNAC and 
subsequent surgery 

Not reported U N Fine needle aspiration 
cytology without ROSE, 
with smear only 

Rana, 2021287 India 445 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Rege, 1987289 India 182 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Rodriguez, 1994295 Spain 170 Patients with 
solitary or dominant 
thyroid nodules 
given FNAC and 
subsequent surgery 

inadequate samples U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Rosen, 1993296 Canada 41 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U Y Fine needle aspiration 
cytology without ROSE, 
with smear only 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

Rosen, 1981298 Canada 153 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Roy, 2019299 India 112 Patients over 15 
years; euthyroid 
state on blood 
examination; 
presenting with 
clinical evidence of 
thyroid disease and 
swelling 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Rubenfeld, 1982300 USA 30 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology with ROSE, 
with smear + cytospin 
and cell block 

Russ, 1978301 USA 29 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Schmid, 1986 #1370307 Austria 2709 Patients with cold 
or multinodular 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Schoedel, 2008 #1372309 USA 46 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U Y Fine needle aspiration 
cytology without ROSE, 
with smear only 

Schwartz, 1982 #1373310 USA 102 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Sclabas, 2003311 USA 240 Patients undergoing 
FNAC  with or 
without US 
guidance; 
thyroidectomy 

Not reported Y U (USG for some 
but not a majority) 

Fine needle aspiration 
cytology WITH ROSE, 
with smear + cytospin 
and cell block 

Scurry, 2000312 Australia 
and Canada 

109 Patients with 
thyroid nodules 
given direct smear 
or smear/cytospin 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

OR 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

FNAC and 
subsequent surgery 

Fine needle aspiration 
cytology without ROSE, 
with smear + cytospin 
and cell block [cell-
block not mentioned]: 
cytospin preparations 
were made in cases 
that yielded cyst fluid. 

Settakorn, 2001316 Thailand 415 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Seya, 1990317 Japan 26 Patients with 
thyroid nodule 
examined using 
FNAC  and given 
surgery. 64 did not 
receive surgery but 
reasons not given - 
however out of 
those going to 
surgery half were 
benign on FNAC  
so it does not seem 
that FNAC  result 
was the only 
criterion for surgery. 

Not reported U N Fine needle aspiration 
cytology without ROSE, 
with smear only 

Silverman, 1986327 USA 8 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Sirpal, 1996329 India 

 

128 Patients with 
thyroid nodules 
given FNAC and 
subsequent 
surgery. Surgery 
contemplated 
where FNAC  
showed 
malignancy, 
follicular or HC 
tumour, 
cosmetically 
unacceptable 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

cases, compression 
symptoms or cases 
non-responsive to 
therapy. 

Slowinska-Klencka, 2008330 Poland 1694 Patients referred 
from outpatients 
clinics for US and 
then FNAB and 
thyroidectomy 

Not reported Y Y Fine needle aspiration 
cytology without ROSE, 
with smear + cytospin 
and cell block 

Seok, 2018315 South 
Korea 

457 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Son, 2014332 South 
Korea 

694 Patients undergoing 
total or 
hemithyroidectomy 
and also FNA 

Not reported U Y Fine needle aspiration 
cytology without ROSE, 
with smear only 

Spiliotis, 1992 #1394334 Greece 201 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Toxic nodules U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Sukumaran, 2014339 India 248 Series of cases of 
thyroid nodules with 
underwent FNAC  
followed by surgery 

Those not given 
surgery [although the 
majority having 
surgery were 
malignant or 
suspicious on FNAC  
there were a 
sufficient number that 
were benign to 
ensure that category 
was represented] 

U U – USG done only 
in some (non 
majority) 

Fine needle aspiration 
cytology without ROSE, 
with smear only 

Tabain, 2004342 Croatia 457 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Tabaqchali, 2000343 UK 302 patients with a 
dominant thyroid 
nodule who had 
FNAC carried out in 
the 6 year period 
1990-1995 and 
subsequent partial 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

or complete 
thyroidectomy. 

Takashima, 1994344 Japan 133 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U USG  and no USG Fine needle aspiration 
cytology without ROSE, 
with smear only 

Takashima, 1992345 Japan 41 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U USG  and no USG Fine needle aspiration 
cytology without ROSE, 
with smear only 

Tal, 1992347 USA 30 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Theoharis, 2013 #1410353 USA 372 nodules 
(pre Bethesda) 
and 379 
nodules (post 
Bethesda 
implementation) 

Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Theoharis, 2009 #1411354 USA 378 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U Y Fine needle aspiration 
cytology without ROSE, 
with smear only 

Thomas, 1998355 Nigeria 93 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Tsou, 1997 #1417360 Taiwan 61 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Varhaug, 1981 #1418361 Norway 264 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Diffuse goitre and 
toxic goitre 

U U Fine needle aspiration 
cytology without ROSE, 
with smear + cytospin 
and cell block 

Vojvodich, 1994362 Canada, UK 98 Patients with 
solitary thyroid 
nodules given 
FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear + cytospin 
and cell block 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

Walsh, 1983363 Australia 76 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Wang, 2020364 China 274 Patients undergoing 
US, FNAC  and 
thyroidectomy 

History of thyroid 
surgery; thyroid 
metastasis; surgically 
removed nodules 
that were not one-to-
one matched with the 
US findings 

Y Y Fine needle aspiration 
cytology without ROSE, 
with smear only 

Wei, 2016365 China 78 Patients with 
suspicious thyroid 
nodules, diagnosed 
with FNAC  and 
given surgery 

Not reported U Y Fine needle aspiration 
cytology without ROSE, 
with smear, combined 
with thin-prep cytology 
test, which uses a 
filtration process and 
thin-layer deposition of 
cells [appears similar to 
cytospin]. 

Wu, 2006372 China 401 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Xiong, 2019377 China 578 Patients with 
thyroid nodules 
treated at Peking 
University First 
Hospital from 
January 2015 to 
December 2017 
were reviewed. 
Cases of thyroid 
follicular lesions 
with both CNB and 
resected specimens 
were retrieved 

Not reported U U Core biopsy 

Xu, 2014378 China 945 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported Y Y Fine needle aspiration 
cytology without ROSE, 
with smear only 
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Study Country Sample size Inclusion criteria Exclusion criteria Prior US used to 
select patients? 

Use of ultrasound 
guidance? 

FNAC  strategy 

Yavuz, 2020 #1436381 Unclear 34 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U Y Fine needle aspiration 
cytology without ROSE, 
with smear only 

Yoder, 2006385 USA 200 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U Y (81%) Fine needle aspiration 
cytology with ROSE, 
with smear only 

Zajdela, 1987 #1442389 France 372 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear + cytospin 
and cell block 

Zbar, 2009390 Barbados 63 Patients with 
thyroid nodules 
given FNAC and 
subsequent surgery 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Zelmanovitz, 1998391 Brazil 11 FNAC  and 
thyroidectomy 

Not reported U U Fine needle aspiration 
cytology without ROSE, 
with smear only 

Zhang, 2015392 Unclear 78 Thyroid nodules 
undergoing FNAC  
and subsequent 
thyroidectomy 

Not reported U Y Fine needle aspiration 
cytology with ROSE, 
with smear only 

See Appendix D for full evidence tables 
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1.1.7 FNAC scales used    

Table 3: Summary of the types of established FNAC scales used.  

Scale name Description and scoring 

Bethesda  I = non-diagnostic or inadequate; II = benign; III = atypia/follicular lesion of undetermined significance; IV = follicular 
neoplasm or suspicious for follicular neoplasm; V = suspicious for malignancy; VI = malignant 

Aspiration 
Cytology Grade 
(AC) 

AC0/1 = unsatisfactory; AC2 = non-neoplastic; AC3 = equivocal; AC4 = suspicious; AC5 = diagnostic of malignancy 

British Thyroid 
Association (BTA)  

THY1 = non diagnostic/cyst; THY2 = non-neoplastic; THY3 = follicular/ suspected follicular neoplasm; THY4 = suspicion of 
malignancy (non diagnostic); THY5 = malignancy (diagnostic) 

Royal College of 
Pathologists 

Thy 1/Thy 1= non-diagnostic for cytological diagnosis; Thy 2/Thy 2c= non-neoplastic; Thy3a/Thy3f = neoplasm possible; 
Thy4 = suspicious of malignancy; Thy5 = malignant 

Piana C1-5 C1 = non diagnostic; C2= benign; C3 = indeterminate; C4= suspicious; C5 = malignant 

De May inadequate, non-malignant, non-malignant follicular proliferation, suspicious for malignancy, malignant 

 

1.1.8 Summary of the evidence – adjusted evidence  

In the tables that follow, the index test will be defined by the definition of the positive test derived from that index test (the index test finding that 
would be intended to ‘detect’ thyroid cancer). Table 4 to Table 13 provide results using an adjusted analysis. This adjusted analysis accounts for 
unsatisfactory findings (which are otherwise ignored by the majority of studies in their analyses) and designates unsatisfactory FNAC  findings that 
turn out to be benign on histopathology as false positives and unsatisfactory FNAC  findings that turn out to be malignant on pathology as false 
negatives. This follows the logic that an unsatisfactory finding cannot definitively indicate benignity or malignancy – therefore in a patient who is 
shown by the gold standard to have a benign nodule the unsatisfactory reading should be regarded as unsupportive of that finding and is therefore 
legitimately a false positive; likewise in a patient who is shown by the gold standard to have a malignant nodule the unsatisfactory reading should 
be regarded as unsupportive of that finding and is therefore legitimately a false negative.       
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 Table 4: Summary of evidence relating to FNAC used without ROSE, with smear only, in the stratum where US was not used to 
select patients (adjusted analysis).  

Index Test 
(Definition 
of a 
POSITIVE 
test) 

Number 
of 

studies 
n Sensitivity  (95% CI) Specificity  (95% CI) Risk of bias 

Indirectne
ss 

Inconsistency Imprecision GRADE 

 

 

 

Bethesda 
Grade III or 
above 

13 5,950 

Pooled sensitivity 
(95% credible 
intervals): 
0.9288(0.888-0.957) 

Pooled specificity 
(95% credible 
intervals): 
0.6268(0.509-0.730) 

Sensitivity  

Very seriousa seriousb seriousc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc seriousd 
VERY 
LOW 

 

Bethesda 
Grade IV or 
above 

13 6,434 

Pooled sensitivity 
(95% credible 
intervals): 0.8559 
(0.7855-0.9078 

Pooled specificity 
(95% credible 
intervals): 0.7864 
(0.6961-0.8567) 

Sensitivity  

Very seriousa seriousb seriousc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc very seriousd 
VERY 
LOW 

 

Bethesda 
Grade V or 
above 

16 7,082 

Pooled sensitivity 
(95% credible 
intervals): 0.771 
(0.6996-0.8299) 

Pooled specificity 
(95% credible 
intervals): 
0.9214(0.8797-
0.9506) 

Sensitivity  

Very seriousa seriousb seriousc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc noned 
VERY 
LOW 

 

Bethesda 
Grade VI 

12 5,748 

Pooled sensitivity 
(95% credible 
intervals): 0.4927 
(0.607-0.6462) 

Pooled specificity 
(95% credible 
intervals): 
0.93(0.8805-0.9618) 

Sensitivity  

Very seriousa seriousb seriousc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc noned 
VERY 
LOW 
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Index Test 
(Definition 
of a 
POSITIVE 
test) 

Number 
of 

studies 
n Sensitivity  (95% CI) Specificity  (95% CI) Risk of bias 

Indirectne
ss 

Inconsistency Imprecision GRADE 

 

 

 

BTA THY 3a 
or above 

2 579 
0.90 [0.73, 0.98] 
0.50 [0.40, 0.59] 

 
0.85 [0.75, 0.92] 
0.46 [0.41, 0.52]  

Sensitivity  

Very seriousa seriousb seriousc very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc very seriousd 
VERY 
LOW 

 

BTA THY 3f 
or above 

1 471 
0.38 [0.29, 0.47] 
 

0.56 [0.51, 0.61] 

Sensitivity 

 
Very seriousa seriousb NAc noned 

VERY 
LOW 

Specificity 

Very seriousa seriousb NAc noned 
VERY 
LOW 

BTA THY 4 
or above 

1 471 0.20 [0.13, 0.29] 0.62 [0.56, 0.67] 

Sensitivity 

 
Very seriousa seriousb NAc noned 

VERY 
LOW 

Specificity 

Very seriousa seriousb NAc noned 
VERY 
LOW 

BTA THY 5 2 579 
0.60 [0.41, 0.77] 
0.06 [0.02, 0.12]  

1.0 [0.95, 1.00] 
0.62 [0.57, 0.67]  

Sensitivity  

Very seriousa seriousc seriousc very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousc seriousc very seriousd 
VERY 
LOW 

 

3 627 Sensitivity  
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Index Test 
(Definition 
of a 
POSITIVE 
test) 

Number 
of 

studies 
n Sensitivity  (95% CI) Specificity  (95% CI) Risk of bias 

Indirectne
ss 

Inconsistency Imprecision GRADE 

 

 

 

AC 3 or 
above 

Pooled sensitivity 
(95% credible 
intervals): 0.7798 
(0.497-0.928) 

Pooled specificity 
(95% credible 
intervals): 
0.271(0.097-0.567) 

Very seriousa seriousb noned seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb noned noned 
VERY 
LOW 

 

AC 4 or 
above 

3 627 

Pooled sensitivity 
(95% credible 
intervals): 0.396 
(0.165-0.687) 

Pooled specificity 
(95% credible 
intervals): 
0.705(0.385-0.904) 

Sensitivity  

Very seriousa seriousb noned noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousd very seriousd 
VERY 
LOW 

 

2 way: 
malignant v 
benign 

13 1,108 

Pooled sensitivity 
(95% credible 
intervals): 0.8174 
(0.6714-0.9132) 

Pooled specificity 
(95% credible 
intervals): 
0.9507(0.8961-0.98) 

Sensitivity  

Very seriousa seriousb seriousc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc noned 
VERY 
LOW 

 

2 way: 
malignant v 
benign - sub-
grouped for 
ultrasound 
guided 

4 464 

Pooled sensitivity 
(95% credible 
intervals): 0.9221 
(0.728-0.9887) 

Pooled specificity 
(95% credible 
intervals): 
0.892(0.733-0.973) 

Sensitivity  

Very seriousa seriousb seriousc very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb nonec,e seriousd 
VERY 
LOW 
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Index Test 
(Definition 
of a 
POSITIVE 
test) 

Number 
of 

studies 
n Sensitivity  (95% CI) Specificity  (95% CI) Risk of bias 

Indirectne
ss 

Inconsistency Imprecision GRADE 

 

 

 

2 way: 
malignant v 
benign - sub-
grouped for 
non-
ultrasound 
guided 

9 644 

Pooled sensitivity 
(95% credible 
intervals): 0.7385 
(0.5802-0.8848) 

Pooled specificity 
(95% credible 
intervals): 0.9703 
(0.919-0.991) 

Sensitivity  

Very seriousa seriousb seriousc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb nonec,e noned 
VERY 
LOW 

 

3 way: 
suspicious or 
malignant 
(negative 
=benign)  

52 11,387 

Pooled sensitivity 
(95% credible 
intervals): 0.860 
(0.8196-0.895) 

Pooled specificity 
(95% credible 
intervals): 
0.734(0.666-0.793) 

Sensitivity  

Very seriousa seriousb seriousd seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousd seriousd 
VERY 
LOW 

 

3 way: 
malignant 
(negative = 
suspicious or 
benign)  

45 10,456 

Pooled sensitivity 
(95% credible 
intervals): 0.589 
(0.524-0.652) 

Pooled specificity 
(95% credible 
intervals): 
0.941(0.916-0.961) 

Sensitivity  

Very seriousa seriousb seriousd noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousd noned 
VERY 
LOW 

 

4 way: 
malignant or 
suspicious or 
indeterminate 
(negative =  
benign)  

12 2,255 

Pooled sensitivity 
(95% credible 
intervals): 0.852 
(0.720-0.933) 

Pooled specificity 
(95% credible 
intervals): 
0.606(0.404-0.778) 

Sensitivity  

Very seriousa seriousb seriousd seriousb 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousd seriousb 
VERY 
LOW 
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Index Test 
(Definition 
of a 
POSITIVE 
test) 

Number 
of 

studies 
n Sensitivity  (95% CI) Specificity  (95% CI) Risk of bias 

Indirectne
ss 

Inconsistency Imprecision GRADE 

 

 

 

4 way: 
malignant or 
suspicious  
(negative =  
benign or 
indeterminate
)  

14 2,253 

Pooled sensitivity 
(95% credible 
intervals): 0.6697 
(0.492-0.816) 

Pooled specificity 
(95% credible 
intervals): 
0.874(0.798-0.927) 

Sensitivity  

Very seriousa seriousb seriousd noneb 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousd seriousb 
VERY 
LOW 

 

4 way: 
malignant  
(negative =  
benign or 
indeterminate 
or 
suspicious)  

12 2,244 

Pooled sensitivity 
(95% credible 
intervals): 0.3975 
(0.224-0.589) 

Pooled specificity 
(95% credible 
intervals): 
0.970(0.930-0.990) 

Sensitivity  

Very seriousa seriousb seriousd noneb 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousd noneb 
VERY 
LOW 

 

5 way: 
malignant or 
suspicious or 
two grades of 
indeterminate  
(negative =  
benign)  

6 2,063 

Pooled sensitivity 
(95% credible 
intervals): 0.8762 
(0.739-0.948) 

Pooled specificity 
(95% credible 
intervals): 
0.433(0.310-0.567) 

Sensitivity  

Very seriousa seriousb seriousd seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousd noneb 
VERY 
LOW 

 

5 way: 
malignant or 
suspicious or 
one grade of 
indeterminate  
(negative =  
lower grade 
of 

5 1,954 

Pooled sensitivity 
(95% credible 
intervals): 0.799 
(0.6338- 0.9009) 

Pooled specificity 
(95% credible 
intervals): 
0.656(0.3815-0.864) 

Sensitivity  

Very seriousa seriousb seriousd seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousd very seriousd 
VERY 
LOW 
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Index Test 
(Definition 
of a 
POSITIVE 
test) 

Number 
of 

studies 
n Sensitivity  (95% CI) Specificity  (95% CI) Risk of bias 

Indirectne
ss 

Inconsistency Imprecision GRADE 

 

 

 
indeterminate 
or benign)  

5 way: 
malignant  
(negative =  
suspicious or 
two grades of 
indeterminate 
or benign)  

6 2,071 

Pooled sensitivity 
(95% credible 
intervals): 0.5631 
(0.4037-0.7079) 

Pooled specificity 
(95% credible 
intervals): 
0.8313(0.6173-
0.9403) 

Sensitivity  

Very seriousa seriousb seriousd noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousd very seriousd 
VERY 
LOW 

 

1 or more 
inclusions 

1 70 0.54 [0.33, 0.74] 0.98 [0.88, 1.00] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

1 or more 
grooves 

1 69 0.96 [0.78, 1.00] 0.41 [0.27, 0.57] 

Sensitivity  

Very seriousa seriousb NAc very seriousd 
VERY 
LOW 

 

Specificity  
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Index Test 
(Definition 
of a 
POSITIVE 
test) 

Number 
of 

studies 
n Sensitivity  (95% CI) Specificity  (95% CI) Risk of bias 

Indirectne
ss 

Inconsistency Imprecision GRADE 

 

 

 

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

2 or more 
grooves 

1 69 0.78 [0.56, 0.93] 0.83 [0.69, 0.92] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc very seriousd 
VERY 
LOW 

 

3 or more 
grooves 

1 69 0.48 [0.27, 0.69] 1.00 [0.92, 1.00] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

 
(a) Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and 

downgraded by 2 increments if the majority of studies were rated at very high risk of bias. 
(b) Indirectness was assessed using the QUADAS-2 checklist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were 

seriously indirect. 
(c) Inconsistency was assessed by visual inspection of the sensitivity/specificity plots, or data (if 2 studies). The evidence was downgraded by 1 increment if there was no 

overlap of 95% confidence intervals. For single studies no evaluation was made and ‘NA’ was recorded. 
(d) Imprecision was assessed based on inspection of the confidence region in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been conducted, 

assessed according to the range of confidence intervals in the individual studies. The evidence was downgraded by 1 increment when the confidence interval around the 
point estimate crossed one of the clinical thresholds (0.95 or 0.85 for sensitivity and 0.7 or 0.8 for specificity), and downgraded by 2 increments when the confidence interval 
around the point estimate crossed both of the clinical thresholds. The upper clinical threshold marked the point above which recommendations would be possible, and the 
lower clinical threshold marked the point below which the tool would be regarded as of little clinical use. 

(e) Sub-grouping resolved heterogeneity for specificity (neither the USG nor non-USG sub-groups demonstrated heterogeneity), but not sensitivity, where heterogeneity 
remained within the sub-groups. . 
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Table 5: Summary of evidence relating to FNAC used without ROSE, with smear only, in the stratum where US was used to select 
patients (adjusted analysis). 

Index Test 
(Definition of 
a POSITIVE 
test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE 

 

 

 

Bethesda 
Grade III or 
above 

3 5,781 

Pooled sensitivity 
(95% credible 
intervals): 0.8997 
(0.4552-0.9906) 

Pooled specificity 
(95% credible 
intervals):0.4545(
0.1294-0.8261) 

Sensitivity  

Very seriousa seriousb seriousc very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc very seriousd 
VERY 
LOW 

 

Bethesda 
Grade IV or 
above 

3 5,781 

Pooled sensitivity 
(95% credible 
intervals): 0.7431 
(0.2181-0.9712) 

Pooled specificity 
(95% credible 
intervals):0.7751(
0.5099-0.9202) 

Sensitivity  

Very seriousa seriousb seriousc very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc very seriousd 
VERY 
LOW 

 

Bethesda 
Grade V or 
above 

3 5,781 

Pooled sensitivity 
(95% credible 
intervals): 0.5342 
(0.2474-0.8006) 

Pooled specificity 
(95% credible 
intervals):0.8877(
0.4689-0.9885) 

Sensitivity  

Very seriousa seriousb seriousc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc very seriousd 
VERY 
LOW 

 

Bethesda 
Grade VI or 
above 

3 5,781 

Pooled sensitivity 
(95% credible 
intervals): 0.1661 
(0.03444-0.5315) 

Pooled specificity 
(95% credible 
intervals):0.9231(
0.477-0.9935) 

Sensitivity  

Very seriousa seriousb seriousc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc very seriousd 
VERY 
LOW 
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Index Test 
(Definition of 
a POSITIVE 
test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE 

 

 

 

2 way: 
malignant 
versus benign 

1 945 0.87 [0.84, 0.89] 0.83 [0.78, 0.87] 

Sensitivity  

very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

3 way: 
suspicious or 
malignant 
(negative = 
benign) 

1 94 0.80 [0.56, 0.94] 0.55 [0.43, 0.67] 

Sensitivity  

very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

very seriousa seriousb NAc noned 
VERY 
LOW 

 

3 way: 
malignant 
(negative = 
suspicious or 
benign) 

1 94 0.45 [0.23, 0.68] 0.78 [0.67, 0.87] 

Sensitivity  

very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

very seriousa seriousb NAc very seriousd 
VERY 
LOW 

 

4 way De May 
classification: 
malignant, 
suspicious, 
non malignant 
follicular 
proliferation 
(negative =  
benign) 

1 708 0.92 [0.84, 0.97] 0.48 [0.44, 0.52] 

Sensitivity  

very seriousa seriousb NAc very seriousd 
VERY 
LOW 

 

Specificity  

very seriousa seriousb NAc noned 
VERY 
LOW 
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Index Test 
(Definition of 
a POSITIVE 
test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE 

 

 

 
4 way De May 
classification: 
malignant, 
suspicious 
(negative =  
benign, non 
malignant 
follicular 
proliferation) 

1 708 0.84 [0.74, 0.92] 0.75 [0.71, 0.78] 

Sensitivity  

very seriousa seriousb NAc very seriousd 
VERY 
LOW 

 

Specificity  

very seriousa seriousb NAc noned 
VERY 
LOW 

 

4 way De May 
classification: 
malignant 
(negative =  
benign, non 
malignant 
follicular 
proliferation, 
suspicious) 

1 708 0.70 [0.59, 0.80] 0.94 [0.92, 0.96] 

Sensitivity  

very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

very seriousa seriousb NAc noned 
VERY 
LOW 

 

4 way Piana 
classification: 
C3 or more 

1 708 0.88 [0.86, 0.91] 0.50 [0.47, 0.53] 

Sensitivity  

very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

very seriousa seriousb NAc noned 
VERY 
LOW 
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Index Test 
(Definition of 
a POSITIVE 
test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE 

 

 

 

4 way Piana 
classification: 
C4 or more 

1 708 0.66 [0.63, 0.69] 0.93 [0.91, 0.94] 

Sensitivity  

very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

very seriousa seriousb NAc noned 
VERY 
LOW 

 

4 way Piana 
classification: 
C5 or more 

1 708 0.49 [0.46, 0.53] 0.94 [0.92, 0.95] 

Sensitivity  

very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

very seriousa seriousb NAc noned 
VERY 
LOW 

 

4 way generic: 
malignant, 
suspicious, 
indeterminate 
(benign = 
negative) 

2 1,846 
1.00 [0.79, 1.00] 
0.68 [0.61, 0.74] 

0.75 [0.51, 0.91]  
0.70 [0.68, 0.71] 

Sensitivity  

very seriousa seriousb seriousc very serious d 
VERY 
LOW 

 

Specificity  

very seriousa seriousb nonec very serious d 
VERY 
LOW 

 

4 way generic: 
malignant, 
suspicious,  
(indeterminate, 
benign = 
negative) 

2 1,871 
0.89 [0.75, 0.96] 
0.46 [0.39, 0.53] 

0.76 [0.50, 0.93]  
0.79 [0.77, 0.81] 

Sensitivity  

very seriousa seriousb seriousc very serious d 
VERY 
LOW 

 

Specificity  

very seriousa seriousb nonec very serious d 
VERY 
LOW 
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(a) Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and 

downgraded by 2 increments if the majority of studies were rated at very high risk of bias. 
(b) Indirectness was assessed using the QUADAS-2 checklist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were 

seriously indirect. 
(c) Inconsistency was assessed by visual inspection of the sensitivity/specificity plots, or data (if 2 studies). The evidence was downgraded by 1 increment if there was no 

overlap of 95% confidence intervals. For single studies no evaluation was made and ‘NA’ was recorded. 
(d) Imprecision was assessed based on inspection of the confidence region in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been conducted, 

assessed according to the range of confidence intervals in the individual studies. The evidence was downgraded by 1 increment when the confidence interval around the 
point estimate crossed one of the clinical thresholds (0.95 or 0.85 for sensitivity and 0.7 or 0.8 for specificity), and downgraded by 2 increments when the confidence interval 
around the point estimate crossed both of the clinical thresholds. The upper clinical threshold marked the point above which recommendations would be possible, and the 
lower clinical threshold marked the point below which the tool would be regarded as of little clinical use. 

 

Table 6: Summary of evidence relating to FNAC used without ROSE, with smear, cytospin and/or cell-block, in the stratum where US 
was not used to select patients (adjusted analysis). 

Index Test 
(Definition of 
a POSITIVE 
test) 

Number 
of 

studies 
n Sensitivity  (95% CI) Specificity  (95% CI) Risk of bias 

Indirectn
ess 

Inconsistency Imprecision GRADE 

 

 

 

Bethesda 
Grade III or 
above 

5 1,143 
Pooled sensitivity (95% 
credible intervals): 
0.9035 (0.731-0.970) 

Pooled specificity (95% 
credible intervals): 
0.763(0.532-0.897) 

Sensitivity  

Very seriousa seriousb nonec very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc very seriousd 
VERY 
LOW 

 

Bethesda 
Grade IV or 
above 

5 1,143 
Pooled sensitivity (95% 
credible intervals): 
0.8008 (0.535-0.925) 

Pooled specificity (95% 
credible intervals): 
0.899(0.770-0.957) 

Sensitivity  

Very seriousa seriousb nonec seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb nonec seriousd 
VERY 
LOW 

 

5 1,143 Sensitivity  
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Index Test 
(Definition of 
a POSITIVE 
test) 

Number 
of 

studies 
n Sensitivity  (95% CI) Specificity  (95% CI) Risk of bias 

Indirectn
ess 

Inconsistency Imprecision GRADE 

 

 

 

Bethesda 
Grade V or 
above 

Pooled sensitivity (95% 
credible intervals): 
0.732 (0.402-0.914) 

Pooled specificity (95% 
credible intervals): 
0.938(0.822-0.984) 

Very seriousa seriousb seriousc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb nonec noned 
VERY 
LOW 

 

Bethesda 
Grade V or 
above 

5 1,143 
Pooled sensitivity (95% 
credible intervals): 
0.507 (0.229-0.759) 

Pooled specificity (95% 
credible intervals): 
0.947(0.853-0.984) 

Sensitivity  

Very seriousa seriousb seriousc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb nonec noned 
VERY 
LOW 

 

 2 way: 
malignant v 
benign  

1 76 0.91 [0.71, 0.99] 0.98 [0.90, 1.00] 

Sensitivity  

Very seriousa seriousb NAc 
very serious 
d 

VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

 3 way: 
malignant or 
suspicious 
(negative = 
benign)  

13 2,360 
Pooled sensitivity (95% 
credible intervals): 
0.9108 (0.8485-0.9551) 

Pooled specificity (95% 
credible intervals): 
0.6863(0.5762-0.776) 

Sensitivity  

Very seriousa seriousb seriousc 
Very serious 
d 

VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc serious d 
VERY 
LOW 

 

 3 way: 
malignant  
(negative = 
benign or 
suspicious)  

10 2,120 
Pooled sensitivity (95% 
credible intervals): 
0.6437 (0.5049-0.7711) 

Pooled specificity (95% 
credible intervals): 
0.973(0.944-0.989) 

Sensitivity  

Very seriousa seriousb seriousc noned 
VERY 
LOW 

 

Specificity  
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Index Test 
(Definition of 
a POSITIVE 
test) 

Number 
of 

studies 
n Sensitivity  (95% CI) Specificity  (95% CI) Risk of bias 

Indirectn
ess 

Inconsistency Imprecision GRADE 

 

 

 

Very seriousa seriousb nonec noned 
VERY 
LOW 

 

 4 way: 
malignant, 
suspicious, 
indeterminate  
(negative = 
benign)  

5 639 
Pooled sensitivity (95% 
credible intervals): 
0.801 (0.644-0.904) 

Pooled specificity (95% 
credible intervals): 
0.321(0.102-0.641) 

Sensitivity  

Very seriousa seriousb nonec seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc noned 
VERY 
LOW 

 

 4 way: 
malignant, 
suspicious  
(negative = 
benign, 
indeterminate)  

6 1,054 
Pooled sensitivity (95% 
credible intervals): 
0.639 (0.415-0.821) 

Pooled specificity (95% 
credible intervals): 
0.747(0.476-0.909) 

Sensitivity  

Very seriousa seriousb seriousc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc very seriousd 
VERY 
LOW 

 

 4 way: 
malignant  
(negative = 
benign, 
indeterminate, 
suspicious)  

5 939 
Pooled sensitivity (95% 
credible intervals): 
0.323 (0.0999-0.6435) 

Pooled specificity (95% 
credible intervals): 
0.879(0.561-0.9776) 

Sensitivity  

Very seriousa seriousb seriousc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc 
Very 
seriousd 

VERY 
LOW 

 

 5 way: 
malignant, 
suspicious, 2 
grades of 
indeterminate 
(negative = 
benign)  

1 76 0.75 [0.43, 0.95] 0.44 [0.20, 0.70] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
51 

 
(a) Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and 

downgraded by 2 increments if the majority of studies were rated at very high risk of bias. 
(b) Indirectness was assessed using the QUADAS-2 checklist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were 

seriously indirect. 
(c) Inconsistency was assessed by visual inspection of the sensitivity/specificity plots, or data (if 2 studies). The evidence was downgraded by 1 increment if there was no 

overlap of 95% confidence intervals. For single studies no evaluation was made and ‘NA’ was recorded. 
(d) Imprecision was assessed based on inspection of the confidence region in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been conducted, 

assessed according to the range of confidence intervals in the individual studies. The evidence was downgraded by 1 increment when the confidence interval around the 
point estimate crossed one of the clinical thresholds (0.95 or 0.85 for sensitivity and 0.7 or 0.8 for specificity), and downgraded by 2 increments when the confidence interval 
around the point estimate crossed both of the clinical thresholds. The upper clinical threshold marked the point above which recommendations would be possible, and the 
lower clinical threshold marked the point below which the tool would be regarded as of little clinical use. 

 

Table 7: Summary of evidence relating to FNAC used without ROSE, with smear, cytospin and/or cell-block, in the stratum where US 
was used to select patients (adjusted analysis). 

Index Test 
(Definition 
of a 
POSITIVE 
test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  (95% CI) Risk of bias Indirectness Inconsistency Imprecision GRADE 

 

 

 

Bethesda 
Grade III or 
above 

1 489 0.94 [0.91, 0.96] 0.44 [0.31, 0.57] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Bethesda 
Grade IV or 
above 

1 489 0.90 [0.87, 0.93] 0.64 [0.51, 0.76] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

1 487 0.90 [0.87, 0.93] 0.72 [0.59, 0.82] Sensitivity  
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Index Test 
(Definition 
of a 
POSITIVE 
test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  (95% CI) Risk of bias Indirectness Inconsistency Imprecision GRADE 

 

 

 

Bethesda 
Grade V or 
above 

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc very seriousd 
VERY 
LOW 

 

Bethesda 
Grade VI 

1 487 0.68 [0.64, 0.73] 0.92 [0.83, 0.97] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Benign or 
above 

1 1,694 0.72 [0.63, 0.80] 0.84 [0.83, 0.86] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

 
(a) Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and 

downgraded by 2 increments if the majority of studies were rated at very high risk of bias. 
(b) Indirectness was assessed using the QUADAS-2 checklist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were 

seriously indirect. 
(c) Inconsistency was assessed by visual inspection of the sensitivity/specificity plots, or data (if 2 studies). The evidence was downgraded by 1 increment if there was no 

overlap of 95% confidence intervals. For single studies no evaluation was made and ‘NA’ was recorded. 
(d) Imprecision was assessed based on inspection of the confidence region in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been conducted, 

assessed according to the range of confidence intervals in the individual studies. The evidence was downgraded by 1 increment when the confidence interval around the 
point estimate crossed one of the clinical thresholds (0.95 or 0.85 for sensitivity and 0.7 or 0.8 for specificity), and downgraded by 2 increments when the confidence interval 
around the point estimate crossed both of the clinical thresholds. The upper clinical threshold marked the point above which recommendations would be possible, and the 
lower clinical threshold marked the point below which the tool would be regarded as of little clinical use. 
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Table 8: Summary of evidence relating to FNAC used with ROSE, with smear only, in the stratum where US was not used to select 
patients (adjusted analysis). 

Index Test 
(Definition of 
a POSITIVE 
test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

Bethesda 
Grade III or 
above 

1 323 0.88 [0.81, 0.94] 0.73 [0.67, 0.79] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Bethesda 
Grade IV or 
above 

1 323 0.72 [0.63, 0.80] 0.90 [0.85, 0.93] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Bethesda 
Grade V or 
above 

1 323 0.53 [0.43, 0.62] 0.98 [0.95, 0.99] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Bethesda 
Grade VI  

2 376 
0.36 [0.27, 0.45]; 
0.67 [0.09, 0.99] 

0.76 [0.70, 0.82]; 
1.00 [0.93, 1.00] 

Sensitivity  

Very seriousa seriousb nonec very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc very seriousd 
VERY 
LOW 

 

3 193 Sensitivity  
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Index Test 
(Definition of 
a POSITIVE 
test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

3 way: 
malignant and 
suspicious 
(negative = 
benign) 

Pooled sensitivity 
(95% credible 
intervals): 0.888 
(0.442-0.989) 

Pooled 
specificity (95% 
credible 
intervals): 
0.572(0.262-
0.842) 

Very seriousa seriousb nonec very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb nonec very seriousd 
VERY 
LOW 

 

3 way: 
malignant  
(negative = 
benign and 
suspicious) 

2 153 
0.40 [0.12, 0.74] 
0.70 [0.50, 0.86] 

0.97 [0.89, 1.00] 
0.82 [0.69, 0.92] 

Sensitivity  

Very seriousa noned nonec seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa noned nonec Very seriousd 
VERY 
LOW 

 

4 way: 
malignant, 
suspicious, 
indeterminate  
(negative = 
benign) 

2 525 
0.89 [0.79, 0.95] 
0.89 [0.79, 0.96] 

0.72 [0.66, 0.77] 
0.42 [0.33, 0.51] 

Sensitivity  

Very seriousa seriousb nonec very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc seriousd 
VERY 
LOW 

 

4 way: 
malignant, 
suspicious  
(negative = 
benign, 
indeterminate) 

2 525 
0.55 [0.42, 0.67] 
0.67 [0.54, 0.78] 

0.95 [0.92, 0.97] 
0.92 [0.86, 0.96]] 

Sensitivity  

Very seriousa seriousb nonec noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb nonec noned 
VERY 
LOW 

 

4 way: 
malignant  
(negative = 
benign, 
indeterminate, 
suspicious) 

2 525 
0.50 [0.37, 0.63] 
0.50 [0.37, 0.63] 

0.96 [0.93, 0.98] 
0.96 [0.92, 0.99] 

Sensitivity  

Very seriousa seriousb nonec noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb nonec noned 
VERY 
LOW 

 



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
55 

 
(a) Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and 

downgraded by 2 increments if the majority of studies were rated at very high risk of bias. 
(b) Indirectness was assessed using the QUADAS-2 checklist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were 

seriously indirect. 
(c) Inconsistency was assessed by visual inspection of the sensitivity/specificity plots, or data (if 2 studies). The evidence was downgraded by 1 increment if there was no 

overlap of 95% confidence intervals. For single studies no evaluation was made and ‘NA’ was recorded. 
(d) Imprecision was assessed based on inspection of the confidence region in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been conducted, 

assessed according to the range of confidence intervals in the individual studies. The evidence was downgraded by 1 increment when the confidence interval around the 
point estimate crossed one of the clinical thresholds (0.95 or 0.85 for sensitivity and 0.7 or 0.8 for specificity), and downgraded by 2 increments when the confidence interval 
around the point estimate crossed both of the clinical thresholds. The upper clinical threshold marked the point above which recommendations would be possible, and the 
lower clinical threshold marked the point below which the tool would be regarded as of little clinical use. 
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Table 9: Summary of evidence relating to FNAC used with ROSE, with smear only, in the stratum where US was used to select patients 
(adjusted analysis). 

Index Test 
(Definition of a 
POSITIVE test) 

Number of 
studies 

n 
Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

intermediate or 
malignant 

1 730 0.75 [0.70, 0.79] 0.89 [0.86, 0.92] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

 
(e) Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and 

downgraded by 2 increments if the majority of studies were rated at very high risk of bias. 
(f) Indirectness was assessed using the QUADAS-2 checklist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were 

seriously indirect. 
(g) Inconsistency was assessed by visual inspection of the sensitivity/specificity plots, or data (if 2 studies). The evidence was downgraded by 1 increment if there was no 

overlap of 95% confidence intervals. For single studies no evaluation was made and ‘NA’ was recorded. 
(h) Imprecision was assessed based on inspection of the confidence region in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been conducted, 

assessed according to the range of confidence intervals in the individual studies. The evidence was downgraded by 1 increment when the confidence interval around the 
point estimate crossed one of the clinical thresholds (0.95 or 0.85 for sensitivity and 0.7 or 0.8 for specificity), and downgraded by 2 increments when the confidence interval 
around the point estimate crossed both of the clinical thresholds. The upper clinical threshold marked the point above which recommendations would be possible, and the 
lower clinical threshold marked the point below which the tool would be regarded as of little clinical use.
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Table 10: Summary of evidence relating to FNAC used with ROSE, with smear, cytospin and/or cell-block, in the stratum where US was 
not used to select patients (adjusted analysis). 

Index Test 
(Definition of 
a POSITIVE 
test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias 
Indirectnes

s 
Inconsistency Imprecision GRADE  

 

 

3 way: 
suspicious or 
malignant 
(negative = 
benign) 

2 198 
0.86 [0.42, 1.00]  
0.68 [0.43, 0.87] 

0.71 [0.61, 0.80] 
0.55 [0.43, 0.67] 

Sensitivity  

Very seriousa seriousb nonec very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb nonec seriousd 
VERY 
LOW 

 

3 way:  
malignant 
(negative = 
suspicious or 
benign) 

1 108 0.57 [0.18, 0.90] 0.79 [0.70, 0.87] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

4 way:  
malignant, 
suspicious, 
indeterminate 
(negative = 
benign) 

1 44 1.00 [0.78, 1.00] 0.41 [0.24, 0.61] 

Sensitivity  

Very seriousa seriousb NAc very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

4 way:  
malignant, 
suspicious 
(negative = 
benign, 
indeterminate) 

1 44 0.67 [0.38, 0.88] 1.0 [0.88, 1.00] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 
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Index Test 
(Definition of 
a POSITIVE 
test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias 
Indirectnes

s 
Inconsistency Imprecision GRADE  

 

 

5 way:  
malignant, 
suspicious, 2 
grades of 
indeterminate 
(negative = 
benign) 

1 170 0.77 [0.55, 0.92] 0.75 [0.62, 0.82] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc very seriousd 
VERY 
LOW 

 

5 way:  
malignant, 
suspicious 
(negative = 2 
grades of 
indeterminate, 
benign) 

1 170 0.77 [0.55, 0.92] 0.82 [0.75, 0.88] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

5 way:  
malignant, 
suspicious 
(negative = 
suspicious, 
lower grade of 
indeterminate, 
benign) 

1 170 0.73 [0.50, 0.89] 0.95 [0.90, 0.98] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

5 way:  
malignant 
(negative = 
suspicious, 2 
grades of 
indeterminate, 
benign) 

1 170 0.59 [0.36, 0.79] 0.97 [0.93, 0.99] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

 
(a) Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and 

downgraded by 2 increments if the majority of studies were rated at very high risk of bias. 



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
59 

(b) Indirectness was assessed using the QUADAS-2 checklist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were 
seriously indirect. 

(c) Inconsistency was assessed by visual inspection of the sensitivity/specificity plots, or data (if 2 studies). The evidence was downgraded by 1 increment if there was no 
overlap of 95% confidence intervals. For single studies no evaluation was made and ‘NA’ was recorded. 

(d) Imprecision was assessed based on inspection of the confidence region in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been conducted, 
assessed according to the range of confidence intervals in the individual studies. The evidence was downgraded by 1 increment when the confidence interval around the 
point estimate crossed one of the clinical thresholds (0.95 or 0.85 for sensitivity and 0.7 or 0.8 for specificity), and downgraded by 2 increments when the confidence interval 
around the point estimate crossed both of the clinical thresholds. The upper clinical threshold marked the point above which recommendations would be possible, and the 
lower clinical threshold marked the point below which the tool would be regarded as of little clinical use. 

 
 

Table 11: Summary of evidence relating to FNAC used with ROSE, with smear, cytospin and/or cell-block, in the stratum where US was 
used to select patients (adjusted analysis). 

Index Test 
(Definition 
of a 
POSITIVE 
test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 
indeterminate 
follicular, 
indeterminate 
Hurtle, 
Suspicious 
for 
malignancy, 
or positive 

1 240 0.97 [0.92, 0.99] 0.37 [0.29, 0.46] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Suspicious 
for 
malignancy, 
or 
indeterminate 
follicular or 
positive   

1 240 0.95 [0.89, 0.98] 0.43 [0.35, 0.52] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Suspicious 
for 
malignancy, 
or positive   

1 240 0.84 [0.76, 0.91] 0.88 [0.82, 0.93] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  
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Index Test 
(Definition 
of a 
POSITIVE 
test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Positive for 
malignancy 

1 240 0.71 [0.61, 0.79] 0.91 [0.84, 0.95] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

 
(a) Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and 

downgraded by 2 increments if the majority of studies were rated at very high risk of bias. 
(b) Indirectness was assessed using the QUADAS-2 checklist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were 

seriously indirect. 
(c) Inconsistency was assessed by visual inspection of the sensitivity/specificity plots, or data (if 2 studies). The evidence was downgraded by 1 increment if there was no 

overlap of 95% confidence intervals. For single studies no evaluation was made and ‘NA’ was recorded. 
(d) Imprecision was assessed based on inspection of the confidence region in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been conducted, 

assessed according to the range of confidence intervals in the individual studies. The evidence was downgraded by 1 increment when the confidence interval around the 
point estimate crossed one of the clinical thresholds (0.95 or 0.85 for sensitivity and 0.7 or 0.8 for specificity), and downgraded by 2 increments when the confidence interval 
around the point estimate crossed both of the clinical thresholds. The upper clinical threshold marked the point above which recommendations would be possible, and the 
lower clinical threshold marked the point below which the tool would be regarded as of little clinical use
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Table 12: Summary of evidence relating to core biopsy, in the stratum where US was not used to select patients (adjusted analysis). 

Index Test 
(Definition of a 
POSITIVE test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias 
Indirectnes

s 
Inconsistency Imprecision GRADE  

 

 

carcinoma or 
neoplasm (versus 
benign) 

1 31 0.56 [0.21, 0.86] 0.41 [0.21, 0.64] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

carcinoma  
(versus 
benign/indetermin
ate) 

2 35 
0.33 [0.07, 0.70]; 
0.00 [0.00, 0.97] 

0.55 [0.32, 0.76]; 
1.00 [0.29, 1.00] 

Sensitivity  

Very seriousa seriousb nonec very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb nonec very seriousd 
VERY 
LOW 

 

CB grades V and 
VI 

1 578 0.90 [0.88, 0.93] 0.97 [0.86, 1.00] 

Sensitivity  

Seriousa seriousb NAc noned LOW  

Specificity  

Seriousa seriousb NAc noned LOW  

CB grades III, V 
and VI 

1 578 0.96 [0.94, 0.97] 0.95 [0.82, 0.99] 

Sensitivity  

Seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Seriousa seriousb NAc noned LOW  

positive (versus 
negative) with 
CEUS guidance 

1 310 0.83 [0.78, 0.87] 0.81 [0.70, 0.90] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 
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Index Test 
(Definition of a 
POSITIVE test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias 
Indirectnes

s 
Inconsistency Imprecision GRADE  

 

 

Specificity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

positive (versus 
negative) with US 
guidance 

1 310 0.48 [0.42, 0.55] 0.84 [0.74, 0.92] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

 
(a) Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and 

downgraded by 2 increments if the majority of studies were rated at very high risk of bias. 
(b) Indirectness was assessed using the QUADAS-2 checklist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were 

seriously indirect. 
(c) Inconsistency was assessed by visual inspection of the sensitivity/specificity plots, or data (if 2 studies). The evidence was downgraded by 1 increment if there was no 

overlap of 95% confidence intervals. For single studies no evaluation was made and ‘NA’ was recorded. 
(d) Imprecision was assessed based on inspection of the confidence region in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been conducted, 

assessed according to the range of confidence intervals in the individual studies. The evidence was downgraded by 1 increment when the confidence interval around the 
point estimate crossed one of the clinical thresholds (0.95 or 0.85 for sensitivity and 0.7 or 0.8 for specificity), and downgraded by 2 increments when the confidence interval 
around the point estimate crossed both of the clinical thresholds. The upper clinical threshold marked the point above which recommendations would be possible, and the 
lower clinical threshold marked the point below which the tool would be regarded as of little clinical use
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Table 13: Summary of evidence relating to core biopsy, in the stratum where US was used to select patients (adjusted analysis). 

Index Test 
(Definition of 
a POSITIVE 
test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

indeterminate, 
follicular 
neoplasm, 
suspicious for 
malignancy, or 
malignant  

1 705 0.99 [0.98, 1.00] 0.28 [0.22, 0.36] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

follicular 
neoplasm, 
suspicious for 
malignancy, or 
malignant  

1 705 0.91 [0.88, 0.93] 0.66 [0.59, 0.73] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

suspicious for 
malignancy, or 
malignant   

1 705 0.77 [0.73, 0.81] 0.98 [0.95, 1.00] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

 
(a) Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and 

downgraded by 2 increments if the majority of studies were rated at very high risk of bias. 
(b) Indirectness was assessed using the QUADAS-2 checklist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were 

seriously indirect. 
(c) Inconsistency was assessed by visual inspection of the sensitivity/specificity plots, or data (if 2 studies). The evidence was downgraded by 1 increment if there was no 

overlap of 95% confidence intervals. For single studies no evaluation was made and ‘NA’ was recorded. 
(d) Imprecision was assessed based on inspection of the confidence region in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been conducted, 

assessed according to the range of confidence intervals in the individual studies. The evidence was downgraded by 1 increment when the confidence interval around the 
point estimate crossed one of the clinical thresholds (0.95 or 0.85 for sensitivity and 0.7 or 0.8 for specificity), and downgraded by 2 increments when the confidence 
interval around the point estimate crossed both of the clinical thresholds. The upper clinical threshold marked the point above which recommendations would be possible, 
and the lower clinical threshold marked the point below which the tool would be regarded as of little clinical use 
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1.1.9 Summary of the evidence – raw-data evidence  

It could be argued that the adjusted strategy may be a somewhat harsh approach given that in the clinical setting an unsatisfactory reading may be 
repeated, albeit in many cases (if a ROSE approach is not employed) at a significantly later date, and that the unsatisfactory readings may 
eventually be remedied. Therefore Table 14 to Table 23 also provide the evidence where no correction has been made for unsatisfactory results 
(essentially the raw data provided in the papers, where unsatisfactory data are completely ignored). In the tables that follow, the index test will be 
defined by the definition of the positive test derived from that index test (the index test finding that would be intended to ‘detect’ thyroid cancer). 

 

Table 14: Summary of evidence relating to FNAC used without ROSE, with smear only, in the stratum where US was not used to select 
patients (’raw data analysis’).  

Index Test 
(Definition of 
a POSITIVE 
test) 

Number 
of 

studies 
n Sensitivity  (95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

Bethesda 
Grade III or 
above 

13 5,639 

Pooled sensitivity 
(95% credible 
intervals): 0.951 
(0.9169-0.9727) 

Pooled specificity 
(95% credible 
intervals): 
0.6851(0.571-
0.7813) 

Sensitivity  

Very seriousa seriousb seriousc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc seriousd 
VERY 
LOW 

 

Bethesda 
Grade IV or 
above 

13 6,123 

Pooled sensitivity 
(95% credible 
intervals): 
0.8745(0.8093-
0.9213) 

Pooled specificity 
(95% credible 
intervals): 
0.8586(0.7807-
0.9131) 

Sensitivity  

Very seriousa seriousb seriousc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc seriousd 
VERY 
LOW 

 

Bethesda 
Grade V or 
above 

16 6,777 

Pooled sensitivity 
(95% credible 
intervals): 0.783 
(0.7165-0.8388) 

Pooled specificity 
(95% credible 
intervals): 
0.9761(0.9621-
0.986) 

Sensitivity  

Very seriousa seriousb seriousc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc noned 
VERY 
LOW 
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Index Test 
(Definition of 
a POSITIVE 
test) 

Number 
of 

studies 
n Sensitivity  (95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

Bethesda 
Grade VI 

12 5,437 

Pooled sensitivity 
(95% credible 
intervals): 
0.5084(0.3744-
0.6409) 

Pooled specificity 
(95% credible 
intervals): 
0.9969(0.9934-
0.9987) 

Sensitivity  

Very seriousa seriousb seriousc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb nonec noned 
VERY 
LOW 

 

BTA THY 3a or 
above 

2 414 
0.68 [0.57, 0.77] 
0.90 [0.73, 0.98] 

0.74 [0.68, 0.80] 
0.85 [0.75, 0.92] 

Sensitivity  

Very seriousa seriousb nonec very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc Very seriousd 
VERY 
LOW 

 

BTA THY 3f or 
above 

1 306 0.52 [0.41, 0.63] 0.90 [0.85, 0.94] 

Sensitivity 

 
Very seriousa seriousb NAc noned 

VERY 
LOW 

Specificity 

Very seriousa seriousb NAc noned 
VERY 
LOW 

BTA THY 4 or 
above 

1 306 0.28 [0.19, 0.38] 0.99 [0.97, 1.00] 

Sensitivity 

 
Very seriousa seriousb NAc noned 

VERY 
LOW 

Specificity 

Very seriousa seriousb NAc noned 
VERY 
LOW 

BTA THY 5 2 414 
0.08 [0.03, 0.16] 
0.60 [0.41, 0.77] 

1.00 [0.98, 1.00] 
1.00 [0.95, 1.00] 

Sensitivity  

Very seriousa seriousb seriousc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb nonec noned 
VERY 
LOW 
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Index Test 
(Definition of 
a POSITIVE 
test) 

Number 
of 

studies 
n Sensitivity  (95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

AC 3 or above 3 455 

Pooled sensitivity 
(95% credible 
intervals): 0.926 
(0.735-0.984) 

Pooled specificity 
(95% credible 
intervals): 
0.380(0.123-
0.717) 

Sensitivity  

Very seriousa seriousb noned very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousd seriousd 
VERY 
LOW 

 

AC 4 or above 3 455 

Pooled sensitivity 
(95% credible 
intervals): 0.470 
(0.202-0.753) 

Pooled specificity 
(95% credible 
intervals): 
0.957(0.859-
0.989) 

Sensitivity  

Very seriousa seriousb noned noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb noned noned 
VERY 
LOW 

 

2 way: 
malignant v 
benign 

13 1,055 

Pooled sensitivity 
(95% credible 
intervals): 0.8491 
(0.7056-0.9315) 

Pooled specificity 
(95% credible 
intervals): 
0.9644(0.9261-
0.9849) 

Sensitivity  

Very seriousa seriousb seriousc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc noned 
VERY 
LOW 

 

3 way: 
suspicious or 
malignant 
(negative 
=benign)  

52 11,025 

Pooled sensitivity 
(95% credible 
intervals): 0.881 
(0.844-0.913) 

Pooled specificity 
(95% credible 
intervals): 
0.789(0.723-
0.845) 

Sensitivity  

Very seriousa seriousb seriousd seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousd seriousd 
VERY 
LOW 
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Index Test 
(Definition of 
a POSITIVE 
test) 

Number 
of 

studies 
n Sensitivity  (95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

3 way: 
malignant 
(negative = 
suspicious or 
benign)  

45 10,134 

Pooled sensitivity 
(95% credible 
intervals): 0.6042 
(0.542-0.664) 

Pooled specificity 
(95% credible 
intervals): 
0.985(0.976-
0.992) 

Sensitivity  

Very seriousa seriousb seriousd noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousd noned 
VERY 
LOW 

 

4 way: 
malignant or 
suspicious or 
indeterminate 
(negative =  
benign)  

12 2,176 

Pooled sensitivity 
(95% credible 
intervals): 0.866 
(0.747-0.938) 

Pooled specificity 
(95% credible 
intervals): 
0.645(0.445-
0.801) 

Sensitivity  

Very seriousa seriousb seriousd seriousb 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousd very seriousb 
VERY 
LOW 

 

4 way: 
malignant or 
suspicious  
(negative =  
benign or 
indeterminate)  

14 2,174 

Pooled sensitivity 
(95% credible 
intervals): 0.670 
(0.501-0.811) 

Pooled specificity 
(95% credible 
intervals): 
0.911(0.854-
0.950) 

Sensitivity  

Very seriousa seriousb seriousd noneb 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousd noneb 
VERY 
LOW 

 

4 way: 
malignant  
(negative =  
benign or 
indeterminate 
or suspicious)  

12 2169 

Pooled sensitivity 
(95% credible 
intervals): 
0.4053(0.2348-
0.5934) 

Pooled specificity 
(95% credible 
intervals): 
0.989(0.977-
0.996) 

Sensitivity  

Very seriousa seriousb noneb noneb 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb noneb noneb 
VERY 
LOW 
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Index Test 
(Definition of 
a POSITIVE 
test) 

Number 
of 

studies 
n Sensitivity  (95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

5 way: 
malignant or 
suspicious or 
two grades of 
indeterminate  
(negative =  
benign)  

6 1,734 

Pooled sensitivity 
(95% credible 
intervals): 0.9438 
(0.883-0.9741) 

Pooled specificity 
(95% credible 
intervals): 
0.5409(0.4327-
0.6871) 

Sensitivity  

Very seriousa seriousb noneb seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb noned noneb 
VERY 
LOW 

 

5 way: 
malignant or 
suspicious or 
one grade of 
indeterminate  
(negative =  
lower grade of 
indeterminate 
or benign)  

5 1.656 

Pooled sensitivity 
(95% credible 
intervals): 0.872 
(0.755-0.937) 

Pooled specificity 
(95% credible 
intervals): 
0.819(0.549-
0.963) 

Sensitivity  

Very seriousa seriousb noneb seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousd very seriousd 
VERY 
LOW 

 

5 way: 
malignant  
(negative =  
suspicious or 
two grades of 
indeterminate 
or benign)  

6 1,742 

Pooled sensitivity 
(95% credible 
intervals): 0.621 
(0.478-0.741) 

Pooled specificity 
(95% credible 
intervals): 
0.993(0.981-
0.998) 

Sensitivity  

Very seriousa seriousb noned noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb noned noned 
VERY 
LOW 

 

1 or more 
inclusions 

1 70 0.54 [0.33, 0.74] 0.98 [0.88, 1.00] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 
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Index Test 
(Definition of 
a POSITIVE 
test) 

Number 
of 

studies 
n Sensitivity  (95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

1 or more 
grooves 

1 69 0.96 [0.78, 1.00] 0.41 [0.27, 0.57] 

Sensitivity  

Very seriousa seriousb NAc very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

2 or more 
grooves 

1 69 0.78 [0.56, 0.93] 0.83 [0.69, 0.92] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc very seriousd 
VERY 
LOW 

 

3 or more 
grooves 

1 69 0.48 [0.27, 0.69] 1.00 [0.92, 1.00] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

(f) Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and 
downgraded by 2 increments if the majority of studies were rated at very high risk of bias. 

(g) Indirectness was assessed using the QUADAS-2 checklist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were 
seriously indirect. 

(h) Inconsistency was assessed by visual inspection of the sensitivity/specificity plots, or data (if 2 studies). The evidence was downgraded by 1 increment if there was no 
overlap of 95% confidence intervals. For single studies no evaluation was made and ‘NA’ was recorded. 

(i) Imprecision was assessed based on inspection of the confidence region in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been conducted, 
assessed according to the range of confidence intervals in the individual studies. The evidence was downgraded by 1 increment when the confidence interval around the 
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point estimate crossed one of the clinical thresholds (0.95 or 0.85 for sensitivity and 0.7 or 0.8 for specificity), and downgraded by 2 increments when the confidence interval 
around the point estimate crossed both of the clinical thresholds. The upper clinical threshold marked the point above which recommendations would be possible, and the 
lower clinical threshold marked the point below which the tool would be regarded as of little clinical use. 

 

Table 15: Summary of evidence relating to FNAC used without ROSE, with smear only, in the stratum where US was used to select 
patients (’raw data analysis’). 

Index Test 
(Definition of a 
POSITIVE test) 

Number of 
studies 

n 
Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

Bethesda Grade 
III or above 

3 4,416 

Pooled 
sensitivity 
(95% credible 
intervals): 
0.961 (0.4931-
0.998) 

Pooled specificity 
(95% credible 
intervals): 
0.5643(0.1249-
0.9483) 

Sensitivity  

Very seriousa seriousb seriousc very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc very seriousd 
VERY 
LOW 

 

Bethesda Grade 
IV or above 

3 4,416 

Pooled 
sensitivity 
(95% credible 
intervals): 
0.7946 
(0.2439-
0.9812) 

Pooled specificity 
(95% credible 
intervals): 
0.9139(0.5431-
0.9885) 

Sensitivity  

Very seriousa seriousb seriousc very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc very seriousd 
VERY 
LOW 

 

Bethesda Grade 
V or above 

3 4,416 

Pooled 
sensitivity 
(95% credible 
intervals): 
0.583 (0.2799-
0.8368) 

Pooled specificity 
(95% credible 
intervals): 
0.9798(0.8353-
0.9982) 

Sensitivity  

Very seriousa seriousb seriousc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc noned 
VERY 
LOW 

 

Bethesda Grade 
VI or above 

3 4,416 
Pooled 
sensitivity 
(95% credible 

Pooled specificity 
(95% credible 
intervals): 

Sensitivity  

Very seriousa seriousb seriousc noned 
VERY 
LOW 
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Index Test 
(Definition of a 
POSITIVE test) 

Number of 
studies 

n 
Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 
intervals): 
0.1834 (0.035-
0.6009) 

0.9978(0.9858-
0.9997) 

Specificity  

Very seriousa seriousb nonec noned 
VERY 
LOW 

 

2 way: malignant 
versus benign 

1 945 
0.87 [0.84, 
0.89] 

0.83 [0.78, 0.87] 

Sensitivity  

very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

3 way: suspicious 
or malignant 
(negative = 
benign) 

1 82 
0.94 [0.71, 
1.00] 

0.63 [0.50, 0.75] 

Sensitivity  

very seriousa seriousb NAc very seriousd 
VERY 
LOW 

 

Specificity  

very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

3 way: malignant 
(negative = 
suspicious or 
benign) 

1 82 
0.53 [0.28, 
0.77] 

0.89 [0.79, 0.96] 

Sensitivity  

very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

4 way De May 
classification: 
malignant, 
suspicious, non 
malignant 

1 674 
0.96 [0.89, 
0.99] 

0.50 [0.46, 0.54] 

Sensitivity  

very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  
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Index Test 
(Definition of a 
POSITIVE test) 

Number of 
studies 

n 
Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 
follicular 
proliferation 
(negative =  
benign) 

very seriousa seriousb NAc noned 
VERY 
LOW 

 

4 way De May 
classification: 
malignant, 
suspicious 
(negative =  
benign, non 
malignant 
follicular 
proliferation) 

1 674 
0.88 [0.78, 
0.94] 

0.79 [0.75, 0.82] 

Sensitivity  

very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

4 way De May 
classification: 
malignant 
(negative =  
benign, non 
malignant 
follicular 
proliferation, 
suspicious) 

1 674 
0.73 [0.61, 
0.83] 

0.99 [0.98, 1.00] 

Sensitivity  

very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

very seriousa seriousb NAc noned 
VERY 
LOW 

 

4 way Piana 
classification: C3 
or more 

1 1,951 
0.91 [0.89, 
0.93] 

0.53 [0.50, 0.56] 

Sensitivity  

very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  
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Index Test 
(Definition of a 
POSITIVE test) 

Number of 
studies 

n 
Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

very seriousa seriousb NAc noned 
VERY 
LOW 

 

4 way Piana 
classification: C4 
or more 

1 1,951 
0.68 [0.65, 
0.71] 

0.99 [0.98, 1.00] 

Sensitivity  

very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

very seriousa seriousb NAc noned 
VERY 
LOW 

 

4 way Piana 
classification: C5 
or more 

1 1,951 
0.51 [0.47, 
0.54] 

1.00 [1.00, 1.00] 

Sensitivity  

very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

very seriousa seriousb NAc noned 
VERY 
LOW 

 

4 way generic: 
malignant, 
suspicious, 
indeterminate 
(benign = 
negative) 

2 1,506 
1.00 [0.79, 
1.00] 0.79 
[0.72, 0.85] 

0.75 [0.51, 0.91]  
0.87 [0.85, 0.88] 

Sensitivity  

very seriousa seriousb seriousc very serious d 
VERY 
LOW 

 

Specificity  

very seriousa seriousb NAc very serious d 
VERY 
LOW 

 

4 way generic: 
malignant, 
suspicious, 
indeterminate 

2 1,528 
0.93 [0.81, 
0.99] 0.54 
[0.46, 0.61] 

0.81 [0.54, 0.96]  
0.98 [0.97, 0.98] 

Sensitivity  

very seriousa seriousb seriousc very serious d 
VERY 
LOW 

 

Specificity  
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Index Test 
(Definition of a 
POSITIVE test) 

Number of 
studies 

n 
Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 
(benign = 
negative) 

very seriousa seriousb NAc very serious d 
VERY 
LOW 

 

 
(e) Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and 

downgraded by 2 increments if the majority of studies were rated at very high risk of bias. 
(f) Indirectness was assessed using the QUADAS-2 checklist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were 

seriously indirect. 
(g) Inconsistency was assessed by visual inspection of the sensitivity/specificity plots, or data (if 2 studies). The evidence was downgraded by 1 increment if there was no 

overlap of 95% confidence intervals. For single studies no evaluation was made and ‘NA’ was recorded. 
(h) Imprecision was assessed based on inspection of the confidence region in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been conducted, 

assessed according to the range of confidence intervals in the individual studies. The evidence was downgraded by 1 increment when the confidence interval around the 
point estimate crossed one of the clinical thresholds (0.95 or 0.85 for sensitivity and 0.7 or 0.8 for specificity), and downgraded by 2 increments when the confidence interval 
around the point estimate crossed both of the clinical thresholds. The upper clinical threshold marked the point above which recommendations would be possible, and the 
lower clinical threshold marked the point below which the tool would be regarded as of little clinical use. 
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Table 16: Summary of evidence relating to FNAC used without ROSE, with smear, cytospin and/or cell-block, in the stratum where US 
was not used to select patients (’raw data analysis’). 

Index Test 
(Definition 
of a 
POSITIVE 
test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  (95% CI) Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

Bethesda 
Grade III or 
above 

5 1,093 

Pooled sensitivity 
(95% credible 
intervals): 0.937 
(0.798-0.985) 

Pooled specificity (95% 
credible intervals): 
0.825(0.611-0.931) 

Sensitivity  

Very seriousa seriousb seriousc very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc very seriousd 
VERY 
LOW 

 

Bethesda 
Grade IV or 
above 

5 1,093 

Pooled sensitivity 
(95% credible 
intervals): 0.8403 
(0.608-0.942) 

Pooled specificity (95% 
credible intervals): 
0.959(0.895-0.984) 

Sensitivity  

Very seriousa seriousb seriousc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb nonec noned 
VERY 
LOW 

 

Bethesda 
Grade V or 
above 

5 1,093 

Pooled sensitivity 
(95% credible 
intervals): 0.768 
(0.442-0.926) 

Pooled specificity (95% 
credible intervals): 
0.989(0.962-0.998) 

Sensitivity  

Very seriousa seriousb seriousc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb nonec noned 
VERY 
LOW 

 

Bethesda 
Grade VI or 
above 

5 1,093 

Pooled sensitivity 
(95% credible 
intervals): 0.535 
(0.249-0.779) 

Pooled specificity (95% 
credible intervals): 
0.996(0.980-0.999) 

Sensitivity  

Very seriousa seriousb seriousc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb nonec noned 
VERY 
LOW 

 

1 76 0.91 [0.71, 0.99] 0.98 [0.90, 1.00] Sensitivity  
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Index Test 
(Definition 
of a 
POSITIVE 
test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  (95% CI) Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

 2 way: 
malignant v 
benign  

Very seriousa seriousb NAc very serious d 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

 3 way: 
malignant or 
suspicious 
(negative = 
benign)  

13 2,264 

Pooled sensitivity 
(95% credible 
intervals): 0.9322 
(0.877-0.9699) 

Pooled specificity (95% 
credible intervals): 
0.7208(0.6166-0.8017) 

Sensitivity  

Very seriousa seriousb seriousc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc very serious d 
VERY 
LOW 

 

 3 way: 
malignant  
(negative = 
benign or 
suspicious)  

10 2,065 

Pooled sensitivity 
(95% credible 
intervals): 0.664 
(0.524-0.796) 

Pooled specificity (95% 
credible intervals): 
0.992(0.982-0.997) 

Sensitivity  

Very seriousa seriousb seriousc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb nonec noned 
VERY 
LOW 

 

 4 way: 
malignant, 
suspicious, 
indeterminate  
(negative = 
benign)  

5 537 

Pooled sensitivity 
(95% credible 
intervals): 0.890 
(0.777-0.952) 

Pooled specificity (95% 
credible intervals): 
0.414(0.144-0.732) 

Sensitivity  

Very seriousa seriousb nonec very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc seriousd 
VERY 
LOW 

 

6 952 Sensitivity  
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Index Test 
(Definition 
of a 
POSITIVE 
test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  (95% CI) Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 
 4 way: 
malignant, 
suspicious  
(negative = 
benign, 
indeterminate
)  

Pooled sensitivity 
(95% credible 
intervals): 0.707 
(0.491-0.866) 

Pooled specificity (95% 
credible intervals): 
0.899(0.702-0.973) 

Very seriousa seriousb seriousc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc seriousd 
VERY 
LOW 

 

 4 way: 
malignant  
(negative = 
benign, 
indeterminate
, suspicious)  

5 846 

Pooled sensitivity 
(95% credible 
intervals): 0.360 
(0.124-0.669) 

Pooled specificity (95% 
credible intervals): 
0.993(0.975-0.999) 

Sensitivity  

Very seriousa seriousb seriousc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb nonec noned 
VERY 
LOW 

 

 5 way: 
malignant, 
suspicious, 2 
grades of 
indeterminate 
(negative = 
benign)  

1 25 0.82 [0.48, 0.98] 0.50 [0.23, 0.77] 

Sensitivity  

Very seriousa seriousb NAc very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

 
(e) Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and 

downgraded by 2 increments if the majority of studies were rated at very high risk of bias. 
(f) Indirectness was assessed using the QUADAS-2 checklist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were 

seriously indirect. 
(g) Inconsistency was assessed by visual inspection of the sensitivity/specificity plots, or data (if 2 studies). The evidence was downgraded by 1 increment if there was no 

overlap of 95% confidence intervals. For single studies no evaluation was made and ‘NA’ was recorded. 
(h) Imprecision was assessed based on inspection of the confidence region in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been conducted, 

assessed according to the range of confidence intervals in the individual studies. The evidence was downgraded by 1 increment when the confidence interval around the 
point estimate crossed one of the clinical thresholds (0.95 or 0.85 for sensitivity and 0.7 or 0.8 for specificity), and downgraded by 2 increments when the confidence interval 
around the point estimate crossed both of the clinical thresholds. The upper clinical threshold marked the point above which recommendations would be possible, and the 
lower clinical threshold marked the point below which the tool would be regarded as of little clinical use. 
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Table 17: Summary of evidence relating to FNAC used without ROSE, with smear, cytospin and/or cell-block, in the stratum where US 
was used to select patients (’raw data analysis’). 

Index Test 
(Definition of 
a POSITIVE 
test) 

Number of 
studies 

n 
Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

Bethesda 
Grade III or 
above 

1 479 
0.95 [0.92, 
0.97] 

0.47 [0.34, 
0.61] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Bethesda 
Grade IV or 
above 

1 479 
0.91 [0.88, 
0.94] 

0.69 [0.56, 
0.81] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc very seriousd 
VERY 
LOW 

 

Bethesda 
Grade V or 
above 

1 477 
0.91 [0.88, 
0.94] 

0.78 [0.65, 
0.88] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc very seriousd 
VERY 
LOW 

 

Bethesda 
Grade VI 

1 477 
0.69 [0.64, 
0.74] 

1.00 [0.94, 
1.00] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

1 1,656 Sensitivity  
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Index Test 
(Definition of 
a POSITIVE 
test) 

Number of 
studies 

n 
Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

Benign or 
above 

0.72 [0.63, 
0.80] 

0.86 [0.85, 
0.88] 

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

 
(e) Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and 

downgraded by 2 increments if the majority of studies were rated at very high risk of bias. 
(f) Indirectness was assessed using the QUADAS-2 checklist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were 

seriously indirect. 
(g) Inconsistency was assessed by visual inspection of the sensitivity/specificity plots, or data (if 2 studies). The evidence was downgraded by 1 increment if there was no 

overlap of 95% confidence intervals. For single studies no evaluation was made and ‘NA’ was recorded. 
(h) Imprecision was assessed based on inspection of the confidence region in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been conducted, 

assessed according to the range of confidence intervals in the individual studies. The evidence was downgraded by 1 increment when the confidence interval around the 
point estimate crossed one of the clinical thresholds (0.95 or 0.85 for sensitivity and 0.7 or 0.8 for specificity), and downgraded by 2 increments when the confidence interval 
around the point estimate crossed both of the clinical thresholds. The upper clinical threshold marked the point above which recommendations would be possible, and the 
lower clinical threshold marked the point below which the tool would be regarded as of little clinical use. 
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Table 18: Summary of evidence relating to FNAC used with ROSE, with smear only, in the stratum where US was not used to select 
patients (’raw data analysis’). 

Index Test 
(Definition 
of a 
POSITIVE 
test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

Bethesda 
Grade III or 
above 

1 323 0.88 [0.81, 0.94] 0.73 [0.67, 0.79] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Bethesda 
Grade IV or 
above 

1 323 0.72 [0.63, 0.80] 0.90 [0.85, 0.93] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Bethesda 
Grade V or 
above 

1 323 0.53 [0.43, 0.62] 0.98 [0.95, 0.99] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Bethesda 
Grade VI  

2 376 
0.36 [0.27, 0.45]; 
0.67 [0.09, 0.99] 

0.76 [0.70, 0.82]; 
1.00 [0.93, 1.00] 

Sensitivity  

Very seriousa seriousb nonec very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc very seriousd 
VERY 
LOW 

 

3 183 Sensitivity  
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Index Test 
(Definition 
of a 
POSITIVE 
test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

3 way: 
malignant 
and 
suspicious 
(negative = 
benign) 

Pooled sensitivity 
(95% credible 
intervals): 0.9076 
(0.4968-0.9932) 

Pooled specificity 
(95% credible 
intervals): 
0.6237(0.3218-
0.863) 

Very seriousa seriousb nonec very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb nonec very seriousd 
VERY 
LOW 

 

3 way: 
malignant  
(negative = 
benign and 
suspicious) 

2 146 
0.40 [0.12, 0.74] 
0.70 [0.50, 0.86] 

0.97 [0.89, 1.0] 
0.95 [0.85, 0.99] 

Sensitivity  

Very seriousa seriousb nonec noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb nonec noned 
VERY 
LOW 

 

4 way: 
malignant, 
suspicious, 
indeterminate  
(negative = 
benign) 

2 503 
0.93 [0.84, 0.98] 
0.95 [0.87, 0.99] 

0.75 [0.69, 0.80] 
0.43 [0.35, 0.52] 

Sensitivity  

Very seriousa seriousb nonec very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc seriousd 
VERY 
LOW 

 

4 way: 
malignant, 
suspicious  
(negative = 
benign, 
indeterminate
) 

2 503 
0.57 [0.44, 0.70] 
0.71 [0.58, 0.82] 

0.99 [0.97, 1.00] 
0.95 [0.90, 0.98] 

Sensitivity  

Very seriousa seriousb nonec noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb nonec noned 
VERY 
LOW 

 

2 503 0.52 [0.39, 0.65]  1.00 [0.99, 1.00] Sensitivity  
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Index Test 
(Definition 
of a 
POSITIVE 
test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

4 way: 
malignant  
(negative = 
benign, 
indeterminate
, suspicious) 

0.53 [0.40, 0.66] 1.00 [0.97, 1.00]  
Very seriousa seriousb NAc noned 

VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

 
(i) Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and 

downgraded by 2 increments if the majority of studies were rated at very high risk of bias. 
(j) Indirectness was assessed using the QUADAS-2 checklist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were 

seriously indirect. 
(k) Inconsistency was assessed by visual inspection of the sensitivity/specificity plots, or data (if 2 studies). The evidence was downgraded by 1 increment if there was no 

overlap of 95% confidence intervals. For single studies no evaluation was made and ‘NA’ was recorded. 
(l) Imprecision was assessed based on inspection of the confidence region in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been conducted, 

assessed according to the range of confidence intervals in the individual studies. The evidence was downgraded by 1 increment when the confidence interval around the 
point estimate crossed one of the clinical thresholds (0.95 or 0.85 for sensitivity and 0.7 or 0.8 for specificity), and downgraded by 2 increments when the confidence interval 
around the point estimate crossed both of the clinical thresholds. The upper clinical threshold marked the point above which recommendations would be possible, and the 
lower clinical threshold marked the point below which the tool would be regarded as of little clinical use. 
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Table 19: Summary of evidence relating to FNAC used with ROSE, with smear only, in the stratum where US was used to select patients 
(‘raw data analysis’). 

Index Test 
(Definition of a 
POSITIVE test) 

Number of 
studies 

n 
Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

intermediate or 
malignant 

1 730 0.75 [0.70, 0.79] 0.89 [0.86, 0.92] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

 
(a) Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and 

downgraded by 2 increments if the majority of studies were rated at very high risk of bias. 
(b) Indirectness was assessed using the QUADAS-2 checklist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were 

seriously indirect. 
(c) Inconsistency was assessed by visual inspection of the sensitivity/specificity plots, or data (if 2 studies). The evidence was downgraded by 1 increment if there was no 

overlap of 95% confidence intervals. For single studies no evaluation was made and ‘NA’ was recorded. 
(d) Imprecision was assessed based on inspection of the confidence region in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been conducted, 

assessed according to the range of confidence intervals in the individual studies. The evidence was downgraded by 1 increment when the confidence interval around the 
point estimate crossed one of the clinical thresholds (0.95 or 0.85 for sensitivity and 0.7 or 0.8 for specificity), and downgraded by 2 increments when the confidence interval 
around the point estimate crossed both of the clinical thresholds. The upper clinical threshold marked the point above which recommendations would be possible, and the 
lower clinical threshold marked the point below which the tool would be regarded as of little clinical use. 

 

Table 20: Summary of evidence relating to FNAC used with ROSE, with smear, cytospin and/or cell-block, in the stratum where US was 
not used to select patients (’raw data analysis’). 

Index Test 
(Definition 
of a 
POSITIVE 
test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

2 174 Sensitivity  
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Index Test 
(Definition 
of a 
POSITIVE 
test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

3 way: 
suspicious or 
malignant 
(negative = 
benign) 

0.86 [0.42, 1.00]  
0.72 [0.47, 0.90] 

0.90 [0.81, 0.96] 
0.57 [0.44, 0.68] 

Very seriousa seriousb nonec very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb seriousc noned 
VERY 
LOW 

 

3 way:  
malignant 
(negative = 
suspicious or 
benign) 

1 87 0.57 [0.18, 0.90] 1.00 [0.95, 1.00] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

4 way:  
malignant, 
suspicious, 
indeterminate 
(negative = 
benign) 

1 44 1.00 [0.78, 1.00] 0.41 [0.24, 0.61] 

Sensitivity  

Very seriousa seriousb NAc very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

4 way:  
malignant, 
suspicious 
(negative = 
benign, 
indeterminate
) 

1 44 0.67 [0.38, 0.88] 1.0 [0.88, 1.00] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

5 way:  
malignant, 
suspicious, 2 
grades of 

1 166 0.81 [0.58, 0.95] 0.77 [0.69, 0.83] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 
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Index Test 
(Definition 
of a 
POSITIVE 
test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 
indeterminate 
(negative = 
benign) 

Specificity  

Very seriousa seriousb NAc very seriousd 
VERY 
LOW 

 

5 way:  
malignant, 
suspicious 
(negative = 2 
grades of 
indeterminate
, benign) 

1 166 0.81 [0.58, 0.95] 0.84 [0.77, 0.90] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

5 way:  
malignant, 
suspicious 
(negative = 
suspicious, 
lower grade 
of 
indeterminate
, benign) 

1 166 0.76 [0.54, 0.92] 0.97 [0.92, 0.99] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

5 way:  
malignant 
(negative = 
suspicious, 2 
grades of 
indeterminate
, benign) 

1 166 0.62 [0.38, 0.82] 0.99 [0.96, 1.00] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

 
(e) Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and 

downgraded by 2 increments if the majority of studies were rated at very high risk of bias. 



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
86 

(f) Indirectness was assessed using the QUADAS-2 checklist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were 
seriously indirect. 

(g) Inconsistency was assessed by visual inspection of the sensitivity/specificity plots, or data (if 2 studies). The evidence was downgraded by 1 increment if there was no 
overlap of 95% confidence intervals. For single studies no evaluation was made and ‘NA’ was recorded. 

(h) Imprecision was assessed based on inspection of the confidence region in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been conducted, 
assessed according to the range of confidence intervals in the individual studies. The evidence was downgraded by 1 increment when the confidence interval around the 
point estimate crossed one of the clinical thresholds (0.95 or 0.85 for sensitivity and 0.7 or 0.8 for specificity), and downgraded by 2 increments when the confidence interval 
around the point estimate crossed both of the clinical thresholds. The upper clinical threshold marked the point above which recommendations would be possible, and the 
lower clinical threshold marked the point below which the tool would be regarded as of little clinical use.
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Table 21: Summary of evidence relating to FNAC used with ROSE, with smear, cytospin and/or cell-block, in the stratum where US was 
used to select patients (’raw data analysis’). 

Index Test 
(Definition 
of a 
POSITIVE 
test) 

Number of 
studies 

n 
Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 
indeterminate 
follicular, 
indeterminate 
Hurtle, 
Suspicious 
for 
malignancy, 
or positive 

1 229 0.98 [0.93, 1.00] 0.40 [0.32, 0.49] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Suspicious 
for 
malignancy, 
or 
indeterminate 
follicular or 
positive   

1 229 0.96 [0.90, 0.99] 0.46 [0.38, 0.56] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Suspicious 
for 
malignancy, 
or positive   

1 229 0.85 [0.77, 0.92] 0.95 [0.90, 0.98] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Positive for 
malignancy 

1 229 0.72 [0.62, 0.80] 0.98 [0.93, 1.0] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 
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(e) Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and 
downgraded by 2 increments if the majority of studies were rated at very high risk of bias. 

(f) Indirectness was assessed using the QUADAS-2 checklist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were 
seriously indirect. 

(g) Inconsistency was assessed by visual inspection of the sensitivity/specificity plots, or data (if 2 studies). The evidence was downgraded by 1 increment if there was no 
overlap of 95% confidence intervals. For single studies no evaluation was made and ‘NA’ was recorded. 

(h) Imprecision was assessed based on inspection of the confidence region in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been conducted, 
assessed according to the range of confidence intervals in the individual studies. The evidence was downgraded by 1 increment when the confidence interval around the 
point estimate crossed one of the clinical thresholds (0.95 or 0.85 for sensitivity and 0.7 or 0.8 for specificity), and downgraded by 2 increments when the confidence interval 
around the point estimate crossed both of the clinical thresholds. The upper clinical threshold marked the point above which recommendations would be possible, and the 
lower clinical threshold marked the point below which the tool would be regarded as of little clinical use.  

 
 
 

Table 22: Summary of evidence relating to core biopsy, in the stratum where US was not used to select patients (’raw data analysis’). 

Index Test 
(Definition of a 
POSITIVE test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

carcinoma or 
neoplasm (versus 
benign) 

1 17 1.0 [0.48, 1.00] 0.75 [0.43, 0.95] 

Sensitivity  

Very seriousa seriousb NAc very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc serious d 
VERY 
LOW 

 

carcinoma  (versus 
benign/indeterminat
e) 

2 20 
0.60 [0.15, 0.95]; 
not estimable 

1.00 [0.74, 1.00]; 
1.00 [0.29, 1.00] 

Sensitivity  

Very seriousa seriousb nonec very seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb nonec very seriousd 
VERY 
LOW 
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Index Test 
(Definition of a 
POSITIVE test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

CB grades V and VI 1 577 0.90 [0.88, 0.93] 1.00 [0.90, 1.00] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

CB grades III, V and 
VI 

1 577 0.96 [0.94, 0.97] 0.97 [0.85, 1.00] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

positive (versus 
negative) with CEUS 
guidance 

1 310 0.83 [0.78, 0.87] 0.81 [0.70, 0.90] 

Sensitivity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

positive (versus 
negative) with US 
guidance 

1 310 0.48 [0.42, 0.55] 0.84 [0.74, 0.92] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 
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(e) Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and 
downgraded by 2 increments if the majority of studies were rated at very high risk of bias. 

(f) Indirectness was assessed using the QUADAS-2 checklist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were 
seriously indirect. 

(g) Inconsistency was assessed by visual inspection of the sensitivity/specificity plots, or data (if 2 studies). The evidence was downgraded by 1 increment if there was no 
overlap of 95% confidence intervals. For single studies no evaluation was made and ‘NA’ was recorded. 

(h) Imprecision was assessed based on inspection of the confidence region in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been conducted, 
assessed according to the range of confidence intervals in the individual studies. The evidence was downgraded by 1 increment when the confidence interval around the 
point estimate crossed one of the clinical thresholds (0.95 or 0.85 for sensitivity and 0.7 or 0.8 for specificity), and downgraded by 2 increments when the confidence interval 
around the point estimate crossed both of the clinical thresholds. The upper clinical threshold marked the point above which recommendations would be possible, and the 
lower clinical threshold marked the point below which the tool would be regarded as of little clinical use
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Table 23: Summary of evidence relating to core biopsy, in the stratum where US was used to select patients (’raw data analysis’). 

Index Test 
(Definition of a 
POSITIVE test) 

Number 
of 

studies 
n 

Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Risk of bias Indirectness Inconsistency Imprecision GRADE  

 

 

indeterminate, 
follicular neoplasm, 
suspicious for 
malignancy, or 
malignant  

1 701 0.99 [0.98, 1.00] 0.29 [0.22, 0.36] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

follicular neoplasm, 
suspicious for 
malignancy, or 
malignant  

1 701 0.91 [0.88, 0.93] 0.68 [0.60, 0.75] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc seriousd 
VERY 
LOW 

 

suspicious for 
malignancy, or 
malignant   

1 701 0.77 [0.73, 0.81] 1.00 [0.98, 1.00] 

Sensitivity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

Specificity  

Very seriousa seriousb NAc noned 
VERY 
LOW 

 

 
(a) Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and 

downgraded by 2 increments if the majority of studies were rated at very high risk of bias. 
(b) Indirectness was assessed using the QUADAS-2 checklist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were 

seriously indirect. 
(c) Inconsistency was assessed by visual inspection of the sensitivity/specificity plots, or data (if 2 studies). The evidence was downgraded by 1 increment if there was no 

overlap of 95% confidence intervals. For single studies no evaluation was made and ‘NA’ was recorded. 
(d) Imprecision was assessed based on inspection of the confidence region in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been conducted, 

assessed according to the range of confidence intervals in the individual studies. The evidence was downgraded by 1 increment when the confidence interval around the 
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point estimate crossed one of the clinical thresholds (0.95 or 0.85 for sensitivity and 0.7 or 0.8 for specificity), and downgraded by 2 increments when the confidence 
interval around the point estimate crossed both of the clinical thresholds. The upper clinical threshold marked the point above which recommendations would be possible, 
and the lower clinical threshold marked the point below which the tool would be regarded as of little clinical use 
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1.1.10 Economic evidence 

1.1.10.1 Included studies 

Two health economic studies with the relevant comparison were included in this review 54 105. 
This is summarised in the health economic evidence profile below (Table 24) and the health 
economic evidence table in Appendix H. 

1.1.10.2 Excluded studies 

No relevant health economic studies were excluded due to assessment of limited 
applicability or methodological limitations. 

See also the health economic study selection flow chart in Appendix G. 
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1.1.11 Summary of included economic evidence 

Table 24:  Health economic evidence profile: FNAC with rapid on-site evaluation (ROSE) vs FNAC without ROSE 

Study Applicability  Limitations Other comments 
Incremental 
cost 

Incremental 
effects 

Cost 
effectiveness Uncertainty 

Breeze 
201454 (UK) 

Partially 
applicable(b) 

Potentially 
serious 
limitations (a) 

• Cross-sectional 
diagnostic study 

• Cost-effectiveness 
analysis  

• Population: Adults with 
suspected thyroid 
cancer who underwent 
ultrasound-guided FNA 
cytology 

• Comparators: 

1. FNAC without ROSE  

2. FNAC with ROSE 

• Follow-up: NR 

 £52.05 FNAC with 
ROSE gives 
14% more 
adequate 
samples than 
FNAC 
without 
ROSE 

 

FNAC with 
ROSE lasts 6 
minutes 
longer than 
FNAC 
without 
ROSE 

 

FNAC with 
ROSE 
reduces the 
number of 
people who 
could receive 
FNAC during 
a day by 3 

 

 

FNAC with 
ROSE costs 
£378 more for 
each 
additional 
satisfactory 
sample 

Probability Intervention 3 
cost effective (£20/30k 
threshold): NA 

 

Uncertainty: NR 

Feletti 2021 
105 (Italy) 

Partially 
applicable(d) 

Potentially 
serious 
limitations (e) 

• Decision tree model 

• Cost-effectiveness 
analysis 

£15 (f) Cytopatholog
ist assistance 
prevents 5% 

FNAC with 
ROSE costs 
£300 more for 

Probability Intervention 3 
cost effective (£20/30k 
threshold): NA 
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Study Applicability  Limitations Other comments 
Incremental 
cost 

Incremental 
effects 

Cost 
effectiveness Uncertainty 

• Population: people with 
suspected thyroid 
cancer who underwent 
ultrasound guided FNA 
with and without the 
assistance of a 
cytopathology 

• Comparators: 

1. US-guided FNAC 
without 
cytopathologist 
assistance  

2. US-guided FNAC 
with 
cytopathologist 
assistance 

• Time horizon: 1 year 

 

of non-
diagnostical 
Thy1 
cytologies 

each 
additional 
satisfactory 
sample 

 

Uncertainty: NR 

Abbreviations: FNAC = fine needle aspiration cytology; NA = not applicable; NR = not reported; ROSE= Rapid on-site evaluation 
(a) FNAC costs were based on a French source. The additional cost assumed for ROSE likely overestimates the cost per hour of a cytopathologist in the UK 
(b) Time horizon or duration over which clinic visits took place was not reported. The estimation of the cost of ROSE is not clear and was not explained. Cost and consequences of 

surgery or further testing if the second FNAC is inadequate (e.g. diagnostic thyroid lobectomy) were not included, potentially underestimating the impact of improved sampling 
associated with rapid onsite evaluation by biomedical scientist. Resource use was obtained from single centre study of unclear generalizability to wider UK context. Sensitivity 
analyses were not reported. Potential conflicts of interests were not declared. Funding source was not reported. 

(c) 2012 UK pounds. Cost components incorporated: Ultrasound-guided FNA of suspicious nodules, repeated FNAC for inadequate samples, assessment by a biomedical scientist 
(BMS). 

(d) Italian NHS 
(e) No analysis of uncertainty. Cytology assistance in this analysis is not limited to on-site evaluation (ROSE) but includes the presence of the cytopathologist during the entire 

procedure. Baseline inadequate rates come from a single Italian centre with an excellent performance and small room for improvement. Relative treatment effects were 
estimated from a single centre and it is unclear whether they can be generalised to other centres. Cost and consequences of surgery or further testing if the second FNAC is 
inadequate (e.g. diagnostic thyroid lobectomy) were not included, potentially underestimating the impact of improved sampling associated with rapid onsite evaluation by 
biomedical scientist. Resource use and unit costs were obtained from a single Italian centre of unclear generalisability to UK context. 

(f) 2021 Euro converted to UK pounds268. Cost components incorporated: Ultrasound-guided FNA of suspicious nodules, repeated FNAC for inadequate samples, cytopathologist 
assistance 
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1.1.12 Economic model 

This area was not prioritised for new cost-effectiveness analysis. 
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1.1.13 Cost comparison analysis 

Although published literature found ROSE to increase the overall cost of FNAC, most of the 
studies included in the clinical and economic literature review agree that ROSE improves 
sample accuracy and therefore reduces the need of taking additional sampling. As it is 
unclear whether implementing ROSE in some or most centres would be beneficial for the 
NHS, a simple cost-comparison analysis was undertaken using UK unit costs and a NHS 
perspective. 

The analysis assumed that every FNAC with an inadequate sample (Thy1) would require a 
repeat sampling with CNB. The hypothesis is that, although adding ROSE would make 
FNAC more expensive, a lower rate of inadequate samples would require less repeat tests, 
thus potentially saving money for the NHS and increasing NHS capacity. 

The cost of a US-guided was estimated through the NHS Reference Costs 2019-2020. The 
additional cost of FNAC with ROSE was calculated assuming that a cytopathologist or a 
biomedical scientist (BMS) would be required for 44.4 minutes of their time to provide ROSE 
and interpret the results. This is based on a study201 which measured the time the operators 
left the office to the time they returned after the aspiration procedure and interpretation. 
Although ROSE could be effectively performed by an adequately trained BMS, the 
interpretation of the results and the final diagnosis always require a consultant 
cytopathologist. Current practice in England shows that in many centres a consultant 
cythopathologist undertakes the whole procedure as well. A 2020 survey on cytopathology 
practice in the UK done by the Royal College of Pathologists273 found a equal split between 
BMS and pathologist among those undertaking ROSE. This figure was used to estimate the 
average cost of ROSE in England using 50% the hourly cost of a BMS band 5 and 50% of a 
consultant cytopathologist’s hourly cost. The resulting cost of £70 is in line with the 
estimations made by other UK studies54, 280. 

The committee noted that after an inadequate FNAC, an outpatient visit is often required for 
the clinicians to explain the results to the patient and discuss the follow-up test. The cost of 
an outpatient visit was estimated through NHS Reference Costs 2019-2020 by averaging the 
cost of a face-to-face and non face-to-face outpatient endocrinology follow-up attendance. 
The repeat test of choice was assumed to be a Core Needle Biopsy (CNB) as recommended 
for the management of a Thy1 non-diagnostic cytology. All unit costs are presented in table 
25. 

Table 25:  Unit costs 

The baseline inadequacy rate without ROSE in the UK was estimated from an evidence-
based review looking at rates of Thy1 FNAC using RCPath Thy terminology279. This gives a 
baseline rate of 18.5% including cystic lesion Thy1c. The relative treatment effect of adding 
ROSE was obtained from the meta-analysis conducted from the clinical review. This gives a 
relative risk of 0.44 of non-diagnostic with FNAC ROSE versus FNAC without ROSE. This 

Resource Unit costs Source 

US-guided FNAC £299 NHS Reference Costs 2019-
2020263 

US-guided FNAC with ROSE £369 NHS Reference Costs 2019-
2020263 

PSSRU 202084 

Layfield 2001201 

Core Needle Biopsy (CNB) £429 NHS Reference Costs 2019-
2020263 

Endocrinology outpatient visit £91 NHS Reference Costs 2019-
2020263 
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estimation is supported by published evidence which found the same relative risk of 0.44 
when comparing FNAC with ROSE and without ROSE368. Baseline inadequacy rates and 
relative treatment effect of ROSE are shown in table 26. 

Table 26:  Baseline inadequacy rate and ROSE relative treatment effect 

The results of the analysis are illustrated in table 27. 

Table 27:  Cost analysis results (cohort of 1000 people) 

Scenario 1: repeat FNAC requires an outpatient visit before the test; Scenario 2: a repeat FNAC does not require 
a visit before. 

The results showed that FNAC with ROSE reduces the number of inadequate sample (and 
therefore of repeat sampling) by 0.1 for every FNAC with ROSE performed. The cost 
analysis demonstrates that adding ROSE to a centre or an individual clinician with a baseline 
inadequacy rate of 18.5% would cost £17 more per patient. The results are mostly driven by 
the high cost of ROSE which is assumed to be undertaken by a consultant cytopathologists 
in half of the cases. Were ROSE to be undertaken solely by a BMS with the pathologist help 
only for the diagnosis, ROSE would be cost-saving at the baseline threshold. 

It is uncertain whether offering ROSE would increase the capacity of the NHS. The analysis 
showed that for every ROSE, 0.1 less repeat FNAC are avoided but UK evidence suggests 
that ROSE increases the time of a FNAC by around 6 minutes. Hence, NHS capacity would 
improve only if the average time required for a FNAC exceeds 60 minutes which seem to be 
very unrealistic in the UK. 

However, improving the adequacy rates of FNAC may have other benefits that this analysis 
is not capturing. A more efficient diagnostic pathway would translate into less burden to the 
patients who would not be required to repeat the same test twice while being concerned of 
having a cancer not yet diagnosed. It has also been suggested that lower inadequacy rates 
of FNAC could be associated with less unnecessary surgeries for people with benign 
nodules, which represent a high non cost-effective use of NHS resource and a potential harm 
for people54.  

At the current cost of ROSE, the threshold analysis shows that ROSE would become cost-
saving only when the baseline risk goes above 24%. This is above the expected average 
rate of Thy1/Thy1c estimated by the Royal College of Pathologists ranging between 18% and 
22%82, suggesting that ROSE would become cost-effective when targeted to fewer centres 
or to individuals with a concerningly high inadequate rate. It is worth noting that both the 
clinical review and health economic analysis’ definition of Thy1 includes non-diagnostic cystic 
lesions Thy1c. ROSE is not particularly helpful after a Thy1c as this is not operator-
dependent. The only large review reporting rates of Thy1c279 shows that Thy1c usually 
ranges between 5 to 10% of all samples. If we subtract this figure from the threshold of 24% 
estimated in the cost-comparison analysis, the new Thy1-exclusive threshold would range 
between 14%-19% which is in line with the threshold of 15% (excluding Thy1c) identified by 
the Royal College of Pathologist as a matter of concerns279. Therefore, If ROSE is 
implemented in centres or for individuals with a concerningly high rate of Thy1 (excluding 

Parameter Value Source 

Inadequacy rate with no ROSE 18.5% Poller 2020279 

Relative risk of inadequacy with 
ROSE vs no ROSE 

0.44 Clinical review 

Witt 2013368 

Strategy N° of inadequate samples Cost per patient 

FNAC with ROSE 81 £412 

FNAC without ROSE 185 £395 

Difference (ROSE – no ROSE) - 104 £17 
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Thy1c) as defined by the Royal College of Pathologists, the intervention would likely be cost-
effective, if not cost-saving, in the UK. 

1.1.14 Economic evidence statements 

Two cost-effectiveness analyses found FNAC with ROSE to cost, respectively, £300 and 
£378 more for each additional satisfactory cytology (different than the non-diagnostic 
category Thy1). Both studies were assessed as partially applicable with potentially serious 
limitations. 

One original comparison analysis found that FNAC with ROSE cost £17 more per patient 
compared to FNAC without ROSE. The analysis was assessed as directly applicable with 
minor limitations. 

1.1.15 The committee’s discussion and interpretation of the evidence 

1.1.15.1 The outcomes that matter most 

Sensitivity and specificity were the outcomes used in this review.  Sensitivity was identified 
as the primary measure in guiding decision-making. This was because the harms of false 
negatives (the proportion of which determine the level of sensitivity) are likely to be greater 
than the harms of false positives (the proportion of which determine the level of specificity). 
False negatives lead to people with a malignancy being missed by the index test, and 
therefore remaining undiagnosed and untreated, which can have very serious 
consequences. On the other hand, false positives may lead to people without malignancy 
being given unnecessary surgery. Whilst carrying the risk of serious harms, these were 
regarded as less serious harms than those posed by false negatives. The committee 
therefore set clinical decision thresholds for sensitivity of 0.95 and above for recommending 
a test, and 0.85, below which a test would be deemed of no clinical use. They also set 
clinical decision thresholds for specificity of 0.8 and above for recommending a test, and 0.7, 
below which a test would be deemed of no clinical use. 

These figures were developed in the context of FNAC being used as a second line test after 
ultrasound has been used as the initial filter test to select people for FNAC testing (people 
positive on ultrasound). As the definitive second test, FNAC must be both highly sensitive 
and specific. In particular it needs to be highly sensitive, even more sensitive than the 
previous filter test. The previous filter test itself must be highly sensitive to ensure that people 
with actual malignancy are not missed at the first hurdle, but if the second test – FNAC – is 
not even more sensitive than this then it may lead to people that have been fed through from 
ultrasound testing with true malignancy being erroneously classified as benign at this second 
step. Therefore, FNAC used as a second definitive test  ideally needs almost perfect 
sensitivity, and certainly needs to have a higher sensitivity than the recommended US test. It 
also needs to have a superior specificity as well, as the chief function of the second test is to 
‘mop-up’ the many people who were positive on ultrasound who will actually have been false 
positive. In other words, FNAC will need to be able to accurately differentiate these people 
into those that are truly positive and those that are not. However, perfect specificity, although 
desirable, is not as essential as very high sensitivity, as the harms of some people being 
referred for surgery when they do not have malignancy are less critical than the harms of 
missing a positive diagnosis.  

It should be noted that the target sensitivity value of 0.95 is comparable to that achieved by 
the best evidence identified from a first line US test, that is, using the threshold for a positive 
test of an EU TIRADS score of 4 or more. This follows, because if FNAC were to have a 
much lower sensitivity than the first line test, it would mean that some of the true positives 
fed through to FNAC might be erroneously deemed as negatives by FNAC. In addition, the 
target specificity value of 0.8 is considerably more than that achieved by the best evidence 
identified from a first line US test, that is, using the threshold for a positive test of an EU 
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TIRADS score of 4 or more. This was important to ensure that FNAC was better able to 
differentiate between the many false and negative positives fed through from ultrasound.  

Diagnostic accuracy was focused on sensitivity and specificity, which are independent of 
prevalence. Positive and negative predictive values, though important, were not directly 
calculated for each test because these values are dependent on the study prevalence of 
thyroid malignancy. Because the study prevalence often differs from the population 
prevalence such values may be misleading.   

1.1.15.2 The quality of the evidence 

The quality of the evidence was graded as very low across all outcomes except three 
outcomes of low quality. The main reasons for this were risk of bias (as determined by 
QUADAS 2) which was very serious in the majority of outcomes. This is a mix of poor 
research or poor reporting and that research in this area is difficult. Most of studies do not 
describe whether the index and reference tests have been interpreted without knowledge of 
the other. Also, the time interval between the tests is unclear in most studies which indicates 
poor research as methods are not clearly described or not done. Most of the studies were 
also downgraded for patient selection as it is unclear if an appropriate inclusion/exclusion 
criterion have been considered with consecutive or random samples. The majority of studies 
are retrospective which would have made this difficult as these details may not have been 
recorded in patient records when selecting from databases. While some of the studies were 
old the committee agreed that the data would still be relevant to current practice.  

GRADE ratings were also downgraded due to indirectness in outcomes where the majority of 
studies were retrospective. Retrospective data are collected before research is considered 
so are collected in a purely clinical context without concern for ensuring patients achieve 
diagnostic gold standards. Hence the tendency may be for less people to go to surgery 
unless clinically indicated by a worse FNAC – so lower FNAC gradings may be less 
represented. On the other hand, in a prospective study the context is not wholly clinical – the 
emphasis on research, and therefore ensuring that as many people as possible have gold 
standard measures, may mean that more are sent for surgery from lower FNAC grades. 
Having fewer people in lower FNAC grades can skew accuracy considerably, spuriously 
increasing sensitivity and reducing specificity. 

Use of ultrasound guidance had been chosen during protocol development as the variable 
that could potentially influence accuracy. Therefore, if heterogeneity was noted in meta-
analyses, the existence of ultrasound guidance was used to sub-group studies. Many meta-
analyses demonstrated some degree of heterogeneity but sub-grouping for the use of 
ultrasound guidance resolved the heterogeneity within the sub-groups in one analysis only 
(the ‘2 way’ malignant/benign [FNAC without ROSE and direct smear only, without prior US, 
using adjusted approach] analysis). This indicated that ultrasound guidance was not an 
important factor influencing the variability in accuracy between studies for the other meta-
analyses. Therefore, the other meta-analyses with heterogeneity were not sub-grouped and 
were downgraded for heterogeneity.  

Poor reporting was a feature of many of the included studies. Classification into the different 
index test types was carried out on the basis of the information provided, which was often 
fairly sketchy. Several papers were excluded where no description of the FNAC description 
was given at all, as this made it impossible to place the paper into any of the index test 
categories.  

Finally, many outcomes were downgraded for imprecision, partly because of small study 
sizes. 
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1.1.15.3 Benefits and harms 
Two sets of data had been presented in the review: a) the raw data, which did not include 
consideration of the inadequate readings, and b) the adjusted data, which incorporated any 
inadequate data by classifying any inadequate FNAC results from gold-standard positive 
nodules as false negatives and classifying any inadequate FNAC results from gold-standard 
negative nodules as false positives. The latter approach follows the rationale that because 
the inadequate results cannot possibly demonstrate malignancy, they cannot ever be true 
positives in people with GS-proven malignancy (thus they must by exclusion be false 
negatives). Equally, because the inadequate results don’t depict benignancy, they cannot 
ever be true negatives in people with GS-proven benignancy (thus they must by exclusion be 
false positives). The committee considered both types of data but favoured the former 
approach using the raw data. This was because clinically it is often possible to repeat an 
initially unsuccessful test successfully, and the time delay does not cause significant clinical 
harm. The committee also gave the opinion that there is no association between inadequacy 
and malignancy. Thus, inadequate results may be safe to ignore when considering 
diagnostic accuracy of FNAC. Therefore, all evidence used by the committee to form 
recommendations were the raw data.  

The committee noted that Cytospin is a proprietary trade mark and agreed that ‘liquid based 
cytology’ is a generic term that includes ‘Cytospin and cell block’ and is therefore more 
appropriate to use in a guideline recommendation. When considering the raw diagnostic 
accuracy evidence from the review, the committee noted that only one FNAC meta-analysis 
yielded sensitivity and specificity values that were sufficiently close to the targets for 
recommendation. This was for the analysis in studies where neither ROSE nor prior US 
selection had been carried out but where studies had used direct smear and liquid based 
cytology (as required). This analysis, based on 5 studies and over 1000 participants, 
demonstrated a sensitivity of 0.937 and a specificity of 0.825 when using the threshold for a 
positive test of Bethesda grade III and above. In relation to this, the committee discussed 
how although much of the evidence in the review is based on the Bethesda grading scheme, 
the Bethesda classification scheme is not commonly used in the UK. The committee 
therefore recommended that a Bethesda-equivalent scheme widely used in the UK called the 
RC PATH modification of the BTA (RC PATH BTA) should be used instead. This uses 
qualitatively similar grades, whilst the main difference is fairly superficial, based on the 
labelling of each grade. RC PATH BTA grades Thy 1, 2, 3a, 3f, 4 and 5 are equivalent to 
Bethesda grades I, II, III, IV, V and VI respectively. Overall, they thought the result suggested 
liquid based cytology or direct smear should be used when processing FNAC samples.  

The issue of Rapid Onsite evaluation was discussed. Data from the diagnostic accuracy 
review (please see cost-comparison analysis section 1.1.13) showed that ROSE reduced 
non-diagnostic results by 55%.  After hearing the health economic evidence (please see 
section below) the committee agreed that certain sites, where inadequacy rates were poor, 
might benefit from rapid on site evaluation. 

1.1.15.4 Cost effectiveness and resource use 

Two health economics studies were included both being cost-effectiveness analyses looking 
at the impact of adding rapid on-site evaluation (ROSE) by a cytopathologist. 

The first study was assessed to be partially applicable as, although conducted in the UK, it 
used unit costs estimated in other countries. The cost of FNAC was taken from a French cost 
analysis whereas the additional cost of ROSE was estimated using US literature, where the 
cost per hour of a cytopathologist is expected to be considerably higher than in the UK. 
Furthermore, the study was assessed to have potentially serious limitations as the sample 
size was small, resource use was estimated from a single hospital with unclear 
generalizability, estimation of cost was unclear and possibly not reflecting UK settings and 
the study failed to include relevant outcomes such as surgeries. The study found that at an 
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additional cost of £78 per patient, ROSE increases the adequate sample rates by 14% and 
the duration of the visit by 6 minutes. In other words, introducing ROSE would cost £378 for 
each additional satisfactory sample. 

The second study retrospectively assessed a series of FNAC performed with and without 
cytopathologist assistance in an Italian centre and conducted alongside a cost-effectiveness 
analysis using unit costs estimated from the same centre. The analysis has some limitations 
as no analysis of uncertainty was conducted and the intervention presumably includes more 
than just ROSE as the cytopathology assisted the radiologist with the selection of the site of 
the nodule to take the sample from. Moreover, this specific Italian centre had exceptionally 
high performance in terms of diagnostic rates which may underestimate the effectiveness of 
the intervention, as ROSE is known to be more effective when there is large room for 
improvement. Relative treatment effects were estimated from a single centre and unit costs 
and resource use were obtained from an Italian institution hardly generalisable to the UK 
context. The analysis found that at an additional cost of £12, cytopathologist assistance 
prevents 5% of non-diagnostic results. In other words, introducing ROSE would cost £300 for 
each additional satisfactory sample. 

Given the lack of a reliable UK studies as the only British study included made extensive use 
of non-UK sources, an original cost-comparison analysis was conducted to shed light on the 
advantage of introducing ROSE in UK centres. The meta-analysis conducted for the clinical 
review showed that ROSE reduces the number of non-diagnostic samples (Thy1/Thy1c) by 
55%. This is in line with the published literature which reported a relative risk of inadequacy 
with ROSE versus without ROSE of 0.44. This relative risk was used in the analysis and 
applied to the baseline Thy1/Thy1c rate reported in the literature (18%). The analysis 
assumed that every non-diagnostic FNAC would require a further core-needle biopsy (CNB). 
The committee noted that before repeat sampling, an outpatient visit is often required as the 
clinician needs to review the results of the biopsy with the patient and discuss any follow-up 
test. The cost of an US-guided FNAC was collected from the NHS Reference Costs 2019-
2020. The additional cost of ROSE was estimated to be £70, which are equivalent to 44 
minutes of the hourly cost of a BMS band 5 or consultant cytopathologist in England. An 
equal split between BMS and cythopathologists was assumed as reported in a recent survey 
on cytopathology practice in the UK. The analysis found that FNAC with ROSE costs £17 
more per patient compared to FNAC without ROSE and reduces the number of repeat tests 
by 0.1 for every FNAC with ROSE performed. 

The committee recognised that cytopathologists and trained BMS are not widely available in 
the UK and that, in some small centres where only a few FNACs are performed every day, 
implementing ROSE would hardly be a cost-effective use of NHS resource. The committee 
also acknowledged that, although a consultant cytopathologist is always required for the final 
diagnosis, ROSE could be effectively and entirely undertaken by an adequately trained BMS. 
Although recent surveys suggest that in many cases a consultant cytopathologist undertakes 
the whole procedure, ROSE could become cheaper and thus more advantageous if, in the 
future, plans to train and rely on BMS more often are adopted. 

A threshold analysis found that ROSE would become cost-saving when the baseline non-
diagnostic rate (Thy1, Thy1c) is above 24%. The committee noted that ROSE is not useful in 
centres with a high rate of Thy1c as Thy1c describes a non-diagnostic cyst and is not 
operator- nor technique-dependent. The committee noted that the threshold estimated in the 
cost-comparison analysis, when excluding Thy1c, would be relatively similar to the Thy1c-
exclusive threshold identified by the Royal College of Pathologists (>15%). Hence, the 
committee made a recommendation to implement ROSE when the non-diagnostic Thy1 rate 
is above 15% (excluding Thy1c). This could apply to both centres or individual clinicians with 
a high non-diagnostic rate. This targeted approach that prioritises centres and clinicians 
which would most benefit from ROSE is likely to be cost-effective, if not cost-saving, in the 
UK and would likely improve the diagnostic efficiency of the NHS in the long-term. 
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1.1.15.5 

1.1.16 

The committee recommended to use liquid-based cytology or direct smear when processing 
FNAC samples. Some centres also do both as part of a quality assurance process to get 
better results. Overall, this reflects current practice where liquid based cytology, direct smear 
or both are used and, as such, it is not expected to require additional NHS resources.  

Other factors the committee took into account 

The committee discussed how in practice that FNAC grades would not always be used as a 
blunt decision tool, but would usually also be used in conjunction with other information, such 
as the initial US findings. Given that people fed through to FNAC with a range of US findings 
in FNAC candidates, from mild hypoechoicity but no suspicious features to several 
suspicious features. It was discussed how an indeterminate FNAC finding combined with 3 
suspicious features on US might be considered more indicated for surgery than an 
indeterminate FNAC finding combined with mild hypoechoicity and no suspicious features on 
US. However, it was agreed that there was no evidence from the current review to back up 
this view, and the committee agreed that any such decisions should be based on clinical 
expertise.  

Recommendations supported by this evidence review 

This evidence review supports recommendations 1.2.8 to 1.2.10. 
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Appendices 

Appendix A – Review protocols 

A.1 Review protocol for accuracy of FNAC 
 

Field Content 

PROSPERO 

registration 

number 

CRD42021244440 

Review title The diagnostic accuracy of fine-needle aspiration cytology (FNAC) with rapid on-site assessment, FNAC without rapid on-site 

assessment or core biopsy for diagnosing thyroid cancer, for people with nodules shown by ultrasound* to require further 

investigation. 

*‘positive’ on US – that is, they had US characteristics that exceeded the chosen threshold. 

Review question For people with thyroid nodules that require further investigation following ultrasound, what is the diagnostic accuracy of FNAC 

with rapid on-site assessment, FNAC without rapid on-site assessment or core biopsy for diagnosing thyroid cancer? 

Objective 
To identify the most accurate methods of detecting thyroid cancer in this population of people identified at high risk.  

Searches  
The following databases (from inception) will be searched:  

• Cochrane Central Register of Controlled Trials (CENTRAL) 

• Cochrane Database of Systematic Reviews (CDSR) 
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• Embase 

• MEDLINE 

Searches will be restricted by: 

• English language 

Other searches: 

• None 

The searches may be re-run 6 weeks before the final committee meeting and further studies retrieved for inclusion if relevant. 

The full search strategies will be published in the final review. 

Medline search strategy to be quality assured using the PRESS evidence-based checklist (see methods chapter for full details). 

Condition or 
domain being 
studied 

Thyroid cancer 

Population 
Inclusion: People aged 16 or over suspected of thyroid cancer with potentially malignant nodules on ultrasound.   

Exclusion: Children and young people under 16 years. 

Index Tests • Fine-needle aspiration cytology (FNAC) with rapid on-site assessment of adequacy (by cytopathologist or technician) and 

with smear without cytospin and cell block 

• Fine-needle aspiration cytology (FNAC) with rapid on-site assessment of adequacy (by cytopathologist or technician) and 

with smear with cytospin and cell block  
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• Fine-needle aspiration cytology (FNAC) without rapid on-site assessment with smear without cyptospin and cellblock 

• Fine-needle aspiration cytology (FNAC) without rapid on-site assessment with Cytospin and cell block, without smear.  

• Fine-needle aspiration cytology (FNAC) without rapid on-site assessment with smear, cytospin and cell block 

• Core biopsy 

 

Reference 
standard 

Post-operative histopathological findings  

Types of study 
to be included 

Cross-sectional/prospective/retrospective diagnostic studies, or any study containing a diagnostic accuracy analysis 

Other exclusion 
criteria 

 

Studies that do not report sensitivity and specificity, or insufficient data to derive these values. 

Non-English language studies.  

Context 

 

FNAC tends to be the second line test used in people who have suspicious US findings. FNAC can be performed in several 

different ways and it is important that the accuracy in detection of thyroid cancer cells is known for each of these methods so that 

the best method can be recommended. In addition, core biopsy may be used as an alternative and so it is important that the 

diagnostic accuracy of this is also known. 

Primary 
outcomes 
(critical 
outcomes) 

 

• Sensitivity 

• Specificity 

• Raw data to calculate 2x2 tables to calculate sensitivity and specificity (number of true positives, true negatives, false positives 

and false negatives). 
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Secondary 
outcomes 
(important 
outcomes) 

NA 

Data extraction 

(selection and 

coding) 

 

EndNote will be used for reference management, sifting, citations and bibliographies. All references identified by the searches and 

from other sources will be screened for inclusion. 10% of the abstracts will be reviewed by two reviewers, with any disagreements 

resolved by discussion or, if necessary, a third independent reviewer. 

The full text of these potentially eligible studies will be retrieved and assessed in line with the criteria outlined above.  

A standardised form will be used to extract data from the included studies (see Developing NICE guidelines: the manual section 

6.4).  

10% of all evidence reviews are quality assured by a senior research fellow. This includes checking: 

• papers were included /excluded appropriately 

• a sample of the data extractions  

• correct methods are used to synthesise data 

• a sample of the risk of bias assessments 

Disagreements between the review authors over the risk of bias in particular studies will be resolved by discussion, with 

involvement of a third review author where necessary 

Risk of bias 
(quality) 
assessment 

Risk of bias quality assessment will be assessed using QUADAS-2.  

https://www.nice.org.uk/process/pmg20/chapter/introduction-and-overview
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Strategy for 
data synthesis  

Where possible data will be meta-analysed where appropriate (if at least 3 studies reporting data at the same diagnostic 

threshold) in WinBUGS.  Summary diagnostic outcomes will be reported from the meta-analyses with their 95% confidence 

intervals in adapted GRADE tables. Heterogeneity will be assessed by visual inspection of the sensitivity and specificity plots and 

summary area under the curve (AUC) plots. Particular attention will be placed on sensitivity, determined by the committee to be 

the primary outcome for decision making. 

If meta-analysis is not possible, data will be presented as individual values in adapted GRADE profile tables and plots of un-

pooled sensitivity and specificity from RevMan software. 

Analysis of sub-
groups 

 

Stratification: Prior US assessment / no prior US assessment 

If heterogeneity is identified, where data is available, subgroup analysis will be carried out for the following subgroups: 

Subgroups to investigate if heterogeneity is present 

1. Is it US guided? Y/N 

 

Type and 
method of 
review  

 

☐ Intervention 

☒ Diagnostic 

☐ Prognostic 

☐ Qualitative 
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☐ Epidemiologic 

☐ Service Delivery 

☐ Other (please specify) 

 

Language English 

Country 
England 

Named contact 
Named contact 

National Guideline Centre 

 

Organisational affiliation of the review 

National Institute for Health and Care Excellence (NICE) and the National Guideline Centre 

 

Review team 

members 
From the National Guideline Centre: 

Carlos Sharpin, Guideline lead 

Mark Perry, Senior systematic reviewer 

Alfredo Mariani, Health economist 

Lina Gulhane, Head of Information specialists 

 

Funding 
sources/sponsor 

 

This systematic review is being completed by the National Guideline Centre which receives funding from NICE. 
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development of evidence-based recommendations in line with section 3 of Developing NICE guidelines: the manual. Members of 

the guideline committee are available on the NICE website: [NICE guideline webpage].  

Other 
registration 
details 

N/A 

Reference/URL 
for published 
protocol 

https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=244440 

 

Dissemination 
plans 

NICE may use a range of different methods to raise awareness of the guideline. These include standard approaches such as: 

• notifying registered stakeholders of publication 

• publicising the guideline through NICE's newsletter and alerts 

• issuing a press release or briefing as appropriate, posting news articles on the NICE website, using social media channels, 

and publicising the guideline within NICE. 

[Add in any additional agree dissemination plans.] 

Keywords 
Diagnosis, Thyroid cancer 

https://www.nice.org.uk/article/pmg20/chapter/1%20Introduction%20and%20overview
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=244440
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Details of 
existing review 
of same topic by 
same authors 

N/A 

Additional 
information 

N/A 

Details of final 
publication 

www.nice.org.uk 

 

http://www.nice.org.uk/
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A.2 Review protocol health economic evidence 

 

Review 
question 

All questions – health economic evidence 

Objective
s 

To identify health economic studies relevant to any of the review questions. 

Search 
criteria 

• Populations, interventions and comparators must be as specified in the 
clinical review protocol above. 

• Studies must be of a relevant health economic study design (cost–utility 
analysis, cost-effectiveness analysis, cost–benefit analysis, cost–
consequences analysis, comparative cost analysis). 

• Studies must not be a letter, editorial or commentary, or a review of health 
economic evaluations. (Recent reviews will be ordered although not 
reviewed. The bibliographies will be checked for relevant studies, which will 
then be ordered.) 

• Unpublished reports will not be considered unless submitted as part of a 
call for evidence. 

• Studies must be in English. 

Search 
strategy 

A health economic study search will be undertaken using population-specific 
terms and a health economic study filter – see Appendix B below.  

Review 
strategy 

Studies not meeting any of the search criteria above will be excluded. Studies 
published before 2005, abstract-only studies and studies from non-OECD 
countries or the USA will also be excluded. 

Each remaining study will be assessed for applicability and methodological 
limitations using the NICE economic evaluation checklist which can be found 
in appendix H of Developing NICE guidelines: the manual (2014).259  

 

Inclusion and exclusion criteria 

• If a study is rated as both ‘Directly applicable’ and with ‘Minor limitations’, 
then it will be included in the guideline. A health economic evidence table 
will be completed, and it will be included in the health economic evidence 
profile. 

• If a study is rated as either ‘Not applicable’ or with ‘Very serious limitations’, 
then it will usually be excluded from the guideline. If it is excluded, then a 
health economic evidence table will not be completed, and it will not be 
included in the health economic evidence profile. 

• If a study is rated as ‘Partially applicable’, with ‘Potentially serious 
limitations’ or both then there is discretion over whether it should be 
included. 

 

Where there is discretion 
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The health economist will make a decision based on the relative applicability 
and quality of the available evidence for that question, in discussion with the 
guideline committee if required. The ultimate aim is to include health 
economic studies that are helpful for decision-making in the context of the 
guideline and the current NHS setting. If several studies are considered of 
sufficiently high applicability and methodological quality that they could all be 
included, then the health economist, in discussion with the committee if 
required, may decide to include only the most applicable studies and to 
selectively exclude the remaining studies. All studies excluded on the basis of 
applicability or methodological limitations will be listed with explanation in the 
excluded health economic studies appendix below. 

 

The health economist will be guided by the following hierarchies. 

Setting: 

• UK NHS (most applicable). 

• OECD countries with predominantly public health insurance systems (for 
example, France, Germany, Sweden). 

• OECD countries with predominantly private health insurance systems (for 
example, Switzerland). 

• Studies set in non-OECD countries or in the USA will be excluded before 
being assessed for applicability and methodological limitations. 

Health economic study type: 

• Cost–utility analysis (most applicable). 

• Other type of full economic evaluation (cost–benefit analysis, cost-
effectiveness analysis, cost–consequences analysis). 

• Comparative cost analysis. 

• Non-comparative cost analyses including cost-of-illness studies will be 
excluded before being assessed for applicability and methodological 
limitations. 

Year of analysis: 

• The more recent the study, the more applicable it will be. 

• Studies published in 2005 or later but that depend on unit costs and 
resource data entirely or predominantly from before 2005 will be rated as 
‘Not applicable’. 

• Studies published before 2005 will be excluded before being assessed for 
applicability and methodological limitations. 

Quality and relevance of effectiveness data used in the health economic 
analysis: 

• The more closely the clinical effectiveness data used in the health economic 
analysis match with the outcomes of the studies included in the clinical 
review the more useful the analysis will be for decision-making in the 
guideline. 
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Appendix B – Literature search strategies 

The literature searches for these reviews are detailed below and complied with the 
methodology outlined in Developing NICE guidelines: the manual, 2014 (updated 2020) 
https://www.nice.org.uk/process/pmg20/chapter/identifying-the-evidence-literature-searching-
and-evidence-submission.  

For more information, please see the Methodology review published as part of the 
accompanying documents for this guideline. 

Clinical literature search strategy 

This literature search strategy was used for the following reviews: 

• For people with thyroid nodules that require further investigation following ultrasound, 
what is the diagnostic accuracy of FNAC with rapid on-site evaluation, FNAC without 
rapid on-site evaluation or core biopsy for diagnosing thyroid cancer? 

Searches were constructed using a PICO framework where population (P) terms were 
combined with Intervention (I) and in some cases Comparison (C) terms. Outcomes (O) are 
rarely used in search strategies for interventions as these concepts may not be well 
described in title, abstract or indexes and therefore difficult to retrieve. Search filters were 
applied to the search where appropriate. 

Table 28: Database parameters, filters and limits applied 

Database Dates searched 
Search filters and limits 
applied 

Medline (OVID) 1946 – 13 January 2022 

 

  

Randomised controlled trials  

Systematic review studies 

Observational studies 

Diagnostic studies 

 

Exclusions (animal studies, 
letters, comments, editorials, 
case studies/reports, children) 

 

English language 

Embase (OVID) 1974 – 13 January 2022 

 

 

Randomised controlled trials  

Systematic review studies 

Observational studies 

Diagnostic studies 

 

Exclusions (animal studies, 
letters, comments, editorials, 
case studies/reports, 
conference abstracts, 
children) 

 

English language 

The Cochrane Library (Wiley) Cochrane Database of 
Systematic Reviews to  

Issue 12 of 12, December 2021 

Exclusions (clinical trials, 
conference abstracts) 
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Database Dates searched 
Search filters and limits 
applied 

Cochrane Central Register of 
Controlled Trials to Issue 12 of 
12, December 2021 

Epistemonikos  

(The Epistemonikos 
Foundation) 

Inception – 13 January 2022 

 

 

Systematic review 

 

Exclusions (Cochrane 
reviews) 

 

English language 

Medline (Ovid) search terms 

1.  exp Thyroid Neoplasms/  

2.  (thyroid adj3 (cancer* or carcinom* or microcarcinoma* or tumo?r* or neoplasm* or 
metast* or adenoma* or adenocarcinom* or node* or nodul* or nodal or lump* or 
papillar* or swollen or swell* or anaplastic or sarcoma* or cyst* or malignan*)).ti,ab.  

3.  DTC.ti,ab.  

4.  ((papillar* or anaplastic) adj2 (cancer* or carcinom* or tumo?r* or neoplasm* or metast* 
or adenoma* or adenocarcinom* or nodul* or node* or lump*)).ti,ab.  

5.  or/1-4  

6.  letter/  

7.  editorial/  

8.  news/  

9.  exp historical article/  

10.  Anecdotes as Topic/  

11.  comment/  

12.  case report/  

13.  (letter or comment*).ti.  

14.  or/6-13  

15.  randomized controlled trial/ or random*.ti,ab.  

16.  14 not 15  

17.  animals/ not humans/  

18.  exp Animals, Laboratory/  

19.  exp Animal Experimentation/  

20.  exp Models, Animal/  

21.  exp Rodentia/  

22.  (rat or rats or mouse or mice or rodent*).ti.  

23.  or/16-22  

24.  5 not 23  

25.  limit 24 to english language  

26.  (exp child/ or exp pediatrics/ or exp infant/) not (exp adolescent/ or exp adult/ or exp 
middle age/ or exp aged/)  

27.  25 not 26  

28.  exp Biopsy, Needle/  

29.  ((needle or core or puncture) adj3 (aspirat* or biops* or cytology)).ti,ab.  

30.  (FNAC or FNA or FNAB or FNB or FNC or CNB).ti,ab.  

31.  or/28-30  

32.  27 and 31  

33.  randomized controlled trial.pt.  
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34.  controlled clinical trial.pt.  

35.  randomi#ed.ab.  

36.  placebo.ab.  

37.  randomly.ab.  

38.  clinical trials as topic.sh.  

39.  trial.ti.  

40.  or/33-39  

41.  Meta-Analysis/  

42.  Meta-Analysis as Topic/  

43.  (meta analy* or metanaly* or metaanaly* or meta regression).ti,ab.  

44.  ((systematic* or evidence*) adj3 (review* or overview*)).ti,ab.  

45.  (reference list* or bibliograph* or hand search* or manual search* or relevant 
journals).ab.  

46.  (search strategy or search criteria or systematic search or study selection or data 
extraction).ab.  

47.  (search* adj4 literature).ab.  

48.  (medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or 
psycinfo or cinahl or science citation index or bids or cancerlit).ab.  

49.  cochrane.jw.  

50.  ((multiple treatment* or indirect or mixed) adj2 comparison*).ti,ab.  

51.  or/41-50  

52.  32 and (40 or 51)  

53.  Epidemiologic studies/  

54.  Observational study/  

55.  exp Cohort studies/  

56.  (cohort adj (study or studies or analys* or data)).ti,ab.  

57.  ((follow up or observational or uncontrolled or non randomi#ed or epidemiologic*) adj 
(study or studies or data)).ti,ab.  

58.  ((longitudinal or retrospective or prospective) and (study or studies or review or analys* 
or cohort* or data)).ti,ab.  

59.  Controlled Before-After Studies/  

60.  Historically Controlled Study/  

61.  Interrupted Time Series Analysis/  

62.  (before adj2 after adj2 (study or studies or data)).ti,ab.  

63.  exp case control study/  

64.  case control*.ti,ab.  

65.  Cross-sectional studies/  

66.  (cross sectional and (study or studies or review or analys* or cohort* or data)).ti,ab.  

67.  or/53-66  

68.  32 and 67  

69.  68 not 52  

70.  exp "sensitivity and specificity"/  

71.  (sensitivity or specificity).ti,ab.  

72.  ((pre test or pretest or post test) adj probability).ti,ab.  

73.  (predictive value* or PPV or NPV).ti,ab.  

74.  likelihood ratio*.ti,ab.  

75.  likelihood function/  

76.  ((area under adj4 curve) or AUC).ti,ab.  
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77.  (receive* operat* characteristic* or receive* operat* curve* or ROC curve*).ti,ab.  

78.  (diagnos* adj3 (performance* or accurac* or utilit* or value* or efficien* or 
effectiveness)).ti,ab.  

79.  gold standard.ab.  

80.  exp Diagnostic errors/  

81.  (false positiv* or false negativ*).tw.  

82.  or/70-81  

83.  32 and 82  

84.  83 not (52 or 69)  

Embase (Ovid) search terms 

1.  exp Thyroid Cancer/  

2.  (thyroid adj3 (cancer* or carcinom* or microcarcinoma* or tumo?r* or neoplasm* or 
metast* or adenoma* or adenocarcinom* or node* or nodul* or nodal or lump* or 
papillar* or swollen or swell* or anaplastic or sarcoma* or cyst* or malignan*)).ti,ab.  

3.  DTC.ti,ab.  

4.  ((papillar* or anaplastic) adj2 (cancer* or carcinom* or tumo?r* or neoplasm* or metast* 
or adenoma* or adenocarcinom* or nodul* or node* or lump*)).ti,ab.  

5.  or/1-4  

6.  letter.pt. or letter/  

7.  note.pt.  

8.  editorial.pt.  

9.  case report/ or case study/  

10.  (letter or comment*).ti.  

11.  (conference abstract or conference paper).pt.  

12.  or/6-11  

13.  randomized controlled trial/ or random*.ti,ab.  

14.  12 not 13  

15.  animal/ not human/  

16.  nonhuman/  

17.  exp Animal Experiment/  

18.  exp Experimental Animal/  

19.  animal model/  

20.  exp Rodent/  

21.  (rat or rats or mouse or mice or rodent*).ti.  

22.  or/14-21  

23.  5 not 22  

24.  limit 23 to english language  

25.  (exp child/ or exp pediatrics/) not (exp adult/ or exp adolescent/)  

26.  24 not 25  

27.  exp Needle Biopsy/  

28.  ((needle or core or puncture) adj3 (aspirat* or biops* or cytology)).ti,ab.  

29.  (FNAC or FNA or FNAB or FNB or FNC or CNB).ti,ab.  

30.  or/27-29  

31.  26 and 30  

32.  random*.ti,ab.  

33.  factorial*.ti,ab.  

34.  (crossover* or cross over*).ti,ab.  

35.  ((doubl* or singl*) adj blind*).ti,ab.  
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36.  (assign* or allocat* or volunteer* or placebo*).ti,ab.  

37.  crossover procedure/  

38.  single blind procedure/  

39.  randomized controlled trial/  

40.  double blind procedure/  

41.  or/32-40  

42.  systematic review/  

43.  Meta-Analysis/  

44.  (meta analy* or metanaly* or metaanaly* or meta regression).ti,ab.  

45.  ((systematic* or evidence*) adj3 (review* or overview*)).ti,ab.  

46.  (reference list* or bibliograph* or hand search* or manual search* or relevant 
journals).ab.  

47.  (search strategy or search criteria or systematic search or study selection or data 
extraction).ab.  

48.  (search* adj4 literature).ab.  

49.  (medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or 
psycinfo or cinahl or science citation index or bids or cancerlit).ab.  

50.  cochrane.jw.  

51.  ((multiple treatment* or indirect or mixed) adj2 comparison*).ti,ab.  

52.  or/42-51  

53.  31 and (41 or 52)  

54.  Clinical study/  

55.  Observational study/  

56.  family study/  

57.  longitudinal study/  

58.  retrospective study/  

59.  prospective study/  

60.  cohort analysis/  

61.  follow-up/  

62.  cohort*.ti,ab.  

63.  61 and 62  

64.  (cohort adj (study or studies or analys* or data)).ti,ab.  

65.  ((follow up or observational or uncontrolled or non randomi#ed or epidemiologic*) adj 
(study or studies or data)).ti,ab.  

66.  ((longitudinal or retrospective or prospective) and (study or studies or review or analys* 
or cohort* or data)).ti,ab.  

67.  (before adj2 after adj2 (study or studies or data)).ti,ab.  

68.  exp case control study/  

69.  case control*.ti,ab.  

70.  cross-sectional study/  

71.  (cross sectional and (study or studies or review or analys* or cohort* or data)).ti,ab.  

72.  or/54-60,63-71  

73.  31 and 72  

74.  73 not 53  

75.  exp "sensitivity and specificity"/  

76.  (sensitivity or specificity).ti,ab.  

77.  ((pre test or pretest or post test) adj probability).ti,ab.  

78.  (predictive value* or PPV or NPV).ti,ab.  
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79.  likelihood ratio*.ti,ab.  

80.  ((area under adj4 curve) or AUC).ti,ab.  

81.  (receive* operat* characteristic* or receive* operat* curve* or ROC curve*).ti,ab.  

82.  diagnostic accuracy/  

83.  diagnostic test accuracy study/  

84.  gold standard.ab.  

85.  exp diagnostic error/  

86.  (false positiv* or false negativ*).ti,ab.  

87.  differential diagnosis/  

88.  (diagnos* adj3 (performance* or accurac* or utilit* or value* or efficien* or effectiveness 
or precision or validat* or validity or differential or error*)).ti,ab.  

89.  or/75-88  

90.  31 and 89  

91.  90 not (53 or 74)  

Cochrane Library (Wiley) search terms 

#1.  MeSH descriptor: [Thyroid Neoplasms] explode all trees 

#2.  (thyroid near/3 (cancer* or carcinom* or microcarcinoma* or tumo?r* or neoplasm* or 
metast* or adenoma* or adenocarcinom* or node* or nodul* or nodal or lump* or 
papillar* or swollen or swell* or anaplastic or sarcoma* or cyst* or malignan*)):ti,ab 

#3.  DTC:ti,ab 

#4.  ((papillar* or anaplastic) near/2 (cancer* or carcinom* or tumo?r* or neoplasm* or 
metast* or adenoma* or adenocarcinom* or nodul* or node* or lump*)):ti,ab 

#5.  #1 or #2 or #3 or #4 

#6.  MeSH descriptor: [Biopsy, Needle] explode all trees 

#7.  (needle or core or puncture) near/3 (aspirat* or biops* or cytology):ti,ab 

#8.  (FNAC or FNA or FNAB or FNB or FNC or CNB):ti,ab 

#9.  #6 or #7 or #8 

#10.  #5 and #9 

#11.  conference:pt or (clinicaltrials or trialsearch):so 

#12.  #10 not #11 

 

Epistemonikos search terms 

1.  (title:((title:(thyroid AND (cancer* OR neoplasm* OR nodule* OR carcinoma*)) OR 
abstract:(thyroid AND (cancer* OR neoplasm* OR nodule* OR carcinoma*))) AND 
(title:(needle OR puncture OR biops* OR aspirat*) OR abstract:(needle OR puncture 
OR biops* OR aspirat*))) OR abstract:((title:(thyroid AND (cancer* OR neoplasm* OR 
nodule* OR carcinoma*)) OR abstract:(thyroid AND (cancer* OR neoplasm* OR 
nodule* OR carcinoma*))) AND (title:(needle OR puncture OR biops* OR aspirat*) OR 
abstract:(needle OR puncture OR biops* OR aspirat*)))) 

 

Health Economics literature search strategy 

Health economic evidence was identified by conducting searches using terms for a broad 
Thyroid Cancer population. The following databases were searched: NHS Economic 
Evaluation Database (NHS EED - this ceased to be updated after 31st March 2015), Health 
Technology Assessment database (HTA - this ceased to be updated from 31st March 2018) 
and The International Network of Agencies for Health Technology Assessment (INAHTA). 
Searches for recent evidence were run on Medline and Embase from 2014 onwards for 
health economics, and all years for quality-of-life studies.  
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Table 2: Database parameters, filters and limits applied 

Database Dates searched  
Search filters and limits 
applied 

Medline (OVID) Health Economics 

1 January 2014 – 16 December 
2021 

Health economics studies 

Quality of life studies 

 

Exclusions (animal studies, 
letters, comments, editorials, 
case studies/reports, 
conference abstracts) 

 

English language 

Quality of Life 

1946 – 16 December 2021 

Embase (OVID) Health Economics 

1 January 2014 – 16 December 
2021 

Health economics studies 

Quality of life studies 

 

Exclusions (animal studies, 
letters, comments, editorials, 
case studies/reports, 
conference abstracts) 

 

English language 

Quality of Life 

1974 – 16 December 2021 

NHS Economic Evaluation 
Database (NHS EED) 

(Centre for Research and 
Dissemination - CRD) 

Inception –31st March 2015 

 

 

 

Health Technology 
Assessment Database (HTA) 

(Centre for Research and 
Dissemination – CRD) 

Inception – 31st March 2018  

The International Network of 
Agencies for Health 
Technology Assessment 
(INAHTA) 

Inception - 16 December 2021 English language 

Medline (Ovid) search terms 

1.  exp Thyroid Neoplasms/ 

2.  (thyroid adj4 (cancer* or carcinom* or tumo?r* or neoplasm* or metast* or adenoma* or 
adenocarcinom* or nod* or lump* or papillar* or follicul* or lymphoma* or 
anaplastic)).ti,ab. 

3.  ((papillar* or follicul* or medullary or anaplastic) adj4 (cancer* or carcinom* or tumo?r* 
or neoplasm* or metast* or adenoma* or adenocarcinom* or nod* or lump* or 
lymphoma*)).ti,ab. 

4.  or/1-3 

5.  letter/ 

6.  editorial/ 

7.  news/ 

8.  exp historical article/ 

9.  Anecdotes as Topic/ 

10.  comment/ 

11.  case report/ 

12.  (letter or comment*).ti. 

13.  or/5-12 
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14.  randomized controlled trial/ or random*.ti,ab. 

15.  13 not 14 

16.  animals/ not humans/ 

17.  exp Animals, Laboratory/ 

18.  exp Animal Experimentation/ 

19.  exp Models, Animal/ 

20.  exp Rodentia/ 

21.  (rat or rats or mouse or mice).ti. 

22.  or/15-21 

23.  4 not 22 

24.  limit 23 to english language 

25.  economics/ 

26.  value of life/ 

27.  exp "costs and cost analysis"/ 

28.  exp Economics, Hospital/ 

29.  exp Economics, medical/ 

30.  Economics, nursing/ 

31.  economics, pharmaceutical/ 

32.  exp "Fees and Charges"/ 

33.  exp budgets/ 

34.  budget*.ti,ab. 

35.  cost*.ti. 

36.  (economic* or pharmaco?economic*).ti. 

37.  (price* or pricing*).ti,ab. 

38.  (cost* adj2 (effectiv* or utilit* or benefit* or minimi* or unit* or estimat* or variable*)).ab. 

39.  (financ* or fee or fees).ti,ab. 

40.  (value adj2 (money or monetary)).ti,ab. 

41.  or/25-40 

42.  24 and 41 

43.  quality-adjusted life years/ 

44.  sickness impact profile/ 

45.  (quality adj2 (wellbeing or well being)).ti,ab. 

46.  sickness impact profile.ti,ab. 

47.  disability adjusted life.ti,ab. 

48.  (qal* or qtime* or qwb* or daly*).ti,ab. 

49.  (euroqol* or eq5d* or eq 5*).ti,ab. 

50.  (qol* or hql* or hqol* or h qol* or hrqol* or hr qol*).ti,ab. 

51.  (health utility* or utility score* or disutilit* or utility value*).ti,ab. 

52.  (hui or hui1 or hui2 or hui3).ti,ab. 

53.  (health* year* equivalent* or hye or hyes).ti,ab. 

54.  discrete choice*.ti,ab. 

55.  rosser.ti,ab. 

56.  (willingness to pay or time tradeoff or time trade off or tto or standard gamble*).ti,ab. 

57.  (sf36* or sf 36* or short form 36* or shortform 36* or shortform36*).ti,ab. 

58.  (sf20 or sf 20 or short form 20 or shortform 20 or shortform20).ti,ab. 

59.  (sf12* or sf 12* or short form 12* or shortform 12* or shortform12*).ti,ab. 

60.  (sf8* or sf 8* or short form 8* or shortform 8* or shortform8*).ti,ab. 



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
149 

61.  (sf6* or sf 6* or short form 6* or shortform 6* or shortform6*).ti,ab. 

62.  or/52-70 

63.  24 and 62 

Embase (Ovid) search terms 

1.  exp Thyroid Cancer/ 

2.  (thyroid adj4 (cancer* or carcinom* or tumo?r* or neoplasm* or metast* or adenoma* or 
adenocarcinom* or nod* or lump* or papillar* or follicul* or lymphoma* or 
anaplastic)).ti,ab. 

3.  ((papillar* or follicul* or medullary or anaplastic) adj4 (cancer* or carcinom* or tumo?r* 
or neoplasm* or metast* or adenoma* or adenocarcinom* or nod* or lump* or 
lymphoma*)).ti,ab. 

4.  or/1-3 

5.  letter.pt. or letter/ 

6.  note.pt. 

7.  editorial.pt. 

8.  case report/ or case study/ 

9.  (letter or comment*).ti. 

10.  or/5-9 

11.  randomized controlled trial/ or random*.ti,ab. 

12.  10 not 11 

13.  animal/ not human/ 

14.  nonhuman/ 

15.  exp Animal Experiment/ 

16.  exp Experimental Animal/ 

17.  animal model/ 

18.  exp Rodent/ 

19.  (rat or rats or mouse or mice).ti. 

20.  or/12-19 

21.  4 not 20 

22.  limit 21 to english language 

23.  health economics/ 

24.  exp economic evaluation/ 

25.  exp health care cost/ 

26.  exp fee/ 

27.  budget/ 

28.  funding/ 

29.  budget*.ti,ab. 

30.  cost*.ti. 

31.  (economic* or pharmaco?economic*).ti. 

32.  (price* or pricing*).ti,ab. 

33.  (cost* adj2 (effectiv* or utilit* or benefit* or minimi* or unit* or estimat* or variable*)).ab. 

34.  (financ* or fee or fees).ti,ab. 

35.  (value adj2 (money or monetary)).ti,ab. 

36.  or/23-35 

37.  22 and 36 

38.  quality-adjusted life years/ 

39.  "quality of life index"/ 
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40.  short form 12/ or short form 20/ or short form 36/ or short form 8/ 

41.  sickness impact profile/ 

42.  (quality adj2 (wellbeing or well being)).ti,ab. 

43.  sickness impact profile.ti,ab. 

44.  disability adjusted life.ti,ab. 

45.  (qal* or qtime* or qwb* or daly*).ti,ab. 

46.  (euroqol* or eq5d* or eq 5*).ti,ab. 

47.  (qol* or hql* or hqol* or h qol* or hrqol* or hr qol*).ti,ab. 

48.  (health utility* or utility score* or disutilit* or utility value*).ti,ab. 

49.  (hui or hui1 or hui2 or hui3).ti,ab. 

50.  (health* year* equivalent* or hye or hyes).ti,ab. 

51.  discrete choice*.ti,ab. 

52.  rosser.ti,ab. 

53.  (willingness to pay or time tradeoff or time trade off or tto or standard gamble*).ti,ab. 

54.  (sf36* or sf 36* or short form 36* or shortform 36* or shortform36*).ti,ab. 

55.  (sf20 or sf 20 or short form 20 or shortform 20 or shortform20).ti,ab. 

56.  (sf12* or sf 12* or short form 12* or shortform 12* or shortform12*).ti,ab. 

57.  (sf8* or sf 8* or short form 8* or shortform 8* or shortform8*).ti,ab. 

58.  (sf6* or sf 6* or short form 6* or shortform 6* or shortform6*).ti,ab. 

59.  or/37-58 

60.  22 and 59 

NHS EED and HTA (CRD) search terms  

#1.  MeSH DESCRIPTOR Thyroid Neoplasms EXPLODE ALL TREES 

#2.  ((thyroid NEAR4 (cancer* or carcinom* or tumour* or tumor* or neoplasm* or metast* 
or adenoma* or adenocarcinom* or nod* or lump* or papillar* or follicul* or lymphoma* 
or anaplastic))) 

#3.  (((papillar* or follicul* or medullary or anaplastic) NEAR4 (cancer* or carcinom* or 
tumour* or tumor* or neoplasm* or metast* or adenoma* or adenocarcinom* or nod* or 
lump* or lymphoma*))) 

#4.  #1 OR #2 OR #3 

INHATA search terms 

1. (Thyroid Neoplasms)[mh] OR (thyroid neoplasms) AND (thyroid cancers) 
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Appendix C – Diagnostic evidence study selection 

Figure 1: Flow chart of clinical study selection for the review of diagnostic accuracy of 
FNAC 

 

Records screened in sift, n=2726 

Records excluded in sift, n=2340 

Papers included in review, n=148 Papers excluded from review, n=238 
 
 
Reasons for exclusion: see appendix I 

Records identified through 
database searching, n=2726 in re-
run search 

Additional records identified through 
other sources, n=0 

Full-text papers assessed for 
eligibility, n=386  
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Appendix D – Diagnostic accuracy evidence 
NOTE: All data are calculated using adjusted approach – that is, any truly malignant unsatisfactory cytology taken as false negatives and any truly 
benign unsatisfactory cytology taken as false positives. 

Reference Agcaoglu, 20136 

Study type Retrospective 

Number of patients n = 730 nodules 

Patient 
characteristics 

Age, mean (SD): not reported 
 
Gender (female to male ratio): not reported 
 
Ethnicity: not reported 
 
Setting: General Surgery Clinic 
 
Country: Turkey 
 
Inclusion criteria: Prior US, otherwise not reported 
 
Exclusion criteria: Non-diagnostic results  
 
Stratum (prior US assessment / no prior US assessment): prior US 
 
Sub-group (US-guided / not US guided): USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
Fine needle aspiration cytology with ROSE, with smear only (cytopathologist attended in 77% of FNAB procedures) 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
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Reference Agcaoglu, 20136 

Blinding of gold standard test: No 
 

Results 
 

Malignant nodules=320; benign nodules = 410 
 
No data given for inadequate samples 
 
FNA grading: benign, indeterminate, malignant 
 
FNAC rated indeterminate or malignant  (+ve) [benign taken as -ve result] 
TP:   239     FN: 81      FP:  45      TN: 365   ;    sensitivity:0.747  ,   specificity:  0.890 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Anderson, 198725 

Study type Retrospective 

Number of patients n = 373 nodules in 373 patients (solitary or dominant nodules only) – this was the sub-group with surgical histopathology eligible for 
this review 

Patient 
characteristics 

Age, mean (SD): not reported for the sub-group with histopathological gold standard 
 
Gender (female to male ratio): not reported 
 
Ethnicity: not reported 
 
Setting: Department of Surgery 
 
Country: UK 
 
Inclusion criteria: solitary nodule within the thyroid or a dominant nodule in a non-toxic goitre; submitted to partial or total 
thyroidectomy 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): unclear (some underwent US but unclear how many) 
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Reference Anderson, 198725 

 
Sub-group (US-guided / not US guided): Non-USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
Fine needle aspiration cytology without ROSE, with smear only 
 
 
Reference (gold) standard:  
Surgical histopathological findings and autopsy in 4 cases 
 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: Yes 
 

Results 
 

Malignant nodules=63; benign nodules = 310 
 
No data given for inadequate samples 
 
FNA grading: benign, suspicious, definitely malignant 
 
FNAC rated suspicious or definitely malignant  (+ve) [benign taken as -ve result] 
TP:  59      FN: 4     FP: 2       TN: 308  ;    sensitivity: 0.937,   specificity: 0.994  
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
155 

 

 
Reference Arul, 201529 

Study type Retrospective 

Number of patients n =  392 nodules 

Patient 
characteristics 

Age, mean (SD): Not reported 
 
Gender (female to male ratio): Not reported 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: India 
 
Inclusion criteria: all the FNACs of thyroid lesions between July 2012 and January 2015 were retrieved retrospectively; surgical 
histopathology obtained; FNAC classified according to 6 tier TBSRTC 
 
Exclusion criteria: No histopathology 
 
Stratum (prior US assessment / no prior US assessment): unclear 
 
Sub-group (US-guided / not US guided): unclear 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
Fine needle aspiration cytology without ROSE, with smear only 
 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
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Reference Arul, 201529 

 
Blinding of gold standard test: No 
 

Results 
 

Malignant nodules=59; benign nodules = 333 
 
 
FNAC classification: Bethesda I-VI 
 
Inadequate category: 0 malignant, 10 benign 
 
FNAC 6 Tier Bethesda: atypia of undetermined significance/follicular lesions and above  (+ve)  
TP:    56    FN:  3    FP:  80      TN: 253  ;    sensitivity:0.949,   specificity: 0.760  
 
FNAC 6 Tier Bethesda: follicular neoplasms /suspicious for follicular neoplasms and above  (+ve)  
TP:    46    FN:  13    FP:  49      TN: 284  ;    sensitivity: 0.779,   specificity: 0.853  
 
FNAC 6 Tier Bethesda: suspicious for malignancy and above  (+ve)  
TP:    33    FN:  26    FP:  17      TN: 316  ;    sensitivity: 0.559,   specificity: 0.948  
 
FNAC 6 Tier Bethesda: malignant  (+ve)  
TP:    16    FN:  43    FP:  10      TN: 323  ;    sensitivity: 0.271,   specificity: 0.969  
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 

 
Reference Can, 200861 

Study type retrospective 

Number of patients n =  23 nodules sent for surgery (USG) and 18 nodules sent for surgery (non-USG) 
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Reference Can, 200861 

Patient 
characteristics 

Age, mean (SD): not available for those that had surgery  
 
Gender (female to male ratio): not available for those that had surgery 
 
Ethnicity: not reported 
 
Setting: Outpatient endocrinology clinic 
 
Country: Turkey 
 
Inclusion criteria: All consecutive patients who underwent FNA of thyroid nodules, followed by surgery. 
 
Exclusion criteria: No surgery performed (note that this is an exclusion criterion for the data included here but was not an exclusion 
criterion for the study that also looked at data from patients who did not have surgery) 
 
Stratum (prior US assessment / no prior US assessment): unclear 
 
Sub-group (US-guided / not US guided): USG for 23 and non-USG for 18 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Can, 200861 

Results 
 

USG 
 
FNA grading: benign, indeterminate (a pattern of follicular or Hurthle cell neoplasm or aspects of atypia suggestive, but not 
conclusive of the presence of a malignant neoplasm), malignant  
 
Inadequate category: 0 malignant, 1 benign 
 
 
FNAC rated indeterminate or malignant  (+ve) [benign taken as -ve result] 
TP: 8       FN:  0    FP: 4       TN: 11  ;    sensitivity: 1.0,   specificity: 0.733   
 
Non-USG 
 
Inadequate category: 0 malignant, 3 benign 
 
 
FNA grading: benign, indeterminate (a pattern of follicular or Hurthle cell neoplasm or aspects of atypia suggestive, but not 
conclusive of the presence of a malignant neoplasm), malignant  
 
FNAC rated indeterminate or malignant  (+ve) [benign taken as -ve result] 
TP: 2       FN:  0    FP: 4       TN: 12  ;    sensitivity: 1.0,   specificity: 0.75   
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Chang, 199767 

Study type Retrospective 

Number of patients n =  662 nodules from 662 patients 

Patient 
characteristics 

Age, mean (SD): Not reported 
 
Gender (female to male ratio): Not reported 
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Reference Chang, 199767 

 
Ethnicity: not reported 
 
Setting: Internal medicine Department 
 
Country: China 
 
Inclusion criteria: Patients undergoing FNA and surgery for thyroid nodules. Surgery indicated for those with a malignant or 
indeterminate result. Those with a benign result only underwent surgery in cases of a rapidly growing nodule, local compression or 
cosmetic reasons. 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): unclear 
 
Sub-group (US-guided / not US guided): not reported as USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
Fine needle aspiration cytology without ROSE, with smear only 
 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Chang, 199767 

Results 
 

Malignant=162; benign=500 
 
Inadequate category: 6 malignant, 38 benign 
 
 
FNAC rated indeterminate or malignant  (+ve) [benign taken as -ve result] 
TP:   139     FN: 23     FP:   161     TN: 339  ;    sensitivity: 0.858,   specificity:  0.678 
 
FNAC rated malignant  (+ve) [indeterminate or benign taken as -ve result] 
TP:   105     FN: 57     FP:   47     TN: 453  ;    sensitivity: 0.648,   specificity:  0.906 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Francis, 1999115 

Study type Retrospective 

Number of patients n =  45 patients 

Patient 
characteristics 

Age, median (range): 37 (19-63) 
 
Gender (female to male ratio): 41:4 
 
Ethnicity: not reported 
 
Setting: Cytology and Histopathology Units 
 
Country: Kuwait 
 
Inclusion criteria: Patients attending thyroid unit for FNA  
 
Exclusion criteria: Not meeting criteria for FNA; aspirated cervical lymph nodes 
 
Stratum (prior US assessment / no prior US assessment): unclear 
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Reference Francis, 1999115 

 
Sub-group (US-guided / not US guided): not stated to be USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Malignant=20; benign=25 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Inadequate category: 1 malignant, 3 benign 
 
 
FNAC rated carcinoma or NHL or neoplasm or hyperplastic nodules (+ve) [benign taken as goitre, benign] 
TP:  17      FN:  3    FP:    12    TN: 13  ;    sensitivity: 0.85,   specificity: 0.52 
 
FNAC rated carcinoma or NHL or hyperplastic nodules (+ve) [benign taken as neoplasm, goitre, benign] 
TP:  14      FN:  6    FP:    3    TN: 22  ;    sensitivity: 0.70,   specificity: 0.88  
 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
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Reference Francis, 1999115 

Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Haberal, 2009144 

Study type Retrospective - consecutive 

Number of patients n = 260 nodules in 260 patients 

Patient 
characteristics 

Age, median (range): 46 (12-85) 
 
Gender (female to male ratio):  218:42 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: Turkey 
 
Inclusion criteria: Adequate FNAC followed by thyroidectomy or lobectomy for a dominant thyroid nodule 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): unclear if prior US 
 
Sub-group (US-guided / not US guided): USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
Fine needle aspiration cytology without ROSE, with smear only 
 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
 
Time between measurement of index test and reference standard:  



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
163 

Reference Haberal, 2009144 

Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Malignant: 63; Benign: 197 
 
Inadequate category: not reported 
 
 
FNAC rated Hurtle Cell neoplasm/Follicular neoplasm, suspicious for neoplasm or malignant  (+ve) [negative taken as negative] 
TP:   59     FN:   4   FP:  31      TN: 166  ;    sensitivity: 0.937,   specificity:  0.843 
 
FNAC rated suspicious for neoplasm or malignant  (+ve) [negative and Hurtle Cell neoplasm/Follicular neoplasm, taken as non-
neoplasm] 
TP:   53     FN:   10   FP:  18      TN: 179  ;    sensitivity: 0.841,   specificity:  0.909 
 
FNAC rated malignant only  (+ve) [benign taken as Hurtle Cell neoplasm, Follicular neoplasm, suspicious for neoplasm or non-
neoplasm] 
TP:   41     FN:   22   FP:  1      TN: 196  ;    sensitivity: 0.651,   specificity: 0.995  
 
These results are based on data in table in study and do not agree with reported sensitivity and specificity figures. 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): Very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Hamming, 1998150 

Study type Retrospective 

Number of patients n = 240 nodules 

Patient 
characteristics 

Age, mean (range): 58 (14-81) 
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Reference Hamming, 1998150 

Gender (female to male ratio): 179:61 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: Holland 
 
Inclusion criteria: Patients operated on for nodular thyroid disease with an evaluable FNAC 
 
Exclusion criteria: non-evaluable smears – insufficient material for cytodiagnosis.  
 
Stratum (prior US assessment / no prior US assessment): unclear if prior US 
 
Sub-group (US-guided / not US guided): not clear if USG used 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Malignant=72; benign=168 
 
Inadequate category: not reported 
 
FNAC rated indeterminate or malignant  (+ve) [benign taken as -ve result] 
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Reference Hamming, 1998150 

TP:  67      FN:  5    FP:  69      TN: 99  ;    sensitivity: 0.931,   specificity: 0.589   
 
FNAC rated malignant  (+ve) [benign or indeterminate taken as -ve result] 
TP:  49      FN:  23    FP:  2      TN: 166  ;    sensitivity: 0.6805,   specificity:  0.988 
 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Hawkins, 1987153 

Study type Retrospective 

Number of patients n = 415 nodules 

Patient 
characteristics 

Age, mean (SD): not provided for subset with surgery data 
 
Gender (female to male ratio): not available 
 
Ethnicity: not reported 
 
Setting: Outpatient endocrinology unit 
 
Country: Spain 
 
Inclusion criteria: Patients referred to endocrinology unit because of diffuse or nodular goitres, with or without symptoms; surgery (in 
patients with positive or suspicious FNAB cytology and/or suggestive clinical histories, and in patients with cold thyroid nodules and 
negative FNAB results that did not respond to 6 months of suppressive thyroxine therapy  
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): unclear if prior US 
 
Sub-group (US-guided / not US guided): unclear if USG 



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
166 

Reference Hawkins, 1987153 

 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear + cytospin and cell block. Unclear in description but stated that ‘if fluid 
was drawn the centrifuged sediment was studied’, indicating that at least cytospin was used in addition to smear.  
 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Malignant=73; benign=342 
 
Inadequate category: not reported 
 
 
FNAC rated ‘positive’ for carcinoma or suspicious follicular proliferative lesions  (+ve) [‘negative’(including non-malignant follicular 
proliferative lesions) taken as -ve result] 
TP: 63       FN:  10    FP:   16     TN:  326 ;    sensitivity:0.863,   specificity:  0.953 
 
FNAC rated positive for carcinoma (+ve) [‘negative’ (including non-malignant follicular proliferative lesions) or suspicious follicular 
proliferative lesions  taken as -ve result] 
TP: 48       FN:  25    FP:   3     TN:  339 ;    sensitivity: 0.658,   specificity:  0.991 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  
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Reference Jat, 2019167 

Study type Prospective 

Number of patients n = 75 nodules 

Patient 
characteristics 

Age, mean (SD): Not provided for surgical sub-set 
 
Gender (female to male ratio): Not provided for surgical sub-set 
 
Ethnicity: not reported 
 
Setting: Outpatient department of surgery 
 
Country: Kingdom of Saudi Arabia 
 
Inclusion criteria: all patients came in OPD with clinically diagnosed as a solitary thyroid nodule having no hyper or hypothyroidism, 
irrespective of age and sex; thyroid surgery 
 
Exclusion criteria: patients presenting with extra-thyroid neck swelling; patients having toxic or non- toxic diffuse or multinodular 
goitre 
 
Stratum (prior US assessment / no prior US assessment): prior US performed but not stated that the sample were selected through 
that 
 
Sub-group (US-guided / not US guided): USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology with ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
 
Time between measurement of index test and reference standard:  
Not clear 
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Reference Jat, 2019167 

 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Malignant= 32; benign=43 
 
Inadequate category: 10 inadequate results but no histopathology results available  
 
FNA gradings: non-diagnostic, goitre, thyroiditis, follicular neoplasm/Hurthle cell neoplasm, malignancy 
 
FNAC rated follicular neoplasm/Hurthle cell neoplasm, malignancy  (+ve) [goitre, thyroiditis taken as -ve result] 
TP:    6    FN:  4    FP:  24      TN: 41  ;    sensitivity: 0.60,   specificity: 0.631   
 
FNAC rated malignancy  (+ve) [follicular neoplasm/Hurthle cell neoplasm, goitre, thyroiditis taken as -ve result] 
TP:    4    FN:  6    FP:  2      TN: 63  ;    sensitivity: 0.40,   specificity: 0.969   

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): none 

Comments  

 

 
Reference Kothari, 2019 #1269 196 

Study type Prospective 

Number of patients n =  53 nodules 

Patient 
characteristics 

Age, mean (SD): 39 (not reported) 
 
Gender (female to male ratio): 3.8:1 
 
Ethnicity: not reported 
 
Setting: Department of cytopathology 
 
Country: India 
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Reference Kothari, 2019 #1269 196 

Inclusion criteria: Not reported; FNA with follow up histopathology 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): unclear if prior US 
 
Sub-group (US-guided / not US guided): not clear if USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology with ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Malignant= 3; benign=50 (somewhat unclear in paper) 
 
Inadequate category: not reported 
 
 
FNAC rated Bethesda VI (+ve) [benign taken as Bethesda II, III, IV result] 
TP:   2     FN:  1    FP:  0      TN:  50 ;    sensitivity: 0.667,   specificity: 1.00  
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  
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Reference La ROSE, 1991200 

Study type Retrospective 

Number of patients n =  827 nodules 

Patient 
characteristics 

Age, mean (SD): Not reported 
 
Gender (female to male ratio): Not reported 
 
Ethnicity: not reported 
 
Setting: Surgical/Endocrinology 
 
Country: Italy 
 
Inclusion criteria: Cold thyroid nodules examined with FNA that were given subsequent surgery. Surgery was offered to those to 
those that were malignant or highly suspicious on FNA; probable adenoma were suggested to undergo surgery. ‘Benign’ or 
‘inadequate’ nodules were also given surgery if there was clinical suspicion or through patient choice. [Thus although there was 
some bias in the access to surgery, there was definite access from all FNA categories, allowing a reasonably valid assessment of 
accuracy to be made]. 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): prior US not reported 
 
Sub-group (US-guided / not US guided): No evidence of USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
 
Time between measurement of index test and reference standard:  
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Reference La ROSE, 1991200 

Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Malignant=250; benign = 577 
 
Inadequate category: 3 malignant, 19 benign 
 
 
Used following scale; malignant, follicular lesion type I (suggestive of follicular carcinoma), follicular type II (probably malignant), 
follicular type III (suggestive of benign lesion), benign and inadequate.  
 
FNAC rated malignant, follicular lesion type I (suggestive of follicular carcinoma), follicular type II (probably malignant), follicular type 
III (suggestive of benign lesion) (+ve) [benign taken as -ve result] 
TP:  241      FN:  9    FP:   320     TN: 257  ;    sensitivity: 0.964,   specificity: 0.445  
 
FNAC rated malignant, follicular lesion type I (suggestive of follicular carcinoma), follicular type II (probably malignant) (+ve) [benign 
and type III follicular lesions taken as -ve result] 
TP:  215      FN:  35    FP:   87     TN: 490  ;    sensitivity: 0.860,   specificity: 0.849  
 
FNAC rated malignant, follicular lesion type I (suggestive of follicular carcinoma), (+ve) [benign and type III & II follicular lesions 
taken as -ve result] 
TP:  200      FN:  50    FP:   25     TN: 552 ;    sensitivity:0.800,   specificity:  0.957 
 
FNAC rated type malignant (+ve) [benign and type III & II & I follicular lesions taken as -ve result] 
TP:  179      FN:  79    FP:   23     TN: 554  ;    sensitivity: 0.694,   specificity:  0.960 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): none 

Comments  
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Reference Leenhardt, 1999204 

Study type Retrospective - consecutive 

Number of patients n = 94 nodules undergoing surgery 

Patient 
characteristics 

Age, mean (SD): Not reported for those undergoing surgery 
 
Gender (female to male ratio): not reported for those undergoing surgery 
 
Ethnicity: not reported 
 
Setting: Surgery/Endocrinology Unit 
 
Country: France 
 

Inclusion criteria: Consecutive patients with thyroid nodules referred for FNA after US; non palpable nodules. Surgery provided for a 
histopathological diagnosis. Surgery was offered to those to those that were malignant or suspicious on FNA; supracentrimetric or 

isolated cold nodules; simultaneous presence of a palpable nodule in a multinodular gland and miscellaneous reasons. [Thus, 
although there was some bias in the access to surgery, there was definite access from all FNA categories, allowing a reasonably 
valid assessment of accuracy to be made]. 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): prior US 
 
Sub-group (US-guided / not US guided): USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only.  
 
If repeated FNA, only the result of the last used in this analysis 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
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Reference Leenhardt, 1999204 

Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Malignant: 20; benign: 74 
 
Inadequate category: 3 malignant, 9 benign 
 
FNAC rated suspicious or malignant  (+ve) [benign taken as -ve result] 
TP:  16      FN: 4     FP: 33     TN: 41  ;    sensitivity: 0.8,   specificity: 0.554   
 
FNAC rated malignant  (+ve) [suspicious, benign taken as -ve result] 
TP:  9      FN: 11     FP: 16      TN: 58  ;    sensitivity: 0.45,   specificity: 0.784   

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Li, 2013206 

Study type Prospective 

Number of patients n = 51 nodules in 48 patients 

Patient 
characteristics 

Age, mean (SD): 47.2(5.7) 
 
Gender (female to male ratio): 35:13 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: China 
 
Inclusion criteria: Patients with suspected solid thyroid nodules, later given US guided biopsy and a histopathological confirmation 
after, presumably, surgery.  
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Reference Li, 2013206 

Exclusion criteria: Patients hyper-susceptible to SonoVue or with coagulation dysfunction were excluded 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Core biopsy with US guidance 
Core biopsy with CEUS guidance 
 
Reference (gold) standard:  
Surgical histopathological findings (though unclear) 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: PTC detected at puncture points: 240; No PTC detected at puncture points 70 [note unit of analysis is biopsy 
puncture points not nodules] 
 
Inadequate category: 0 malignant, 0 benign 
 
Biopsy with US guidance rated positive  (+ve)  [negative taken as -ve result] 
TP:   116     FN:  124    FP:  11      TN: 59   ;    sensitivity:0.483,   specificity:0.843  
 
Biopsy with CEUS guidance rated positive  (+ve) [negative taken as -ve result] 
TP:   199     FN:  41    FP:  13      TN: 57   ;    sensitivity:0.829,   specificity:0.814   
  
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): none 
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Reference Li, 2013206 

Comments  

 

 
Reference Lukitto, 1998217 

Study type Retrospective 

Number of patients n =  167 nodules in 167 patients 

Patient 
characteristics 

Age, mean (SD): not reported 
 
Gender (female to male ratio): not reported 
 
Ethnicity: not reported 
 
Setting: Division of surgical oncology 
 
Country: Indonesia 
 
Inclusion criteria: Patients with thyroid nodules undergoing FNAC and surgery. Indications for surgery not provided. Out of 250, 167 
went for thyroidectomy, and 162 of these were ‘negative’ on FNA, so it seems that the decision was not based on FNAC. Therefore 
this study has been included.  
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): not reported to be prior US 
 
Sub-group (US-guided / not US guided): Not reported to be USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
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Reference Lukitto, 1998217 

Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Malignant=16; benign=151 
 
Inadequate category: not reported 
 
FNAC rated positive  (+ve) [negative taken as -ve result] 
TP:  4      FN:  12    FP:  1      TN: 150  ;    sensitivity: 0.25,   specificity: 0.993   
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Mijovic, 2009240 

Study type Retrospective - consecutive 

Number of patients n = 115 nodules from 115 patients 

Patient 
characteristics 

Age, median (range): 51 (23-83) 
 
Gender (female to male ratio): 90:25 
 
Ethnicity: not reported 
 
Setting: Teaching Hospital 
 
Country: Canada 
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Reference Mijovic, 2009240 

Inclusion criteria: Consecutive patients undergoing thyroidectomy for cytologically proven malignancy or nodules suspicious for being 
malignant (e.g. history of radiation exposure, family history, size and so on); surgery also performed on patients with Graves disease, 
large goitres and compression symptoms with FNA performed pre-op. 
 
Exclusion criteria:  
 
Stratum (prior US assessment / no prior US assessment): prior US not reported 
 
Sub-group (US-guided / not US guided): NO USG USED 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
AND some (unspecified number) were: 
Fine needle aspiration cytology without ROSE, with smear + cell block. The paper stated that: ‘all cases had at least a smear stained 
with Papanicolaou, and, if enough material was available, a smear stained with Diff quick and a cell block was performed’ 
 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Malignant: 73; benign 42 
 
Inadequate category: 4 malignant, 5 benign 
 
FNAC rated positive/suspicion of malignancy or indeterminate  (+ve) [benign taken as -ve result] 
TP:  63      FN: 10     FP: 28       TN:14   ;    sensitivity: 0.863,   specificity: 0.333  
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Reference Mijovic, 2009240 

 
FNAC rated positive/suspicion of malignancy (+ve) [benign or indeterminate  taken as -ve result] 
TP:  39      FN: 34     FP: 6       TN:36   ;    sensitivity: 0.534,   specificity: 0.857  
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Nart, 2010 #1327257 

Study type Retrospective 

Number of patients n = 291 nodules 

Patient 
characteristics 

Age, mean (SD): not reported 
 
Gender (female to male ratio): not reported 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: Turkey 
 
Inclusion criteria: Patients with FNA followed up with surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
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Reference Nart, 2010 #1327257 

Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Malignant= 114; benign=177  
 
Inadequate category: 9 malignant, 13 benign 
 
FNAC rated suspicious or malignant  (+ve) [benign taken as -ve result] 
TP:  45      FN:  69    FP:  24      TN: 153  ;    sensitivity: 0.395,   specificity:  0.864 
 
FNAC rated malignant  (+ve) [benign or suspicious taken as -ve result] 
TP:  25      FN:  89    FP:  13      TN: 164  ;    sensitivity: 0.219,   specificity:  0.927 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability):serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Naz, 2014260 

Study type Retrospective 

Number of patients n = 61  nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those sent to surgery 
 
Gender (female to male ratio): not reported for those sent to surgery 
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Reference Naz, 2014260 

Ethnicity: not reported 
 
Setting: Histopathology Department 
 
Country: Pakistan 
 
Inclusion criteria: Patients presenting with thyroid swelling, undergoing FNA. For this review only those sent for surgery were 
included, but no rationale for surgery given; however it appears that those sent for surgery represented all gradings of the FNAC. 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): No report of prior US 
 
Sub-group (US-guided / not US guided): Not reported to be USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear + cell block.  
 
Repeat aspiration performed for inadequate smears 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: Malignant=14; benign=47 
 
Inadequate category: unclear 
 
FNAC rated Bethesda 3 or above  (+ve) [benign taken as Bethesda 2] 
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Reference Naz, 2014260 

TP:   9     FN: 5     FP:  7      TN:  40 ;    sensitivity: 0.643,   specificity: 0.851  
 
FNAC rated Bethesda 4 or above  (+ve) [benign taken as Bethesda 2 or 3] 
TP:   7     FN: 7     FP:  3      TN:  44 ;    sensitivity: 0.50,   specificity: 0.936  
 
FNAC rated Bethesda 5  or above  (+ve) [benign taken as Bethesda 2 -4] 
TP:   6     FN: 8     FP:  0      TN:  47 ;    sensitivity: 0.429,   specificity: 1.0  
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Okumura, 1999 #1334266 

Study type Prospective 

Number of patients n =  109 nodules from 107 patients 

Patient 
characteristics 

Age, mean (SD): 54.8(15.5) 
 
Gender (female to male ratio): 89: 18 
 
Ethnicity: not reported 
 
Setting: Teaching hospital 
 
Country: Japan 
 
Inclusion criteria: Patients with thyroid nodules that were given FNA and surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): No prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
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Reference Okumura, 1999 #1334266 

 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: Malignancy=50; benign=59 
 
Inadequate category: unclear 
 
FNAC scale: Class I= normal; class II abnormal; class III possible malignant; class IV probably malignant; class V definitely 
malignant. 
 
FNAC rated class II or above  (+ve) [Class I taken as -ve result] 
TP:   46     FN:  4    FP:     49   TN: 10  ;    sensitivity: 0.92,   specificity:  0.169 
 
FNAC rated class III or above  (+ve) [class I or II taken as -ve result] 
TP:   25     FN:  25    FP:     9   TN: 50  ;    sensitivity: 0.50,   specificity:  0.847 
 
FNAC rated class IV or above  (+ve) [class I or II or III taken as -ve result] 
TP:   18     FN:  32    FP:     2   TN: 57  ;    sensitivity: 0.36,   specificity:  0.966 
 
FNAC rated class V or above  (+ve) [class I or II or III or IV taken as -ve result] 
TP:   10     FN:  40    FP:     0   TN: 59  ;    sensitivity: 0.20,   specificity:  1.00 
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Reference Okumura, 1999 #1334266 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): none 

Comments  

 
Reference Prinz, 1983282 

Study type Retrospective, but unclear 

Number of patients n =  109 patients with 109 nodules 

Patient 
characteristics 

Age, mean (SD):  
 
Gender (female to male ratio):  
 
Ethnicity: not reported 
 
Setting: University hospital 
 
Country: USA 
 
Inclusion criteria: Patients with palpable nodules hypo-functioning on thyroid scintiscan; subsequent thyroidectomy 
 
Exclusion criteria: None reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
At least 6 groups of epithelial cells required for adequate cytological evaluation, unless there was obvious atypical changes in the 
existing cells. 
 
Reference (gold) standard:  
Surgical histopathological findings 
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Reference Prinz, 1983282 

 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=20  ;benign=89 
 
Inadequate category: 2 malignant, 29 benign 
 
FNAC rated carcinoma or lymphoma or follicular or hurtle cell neoplasm  (+ve) [benign nodular goitre, thyroiditis taken as -ve result] 
TP:   17     FN:  3    FP:   51     TN: 38   ;    sensitivity: 0.85,   specificity: 0.427  
 
 
FNAC rated carcinoma or lymphoma  (+ve) [benign nodular goitre, thyroiditis, follicular or hurtle cell neoplasm taken as -ve result] 
TP:   10     FN:  10    FP:   31     TN: 58   ;    sensitivity: 0.50,   specificity: 0.652  
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Roy, 2019299 

Study type Prospective 

Number of patients n =  112 nodules in 112 patients 

Patient 
characteristics 

Age, mean (SD): Not reported 
 
Gender (female to male ratio): 89-23 
 
Ethnicity: not reported 
 
Setting: ENT department 
 
Country: India 
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Reference Roy, 2019299 

 
Inclusion criteria: Patients over 15 years; euthyroid state on blood examination; presenting with clinical evidence of thyroid disease 
and swelling 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): prior US, but not stated that a certain level was a criterion for inclusion 
 
Sub-group (US-guided / not US guided): No USG reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant= 27; benign= 85 
 
Inadequate category: unclear 
 
FNAC rated papillary carcinoma, anaplastic carcinoma, follicular neoplasm, medullary carcinoma (positive)  (+ve) [colloid/nodular 
goitre, adenomatoid goitre, Hashimoto’s thyroiditis, and benign cystic lesion taken as -ve result] 
TP:    22    FN:   5   FP:   4     TN: 81  ;    sensitivity: 0.815,   specificity: 0.953  
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): none 

Comments  
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Reference Sclabas, 2003311 

Study type Retrospective - consecutive 

Number of patients n = 240 nodules in 240 patients 

Patient 
characteristics 

Age, median (range): 46 (5-96) 
 
Gender (female to male ratio): 180:60 
 
Ethnicity: not reported 
 
Setting: Department of surgical oncology 
 
Country: USA 
 
Inclusion criteria: Patients undergoing FNA with or without US guidance; thyroidectomy 
 
Exclusion criteria: not reported 
 
Stratum (prior US assessment / no prior US assessment): prior US for majority 
 
Sub-group (US-guided / not US guided): USG for some (not majority) 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology WITH ROSE?, with smear + cytospin and cell block 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Sclabas, 2003311 

Results 
 

Gold standard results: malignant= 103 ;benign= 137 
 
Inadequate category: 1 malignant, 10 benign 
 
FNAC rated indeterminate follicular, indeterminate Hurtle, Suspicious for malignancy, or positive  (+ve) [negative taken as -ve result] 
TP:   100     FN: 3     FP:   86     TN: 51  ;    sensitivity: 0.971,   specificity: 0.372   
 
FNAC rated Suspicious for malignancy, or indeterminate follicular, or positive  (+ve) [negative or indeterminate Hurtle, taken as -ve 
result] 
TP:   98     FN: 5     FP:   78     TN: 59  ;    sensitivity: 0.951,   specificity:0.431   
 
FNAC rated Suspicious for malignancy, or positive  (+ve) [negative or indeterminate follicular or indeterminate Hurtle, taken as -ve 
result] 
TP:   87     FN: 16     FP:   16     TN: 121  ;    sensitivity: 0.845,   specificity: 0.883  
 
FNAC rated positive  (+ve) [suspicious or negative or indeterminate follicular or indeterminate Hurtle, taken as -ve result] 
TP:   73     FN: 30     FP:   13     TN: 124  ;    sensitivity 0.709,   specificity: 0.905  
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Seya, 1990317 

Study type Retrospective 

Number of patients n =  26 nodules in 26 patients 

Patient 
characteristics 

Age, mean (SD): not reported 
 
Gender (female to male ratio): not reported 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: Japan 
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Reference Seya, 1990317 

Inclusion criteria: Patients with thyroid nodule examined using FNA and given surgery. 64 did not receive surgery but reasons not 
given =- however out of those going to surgery half were benign on FNA so it does not seem that FNA result was the only criterion 
for surgery. 
 
Exclusion criteria:  
 
Stratum (prior US assessment / no prior US assessment): prior US but this did not determine who had FNA 
 
Sub-group (US-guided / not US guided): No USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=13 ;benign=13 
 
Inadequate category: not reported 
 
FNAC rated malignant  (+ve) [benign taken as -ve result] 
TP:    11    FN: 2     FP:   0     TN:  13 ;    sensitivity: 0.846,   specificity:  1.0 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  
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Reference Slowinska-Klencka, 2008330 

Study type Retrospective 

Number of patients n =  1694 nodules 

Patient 
characteristics 

Age, mean (SD): not reported 
 
Gender (female to male ratio): 1525:169 
 
Ethnicity: not reported 
 
Setting: Clinical Endocrinology 
 
Country: Poland 
 
Inclusion criteria: Patients referred from outpatients clinics for US and then FNAB and thyroidectomy 
 
Exclusion criteria: Not stated 
 
Stratum (prior US assessment / no prior US assessment): prior US 
 
Sub-group (US-guided / not US guided): USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear + cytospin and cell block  
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
1 year maximum 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Slowinska-Klencka, 2008330 

Results 
 

Gold standard results: malignant= 120  ;benign=1574 
 
Inadequate category: 1 malignant, 37 benign 
 
 
FNAC rated malignant or suspected follicular neoplasm/tumour or suspected oxyphilic neoplasm/tumour or unclassified suspected 
lesion (+ve) [benign taken as -ve result] 
TP:  86      FN: 34     FP: 245       TN: 1329  ;    sensitivity: 0.717,   specificity: 0.844  
 
 

Source of funding Medical University of Lodz 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Son, 2014332 

Study type Retrospective 

Number of patients n =  694 nodules from 469 patients 

Patient 
characteristics 

Age, mean (SD): skilled group 53.3(11.9); non-skilled group 51.6(12.6) 
 
Gender (female to male ratio): skilled 112:18; non-skilled 289:50 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: South Korea 
 
Inclusion criteria: Patients undergoing total or hemithyroidectomy and also FNA 
 
Exclusion criteria: Patients undergoing FNA in another hospital 
 
Stratum (prior US assessment / no prior US assessment): prior US but not used to determine whether FNA was given 
 
Sub-group (US-guided / not US guided): USG 
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Reference Son, 2014332 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant= 450 ;benign=244 
 
Inadequate category: 7 malignant, 23 benign 
 
FNAC rated positive for malignancy and suspicious for malignancy and follicular neoplasm and AUS  (+ve) [benign taken as -ve 
result] 
TP:  414      FN: 36     FP:   57     TN: 187  ;    sensitivity: 0.920,   specificity: 0.766  
 
FNAC rated positive for malignancy and suspicious for malignancy and AUS  (+ve) [benign or follicular neoplasm taken as -ve result] 
TP:  409      FN: 41     FP:   53     TN: 191  ;    sensitivity: 0.909,   specificity: 0.783  
 
FNAC rated positive for malignancy and suspicious for malignancy (+ve) [benign or follicular neoplasm or AUS taken as -ve result] 
TP:  348      FN: 102     FP:   31     TN: 213  ;    sensitivity: 0.773,   specificity: 0.873 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Sukumaran, 2014339 

Study type Retrospective 
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Reference Sukumaran, 2014339 

Number of patients n =  248 nodules 

Patient 
characteristics 

Age, range: 11-79 
 
Gender (female to male ratio): 179:69 
 
Ethnicity: not reported 
 
Setting: Regional cancer centre 
 
Country: India 
 
Inclusion criteria: Series of cases of thyroid nodules with underwent FNA followed by surgery 
 
Exclusion criteria: Those not given surgery [although the majority having surgery were malignant or suspicious on FNA there were a 
sufficient number that were benign to ensure that category was represented] 
 
Stratum (prior US assessment / no prior US assessment): prior US performed but no evidence that this influenced decision to go for 
FNA 
 
Sub-group (US-guided / not US guided): USG done only in some (non-majority) 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Sukumaran, 2014339 

Results 
 

Gold standard results: malignant= 198 ;benign= 50 
 
Inadequate category: 1 malignant, 14 benign 
 
FNAC rated FN/SFN or FLUS or suspicious or malignant  (+ve) [benign taken as -ve result] 
TP:   193     FN:   5   FP:  23    TN:27   ;    sensitivity: 0.975,   specificity: 0.54  
 
FNAC rated FN/SFN or suspicious or malignant  (+ve) [FLUS or benign taken as -ve result] 
TP:   187     FN:   11   FP:  18    TN:32   ;    sensitivity: 0.944,   specificity: 0.64  
 
FNAC rated suspicious or malignant  (+ve) [FN/SFN or FLUS or benign taken as -ve result] 
TP:   158     FN:   40   FP:  14    TN:36   ;    sensitivity: 0.798,   specificity: 0.72  
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Tabaqchali, 2000343 

Study type Retrospective 

Number of patients n = 239 patients with 302 FNAs on single or dominant nodules (including 63 repeats aspirations on 45 patients) 

Patient 
characteristics 

Age, mean (range): 48(8.5-85) 
 
Gender (female to male ratio): 213:26 
 
Ethnicity: not reported 
 
Setting: Endocrine Surgery 
 
Country: UK 
 
Inclusion criteria: patients with a dominant thyroid nodule who had FNAC carried out in the 6 year period 1990-1995 and subsequent 
partial or complete thyroidectomy. 
 
Exclusion criteria: Not reported 
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Reference Tabaqchali, 2000343 

Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): no USG reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only. In those having repeats the highest grade reported was used for 
diagnostic accuracy analysis. 
Cytologically inadequate samples were excluded.  
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant= 34 ; benign = 205 
 
Inadequate category: 6 malignant, 70 benign 
 
 
FNAC rated AC3 and above (+ve) [AC2 taken as -ve result] 
TP:   25    FN: 9     FP:   136     TN:  69; sensitivity: 0.735,   specificity: 0.337  
 
FNAC rated AC4 and above (+ve) [AC2-3 taken as -ve result] 
TP:   13    FN: 21     FP:   77     TN:  128; sensitivity: 0.382,   specificity: 0.624   
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  
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Reference Wang, 2020364 

Study type Retrospective 

Number of patients n = 274 nodules in 196 patients 

Patient 
characteristics 

Age, mean (SD): 47.24 (12.15) 
 
Gender (female to male ratio): 168:28 
 
Ethnicity: not reported 
 
Setting: Teaching hospital 
 
Country: China 
 
Inclusion criteria: Patients undergoing US, FNA and thyroidectomy 
 
Exclusion criteria: History of thyroid surgery; thyroid metastasis; surgically removed nodules that were not one-to-one matched with 
the US findings 
 
Stratum (prior US assessment / no prior US assessment): prior US used as indication for FNA (1 suspicious US characteristic) 
 
Sub-group (US-guided / not US guided): USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Wang, 2020364 

Results 
 

Gold standard results: malignant= 114 ;benign= 160 
 
BSRTC rating used I: DN/UNS; II: benign; III: AUS/FLUS; IV: FN/SFN; V: SFM; VI: Malignant 
 
Inadequate category: 9 malignant, 9 benign 
 
FNAC rated III or above  (+ve) [II taken as -ve result] 
TP:   99     FN: 15     FP:   67     TN: 93   ;    sensitivity: 0.868,   specificity: 0.581  
 
FNAC rated IV or above  (+ve) [II-III taken as -ve result] 
TP:   74     FN: 40     FP:   29     TN: 131   ;    sensitivity: 0.649,   specificity: 0.819 
 
FNAC rated V or above  (+ve) [II-IV taken as -ve result] 
TP:   73     FN: 41     FP:   22     TN: 138   ;    sensitivity: 0.640,   specificity: 0.863  
 
FNAC rated VI  (+ve) [II-V taken as -ve result] 
TP:   29     FN: 85     FP:   10     TN: 150   ;    sensitivity: 0.254,   specificity:   0.938 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Wei, 2016365 

Study type Retrospective/prospective 

Number of patients n = 78 nodules 

Patient 
characteristics 

Age, mean (range): 47.6(33-64) 
 
Gender (female to male ratio): 44:34 
 
Ethnicity: not reported 
 
Setting: General Hospital 
 
Country: China 
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Reference Wei, 2016365 

Inclusion criteria: Patients with suspicious thyroid nodules, diagnosed with FNA and given surgery 
 
Exclusion criteria:  
 
Stratum (prior US assessment / no prior US assessment): prior US but did not appear to be an indication for FNA 
 
Sub-group (US-guided / not US guided): USG used 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear, combined with thin-prep cytology test, which uses a filtration process and 
thin-layer deposition of cells [appears similar to cytospin]. 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=22 ;benign=54 
 
Non diagnostic were excluded from study (n=2) and so could not be included in analysis 
 
FNAC rated malignant  (+ve) [benign taken as -ve result] 
TP:  20      FN: 2     FP:    1    TN: 53  ;    sensitivity: 0.909,   specificity:  0.981 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  
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Reference Xiong, 2019377 

Study type Retrospective/prospective 

Number of patients n =  578 nodules 

Patient 
characteristics 

Age, median (range): 38(20-81) 
 
Gender (female to male ratio): 432:146 
 
Ethnicity: not reported 
 
Setting: Teaching hospital 
 
Country: China 
 
Inclusion criteria: Patients with thyroid nodules treated at Peking University First Hospital from January 2015 to December 2017 were 
reviewed. Cases of thyroid follicular lesions with both CNB and resected specimens were retrieved 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Core biopsy 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: Yes 
 
Blinding of gold standard test: Yes 
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Reference Xiong, 2019377 

Results 
 

Gold standard results: malignant= 541 ;benign=37 
 
Inadequate category: 0 malignant, 1 benign 
 
Used Gradings of the Korean Endocrine Pathology Thyroid Core needle Biopsy Study Group: 1: non-diagnostic or unsatisfactory; II: 
benign lesion; III: indeterminate lesion; IV follicular neoplasm or suspicious for a follicular neoplasm; V: suspicious for malignancy; 
VI: malignant 
 
Core biopsy grades V and VI  (+ve) [Grades II, III, IV taken as -ve result] 
TP:  489      FN: 52     FP:   1     TN: 36  ;    sensitivity: 0.904,   specificity:  0.973 
 
Core biopsy grades III, V and VI  (+ve) [Grades II, IV taken as -ve result] 
TP:  519      FN: 22     FP:   2     TN: 35  ;    sensitivity: 0.959,   specificity:  0.946 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): Serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Zelmanovitz, 1998391 

Study type Retrospective 

Number of patients n = 11 nodules 

Patient 
characteristics 

Age, range: 19-47 
 
Gender (female to male ratio): 11:0 
 
Ethnicity: not reported 
 
Setting: Nuclear Medicine Department 
 
Country: Brazil 
 
Inclusion criteria: FNA and thyroidectomy 
 
Exclusion criteria: None reported 
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Reference Zelmanovitz, 1998391 

 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): no USG reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant= 1 ;benign= 10 
 
Inadequate category: not reported 
 
FNAC rated malignant or indeterminate  (+ve) [colloid goitre taken as -ve result] 
TP:   1     FN:  0    FP:    1    TN:  9 ;    sensitivity:1.0,   specificity: 0.90   
 
FNAC rated malignant  (+ve) [indeterminate or colloid goitre taken as -ve result] 
TP:   1     FN:  0    FP:    0    TN:  10 ;    sensitivity:1.0,   specificity:1.0   
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  
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Reference Zhang, 2015392 

Study type Retrospective 

Number of patients n = 78  nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those having surgery 
 
Gender (female to male ratio): not reported for those having surgery 
 
Ethnicity: not reported 
 
Setting: Unclear 
 
Country: Unclear 
 
Inclusion criteria: Thyroid nodules undergoing FNA and subsequent thyroidectomy 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): prior US but results not an indication for FNA 
 
Sub-group (US-guided / not US guided): USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology with ROSE, with smear only 
Up to a maximum of 4 passes were routinely made if the aspirate was deemed inadequate or unsatisfactory 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
202 

Reference Zhang, 2015392 

Results 
 

Gold standard results: malignant=27 ;benign=51 
 
FNAC ratings were benign (colloid nodules, hyperplastic nodules and thyroiditis), malignant, suspicious for malignancy, and 
indeterminate (including follicular or Hurtle cell neoplasm, atypia, or follicular lesion of undetermined significance) 
 
Inadequate category: 0 malignant, 7 benign 
 
FNAC rated indeterminate or malignant/suspicious for malignancy  (+ve) [benign taken as -ve result] 
TP:    26    FN:   1   FP:    27    TN: 24  ;    sensitivity: 0.963,   specificity: 0.471   
 
FNAC rated malignant/suspicious for malignancy  (+ve) [benign or indeterminate taken as -ve result] 
TP:    19    FN:   8   FP:    9    TN: 42  ;    sensitivity: 0.703,   specificity: 0.824   
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Raina, 2011285 

Study type Retrospective 

Number of patients n =   25 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those having surgery 
 
Gender (female to male ratio): not reported for those having surgery 
 
Ethnicity: not reported 
 
Setting: Department of Surgery and ENT 
 
Country:  India 
 
Inclusion criteria: Patients with thyroid nodules receiving FNA [in review, only those confirmed by histopathology were included, but 
in paper there were additionally also 71 not sent for surgery. Reasons not given but FNA results not the only reasons as half sent for 
surgery were benign on FNA]  
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Reference Raina, 2011285 

Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=7; benign=18 
 
Inadequate category: not reported 
 
FNAC rated papillary carcinoma, medullary carcinoma, suspected malignancy  (+ve) [follicular neoplasm, multinodular goitre and 
benign cystic lesion taken as -ve result] 
TP:    5    FN: 2     FP:   1     TN: 17  ;    sensitivity: 0.714,   specificity: 0.944  
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Huang, 2020161 

Study type Prospective 
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Reference Huang, 2020161 

Number of patients n =  392 nodules 

Patient 
characteristics 

Age, mean (range): 45.5 (24-77) 
 
Gender (female to male ratio): 280:112 
 
Ethnicity: not reported 
 
Setting: Teaching Hospital 
 
Country: China 
 
Inclusion criteria: 1. Thyroid nodules with 1~4 of the following five suspicious ultrasonic features -“solid nodules, hypoechoic or 
extremely hypoechoic, irregular boundary, microcalcification, taller-than-wide shape” - based on the classification standard of TI-
RADS proposed by Kwak et al; 2. Conventional thyroid ultrasonography, ultrasound elastography and FNAC performed before 
surgery; and 3. Cytologic results as well as a final diagnosis of the nodules based on postoperative pathology.  
 
Exclusion criteria: The exclusion criteria were as follows: 1. Surgery for hyperthyroidism; 2. Previous history of neck radiation or 
surgery; and 3. Thyroid nodules that do not meet the standard of KWAK-TIRADS. 
 
Stratum (prior US assessment / no prior US assessment): prior US – Kwak TIRADs used to indicate FNA 
 
Sub-group (US-guided / not US guided): Not USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Huang, 2020161 

 

Results 
 

Gold standard results: malignant= 233 ;benign= 159 
 
Bethesda classification used. 
 
Inadequate category: 4 malignant, 3 benign 
 
 
FNAC rated BSRTC level III or higher  (+ve) [level II taken as -ve result] 
TP:  228      FN: 5     FP:   124     TN: 35  ;    sensitivity: 0.979,   specificity: 0.220  
 
FNAC rated BSRTC level IV or higher  (+ve) [level II-III taken as -ve result] 
TP:  218      FN: 15     FP:   33    TN: 126  ;    sensitivity:0.936,   specificity:0.792   
 
FNAC rated BSRTC level V or higher  (+ve) [level II-IV taken as -ve result] 
TP:  123      FN: 110     FP:   4     TN: 155  ;    sensitivity: 0.528,   specificity: 0.975  
 
FNAC rated BSRTC level VI  (+ve) [level II-V taken as -ve result] 
TP:  15      FN: 218     FP:   3     TN: 156  ;    sensitivity:0.064,   specificity:  0.981 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): none 

Comments  

 
Reference Jalan, 2017166 

Study type Prospective 

Number of patients n =  40 nodules 

Patient 
characteristics 

Age, range: 8-71 
 
Gender (female to male ratio):  
 
Ethnicity: not reported 
 
Setting: Departments of pathology and radiology 
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Reference Jalan, 2017166 

Country: India 
 
Inclusion criteria: All patients with complaints of thyroid swelling [for this review, surgery] 
 
Exclusion criteria: None 
 
Stratum (prior US assessment / no prior US assessment): prior US not reported (US done concurrently) 
 
Sub-group (US-guided / not US guided): USG and non-USG done in 22, but not the majority. Non-USG done in the other 18 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=11 ;benign=29 
 
Inadequate category: not reported per histological group 
 
FNAC rated follicular neoplasm or malignant  (+ve) [non-neoplastic taken as -ve result] 
TP:  10      FN:  1    FP:   6     TN: 23  ;    sensitivity:0.909,   specificity: 0.793  
 
FNAC rated malignant  (+ve) [follicular neoplasm or non-neoplastic taken as -ve result] 
TP:  9      FN:  2    FP:   0     TN: 29  ;    sensitivity:0.818,   specificity: 1.0  
 
Note in study the results were separated for conventional FNA and conventional FBNA + USG FNA. Because the latter group were 
not ALL done with USG FNA it was not deemed appropriate to analyses separately. Hence all have been analysed together. 
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Reference Jalan, 2017166 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): none 

Comments  

 
Reference Abboud, 20031 

Study type Retrospective 

Number of patients n =  46 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those having FNAC 
 
Gender (female to male ratio): Not reported for those having FNAC 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: Lebanon 
 
Inclusion criteria: Patients undergoing thyroidectomy who also had FNAC 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): prior US not reported 
 
Sub-group (US-guided / not US guided): not specified as USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
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Reference Abboud, 20031 

 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=15 ;benign=31 
 
FNAC classification: 1. Benign, 2 Malignant, 3 indeterminate (including atypical features or follicular/Hurthle cell neoplasm), 4 non-
diagnostic.  
 
The 3 non-diagnostic cases could not be included in the analysis below as the paper did not report the GS designation for these 3 
cases 
 
FNAC rated indeterminate or malignant (+ve) [benign taken as -ve result] 
TP: 15       FN:  0    FP:   23     TN: 8  ;    sensitivity: 1.0,   specificity:  0.258 
 
FNAC rated malignant (+ve) [benign or indeterminate taken as -ve result] 
TP: 11       FN:  4    FP:   2     TN: 29  ;    sensitivity: 0.7333,   specificity:  0.935 
 
Splitting indeterminate up between suspect/atypical and follicular neoplasm: 
 
FNAC rated malignant or suspect/atypical indeterminate (+ve) [benign or follicular neoplasm indeterminate taken as -ve result] 
TP: 13       FN:  2    FP:   7     TN: 24  ;    sensitivity: 0.867,   specificity:  0.774 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Acar, 20173 

Study type Retrospective/prospective 

Number of patients n = 226 nodules (pre-Bethesda) and 316 nodules (Bethesda) 

Patient 
characteristics 

Age, mean (SD): 45.4(12.25) (pre-Bethesda) and 47(11.2) (Bethesda) 
 
Gender (female to male ratio): 79:21 (pre-Bethesda) and 80:20 (Bethesda) 
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Reference Acar, 20173 

 
Ethnicity: not reported 
 
Setting: General Surgery 
 
Country: Turkey 
 
Inclusion criteria: Patients undergoing total thyroidectomy for thyroid nodules, with FNAC pre-Bethesda or post-Bethesda inception. 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): prior US reported but did not appear to be an indication for FNA provision 
 
Sub-group (US-guided / not US guided): USG for both groups routinely 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Aspiration performed twice for each nodule. 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

PRE-BETHESDA DATA 
 
Gold standard results: malignant=27 ;benign=199 
 
Inadequate category: 1 malignant, 36 benign 
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Reference Acar, 20173 

 
Pre-Bethesda scale: non-diagnostic, benign, follicular lesion, follicular neoplasia, Hurthle cell neoplasia, suspicious for malignancy, 
and malignant 
 
FNAC rated Follicular lesion, Follicular neoplasia, Hurthle cell neoplasia, suspicious or malignant  (+ve) [benign taken as -ve result] 
TP:  23      FN:   4   FP:  100      TN: 99  ;    sensitivity:0.852,   specificity:0.498   
 
FNAC rated Follicular neoplasia, Hurthle cell neoplasia, suspicious or malignant  (+ve) [Follicular lesion, benign  
TP:  23      FN:   4   FP:  93      TN: 106  ;    sensitivity:0.852,   specificity:  0.533 
 
FNAC rated Hurthle cell neoplasia, suspicious or malignant  (+ve) [Follicular neoplasia, Follicular lesion, benign taken as -ve result] 
TP:  21      FN:   6   FP:  57      TN: 142  ;    sensitivity:0.778,   specificity:  0.714 
 
FNAC rated suspicious or malignant  (+ve) [Hurthle cell neoplasia, Follicular neoplasia, Follicular lesion, benign taken as -ve result] 
TP:  19      FN:   8   FP:  49      TN: 150  ;    sensitivity: 0.704,   specificity: 0.754  
 
FNAC rated malignant  (+ve) [Suspicious, Hurthle cell neoplasia, Follicular neoplasia, Follicular lesion, benign taken as -ve result] 
TP:  15      FN:   12   FP:  36      TN: 163  ;    sensitivity:0.556,   specificity:  0.819 
 
 
BETHESDA DATA 
 
Gold standard results: malignant=92 ;benign=224 
 
Bethesda scale: The standard 6 Bethesda groups 
 
Inadequate category: 2 malignant, 13 benign 
FNAC rated III or above (+ve) [II rated as -ve result] 
TP:  87      FN:   5   FP:  123      TN: 101  ;    sensitivity: 0.946 ,   specificity: 0.451  
 
FNAC rated IV or above (+ve) [II-III rated as -ve result] 
TP:  82      FN:   10   FP:  59      TN: 164  ;    sensitivity: 0.891,   specificity: 0.735  
 
FNAC rated V or above (+ve) [II-IV rated as -ve result] 
TP:  75      FN:   17   FP:  22      TN: 202  ;    sensitivity: 0.815,   specificity:  0.902 
 
FNAC rated VI (+ve) [II-V rated as -ve result] 



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
211 

Reference Acar, 20173 

TP:  28      FN:   64   FP:  14      TN: 210  ;    sensitivity:0.304,   specificity:  0.938 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Afroze, 20024 

Study type Retrospective 

Number of patients n =  170 nodules 

Patient 
characteristics 

Age, range: 16-78 
 
Gender (female to male ratio): 122-48 
 
Ethnicity: not reported 
 
Setting: Department of pathology 
 
Country: Pakistan 
 
Inclusion criteria: Patients undergoing FNAC of thyroid nodules and subsequent thyroid surgery 
 
Exclusion criteria: Patients without computerised records or operated on outside study hospital 
 
Stratum (prior US assessment / no prior US assessment): no report of any prior US 
 
Sub-group (US-guided / not US guided): USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology with ROSE, with smear + cytospin and cell block 
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Reference Afroze, 20024 

With larger nodules the aspiration was repeated 2 or 3 times from different areas of the gland. Two smears prepared from each 
aspirate. Patient made to wait 20 minutes and if aspirate inadequate a repeat aspiration made again. 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=22 ;benign=148 
 
FNAC classified as: benign, follicular lesion/neoplasm, suspicious, malignant, insufficient 
 
Inadequate category: 1 malignant, 3 benign 
 
FNAC rated follicular lesion, follicular neoplasm, suspicious, malignant  (+ve) [benign taken as -ve result] 
TP:  17      FN:  5    FP:  37      TN: 111  ;    sensitivity: 0.773,   specificity: 0.75  
 
FNAC rated follicular neoplasm, suspicious, malignant  (+ve) [follicular lesion,  and benign taken as -ve result] 
TP:  17      FN:  5    FP:  26      TN: 122  ;    sensitivity: 0.773,   specificity: 0.824  
 
FNAC rated suspicious, malignant  (+ve) [follicular neoplasm, follicular lesion,  and benign taken as -ve result] 
TP:  16      FN:  6    FP:  8      TN: 140  ;    sensitivity: 0.727,   specificity:  0.946 
 
FNAC rated malignant  (+ve) [follicular neoplasm, follicular lesion, suspicious and benign taken as -ve result] 
TP:  13      FN:  9    FP:  4      TN: 144  ;    sensitivity: 0.591,   specificity:  0.973 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  
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Reference Agrawal, 1995 #10938 

Study type Retrospective 

Number of patients n = 100 nodules 

Patient 
characteristics 

Age, range: 17-70 
 
Gender (female to male ratio): 74:26 
 
Ethnicity: not reported 
 
Setting: Department of surgery 
 
Country: India 
 
Inclusion criteria: Patients for whom FNAC and post-surgical pathology were available 
 
Exclusion criteria: not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Agrawal, 1995 #10938 

Results 
 

Gold standard results: malignant=34 ;benign=66 
 
FNAC classified as: category I: benign; category II thyroiditis; category III suspicious; category IV malignant; category V: inadequate 
 
Inadequate category: 4 malignant, 7 benign 
 
FNAC rated Thyroiditis, suspicious or malignant (+ve) [benign taken as -ve result] 
TP:   26     FN: 8     FP: 21       TN: 45 ;    sensitivity:0.765,   specificity: 0.682  
 
FNAC rated suspicious or malignant (+ve) [benign, Thyroiditis taken as -ve result] 
TP:    26    FN: 8     FP: 19       TN: 47 ;    sensitivity: 0.765,   specificity:  0.712 
 
FNAC rated malignant (+ve) [benign, Thyroiditis, suspicious taken as -ve result] 
TP:    13    FN: 21     FP: 9       TN: 57 ;    sensitivity: 0.382,   specificity:  0.864 
 

Source of funding  

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Aguilar-Diosdado, 19979 

Study type Retrospective/prospective 

Number of patients n = 289 nodules 

Patient 
characteristics 

Age, mean (SD): not reported 
 
Gender (female to male ratio): not reported 
 
Ethnicity: not reported 
 
Setting: Secondary care 
 
Country: Spain 
 
Inclusion criteria: Patients undergoing resection for nodular goitre; carcinoma or suspicious on FNA; thyroid nodule associated with 
lymphadenopathy; thyroid nodule associated with previous radiation exposure; enlargement of a thyroid mass despite L-thyroxine 
therapy; clinical symptoms of hoarseness or dysphagia in patients with thyroid nodules [despite specific FNA findings being an 
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Reference Aguilar-Diosdado, 19979 

indication for surgery, the fact that most people being sent to surgery had benign FNA findings meant this paper was deemed 
acceptable for inclusion]. 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): prior US but not used as criterion for FNA 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear + cytospin + cell block 
 
Suggestion of cytospin: ‘in the case of a cystic lesion all fluid was aspirated, centrifuged and processed for cytologic analysis. 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=65 ;benign=224 
 
FNAC classification: benign (goitre, thyroiditis, thyroid cyst), follicular proliferation (follicular tumour, hyperplastic nodular goitre and 
HC tumour), malignancy, unsatisfactory specimen 
 
Inadequate category: 3 malignant, 24 benign 
 
FNAC rated follicular proliferation or malignant  (+ve) [benign taken as -ve result] 
TP:  43      FN:  22    FP:  57      TN: 167  ;    sensitivity:0.661,   specificity: 0.746  
 
FNAC rated malignant  (+ve) [benign or follicular proliferation taken as -ve result] 
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Reference Aguilar-Diosdado, 19979 

TP:  24      FN:  41    FP:  29      TN: 195  ;    sensitivity: 0.369,   specificity:  0.871 
 

Source of funding Institute of Health of Spain grant FIS 93/1318 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Al-Hureibi, 200318 

Study type Retrospective 

Number of patients n = 199 nodules 

Patient 
characteristics 

Age, mean (SD): 36.36 (11.95) 
 
Gender (female to male ratio): 219:24 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: Yemen 
 
Inclusion criteria: Patients undergoing FNA and subsequent thyroid surgery for thyroid nodules/swelling.  
 
Exclusion criteria: none reported 
 
Stratum (prior US assessment / no prior US assessment): prior US not reported 
 
Sub-group (US-guided / not US guided): No USG used 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
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Reference Al-Hureibi, 200318 

Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=38 ;benign=161 
 
FNAC classified as benign, thyroiditis, follicular neoplasm, suspicious, malignant 
 
Inadequate category: 1 malignant, 2 benign 
 
FNAC rated malignant or suspicious or follicular neoplasm or thyroiditis  (+ve) [benign taken as -ve result] 
TP: 15       FN: 23     FP:  32      TN: 129   ;    sensitivity: 0.395,   specificity: 0.801  
 
FNAC rated malignant or suspicious or follicular neoplasm (+ve) [benign or thyroiditis  taken as -ve result] 
TP: 15       FN: 23     FP:  26      TN: 135   ;    sensitivity:0.395,   specificity:  0.839 
 
FNAC rated malignant or suspicious (+ve) [benign or thyroiditis or follicular neoplasm taken as -ve result] 
TP: 6       FN: 32     FP:  4      TN: 157   ;    sensitivity: 0.158,   specificity: 0.975  
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Altavilla, 199023 

Study type Retrospective 

Number of patients n = 257 nodules 

Patient 
characteristics 

Age, mean (SD): Not reported 
 
Gender (female to male ratio): Not reported 
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Reference Altavilla, 199023 

 
Ethnicity: not reported 
 
Setting: Institute of Pathology, University Hospital 
 
Country: Italy 
 
Inclusion criteria: Not reported 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=49 ;benign=208 
 
FNAC classification: benign, thyroiditis, suspect, malignant, inadequate. 
 
Inadequate category: 3 malignant, 21 benign 
 
FNAC rated thyroiditis, suspect or malignant  (+ve) [benign taken as -ve result] 
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Reference Altavilla, 199023 

TP:  39      FN:  10    FP:   60     TN: 148  ;    sensitivity: 0.796,   specificity:  0.711 
 
FNAC rated suspect or malignant  (+ve) [thyroiditis, benign taken as -ve result] 
TP:  38      FN:  11    FP:   56     TN: 152  ;    sensitivity: 0.776,   specificity:  0.731 
 
FNAC rated malignant  (+ve) [suspect or thyroiditis, benign taken as -ve result] 
TP:  20      FN:  29    FP:   21     TN: 187  ;    sensitivity: 0.408,   specificity:  0.899 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Al-Taweel, 199019 

Study type Retrospective 

Number of patients n = 91 nodules 

Patient 
characteristics 

Age, range: 18-85 
 
Gender (female to male ratio): 64:24 
 
Ethnicity: not reported 
 
Setting: Department of Surgery 
 
Country: Kuwait 
 
Inclusion criteria: Consecutive patients undergoing FNAC for solitary thyroid nodules with subsequent surgery 
 
Exclusion criteria: none reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 
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Reference Al-Taweel, 199019 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=17 ;benign=74 
 
FNAC classification: negative, positive, suspicious, inconclusive(unsatisfactory) 
 
Inadequate category: 0 malignant, 3 benign 
FNAC rated positive or suspicious (+ve) [negative taken as -ve result] 
TP:   16     FN:  1    FP:    23    TN: 51  ;    sensitivity: 0.941,   specificity:  0.689 
 
FNAC rated positive (+ve) [negative or suspicious taken as -ve result] 
TP:   12     FN:  5    FP:    3    TN: 71  ;    sensitivity: 0.706,   specificity:  0.959 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Ananthakrishnan, 199024 

Study type Retrospective/prospective 

Number of patients n = 150 nodules 

Patient 
characteristics 

Age, mean (SD): not reported 
 
Gender (female to male ratio): not reported 
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Reference Ananthakrishnan, 199024 

 
Ethnicity: not reported 
 
Setting: Department of surgery and pathology 
 
Country: India 
 
Inclusion criteria: consecutive patients with a single palpable nodule in thyroid for whom FNAC and histopathology were performed 
 
Exclusion criteria: No histopathology 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: Yes 
 
Blinding of gold standard test: Yes 
 

Results 
 

Gold standard results: malignant=21  ;benign=129 
 
FNAC classifications: colloid nodule, thyroiditis, follicular neoplasm, malignant, inadequate 
 
Inadequate category: 6 malignant, 28 benign 
FNAC rated malignant, follicular neoplasm or thyroiditis  (+ve) [colloid nodule taken as -ve result] 
TP:   13     FN: 8     FP:   79     TN:  50 ;    sensitivity:0.619,   specificity:  0.388 
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Reference Ananthakrishnan, 199024 

 
FNAC rated malignant, follicular neoplasm (+ve) [colloid nodule or thyroiditis  taken as -ve result] 
TP:   12     FN: 9     FP:   78     TN:  51 ;    sensitivity: 0.571,   specificity: 0.395  
 
FNAC rated malignant (+ve) [colloid nodule or thyroiditis or follicular neoplasm  taken as -ve result] 
TP:   5     FN: 16     FP:   31     TN:  98 ;    sensitivity: 0.238,   specificity:  0.760 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): No serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Aydogan, 201930 

Study type Retrospective 

Number of patients n =  514 nodules from 371 patients 

Patient 
characteristics 

Age, mean (SD): 50.9(13.4) 
 
Gender (female to male ratio): 294: 77 
 
Ethnicity: not reported 
 
Setting: Teaching hospital 
 
Country: Turkey 
 
Inclusion criteria: Patients undergoing thyroidectomy after FNAC; decision for surgery depended on nodule size, malignant or 
indeterminate cytology, compressive symptoms, Graves disease and multinodular goitre [adequate number of benign on FNA to 
allow inclusion to this review]. 
 
Exclusion criteria: none reported 
 
Stratum (prior US assessment / no prior US assessment): prior US, but did not appear to be an indication for FNA 
 
Sub-group (US-guided / not US guided): USG 
 

Target condition(s) Thyroid nodule malignancy 
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Reference Aydogan, 201930 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=161 ;benign= 355 
 
FNAC classifications were by Bethesda: non-diagnostic, benign, AUS/FLUS, FN/SFN, SFM, malignant 
 
Inadequate category: 19 malignant, 32 benign 
 
FNAC rated malignant, SFM, FN/SFN or AUS/FLUS  (+ve) [benign taken as -ve result] 
TP:   124     FN:  37    FP:  80      TN: 275  ;    sensitivity: 0.7790,   specificity:  0.775 
 
FNAC rated malignant or SFM or FN/SFN (+ve) [benign or AUS/FLUS  taken as -ve result] 
TP:   110     FN:  51    FP:  49      TN: 306  ;    sensitivity: 0.683,   specificity: 0.862  
 

FNAC rated malignant or SFM (+ve) [benign or AUS/FLUS or FN/SFN  taken as -ve result] 

TP:   95     FN:  66    FP:  34      TN: 321  ;    sensitivity: 0.590,   specificity:  0.904 
 

FNAC rated malignant (+ve) [benign or AUS/FLUS or FN/SFN or SFM  taken as -ve result] 

TP:   74     FN:  87    FP:  32     TN: 323  ;    sensitivity: 0.460,   specificity:  0.910 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  
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Reference Bashier, 199638 

Study type Prospective 

Number of patients n = 89 nodules 

Patient 
characteristics 

Age, mean (range): 47 (15-80) 
 
Gender (female to male ratio): 76:13 
 
Ethnicity: not reported 
 
Setting: Teaching Hospital 
 
Country: Sudan 
 
Inclusion criteria: Patients with a solitary or significantly dominant thyroid nodule, followed up by histopathological confirmation 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): prior US but was not a criterion for selection to FNA 
 
Sub-group (US-guided / not US guided): No report of USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Bashier, 199638 

Results 
 

Gold standard results: malignant=12; benign=77 
 
FNAC classification: not suspicious= nodular goitre; highly suspicious=follicular neoplasm and papillary or anaplastic carcinoma. 
 
FNAC rated highly suspicious (+ve) [not suspicious taken as -ve result] 
 
Inadequate category: not reported 
 
TP:   11     FN:   1   FP:  12    TN:  65 ;    sensitivity: 0.92,   specificity: 0.846   
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Belanger, 198341 

Study type Prospective 

Number of patients n =  63 nodules 

Patient 
characteristics 

Age, mean: 39.7 
 
Gender (female to male ratio): 55:8 
 
Ethnicity: not reported 
 
Setting: Endocrine unit 
 
Country: Canada 
 
Inclusion criteria: Presence of a solid or partially cystic cold nodule; informed consent for surgery regardless of cytological findings; 
no surgical contraindications 
 
Exclusion criteria: none reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): no USG reported 
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Reference Belanger, 198341 

 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=13 ;benign=50 
 
FNAC categories: benign, suspicious, malignant, inadequate 
 
Inadequate category: 1 malignant, 5 benign 
FNAC rated suspicious or malignant  (+ve) [benign taken as -ve result] 
TP:  11      FN:  2    FP:   8     TN: 42  ;    sensitivity:0.846,   specificity: 0.84  
 
FNAC rated malignant  (+ve) [benign or suspicious taken as -ve result] 
TP:  9      FN:  4    FP:   6     TN: 44  ;    sensitivity: 0.692,   specificity:  0.88 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): none 

Comments  

 
Reference Bellantone, 200442 

Study type Retrospective 

Number of patients n =  119 nodules 
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Reference Bellantone, 200442 

Patient 
characteristics 

Age, mean (SD): 46.6(12.8) 
 
Gender (female to male ratio): 88:31 
 
Ethnicity: not reported 
 
Setting: Division of Endocrine surgery 
 
Country: Italy 
 
Inclusion criteria: Patients undergoing UG FNAC and subsequent surgery because of suspicious or malignant cytology, persistently 
nondiagnostic cytology, cytology consistent with predominantly follicular lesion, incomplete cyst resolution, compressive symptoms 
and/or large nodular size 
 
Exclusion criteria: not reported 
 
Stratum (prior US assessment / no prior US assessment): prior US not reported as an indicator of FNA 
 
Sub-group (US-guided / not US guided): USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear + cytospin + cell block.  
Some (not a majority) appeared to be exposed to cytospin. 
 
Two aspirations done per patient, and for each aspiration 4 glass slides are made 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Bellantone, 200442 

 

Results 
 

Gold standard results: malignant=21 ;benign=98 
 
FNAC classification: benign, thyrocyte hyperplasia without nuclear atypia (THWNA), predominantly follicular lesion (PFL), suspicious 
(follicular lesion with nuclear pleomorphism), carcinoma, non-diagnostic 
 
Inadequate category: 2 malignant, 9 benign 
FNAC rated carcinoma, suspicious, PFL or THWNA  (+ve) [benign taken as -ve result] 
TP:   17     FN:  4    FP:     70   TN: 28  ;    sensitivity: 0.809,   specificity: 0.286  
 
FNAC rated carcinoma, suspicious, or PFL (+ve) [benign or THWNA  taken as -ve result] 
TP:   16     FN:  5    FP:     59   TN: 39  ;    sensitivity: 0.762,   specificity:  0.398 
 
FNAC rated carcinoma, or suspicious (+ve) [benign or THWNA or PFL  taken as -ve result] 
TP:   11     FN:  10    FP:     14   TN: 84  ;    sensitivity: 0.524,   specificity:  0.857 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Biscotti, 199547 

Study type Retrospective 

Number of patients n = 41 nodules 

Patient 
characteristics 

Age, mean (SD): not reported 
 
Gender (female to male ratio): not reported 
 
Ethnicity: not reported 
 
Setting: Department of anatomic pathology 
 
Country: USA 
 
Inclusion criteria: FNA specimens from patients who also provided a histopathological sample at surgery 
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Reference Biscotti, 199547 

Exclusion criteria: not reported 
 
Stratum (prior US assessment / no prior US assessment): prior US not reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Each patient was given two passes. The first pass was used to prepare two direct smears. The second was rinsed onto Cyto:Lyt 
solution and then centrifuged and after discarding the supernatant the cell pellet was resuspended and a sample transferred to a 
second methanol-based preservative 
 

1. Fine needle aspiration cytology without ROSE, with smear only 
2. Fine needle aspiration cytology without ROSE, with smear + cytospin and cell block – Thin-prep 

 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=8 ;benign=33 
 
FNAC classification: negative, colloid nodule, cyst, Graves, Hashimoto’s thyroiditis, Hypercellular follicular nodule possibly mal ignant 
(HCFN), papillary carcinoma 
 
STANDARD SMEAR 
Inadequate category: not reported 
 
FNAC using rated papillary carcinoma, HCFN, (+ve) [Colloid, cyst, negative, graves, Hashimoto’s thyroiditis taken as -ve result] 
TP:   8     FN:   0   FP:  5     TN:  28 ;    sensitivity: 1.0,   specificity: 0.848  
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Reference Biscotti, 199547 

FNAC using rated papillary carcinoma (+ve) [Colloid, cyst, negative, graves, Hashimoto’s thyroiditis or HCFN taken as -ve result] 
TP:   5     FN:   3   FP:  0      TN:  33 ;    sensitivity: 0.625,   specificity:  1.0  
 
 
THIN-PREP SMEAR  
Inadequate category: not reported 
 
FNAC using rated papillary carcinoma, HCFN, (+ve) [Colloid, cyst, negative, graves, Hashimoto’s thyroiditis taken as -ve result] 
TP:   8     FN:   0   FP:  7     TN:  26 ;    sensitivity: 1.0,   specificity: 0.788  
 
FNAC using rated papillary carcinoma (+ve) [Colloid, cyst, negative, graves, Hashimoto’s thyroiditis or HCFN taken as -ve result] 
TP:   5     FN:   3   FP:  0      TN:  33 ;    sensitivity: 0.625,   specificity:  1.0  

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Bodo, 197950 

Study type Retrospective 

Number of patients n = 131 nodules 

Patient 
characteristics 

Age, mean (SD):  
 
Gender (female to male ratio):  
 
Ethnicity: not reported 
 
Setting: National Oncological Institute 
 
Country: Hungary 
 
Inclusion criteria: Patients with diffuse enlargement of the thyroid gland, given FNA and surgery. No reasons given for surgery, but 
most given surgery were negative on FNA, so FNA not the only criterion. 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
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Reference Bodo, 197950 

 
Sub-group (US-guided / not US guided): unclear 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=49 ;benign=82 
 
FNAC classification: negative, suspect or positive 
 
Inadequate category: not reported 
FNAC rated suspect or positive  (+ve) [negative taken as -ve result] 
TP:   42     FN:  7    FP:   8     TN: 74  ;    sensitivity: 0.857,   specificity:  0.902 
 
FNAC rated positive  (+ve) [negative or suspect taken as -ve result] 
TP:   39     FN:  10   FP:   4     TN: 78  ;    sensitivity: 0.796,   specificity:  0.951 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Borman, 199551 

Study type Retrospective 
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Reference Borman, 199551 

Number of patients n = 27 nodules 

Patient 
characteristics 

Age, mean (SD): Not reported for those given surgery 
 
Gender (female to male ratio): Not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: Teaching Hospital 
 
Country: USA 
 
Inclusion criteria: Patients with thyroid nodules undergoing FNA with subsequent surgery. Surgery was given if indicated by FNA, or 
if there were compression symptoms, a recurrent cyst or other clinical suspicion in the presence of benign FNA findings. [Because 
there were almost half of all cases made up of benign FNA cases this study has been included in the review.]   
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): prior US not reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Borman, 199551 

Results 
 

Gold standard results: malignant=13 ;benign=14 
 
FNAC classification: follicular neoplasm (FN), papillary carcinoma, benign 
 
Inadequate category: 0 malignant, 2 benign 
FNAC rated FN or carcinoma  (+ve) [benign taken as -ve result] 
TP:   13     FN: 0     FP:  4      TN: 10  ;    sensitivity: 1.0 ,   specificity:  0.714 
 
FNAC rated carcinoma  (+ve) [benign or FN taken as -ve result] 
TP:   6     FN: 7     FP:  2     TN: 12  ;    sensitivity: 0.461 ,   specificity: 0.857  
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Brauer, 198453 

Study type Retrospective 

Number of patients n = 134 nodules 

Patient 
characteristics 

Age, mean (SD): not reported 
 
Gender (female to male ratio): 105:29 
 
Ethnicity: not reported 
 
Setting: Head and Neck service, surgical division 
 
Country: USA 
 
Inclusion criteria: Patients undergoing FNA for thyroid nodules with subsequent surgery. Majority had hypofunctioning solitary 
nodules. Initially surgery was given to all patients regardless of FNA. As the study progressed benign findings were less likely to be 
referred. [However, overall the number of benign FNA findings sent to surgery is sufficient for inclusion to this review] 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US 
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Reference Brauer, 198453 

 
Sub-group (US-guided / not US guided): USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Negative and inadequate aspirations were repeated when feasible and as often as deemed necessary. 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant= 42 ;benign=92 
 
FNAC classification: positive, questionable, negative 
 
Inadequate category: not reported 
FNAC rated positive or questionable  (+ve) [negative taken as -ve result] 
TP:    39    FN: 3     FP:  54      TN: 38  ;    sensitivity: 0.929,   specificity:  0.413 
 
FNAC rated positive (+ve) [negative or questionable  taken as -ve result] 
TP:    23    FN: 19     FP:  1      TN: 91  ;    sensitivity: 0.548,   specificity:  0.989 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  
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Reference Bugis, 198655 

Study type Retrospective 

Number of patients n = 198 nodules 

Patient 
characteristics 

Age, mean (SD): not reported 
 
Gender (female to male ratio): Not reported 
 
Ethnicity: not reported 
 
Setting: Head and Neck Service, General Hospital 
 
Country: Canada 
 
Inclusion criteria: Patients presenting with a solitary nodule, with FNA and subsequent surgery. 
 
Exclusion criteria: None reported 
 
Stratum (prior US assessment / no prior US assessment): No prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Bugis, 198655 

Results 
 

Gold standard results: malignant= 30 ;benign=168 
 
FNAC classification: Positive, other (atypical follicular cells or suspicion of papillary formation), negative (benign cyst, adenomatous 
hyperplasia, colloid nodule, follicular neoplasm or thyroiditis), no reading (inadequate material) 
 
Inadequate category: malignant 0, benign 6 
 
FNAC rated positive or other  (+ve) [negative taken as -ve result] 
TP:    22    FN:  8    FP:  55      TN: 113  ;    sensitivity:0.733,   specificity:  0.673 
 
FNAC rated positive (+ve) [negative or other  taken as -ve result] 
TP:    13    FN:  17    FP:  9      TN: 159  ;    sensitivity: 0.433,   specificity:  0.946 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Choe, 201870 

Study type Retrospective (consecutive) 

Number of patients n = 705 nodules 

Patient 
characteristics 

Age, mean (SD): not reported 
 
Gender (female to male ratio): not reported 
 
Ethnicity: not reported 
 
Setting: Secondary care 
 
Country: South Korea 
 
Inclusion criteria: Patients undergoing core needle biopsy, with subsequent surgery. Reasons for surgery not given. [Some going to 
surgery had benign CNB results so CNB results were not sole criterion]. 
 
Exclusion criteria: Not reported 
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Reference Choe, 201870 

Stratum (prior US assessment / no prior US assessment): prior US performed and used as criterion for CNB (any one of the 
standard US abnormal signs) 
 
Sub-group (US-guided / not US guided): not USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Core biopsy 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=532 ;benign=173 
 
CNB classification: non diagnostic, benign, indeterminate, follicular neoplasm, suspicious for malignancy, malignant 
 
Inadequate category: malignant 1, benign 3 
CNB rated indeterminate, follicular neoplasm, suspicious for malignancy, or malignant (+ve) [benign taken as -ve result] 
TP:    527    FN:  5    FP:  124      TN:  49 ;    sensitivity:0.991,   specificity: 0.283  
 
CNB rated follicular neoplasm, suspicious for malignancy, or malignant (+ve) [indeterminate,  or benign taken as -ve result] 
TP:    483    FN:  49    FP:  58      TN:  115 ;    sensitivity: 0.908,   specificity: 0.665  
 
CNB rated suspicious for malignancy, or malignant (+ve) [indeterminate,  follicular neoplasm, or benign taken as -ve result] 
TP:    410    FN:  122    FP:  3      TN:  170 ;    sensitivity: 0.771,   specificity:  0.983 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
238 

Reference Choe, 201870 

Comments  

 
Reference Chow, 199972 

Study type Retrospective 

Number of patients n = 76 nodules 

Patient 
characteristics 

Age, mean (SD): 42 (15-72) 
 
Gender (female to male ratio): not reported for the 76 with FNAC 
 
Ethnicity: not reported 
 
Setting: Department of surgery 
 
Country: Hong Kong 
 
Inclusion criteria: Patients with non-toxic solitary thyroid nodules or predominant nodules in non-toxic nodular goitre who underwent 
surgery with prior FNAC. Benign FNA findings were not routinely sent for surgery unless they increased in size of the patients 
requested surgery – however most of those referred for surgery were benign on FNAC. 
 
Exclusion criteria: not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US 
 
Sub-group (US-guided / not US guided): not USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
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Reference Chow, 199972 

Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=12 ;benign=58 
 
FNAC classification: inadequate, benign (colloid, histiocytes, chronic inflammatory cells, benign follicular cells), suspicious (abundant 
follicular cells in a background of absent or scanty colloid, but frank malignancy not seen), malignant (typical malignant cytological 
features present). 
 
Note that the paper did not report the histopathology for the 6 inadequate cases so these cannot be included in the analysis. 
 
Inadequate category: not reported 
 
FNAC rated suspicious or malignant  (+ve) [benign taken as -ve result] 
TP:    9    FN:  3    FP:   11     TN: 47  ;    sensitivity: 0.75,   specificity:0.810   
 
FNAC rated malignant  (+ve) [benign or suspicious taken as -ve result] 
TP:    7    FN:  5    FP:   3     TN: 55  ;    sensitivity: 0.583,   specificity: 0.948  
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Cristallini, 1989 #116180 

Study type Retrospective 

Number of patients n = 41 nodules 

Patient 
characteristics 

Age, mean (range): 43.6 (16-84) 
 
Gender (female to male ratio): 33:8 
 
Ethnicity: not reported 
 
Setting: Surgical centre 
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Reference Cristallini, 1989 #116180 

Country: Italy 
 
Inclusion criteria: Patients undergoing thyroidectomy with prior FNAC 
 
Exclusion criteria: Toxic nodules 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): no USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear + cytospin and cell block . The residual material containing the smaller 
fragments was centrifuged and used for cytological smears. 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant= 16 ;benign= 25 
 
FNAC classification: malignant, follicular proliferative, benign, inadequate material 
 
Inadequate category: malignant 0, benign 2 
 
FNAC rated follicular proliferative or malignant  (+ve) [benign taken as -ve result] 
TP:    15    FN: 1     FP:    9    TN: 16  ;    sensitivity: 0.938,   specificity: 0.64   
 
FNAC rated malignant  (+ve) [follicular proliferative or benign taken as -ve result] 
TP:    15    FN: 1     FP:    2    TN: 23  ;    sensitivity: 0.938,   specificity:  0.92 
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Reference Cristallini, 1989 #116180 

 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Danese, 199885 

Study type Retrospective 

Number of patients n =   535 (conventional FNA) + 540 (UG FNA) nodules 

Patient 
characteristics 

Age, mean (SD): Not reported in those given surgery 
 
Gender (female to male ratio): Not reported in those given surgery 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: Italy 
 
Inclusion criteria: Consecutive patients with single or multiple thyroid nodules given either conventional or UG FNA, followed by 
surgery.  
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG and no USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear + cytospin and cell block.  
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Reference Danese, 199885 

 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

UG FNA 
 
Gold standard results: malignant= 103 ;benign= 437 
 
FNAC classification: Inadequate, benign (colloid nodule, cyst, Hashimoto’s or subacute thyroiditis), suspicious (indeterminate 
cytological pattern of follicular neoplasia), malignant (papillary/follicular carcinomas; medullary and anaplastic carcinomas) 
 
Inadequate category: malignant 1, benign 4 
FNAC rated suspicious or malignant  (+ve) [benign taken as -ve result] 
TP:   99     FN:  4    FP:   130     TN: 307  ;    sensitivity: 0.961,   specificity:  0.703 
 
FNAC rated malignant  (+ve) [suspicious or benign taken as -ve result] 
TP:   70     FN:  33    FP:   4     TN: 433  ;    sensitivity: 0.680,   specificity:  0.991 
 
 
Conventional  FNA 
 
Gold standard results: malignant= 88 ;benign= 447 
 
FNAC classification: Inadequate, benign (colloid nodule, cyst, Hashimoto’s or subacute thyroiditis), suspicious (indeterminate 
cytological pattern of follicular neoplasia), malignant (papillary/follicular carcinomas; medullary and anaplastic carcinomas) 
 
Inadequate category: malignant 2, benign 11 
 
FNAC rated suspicious or malignant  (+ve) [benign taken as -ve result] 
TP:   79     FN:  9    FP:   147     TN: 300  ;    sensitivity: 0.898,   specificity: 0.671  
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Reference Danese, 199885 

 
FNAC rated malignant  (+ve) [suspicious or benign taken as -ve result] 
TP:   53     FN:  35    FP:   13     TN: 434  ;    sensitivity: 0.602,   specificity:  0.971 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Davidsohn, 199588 

Study type Retrospective 

Number of patients n = 50  nodules 

Patient 
characteristics 

Age, mean (range): 52 (27-77) 
 
Gender (female to male ratio): 47:3 
 
Ethnicity: not reported 
 
Setting: Division of Endocrinology 
 
Country: USA 
 
Inclusion criteria: Patients having an FNA for thyroid nodules with subsequent thyroidectomy. If FNA was benign surgery would still 
be given because of large nodules, patient preference or for cosmetic reasons 
 
Exclusion criteria: None reported 
 
Stratum (prior US assessment / no prior US assessment): prior US not reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology with ROSE, with smear + cytospin and cell block  
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Reference Davidsohn, 199588 

 
Several aspirations were performed and material was given to a cytotechnologist who was present during the procedure, Material 
from each pass was smeared on paired slides; one was air dried and the other was immediately alcohol fixed. The needle was 
rinsed in either normal saline or RPMI and cell block was prepared. 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=15 ;benign=29   (note: no histopathology reported for the 6 with inadequate FNAC classification) 
 
FNAC classification: benign, malignant, suspicious or indeterminate (lesions with possible malignant potential), and inadequate 
 
Inadequate category: not reported 
 
FNAC rated suspicious/indeterminate or malignant  (+ve) [benign taken as -ve result] 
TP:   15     FN:  0    FP:     17   TN: 12  ;    sensitivity:1.0,   specificity:  0.414 
 
FNAC rated malignant  (+ve) [suspicious/indeterminate or benign taken as -ve result] 
TP:   10     FN:  5    FP:     0   TN: 29  ;    sensitivity: 0.667,   specificity: 1.0  
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference de Roy van Zuidewijn, 199490 

Study type Retrospective 

Number of patients n = 265 nodules 
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Reference de Roy van Zuidewijn, 199490 

Patient 
characteristics 

Age, mean (SD): Not reported for those with FNA having surgery 
 
Gender (female to male ratio): Not reported for those with FNA having surgery 
 
Ethnicity: not reported 
 
Setting: Departments of Surgery/Pathology 
 
Country: Holland 
 
Inclusion criteria: Patients undergoing FNA and thyroidectomy 
 
Exclusion criteria: none reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference de Roy van Zuidewijn, 199490 

Results 
 

Gold standard results: malignant= 87 ;benign=178 
 
FNAC classification: benign (class I), probably benign (class II), uncertain (class 3), probably malignant (class 4), malignant (class 5) 
and non-evaluable 
 
Inadequate category: malignant 1, benign 4 
 
FNAC rated class 3 or higher  (+ve) [1-2 taken as -ve result] 
TP:   80     FN:  7    FP:   63  TN: 115  ;    sensitivity:0.920,   specificity:  0.646 
 
FNAC rated class 4 or higher  (+ve) [1-3 taken as -ve result] 
TP:   68     FN:  19    FP:   19  TN: 159  ;    sensitivity: 0.782,   specificity 0.893 
 
FNAC rated class 5  (+ve) [1-4 taken as -ve result] 
TP:   57     FN:  30    FP:   6  TN: 172  ;    sensitivity: 0.655,   specificity 0.966 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference de Vos tot Nederveen Cappel, 200191 

Study type Retrospective 

Number of patients n =  254 nodules in 231 patients 

Patient 
characteristics 

Age, mean (range): 45 (12-82) 
 
Gender (female to male ratio): 183:48 
 
Ethnicity: not reported 
 
Setting: Secondary care 
 
Country: Holland 
 
Inclusion criteria: Patients with FNACs carried out for thyroid nodules followed by thyroid surgery. People benign on FNA were 
eligible for surgery if they had a rapidly growing nodule causing local compression, or due to cosmetic reasons 
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Reference de Vos tot Nederveen Cappel, 200191 

Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported  
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: Yes 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=59 ;benign=195 
 
FNAC classification: benign (smears with much colloid and few follicular cells), suspicious (follicular proliferation with minimal/no 
colloid and many follicular cells, and suggestive but not conclusive findings of malignancy), malignant, unsatisfactory, or inadequate 
 
Inadequate category: malignant 10, benign 40 
 
FNAC rated suspect or malignant  (+ve) [benign taken as -ve result] 
TP:  46      FN:  13    FP:    90    TN: 105  ;    sensitivity: 0.780,   specificity: 0.538  
 
FNAC rated malignant  (+ve) [benign or suspect taken as -ve result] 
TP:  33      FN:  26    FP:    41    TN: 154  ;    sensitivity: 0.559,   specificity: 0.790   
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 
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Reference de Vos tot Nederveen Cappel, 200191 

Comments  

 
Reference Dwarakanathan, 198997 

Study type Retrospective 

Number of patients n = 63 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: Department of Internal Medicine 
 
Country: USA 
 
Inclusion criteria: Patients undergoing FNA and subsequent surgery for single nodules or multinodular goitres with a dominant 
nodule. Most nodules were cold on scan. Surgery was given for benign FNA findings for reasons of patient preference, cosmetic 
considerations, large goitres, large nodules, and other clinically worrisome features such as the age of the patient or male sex 
(n=26). This ensured all of the FNA categories were covered in the study.  
 
Exclusion criteria: not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): no USG used 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear + cytospin and cell block  
 
The slides were prepared and stained by the standard Papanicolaou method. After this 1 mL of normal saline was aspirated into the 
syringe and the contents were subjected to cellblock examination.  
 
Reference (gold) standard:  
Surgical histopathological findings 
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Reference Dwarakanathan, 198997 

 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=19 ;benign=44 
 
FNAC classification: benign (class I and II) including colloid cells, thyroiditis, scanty degenerated cells, regular looking cells; possibly 
malignant (class III) including suspicious or atypical cells and increased follicular elements; probably malignant or malignant (class 
IV) including hyperchromasia, prominent nucleoli and mitoses. Papillary cancer features included cobble-stoning of nucleoli, nuclear 
vacuoles, psammoma bodies and papillary structures 
 
Inadequate category: not reported 
 
FNAC rated III and above  (+ve) [I and II taken as -ve result] 
TP:    18    FN: 1     FP:  19      TN: 25  ;    sensitivity: 0.947,   specificity: 0.568  
 
 
FNAC rated IV  (+ve) [I -III taken as -ve result] 
TP:    15    FN: 4     FP:  1      TN: 43  ;    sensitivity: 0.789,   specificity: 0.977  
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference El Hag, 202198 

Study type Retrospective 

Number of patients n = 323 nodules 

Patient 
characteristics 

Age, mean (SD): Not reported 
 
Gender (female to male ratio): Not reported 
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Reference El Hag, 202198 

Ethnicity: not reported 
 
Setting: Security Forces Hospital 
 
Country: Saudi Arabia 
 
Inclusion criteria: All thyroid FNAs with histopathology follow up 
 
Exclusion criteria: None reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology with ROSE, with smear only  
 
All FNAs were performed by a radiologist, under image guidance, and the specimens’ adequacy was assessed on site. The FNA 
smears were stained by both diff quick and pap. 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=112 (if including non-invasive follicular tumour with papillary-like nuclear features as malignant) 
;benign=211 
 
FNAC classification: Bethesda, using standard 6 categories: ND (1), benign (2), AUS (3), SFN (4), SFM (5), Malignant (6) 
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Reference El Hag, 202198 

Inadequate category: unclear 
 
FNAC rated 3 or more  (+ve) [2 taken as -ve result] 
TP:   99     FN:  13    FP:  56      TN: 155  ;    sensitivity: 0.884,   specificity: 0.734  
 
FNAC rated 4 or more  (+ve) [2-3 taken as -ve result] 
TP:   81     FN:  31    FP:  22     TN: 189  ;    sensitivity: 0.723,   specificity: 0.895  
 
FNAC rated 5 or more  (+ve) [2-4 taken as -ve result] 
TP:   59     FN:  53    FP:  5     TN: 206  ;    sensitivity: 0.527,   specificity:  0.976 
 
FNAC rated 6  (+ve) [2-5 taken as -ve result] 
TP:   40     FN:  72    FP:  50    TN: 161  ;    sensitivity: 0.357,   specificity:  0.763 
 
 
Gold standard results: malignant=94 (if NOT including non-invasive follicular tumour with papillary-like nuclear features as malignant) 
;benign=229 
 
FNAC classification: Bethesda, using standard 6 categories: ND (1), benign (2), AUS (3), SFN (4), SFM (5), Malignant (6) 
 
Inadequate category: unclear 
 
FNAC rated 3 or more  (+ve) [2 taken as -ve result] 
TP:   85     FN:  9    FP:  70      TN: 159  ;    sensitivity: 0.904,   specificity:  0.694 
 
FNAC rated 4 or more  (+ve) [2-3 taken as -ve result] 
TP:   74     FN:  20    FP:  29     TN: 200  ;    sensitivity: 0.787,   specificity: 0.873  
 
FNAC rated 5 or more  (+ve) [2-4 taken as -ve result] 
TP:   59     FN:  35    FP:  5     TN: 224  ;    sensitivity: 0.628 ,   specificity: 0.978  
 
FNAC rated 6  (+ve) [2-5 taken as -ve result] 
TP:   40     FN:  54    FP:  1    TN: 228  ;    sensitivity: 0.426,   specificity: 0.996  
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 
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Reference El Hag, 202198 

Comments  

 
Reference Ferrari, 1985106 

Study type Retrospective 

Number of patients n = 68 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: Department of Internal medicine 
 
Country: Italy 
 
Inclusion criteria: Patients with cold nodules undergoing FNA and subsequent surgery  
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear + cytospin and cell block  
 
The material obtained was smeared on a slide, fixed and stained. Cystic formations were completely emptied; the liquid obtained 
was centrifuged and treated as described above. 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
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Reference Ferrari, 1985106 

 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=9 (including 1 Hodgkin’s disease in the inadequate FNA category) ;benign=59 
 
FNAC classification: inadequate, benign (cystic or colloid formations and thyroiditis), uncertain/suspicious (follicular proliferations and 
oncocytic adenomas) 
 
Inadequate category: malignant 2, benign 0 
FNAC rated uncertain/suspicious or malignant  (+ve) [benign taken as -ve result] 
TP:    7    FN: 2     FP:   16     TN:43   ;    sensitivity:0.778,   specificity: 0.729  
 
FNAC rated malignant  (+ve) [uncertain/suspicious or benign taken as -ve result] 
TP:    6    FN: 3     FP:   0     TN:59   ;    sensitivity: 0.667,   specificity: 1.0   
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Gardiner, 1986123 

Study type Retrospective 

Number of patients n = 207 nodules 

Patient 
characteristics 

Age, mean (SD): not reported 
 
Gender (female to male ratio): not reported 
 
Ethnicity: not reported 
 
Setting: Secondary care 
 
Country: Canada 
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Reference Gardiner, 1986123 

Inclusion criteria: Patients given FNAC for diffuse thyroid enlargements, multinodular thyroids and thyroids with discrete nodules; 
subsequent surgery 
 
Exclusion criteria: not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=45 ;benign=162 
 
FNAC classification: unsatisfactory; benign (scant mixture of colloid and uniform follicular cells); atypical; malignant 
 
Inadequate category: malignant 2, benign 19 
 
FNAC rated atypical or malignant  (+ve) [benign taken as -ve result] 
TP:  28      FN:   17   FP:  46      TN:116   ;    sensitivity: 0.622,   specificity:  0.716 
 
FNAC rated malignant  (+ve) [atypical or benign taken as -ve result] 
TP:  11      FN:   34   FP:  19      TN:143   ;    sensitivity: 0.244,   specificity:  0.883 
 

Source of funding No funding stated 
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Reference Gardiner, 1986123 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Gershengorn, 1977126 

Study type Retrospective/prospective 

Number of patients n = 33 nodules 

Patient 
characteristics 

Age, mean (range): 39 (22-63) 
 
Gender (female to male ratio): 28:5 
 
Ethnicity: not reported 
 
Setting: Clinical endocrinology 
 
Country: USA 
 
Inclusion criteria: Fifty consecutive patients presenting with discrete usually single thyroid nodules given FNA and surgery 
 
Exclusion criteria: none reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): No USG reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Each nodule was aspirated twice.  
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
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Reference Gershengorn, 1977126 

Not clear 
 
Blinding of index test: Yes 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=12 ;benign=20 
 
FNAC classification: inadequate, benign, suspicious (occasional epithelial cells showed marked cellular changes suggestive of 
malignancy or when cells were abundant but aggregated together in clumps preventing interpretation), malignant (large numbers of 
cohesive epithelial cells showed marked variation in size, shape and nuclear structure, often with enlarged, irregular and multiple 
nuclei.  
 
In the single inadequate case no histopathology was given, so it cannot be included in the analysis. 
 
Inadequate category: not reported 
 
FNAC rated suspicious or malignant  (+ve) [benign taken as -ve result] 
TP:    11    FN:   1   FP:   3     TN: 17  ;    sensitivity: 0.917,   specificity: 0.85  
 
FNAC rated malignant  (+ve) [suspicious or benign taken as -ve result] 
TP:    8    FN:   4   FP:   1     TN: 19  ;    sensitivity: 0.667,   specificity: 0.95   
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): Serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Giansanti, 1989127 

Study type Retrospective/prospective 

Number of patients n = 114 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those having surgery 
 
Gender (female to male ratio): not reported for those having surgery 
 
Ethnicity: not reported 



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
257 

Reference Giansanti, 1989127 

 
Setting: Centre for Nuclear Medicine 
 
Country: Italy 
 
Inclusion criteria: Patients with solid, cold, thyroid nodules, with FNA and subsequent surgery. 
 
Exclusion criteria: not reported 
 
Stratum (prior US assessment / no prior US assessment): prior US but did not appear to be an indication for FNA 
 
Sub-group (US-guided / not US guided): no USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant= 25;benign=89 
 
FNAC classification: positive: malignant neoplasm, follicular proliferative lesion (suspected neoplasm), Hurthle cell neoplasm; 
negative: inflammatory lesion, nonneoplastic lesion and unsuitable for diagnosis 
 
Inadequate category: not reported 
 
FNAC rated indeterminate or malignant  (+ve) [benign taken as -ve result] 
TP:    20    FN:  5    FP:   27     TN:  62 ;    sensitivity: 0.80,   specificity: 0.697  
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Reference Giansanti, 1989127 

 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Gossain, 1998131 

 

Study type Retrospective 

Number of patients n = 19 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those having surgery 
 
Gender (female to male ratio): not reported for those having surgery 
 
Ethnicity: not reported 
 
Setting: Division of Endocrinology and metabolism 
 
Country: USA 
 
Inclusion criteria: Patients with a single palpable nodule, undergoing FNA followed by surgery 
 
Exclusion criteria: None reported 
 
Stratum (prior US assessment / no prior US assessment): US reported but not an indication for FNA 
 
Sub-group (US-guided / not US guided): no USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
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Reference Gossain, 1998131 
 

 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant= 9;benign=10 
 
FNAC classification: inadequate, benign (cellular architecture consistent with nodular goitre, lymphocytic thyroiditis or granulomatous 
thyroiditis), suggestive of malignancy (papillary clusters or follicular cells, Hurthle cells without evidence of lymphocytic thyroiditis, 
clear nuclear inclusions, or psammoma bodies), or malignant (architecture consistent with the corresponding malignant tumour) 
 
Inadequate category: malignant 0, benign 0 
 
FNAC rated suggestive of malignancy or malignant  (+ve) [benign taken as -ve result] 
TP:   7     FN: 2     FP:     1   TN: 9  ;    sensitivity: 0.778,   specificity:  0.9 
 
FNAC rated malignant  (+ve) [suggestive of malignancy or benign taken as -ve result] 
TP:   4     FN: 5     FP:     0   TN: 10  ;    sensitivity: 0.444,   specificity:  1.0 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Gould, 1989133 

Study type Retrospective 

Number of patients n = 69 nodules 

Patient 
characteristics 

Age, mean (SD): Not reported 
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Reference Gould, 1989133 

Gender (female to male ratio): Not reported 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: USA 
 
Inclusion criteria: People with thyroid nodules with an FNA, touch imprint and final histopathology 
 
Exclusion criteria: not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
The cytology preparations were examined for the presence of nuclear grooves and cytoplasmic and intranuclear inclusions. 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Gould, 1989133 

Results 
 

Gold standard results: malignant=24 ;benign=46 
 
INCLUSIONS 
FNAC classification: 0=no inclusions; 1=1 inclusion, 2= 2 inclusions, 3=3 or more inclusions 
 
Inadequate category: not reported 
 
FNAC rated 1 or more inclusions  (+ve) [0 inclusions taken as -ve result] 
TP:    13    FN:  11    FP:  1      TN: 45  ;    sensitivity: 0.542,   specificity: 0.978  
 
GROOVES 
 
Inadequate category: not reported 
 
FNAC classification: 0=no grooves; 1=1 groove, 2= 2 grooves, 3=3 or more grooves 
 
FNAC rated 1 or more grooves  (+ve) [0 grooves taken as -ve result] 
TP:    22    FN:  1   FP:  27      TN: 19  ;    sensitivity: 0.957,   specificity: 0.413  
 
FNAC rated 2 or more grooves  (+ve) [0-1 grooves taken as -ve result] 
TP:    18    FN:  5   FP:  8      TN: 38  ;    sensitivity: 0.783,   specificity: 0.826  
 
FNAC rated 3 or more grooves  (+ve) [0-2 grooves taken as -ve result] 
TP:    11    FN:  12   FP:  0      TN: 46  ;    sensitivity: 0.478,   specificity: 1.0  
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Guo, 2015138 

Study type Retrospective 

Number of patients n = 489 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those having surgery 
 
Gender (female to male ratio): Not reported for those having surgery 
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Reference Guo, 2015138 

 
Ethnicity: not reported 
 
Setting: Departments of pathology and diagnostic radiology 
 
Country: China 
 
Inclusion criteria: All thyroid FNAs that were followed by surgery; indications for FNA were palpable nodules with US finding 
suggesting malignancy such as microcalcification, margin irregularity, intranodular vascularity or taller than wide shape 
 
Exclusion criteria: None reported 
 
Stratum (prior US assessment / no prior US assessment): prior US 
 
Sub-group (US-guided / not US guided): USG for those using TP with non-palpable nodules: 79.3%) 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
 
Aspiration was performed at least 4-6 times. Biopsies were performed 1-2 times for every nodule. For palpable nodules, the 
cytopathologist prepared one conventional preparation and the residual specimens in the needle were rinsed in cytolyt for a 
ThinPrep (TP) slide. One TP slide was prepared for non-palpable nodules and the FNA was performed by a radiologist. 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
263 

Reference Guo, 2015138 

Results 
 

Gold standard results: malignant= 425 ;benign= 64 
 
FNAC classification: Bethesda 1-6 (1=ND, 2=benign, 3=AUS/FLUS, 4=FN/SFN, 5=SM, 6=M) 
 
Inadequate category: malignant 5, benign 5 
 
FNAC rated 3 or more  (+ve) [2 taken as -ve result] 
TP:    399    FN:  26    FP:   36     TN: 28  ;    sensitivity: 0.939,   specificity:0.438   
 
FNAC rated 4 or more  (+ve) [2-3 taken as -ve result] 
TP:    383    FN:  42    FP:   23     TN: 41  ;    sensitivity: 0.901,   specificity:0.641   
 
FNAC rated 5 or more  (+ve) [2-4 taken as -ve result] 
TP:    382    FN:  41    FP:   18     TN: 46  ;    sensitivity: 0.899,   specificity:0.719   
 
FNAC rated 6  (+ve) [2-5 taken as -ve result] 
TP:    289    FN:  134    FP:   5     TN: 59  ;    sensitivity: 0.68,   specificity: 0.922   
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Hamming, 1990149 

Study type Retrospective 

Number of patients n = 169 nodules 

Patient 
characteristics 

Age, median (range): 58 (14-81) 
 
Gender (female to male ratio): 129: 40 
 
Ethnicity: not reported 
 
Setting: Department of surgery 
 
Country: Holland 
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Reference Hamming, 1990149 

Inclusion criteria: Patients with nodular thyroid disease given FNA and subsequent surgery. Surgery performed to confirm or exclude 
a malignant neoplasm or to remove a nodular goitre for cosmetic or mechanical reasons. 
 
Exclusion criteria: None reported 
 
Stratum (prior US assessment / no prior US assessment): prior US but not used as indication for FNA 
 
Sub-group (US-guided / not US guided): Not USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
In 33 cases more than 1 biopsy was done because of an inadequate sample or doubt about the result and in these cases the last 
assessable sample was used for evaluation. 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=39 ;benign=130 
 
FNAC classification: not assessable, benign, uncertain, malignant 
 
Inadequate category: malignant 1, benign 4 
 
FNAC rated uncertain or malignant  (+ve) [benign taken as -ve result] 
TP:   35     FN:  4    FP:   41    TN: 89  ;    sensitivity: 0.897,   specificity:  0.685 
 
FNAC rated malignant  (+ve) [uncertain or benign taken as -ve result] 
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Reference Hamming, 1990149 

TP:   29     FN:  10    FP:   6     TN: 124  ;    sensitivity: 0.744,   specificity:  0.954 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Harsoulis, 1986152 

Study type Retrospective/prospective 

Number of patients n = 213 nodules 

Patient 
characteristics 

Age, mean (SD): not reported 
 
Gender (female to male ratio): not reported 
 
Ethnicity: not reported 
 
Setting: Endocrine outpatient clinic 
 
Country: Greece 
 
Inclusion criteria: Patients with a solitary or dominant thyroid nodule within either a multinodular or diffusely enlarged gland who were 
subsequently given surgery. Surgery was indicated by FNA but also by the recent appearance of a cold solid nodule, a history of 
recurrent cysts and for all male patients  
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): no USG reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
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Reference Harsoulis, 1986152 

Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: Yes 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant= 37 ;benign= 176 
 
FNAC classification: not assessable, benign, suspicious, malignant 
 
Inadequate category: 0 = malignant, 23 benign 
 
FNAC rated suspicious or malignant (+ve) [benign taken as -ve result] 
TP:   33     FN:    4  FP:  30   TN: 146  ;    sensitivity: 0.892,   specificity: 0.685   
Note that non assessable data has been incorporated in review analysis (but left out in original paper) 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): Very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Heimann, 1964155 

Study type Retrospective 

Number of patients n = 23 nodules 

Patient 
characteristics 

Age, mean (SD): not reported 
 
Gender (female to male ratio): not reported 
 
Ethnicity: not reported 
 
Setting: Unclear 
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Reference Heimann, 1964155 

Country: Unclear 
 
Inclusion criteria: Patients undergoing FNA and subsequent surgery 
 
Exclusion criteria: not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=5; benign=18 
 
FNAC classification: benign, suspicious or malignant 
 
Inadequate category: not reported 
 
FNAC rated suspicious or malignant  (+ve) [benign taken as -ve result] 
TP:   4     FN:   1   FP:    0    TN: 18  ;    sensitivity: 0.80,   specificity:  1.0 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 
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Reference Heimann, 1964155 

Comments  

 
Reference Hosokawa, 2019159 

Study type Retrospective 

Number of patients n = 685  nodules 

Patient 
characteristics 

Age, mean (SD): not reported for thyroid sub-group 
 
Gender (female to male ratio): not reported of thyroid sub-group 
 
Ethnicity: not reported 
 
Setting: secondary care 
 
Country: Japan 
 
Inclusion criteria: Patients undergoing FNA and surgery on thyroid nodules 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
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Reference Hosokawa, 2019159 

Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant= 272 ;benign= 413 
 
FNAC classification: Bethesda  
 
Inadequate category: used THY1 as negative and not possible to extricate 
 
FNAC rated IV to VI  (+ve) [benign taken as I-III] 
TP:  222      FN:  50    FP:  21      TN: 392 ;    sensitivity: 0.816,   specificity:  0.949 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Hussain, 1993163 

Study type Retrospective 

Number of patients n = 108 nodules 

Patient 
characteristics 

Age, mean (SD): not reported 
 
Gender (female to male ratio): not reported 
 
Ethnicity: not reported 
 
Setting: District General Hospital 
 
Country: UK 
 
Inclusion criteria: Patients identified by radionuclide imaging as having a solitary cold thyroid nodule, who had FNA followed by 
surgery; surgery carried out on all patients with a solitary cold nodule 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): No prior US reported 



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
270 

Reference Hussain, 1993163 

 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology with ROSE, with smear + cytospin and cell block.  
 
The material obtained was transferred to a glass slide smeared and fixed with cytospray. If the aspirate was small then cytospin was 
added to the syringe. The aspirate was examined by the same cytologist. If the aspirate was deemed inadequate it was repeated at 
the same visit. 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant= 7;benign=101 
 
FNAC classification: benign (follicular adenoma, colloid nodule, non-specific), inadequate, suspicious (cannot exclude Ca), malignant 
(i.e., papillary or follicular Ca) 
 
Inadequate category: malignant 0, benign 21 
 
FNAC rated suspicious or malignant  (+ve) [benign taken as -ve result] 
TP:    6    FN:   1   FP:   29     TN: 72  ;    sensitivity: 0.857,   specificity:  0.713 
 
FNAC rated malignant  (+ve) [suspicious or benign taken as -ve result] 
TP:    4    FN:   3   FP:   21    TN: 80  ;    sensitivity: 0.571,   specificity:  0.792 
 
 

Source of funding South East Thames Regional Health Authority Recent Medical Advances Fund 
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Reference Hussain, 1993163 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Jayaram, 1999168 

Study type Retrospective 

Number of patients n = 325 nodules 

Patient 
characteristics 

Age, mean (SD): Not reported 
 
Gender (female to male ratio): Not reported 
 
Ethnicity: not reported 
 
Setting: University Hospital  
 
Country: Malaysia 
 
Inclusion criteria: Patients with thyroid lesions given FNA and thyroid surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US 
 
Sub-group (US-guided / not US guided): no USG reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology with ROSE, with smear only  
 
In selected cases a Diff-Quik stain was done at the bedside on one smear and examined under a microscope. Based on the findings 
of the Diff-Quik stained smear, needling was repeated if required to obtain additional smears for any subsequent special or immune-
staining techniques 
 
Reference (gold) standard:  
Surgical histopathological findings 
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Reference Jayaram, 1999168 

 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant= 64 ;benign= 261 
 
FNAC classification: Carcinoma (including primitive neuroectodermal tumour), Hurthle cell tumour, follicular neoplasm/equivocal, no 
malignancy/nodular goitre, inadequate. 
 
Inadequate category: malignant 3, benign 10 
 
FNAC rated carcinoma, Hurthle cell tumour, follicular neoplasms/equivocal (+ve) [no malignancy/nodular goitre taken as -ve result] 
TP:  57  FN:  7  FP:  73  TN: 188   ;    sensitivity: 0.891,   specificity: 0.720  
 
FNAC rated carcinoma, Hurthle cell tumour (+ve) [follicular neoplasms/equivocal, no malignancy/nodular goitre taken as -ve result] 
TP:  35  FN:  29  FP:  13  TN: 248   ;    sensitivity: 0.547,   specificity:  0.950 
 

FNAC rated carcinoma (+ve) [follicular neoplasms/equivocal, no malignancy/nodular goitre or Hurthle cell tumour taken as -ve result] 

TP:  32  FN:  32  FP:  10  TN: 251   ;    sensitivity: 0.5,   specificity:  0.962 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Kelman, 2001175 

Study type Retrospective 

Number of patients n = 109 nodules 

Patient 
characteristics 

Age, mean (SD): Not reported for those having surgery 
 
Gender (female to male ratio): Not reported for those having surgery 
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Reference Kelman, 2001175 

Ethnicity: not reported 
 
Setting: Teaching Hospital 
 
Country: USA 
 
Inclusion criteria: Patients presenting with a thyroid nodule, who were given FNA and subsequent surgery 
 
Exclusion criteria: None 
 
Stratum (prior US assessment / no prior US assessment): prior US not reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=134 ;benign=350 
 
FNAC classification: inadequate, nodular goitre/chronic thyroiditis/microfollicles, atypia, hurthle cell neoplasm or malignant   
 
Inadequate category: malignant 37, benign 172 
 
FNAC rated atypia, microfollicles, hurthle cell neoplasm or malignant  (+ve) [nodular goitre/chronic thyroiditis taken as -ve result] 
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Reference Kelman, 2001175 

TP:  91      FN:  43    FP:   246     TN: 104  ;    sensitivity: 0.679,   specificity:  0.297 
 
FNAC rated atypia, hurthle cell neoplasm or malignant  (+ve) [nodular goitre/chronic thyroiditis/microfollicles taken as -ve result] 
TP:  87      FN:  47    FP:   203     TN: 147  ;    sensitivity: 0.649,   specificity:  0.420 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Kim, 2013182 

Study type Retrospective 

Number of patients n = 200  nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those having surgery 
 
Gender (female to male ratio): not reported for those having surgery 
 
Ethnicity: not reported 
 
Setting: Teaching Hospital 
 
Country: South Korea 
 
Inclusion criteria: Patients with thyroid nodules with a >90% solid component with maximum diameter of 5mm; underwent FNA and 
surgery 
 
Exclusion criteria: None reported 
 
Stratum (prior US assessment / no prior US assessment): prior US not reported 
 
Sub-group (US-guided / not US guided): USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
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Reference Kim, 2013182 

 
For each sample, a smear was prepared on 4-6 slides. 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=142 ;benign=58 
 
FNAC classification: Bethesda I-VI 
 
Inadequate category: not reported 
 
FNAC rated III and above  (+ve) [I-II taken as -ve result] 
TP:  118      FN: 24     FP:   11     TN: 47  ;    sensitivity: 0.831,   specificity: 0.810  
 
FNAC rated V and above  (+ve) [I-IV taken as -ve result] 
TP:  103      FN: 39     FP:   4     TN: 54  ;    sensitivity: 0.725,   specificity: 0.931   
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Kimoto, 1999187 

Study type Retrospective 

Number of patients n = 61  nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those having surgery 
 
Gender (female to male ratio): 61:0 
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Reference Kimoto, 1999187 

 
Ethnicity: not reported 
 
Setting: Department of Surgery 
 
Country: Japan 
 
Inclusion criteria: none reported 
 
Exclusion criteria: none reported 
 
Stratum (prior US assessment / no prior US assessment): prior US used to decide who would have FNA: if US showed simple cysts, 
small cysts of <10mm with echogenic area, small homogenous solid areas <5mm with a regular margin and minute calcified lesions 
of <3mm in diameter then these would NOT be given FNA 
 
Sub-group (US-guided / not US guided): USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=44 ;benign=17 
 
FNAC classification: class I – no atypical cells; class II – atypical cells without malignancy; class IIIa – atypical cells highly suspected 
of being benign; class IIIb – atypical cells highly suspected of being malignant; class IV - malignant 
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Reference Kimoto, 1999187 

 
Inadequate category: malignant 2, benign 1 
 
FNAC rated IIIb or higher (+ve) [I-IIIa taken as -ve result] 
TP:  39      FN:   5   FP:  4      TN: 13  ;    sensitivity: 0.886,   specificity:  0.765 
 
Note that insufficient aspirates were included in the analysis in this review as -ve cytological findings, but not included in the analysis 
in the paper (though details of the histopathology for them was given) 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Kini, 1985188 

Study type Retrospective/prospective 

Number of patients n = 379 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those having surgery 
 
Gender (female to male ratio): not reported for those having surgery 
 
Ethnicity: not reported 
 
Setting: Secondary Care 
 
Country: USA 
 
Inclusion criteria: Patients with thyroid nodules undergoing FNA and subsequent surgery 
 
Exclusion criteria: None reported 
 
Stratum (prior US assessment / no prior US assessment): No prior US reported 
 
Sub-group (US-guided / not US guided): No USG used 
 

Target condition(s) Thyroid nodule malignancy 
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Reference Kini, 1985188 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=99 ;benign=280 
 
Inadequate category: not reported 
 
FNAC classification: nodular goitre, follicular adenoma, suspicious for follicular carcinoma, carcinoma [incorporating follicular 
carcinoma, suspicious for follicular variant papillary carcinoma, follicular variant papillary carcinoma] 
 
FNAC rated follicular adenoma, suspicious for follicular carcinoma, carcinoma (+ve) [benign taken as nodular goitre] 
TP:   93     FN:   6   FP:    179    TN: 101  ;    sensitivity:0.939,   specificity:  0.361 
 
FNAC rated suspicious for follicular carcinoma, carcinoma (+ve) [follicular adenoma, benign taken as nodular goitre] 
TP:   64     FN:   35  FP:    50    TN: 230  ;    sensitivity: 0.646,   specificity: 0.821  
 
FNAC rated carcinoma (+ve) [suspicious for follicular carcinoma, follicular adenoma, benign taken as nodular goitre] 
TP:   53     FN:   46  FP:    15    TN: 265  ;    sensitivity: 0.535,   specificity:  0.946 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  
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Reference Kojic Katovic, 2004193 

Study type Retrospective 

Number of patients n = 80 nodules 

Patient 
characteristics 

Age, range: 12-73 
 
Gender (female to male ratio): 73:7 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: Croatia 
 
Inclusion criteria: Patients with complete pre-operative investigations for thyroid nodules (US, IS, FNA) and subsequent 
histopathological diagnosis 
 
Exclusion criteria: None reported 
 
Stratum (prior US assessment / no prior US assessment): prior US, and looks as though US was used as a filter (226 nodules given 
US and 185 nodules given FNAC) but details unclear 
 
Sub-group (US-guided / not US guided): USG used 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Kojic Katovic, 2004193 

Results 
 

Gold standard results: malignant=30 ;benign=71 
 
FNAC classification: Goitre, follicular tumour, hurthle tumour, carcinoma [incorporating papillary, follicular, medullary and 
differentiated carcinoma] 
 
Inadequate category: not reported 
 
FNAC rated follicular tumour, hurthle tumour, carcinoma (+ve) [goitre taken as -ve result] 
TP:    30    FN:  0    FP:   56     TN: 15  ;    sensitivity: 1.0,   specificity:  0.211 
 
FNAC rated follicular tumour, carcinoma (+ve) [hurthle tumour, goitre taken as -ve result] 
TP:    29    FN:  1    FP:   54     TN: 17  ;    sensitivity: 0.967,   specificity: 0.239  
 
FNAC rated carcinoma (+ve) [follicular tumour, hurthle tumour, goitre taken as -ve result] 
TP:    24    FN:  6    FP:   9     TN: 62  ;    sensitivity: 0.80 ,   specificity:  0.873 
 
Note: results extracted from 2 separate tables in paper (1 and 2).  

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Kolendorf, 1975194 

Study type Retrospective 

Number of patients n = 20 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those having surgery 
 
Gender (female to male ratio): not reported for those having surgery 
 
Ethnicity: not reported 
 
Setting: Surgical Department 
 
Country: Denmark 
 
Inclusion criteria: Patients admitted for thyroid disorders, given FNA and open surgical biopsy 
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Reference Kolendorf, 1975194 

 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US 
 
Sub-group (US-guided / not US guided): USG not used 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=2 ;benign=18 
 
FNAC classification: No signs of malignancy, malignancy suspected, malignant 
 
Inadequate category: not reported 
 
FNAC rated malignancy suspected or malignant  (+ve) [no signs taken as -ve result] 
TP:   0     FN:   2   FP:   3     TN: 15  ;    sensitivity: 0.00,   specificity:  0.833 
 
FNAC rated malignant  (+ve) [malignancy suspected or no signs taken as -ve result] 
TP:   0     FN:   2   FP:   0     TN: 18  ;    sensitivity: 0.00,   specificity:  1.0 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 
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Reference Kolendorf, 1975194 

Comments  

 
Reference Kumar, 1992199 

Study type Retrospective 

Number of patients n = 88 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those having surgery 
 
Gender (female to male ratio): not reported for those having surgery 
 
Ethnicity: not reported 
 
Setting: Departments of endocrinology and metabolism 
 
Country: India 
 
Inclusion criteria: consecutive patients with solitary nodules undergoing FNA and subsequent surgery 
 
Exclusion criteria: not reported 
 
Stratum (prior US assessment / no prior US assessment): prior US performed but did not appear to be an indication for FNA 
 
Sub-group (US-guided / not US guided): No USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear + cytospin and cell block  
 
Aspirated material was expelled as droplets onto slides. Two or more slides were prepared. In case fluid was aspirated, it was 
centrifuged and slides prepared with cellular deposits 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
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Reference Kumar, 1992199 

 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant= 13 ;benign= 73 
 
FNAC classification: unsatisfactory, cystic degeneration, adenomatous goitre, hyperplasia, follicular neoplasm, carcinomas 
 
Inadequate category: 0 malignant, 6 benign 
 
FNAC rated follicular neoplasm, carcinomas (+ve) [cystic degeneration, adenomatous goitre, hyperplasia taken as -ve result] 
TP:    12    FN:  1    FP:    21    TN: 52 ;    sensitivity: 0.923,   specificity: 0.712   
 
FNAC rated carcinomas (+ve) [follicular neoplasm, cystic degeneration, adenomatous goitre, hyperplasia taken as -ve result] 
TP:    8    FN:  5    FP:    7    TN: 66  ;    sensitivity: 0.615,   specificity: 0.904   
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Liu, 2009211 

Study type Retrospective 

Number of patients n = 40 patients with 40 nodules 

Patient 
characteristics 

Age, mean (SD): 43.7 (11.4) 
 
Gender (female to male ratio): 37:3 
 
Ethnicity: not reported 
 
Setting: Secondary care 
 
Country: Taiwan 
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Reference Liu, 2009211 

Inclusion criteria: Patients with auto-immune thyroiditis; hypothyroidism or hyperthyroidism with thyroid nodules; given FNAC with 
subsequent surgery 
 
Exclusion criteria: Diffuse thyroid disorders 
 
Stratum (prior US assessment / no prior US assessment): prior US not reported as an indicator for FNA 
 
Sub-group (US-guided / not US guided): USG not used (unclear) 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology with ROSE, with smear only 
 
All smears were interpreted within 3 minutes of their presentation. An unsatisfactory smear led to a repeat FNA 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant= 24 ;benign=16 
 
FNAC classification: non-diagnostic, benign, malignant (included indeterminate) 
 
Inadequate category: malignant 1, benign 2 
 
FNAC rated indeterminate or malignant  (+ve) [benign taken as -ve result] 
TP:   22     FN: 2     FP:   6     TN:  10 ;    sensitivity: 0.917,   specificity:  0.625 
 
 

Source of funding No funding stated 
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Reference Liu, 2009211 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Mamoon, 1997221 

Study type Retrospective 

Number of patients n = 176 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those with surgery 
 
Gender (female to male ratio): not reported for those with surgery 
 
Ethnicity: not reported 
 
Setting: Army medical college 
 
Country: Pakistan 
 
Inclusion criteria: Patients undergoing FNA and subsequent surgery for thyroid nodules 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Several passes were made on each aspiration. 2 -4 smears were made in each case. Cytospin and cell block preparations were not 
made routinely.  
 
Reference (gold) standard:  
Surgical histopathological findings 
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Reference Mamoon, 1997221 

Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=14 ;benign=162 
 
FNAC classification: negative, suspicious, follicular neoplasm, positive 
 
Inadequate category: not reported 
 
FNAC rated positive or follicular neoplasm or suspicious  (+ve) [negative taken as -ve result] 
TP:   13     FN:  1    FP:   16     TN: 146  ;    sensitivity: 0.929,   specificity:  0.901 
 
FNAC rated positive or suspicious  (+ve) [negative or follicular neoplasm taken as -ve result] 
TP:   11     FN:  3    FP:   8     TN: 154  ;    sensitivity: 0.786,   specificity:  0.951 
 
FNAC rated positive (+ve) [negative or follicular neoplasm or suspicious  taken as -ve result] 
TP:   6     FN:  8    FP:   2     TN: 160  ;    sensitivity: 0.429,   specificity:  0.988 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Mandal, 2011223 

Study type Prospective 

Number of patients n = 108 nodules 

Patient 
characteristics 

Age, range: 15-71 
 
Gender (female to male ratio): 5:1 
 
Ethnicity: not reported 
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Reference Mandal, 2011223 

Setting: University Hospital 
 
Country: India 
 
Inclusion criteria: Patients with nodular thyroid disease given FNAC followed by surgery 
 
Exclusion criteria: Diffuse goitre, debilitated elderly, other comorbidities making the patient unfit for surgery 
 
Stratum (prior US assessment / no prior US assessment): no prior US 
 
Sub-group (US-guided / not US guided): not USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only. 
 
At least 2 air-dried and 2 fixed smears made. Repetition of aspiration was done where the first aspiration was inadequate. 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=30 ; benign=78 
 
FNAC classification: BTA classification - THY1 non diagnostic, THY1 cyst, THY2 non-neoplastic, THY3 follicular lesion, suspected 
follicular neoplasm, THY4 suspicious but non diagnostic of malignancy, THY5 diagnostic of malignancy 
 
Inadequate category: not reported 
 
FNAC rated suspicious (THY3/4) or malignant (THY 5)  (+ve) [THY 2 taken as -ve result] 
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Reference Mandal, 2011223 

TP:   27     FN:   3   FP:   12     TN: 66  ;    sensitivity: 0.90,   specificity: 0.846  
 
FNAC rated malignant (THY 5)  (+ve) [suspicious (THY3/4) or THY 2 taken as -ve result] 
TP:   18     FN:   12   FP:   0     TN: 78  ;    sensitivity: 0.60,   specificity: 1.0  
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): none 

Comments  

 
Reference Mandreker, 1995224 

Study type Retrospective 

Number of patients n = 238 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: Teaching Hospital 
 
Country: India 
 
Inclusion criteria: Patients presenting with a diffuse or nodular thyroid enlargement and solitary thyroid nodule; FNA and subsequent 
surgery carried out 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported to be used 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
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Reference Mandreker, 1995224 

 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=31 ;benign=207 
 
Inadequate category: malignant 1, benign 24 
 
 
FNAC rated suspicious or malignant (+ve) [benign taken as -ve result] 
TP:  21      FN:  10    FP:   53     TN:  154 ;    sensitivity: 0.677,   specificity: 0.744   
 
FNAC rated malignant (+ve) [suspicious or benign taken as -ve result] 
TP:  11      FN:  20    FP:   25     TN:  182 ;    sensitivity: 0.355,   specificity: 0.879   
 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Maruta, 2003226 

Study type Retrospective 

Number of patients n = 304 nodules 

Patient 
characteristics 

Age, mean (SD): not reported 
 
Gender (female to male ratio): not reported 
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Reference Maruta, 2003226 

Ethnicity: not reported 
 
Setting: Department of Pathology 
 
Country: Japan 
 
Inclusion criteria: thyroid nodule spirations from a database where people has also had thyroid surgery 
 
Exclusion criteria: not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG  
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant= 148 ;benign=156 
 
FNAC classification: Benign, inadequate, malignant 
 
Inadequate category: malignant 28, benign 25 
 
 
FNAC rated malignant  (+ve) [benign taken as -ve result] 
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Reference Maruta, 2003226 

TP:   112     FN:  36    FP:   28     TN: 128  ;    sensitivity: 0.757,   specificity:  0.821 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Mastorakis, 2014229 

Study type Retrospective/prospective 

Number of patients n = 500 + 500 nodules, from 2 centres 

Patient 
characteristics 

Age, median (range): Gp A: 47.4(13-85; Gp B: 48.6 (12-83) 
 
Gender (female to male ratio): Gp A: 395:105; Gp B: 359:141 
 
Ethnicity: not reported 
 
Setting: Two settings: large regional hospital in Crete and University Hospital in Athens 
 
Country: Greece 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery; surgery given on basis of FNA results but also 
regardless of cytology – upon basis of other criteria such as multinodular lesions, nodule size or a lack of response to treatment or 
patient decision. 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG used 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
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Reference Mastorakis, 2014229 

Fine needle aspiration cytology without ROSE, with smear + cytospin and cell block 
 
Used ThinPrep method proprietary fixative and haemolytic cytolyt solution. Used a 21-guage needle which maximizes yield and 
offers possibility of cell block as supplement to ThinPrep, whereas the haemolysis provided by cytolyt offers a better quality material, 
unobscured by red cells. 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Group A 
 
Gold standard results: malignant= 211; benign=289 
 
FNAC classification: TBSRTC (Bethesda): ND/UNS, Benign, AUS/FLUS, FN/SFN, SFM, Malignant. 
 
Inadequate category: malignant 5, benign 10 
 
 
FNAC rated AUS/FLUS, FN/SFN, SFM, Malignant (+ve) [benign taken as -ve result] 
TP:   197     FN:  14    FP:   53     TN: 236  ;    sensitivity: 0.934,   specificity:0.817   
 
FNAC rated FN/SFN, SFM, Malignant (+ve) [AUS/FLUS, benign taken as -ve result] 
TP:   186     FN:  25    FP:   17     TN: 272  ;    sensitivity: 0.882,   specificity:0.941   
 
FNAC rated SFM, Malignant (+ve) [FN/SFN, AUS/FLUS, benign taken as -ve result] 
TP:   184     FN:  27    FP:   13     TN: 276  ;    sensitivity: 0.872,   specificity:0.955   
 
Group B 
 
Gold standard results: malignant= 81; benign=419 
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Reference Mastorakis, 2014229 

 
FNAC classification: TBSRTC (Bethesda): ND/UNS, Benign, AUS/FLUS, FN/SFN, SFM, Malignant. 
 
Inadequate category: malignant 1, benign 25 
 
 
FNAC rated AUS/FLUS, FN/SFN, SFM, Malignant (+ve) [benign taken as -ve result] 
TP:   77     FN:  4    FP:   61     TN: 358  ;    sensitivity: 0.951,   specificity:0.854   
 
FNAC rated FN/SFN, SFM, Malignant (+ve) [AUS/FLUS, benign taken as -ve result] 
TP:   75     FN:  6    FP:   38     TN: 381  ;    sensitivity: 0.926,   specificity:0.909   
 
FNAC rated SFM, Malignant (+ve) [FN/SFN, AUS/FLUS, benign taken as -ve result] 
TP:   75     FN:  6    FP:   27     TN: 392  ;    sensitivity: 0.926,   specificity:0.936 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference McElroy, 2014233 

Study type Retrospective 

Number of patients n = 28  nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: Department of pathology 
 
Country: USA 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
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Reference McElroy, 2014233 

Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear + cytospin and cell block  
 
Cytology cases included direct smear slides, but most cases also included one low cellular or acellular cell-block 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Using older system of FNA grading (2006) 
 
Gold standard results: malignant=12 ;benign=16 
 
FNAC classification: unsatisfactory, benign, atypia, follicular lesion, follicular neoplasm, suspicious, malignant 
 
Inadequate category: malignant 1, benign 2 
 
 
FNAC rated atypia, follicular lesion, follicular neoplasm, suspicious, malignant (+ve) [benign taken as -ve result] 
TP:   9     FN:   3   FP:   9     TN:7  ;    sensitivity: 0.75,   specificity:  0.438 
 
Using Bethesda grading (regraded data from 2006) 
 
Gold standard results: malignant=12 ;benign=16 
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Reference McElroy, 2014233 

FNAC classification: Bethesda 
 
Inadequate category: malignant 3, benign 4 
 
 
FNAC rated AUS/FLUS, FN/SFN, suspicious, malignant (+ve) [benign taken as -ve result] 
TP:   9     FN:   3   FP:   6    TN:10 ;    sensitivity: 0.75,   specificity:  0.625 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Mehrotra, 2006236 

Study type Retrospective 

Number of patients n = 450 nodules (348 freehand and 102 USG) 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: Secondary care 
 
Country: UK 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG for 102; no USG for 348 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
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Reference Mehrotra, 2006236 

Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Using NO USG (freehand) 
 
Gold standard results: malignant=61 ;benign=234 
 
FNAC classification: AC0/1: unsatisfactory, AC2: non-neoplastic, AC3: equivocal, often a follicular lesion, AC4: suspicious of 
malignancy, AC5: diagnostic of malignancy 
 
Inadequate category: malignant 10, benign 74 
 
 
FNAC rated AC3, AC4/5  (+ve) [AC2 taken as -ve result] 
TP:   48     FN:   13   FP:     167   TN:67;    sensitivity: 0.787,   specificity:0.286   
 
FNAC rated AC4/5  (+ve) [AC2 or AC3, taken as -ve result] 
TP:   25     FN:   36   FP:     80    TN: 154;    sensitivity: 0.410,   specificity: 0.658   
 
Using USG  
 
Gold standard results: malignant=25 ;benign=68 
 
FNAC classification: AC0/1: unsatisfactory, AC2: non-neoplastic, AC3: equivocal, often a follicular lesion, AC4: suspicious of 
malignancy, AC5: diagnostic of malignancy 
 
Inadequate category: malignant 3, benign 9 
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Reference Mehrotra, 2006236 

 
FNAC rated AC3, AC4/5  (+ve) [AC2 taken as -ve result] 
TP:   20     FN:   5   FP:     55   TN:13;    sensitivity: 0.80,   specificity:0.191   
 
FNAC rated AC4/5  (+ve) [AC2 or AC3, taken as -ve result] 
TP:   10     FN:   15   FP:     12    TN: 56;    sensitivity: 0.40,   specificity: 0.823   
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Meko, 1995237 

Study type Retrospective/prospective 

Number of patients n = 90 nodules 

Patient 
characteristics 

Age, mean (range): 49 (15-86) 
 
Gender (female to male ratio): 79:11 
 
Ethnicity: not reported 
 
Setting: Department of Surgery 
 
Country: USA 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG  
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
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Reference Meko, 1995237 

Fine needle aspiration cytology with ROSE, with smear + cytospin and cell block 
 
Note does not mention cell-block.  
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=19 ;benign=71 
 
FNAC classification: unsatisfactory, benign, suspicious, malignant 
 
Inadequate category: malignant 1, benign 2 
 
 
FNAC rated suspicious or malignant  (+ve) [benign taken as -ve result] 
TP:    13    FN:   6   FP:  32  TN: 39  ;    sensitivity: 0.684,   specificity:  0.549 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Merchant, 1995239 

Study type Retrospective 

Number of patients n = 56 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
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Reference Merchant, 1995239 

Ethnicity: not reported 
 
Setting: District General Hospital 
 
Country: UK 
 
Inclusion criteria: Patients with thyroid nodules or diffuse thyroid enlargement given FNAC and subsequent surgery; surgery given 
secondary to cytology, clinical signs or evidence from second line investigations. 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG used if nodule not palpable but numbers not given. 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=11 ;benign=45 
 
FNAC classification: Insufficient, benign, suspicious, neoplasm 
 
Inadequate category: malignant 1, benign 6 
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Reference Merchant, 1995239 

FNAC rated suspicious or neoplasm  (+ve) [benign taken as -ve result] 
TP:   8     FN: 3     FP:   11     TN:  34 ;    sensitivity: 0.727,   specificity:  0.756 
 
FNAC rated neoplasm  (+ve) [suspicious or benign taken as -ve result] 
TP:   5     FN: 6     FP:   8     TN:  37 ;    sensitivity: 0.455,   specificity:  0.822 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Mikosch, 2000241 

Study type Retrospective 

Number of patients n = 708 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: Outpatients 
 
Country: Austria 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery; FNA indicated by patients with hypoechoicity, 
irregular margins. microcalcifications US, growth of the nodule during follow up or hypofunctional nodules on scintiscan; reasons for 
surgery included cytological findings or obstructive reasons 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): prior US used to determine eligibility 
 
Sub-group (US-guided / not US guided): USG  
 

Target condition(s) Thyroid nodule malignancy 
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Reference Mikosch, 2000241 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant= 77 ;benign=631 
 
FNAC classification: inadequate, non-malignant, non-malignant follicular proliferation, suspicious for malignancy, malignant 
 
Inadequate category: malignant 3, benign 31 
 
FNAC rated non-malignant follicular proliferation, suspicious for malignancy, malignant (+ve) [non-malignant taken as -ve result] 
TP:    71    FN: 6     FP:  331      TN: 300  ;    sensitivity: 0.922,   specificity:  0.475 
 
FNAC rated suspicious for malignancy, malignant (+ve) [non-malignant follicular proliferation, non-malignant taken as -ve result] 
TP:    65    FN: 12     FP:  160      TN: 471  ;    sensitivity: 0.844,   specificity:  0.746 
 
FNAC rated malignant (+ve) [suspicious for malignancy, non-malignant follicular proliferation, non-malignant taken as -ve result] 
TP:    54    FN: 23     FP:  38      TN: 593  ;    sensitivity: 0.701,   specificity:  0.940 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  
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Reference Miller, 1979242 

Study type Retrospective 

Number of patients n = 147  nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: Department of Endocrinology 
 
Country: USA 
 
Inclusion criteria: Patients with discrete thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Functional nodules and cystic nodules without appreciable residual after aspiration of fluid 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Miller, 1979242 

Results 
 

Gold standard results: malignant=45 ;benign=102 
 
FNAC classification: low risk of malignancy, intermediate risk, high risk 
 
Inadequate category: not reported  
 
FNAC rated intermediate risk or high risk  (+ve) [low risk taken as -ve result] 
TP:  43      FN:  2    FP:   54     TN:  48 ;    sensitivity: 0.956,   specificity:  0.471 
 
FNAC rated high risk  (+ve) [intermediate risk or low risk taken as -ve result] 
TP:  35      FN:  10    FP:   20     TN:  82 ;    sensitivity: 0.778,   specificity:  0.804  

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Munn, 1988 #1322252 

Study type Retrospective 

Number of patients n = 49 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: Teaching Hospital 
 
Country: USA 
 
Inclusion criteria: Patients with palpable thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: History of radiation exposure; family history of medullary carcinoma 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
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Reference Munn, 1988 #1322252 

 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Note- core biopsy evaluated in a small sub-set within this study, but unable to include in review as poorly reported – unclear how 
many had surgery and whether the diagnostic accuracy data are based on surgery as a gold standard. 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=16 ;benign=33 
 
FNAC classification: Benign (benign nodular goitre, thyroiditis), Follicular neoplasm, Carcinoma (including lymphoma, PC, medullary 
carcinoma, metastatic carcinoma) 
 
No data given for inadequate samples 
 
FNAC rated follicular neoplasm or carcinoma  (+ve) [benign taken as -ve result] 
TP:   14     FN:  2    FP:    21    TN: 12  ;    sensitivity: 0.875,   specificity:  0.364 
 
FNAC rated carcinoma  (+ve) [follicular neoplasm or benign taken as -ve result] 
TP:   12     FN:  4    FP:    3    TN: 30  ;    sensitivity: 0.75,   specificity:  0.909 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  
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Reference Nagarajan, 2015 #1326256 

Study type Retrospective 

Number of patients n = 1272 nodules (for standard smear) and 54 (for liquid based preparation) 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: Departments of Surgery and Pathology 
 
Country: USA 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
AND 
 
Fine needle aspiration cytology without ROSE, with smear + cytospin and cell block. It is assumed that this is equivalent to liquid 
based preparation.  
 
Reference (gold) standard:  
Surgical histopathological findings 
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Reference Nagarajan, 2015 #1326256 

 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Conventional smear 
 
Gold standard results: malignant=467 ;benign=805 
 
FNAC classification: Bethesda I-VI scale 
 
Inadequate category: malignant 8, benign 101 
 
FNAC rated III-VI (+ve) [II (benign) taken as -ve result] 
TP:    438   FN:  29    FP:  345      TN:  460 ;    sensitivity: 0.938,   specificity: 0.571   
 
FNAC rated IV-VI (+ve) [II (benign)-III taken as -ve result] 
TP:    354    FN:  113    FP:  205      TN:  600 ;    sensitivity: 0.758,   specificity: 0.745  
 
FNAC rated V-VI (+ve) [II (benign)-IV taken as -ve result] 
TP:    321    FN:  146    FP:  122      TN:  683 ;    sensitivity: 0.687,   specificity: 0.848  
 
FNAC rated VI (+ve) [II (benign)-V taken as -ve result] 
TP:    242    FN:  225    FP:  103      TN:  702 ;    sensitivity: 0.518,   specificity: 0.872  
 
Liquid based preparation 
 
Gold standard results: malignant=26 ;benign=28 
 
FNAC classification: Bethesda I-VI scale 

Inadequate category: malignant 0, benign 2 

 
FNAC rated III-VI (+ve) [II (benign) taken as -ve result] 
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Reference Nagarajan, 2015 #1326256 

TP:    25    FN:  1    FP:  15      TN:  13 ;    sensitivity: 0.962,   specificity: 0.464   
 
FNAC rated IV-VI (+ve) [II (benign)-III taken as -ve result] 
TP:    21    FN:  5    FP:  4      TN:  24 ;    sensitivity: 0.808,   specificity: 0.857  
 
FNAC rated V-VI (+ve) [II (benign)-IV taken as -ve result] 
TP:    17    FN:  9    FP:  3      TN:  25 ;    sensitivity: 0.654,   specificity: 0.893  
 
FNAC rated VI (+ve) [II (benign)-V taken as -ve result] 
TP:    12    FN:  14    FP:  2      TN:  26 ;    sensitivity: 0.462,   specificity: 0.929  
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Natarajan, 1994258 

Study type Retrospective 

Number of patients n = 25 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: Teaching Hospital 
 
Country: India 
 
Inclusion criteria: Patients with solitary cold thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
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Reference Natarajan, 1994258 

Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant= 13;benign=12 
 
FNAC classification: non-neoplastic (colloid goitre, Hashimoto’s thyroiditis), equivocal (suspected extrathyroidal malignancy, 
suspected neoplasm), malignant (medullary, anaplastic, follicular or papillary tumour) 
 
No data given for inadequate samples 
 
 
FNAC rated equivocal or malignant  (+ve) [non-neoplastic taken as -ve result] 
TP:  13      FN:   0   FP:     5   TN: 7  ;    sensitivity: 1.0,   specificity: 0.583 
 
FNAC rated malignant  (+ve) [equivocal or non-neoplastic taken as -ve result] 
TP:  11      FN:   2   FP:     0   TN: 12  ;    sensitivity: 0.846,   specificity: 1.0  
  
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  
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Reference Ng, 1988 #1330261 

Study type Retrospective 

Number of patients n = 46 nodules 

Patient 
characteristics 

Age, mean (SD): 39.4 (14.9) 
 
Gender (female to male ratio): 5.2:1 
 
Ethnicity: not reported 
 
Setting: General Hospital 
 
Country: Singapore 
 
Inclusion criteria: Patients with solitary thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Ng, 1988 #1330261 

Results 
 

Gold standard results: malignant=10 ;benign=36 
 
FNAC classification: benign, suspicious, malignant, inadequate 
 
Inadequate category: malignant 0, benign 4 
 
FNAC rated suspicious or malignant (+ve) [benign taken as -ve result] 
TP:   6     FN:  4    FP:   4     TN: 32  ;    sensitivity: 0.6,   specificity:  0.889 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Ongphiphadhanakul, 1992 #1335267 

Study type Retrospective/prospective 

Number of patients n = 129  nodules 

Patient 
characteristics 

Age, mean (SD): 40.7(1.2) 
 
Gender (female to male ratio): 105:24 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: Thailand 
 
Inclusion criteria: Patients with solitary thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
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Reference Ongphiphadhanakul, 1992 #1335267 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=28 ;benign=101 
 
FNAC classification: malignant, suspected malignant, benign 
 
No data given for inadequate samples  
 
FNAC rated suspected or malignant  (+ve) [benign taken as -ve result] 
TP:  20      FN:   8   FP:  15      TN: 86  ;    sensitivity: 0.714,   specificity:  0.851 
 
FNAC rated malignant  (+ve) [suspected or benign taken as -ve result] 
TP:  14      FN:   14   FP:  4      TN: 97  ;    sensitivity: 0.5,   specificity: 0.960   
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): Very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Ozdemir, 2017269 

Study type Retrospective/prospective 

Number of patients n = 1810 nodules (pre Bethesda) and 5115 nodules (post-Bethesda) 
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Reference Ozdemir, 2017269 

Patient 
characteristics 

Age, mean (SD): 51.98(12.07) pre-Bethesda; 49.46 (11.98) post-Bethesda 
 
Gender (female to male ratio): 78.6:21.4 pre-Bethesda; 77.8:22.2 
 
Ethnicity: not reported 
 
Setting: Department of Endocrinology 
 
Country: Turkey 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Age <16 years; previous history of thyroid surgery or percutaneous invasive procedures to thyroid nodules; 
radiotherapy to head and neck 
 
Stratum (prior US assessment / no prior US assessment): prior US reported – only nodules >1cm OR <1cm with one or more 
suspicious US features were given FNA 
 
Sub-group (US-guided / not US guided): USG used 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Ozdemir, 2017269 

Results 
 

PRE-BETHESDA 
Gold standard results: malignant=193 ;benign=1617 
 
FNAC classification: Non-diagnostic, benign, indeterminate, suspicious, malignant 
 
Inadequate category: malignant 27, benign 313 
 
FNAC rated indeterminate, suspicious, malignant (+ve) [benign taken as -ve result] 
TP:  131     FN:  62    FP:   488     TN: 1129  ;    sensitivity: 0.679,   specificity:  0.698 
 
FNAC rated suspicious, malignant (+ve) [indeterminate or benign taken as -ve result] 
TP:  89      FN:  104    FP:   336     TN: 1281  ;    sensitivity: 0.461,   specificity:  0.792 
 
POST-BETHESDA 
Gold standard results: malignant=466 ;benign=4649 
 
FNAC classification: Bethesda - ND, Benign, AUS/FLUS, FN/SFN, SFM, Malignant (I-VI) 
 
Inadequate category: malignant 66, benign 1274 
 
FNAC rated AUS/FLUS, FN/SFN, SFM, Malignant (+ve) [benign taken as -ve result] 
TP:  339      FN:  127    FP:   1899     TN: 2750  ;    sensitivity: 0.727,   specificity:  0.592 
 
FNAC rated FN/SFN, SFM, Malignant (+ve) [AUS/FLUS, benign taken as -ve result] 
TP:  223      FN:  243    FP:   1358     TN: 3291  ;    sensitivity: 0.479,   specificity:  0.708 
 
FNAC rated SFM, Malignant (+ve) [FN/SFN, AUS/FLUS, benign taken as -ve result] 
TP:  204      FN:  262    FP:   1311     TN: 3338  ;    sensitivity: 0.438,   specificity:  0.718 
 
FNAC rated Malignant (+ve) [SFM, FN/SFN, AUS/FLUS, benign taken as -ve result] 
TP:  116      FN:  350    FP:   1280     TN: 3369  ;    sensitivity: 0.249,   specificity:  0.725 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): Very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  
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Reference Pepper, 1989275 

Study type Retrospective 

Number of patients n =  21 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: Teaching Hospital 
 
Country: USA 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery; surgery given because of FNA findings or  
because of personal choice or because of nodule growth despite levothyroxine treatment 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): prior US reported but did not appear to be used to define who should have 
FNA 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear + cytospin and cell block 
- In the event that a cystic lesion was entered, all the fluid was drained and placed into alcohol. Smears were obtained from the 

sediment obtained by centrifugation.  
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
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Reference Pepper, 1989275 

 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant= 6 ;benign= 15 
 
No data given for inadequate samples  
 
FNAC classification: malignant, suspicious (numerous follicular cells with clear nuclear intrusions; oxyphilic cells without lymphocytic 
thyroiditis; psammoma antibodies; atypical follicular cells; papillary clusters of follicular cells; hypercellularity) and benign 
 
Inadequate category: not reported 
 
FNAC rated malignant or suspicious  (+ve) [benign taken as -ve result] 
TP:    5    FN:  1    FP:   8     TN:  7 ;    sensitivity: 0.833,   specificity: 0.467  
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Petersen, 1984276 

Study type Retrospective 

Number of patients n = 189 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: Secondary Care 
 
Country: Denmark 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
316 

Reference Petersen, 1984276 

Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
 
Fine needle aspiration cytology without ROSE, with smear + cytospin and cell block 
 
Fluid from cells is fixed in parts with alcohol and centrifuged. The sediment is spread out on a glass slide and stained.  
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=21 ;benign=168 
 
FNAC classification: Neoplasia, benign (cyst/diffuse benign lesion), inconclusive 
 
Inadequate category: malignant 1, benign 40 
 
FNAC rated neoplasia (+ve) [benign taken as -ve result] 
TP:   19     FN:  2    FP:    84    TN: 84  ;    sensitivity: 0.905,   specificity:  0.50 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 
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Reference Petersen, 1984276 

Comments  

 
Reference Piana, 2011277 

Study type Retrospective 

Number of patients n = 2047 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: Department of Pathology 
 
Country: Italy 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): prior US used to select patients for FNA 
 
Sub-group (US-guided / not US guided): USG used 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
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Reference Piana, 2011277 

Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=840 ;benign=1207 
 
FNAC classification: C1-C5: C1=non diagnostic, C2=benign, C3=indeterminate, C4=suspicious, C5=malignant 
 
Inadequate category: malignant 23, benign 73 
 
FNAC rated C3-C5 (+ve) [benign (C2) taken as -ve result] 
TP:   743     FN:  97    FP:   607     TN:  600  ;    sensitivity:0.885,   specificity:  0.497 
 
FNAC rated C4-C5 (+ve) [C3 and benign taken as -ve result] 
TP:   555     FN:  285    FP:   84     TN:  1123  ;    sensitivity:0.661,   specificity:  0.930 
 
FNAC rated C5 (+ve) [C3, C4 and benign taken as -ve result] 
TP:   415     FN:  425    FP:   73     TN:  1134  ;    sensitivity: 0.494,   specificity:  0.939 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Pisani, 2000278 

Study type Retrospective 

Number of patients n = 42 nodules (for FNA) and 29 nodules (for core biopsy) 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: Italy 
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Reference Pisani, 2000278 

Inclusion criteria: Consecutive patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG for both FNA and CNB 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Core biopsy 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

FNA 
 
Gold standard results: malignant=13 ;benign=29 
 
No inconclusive results 
 
FNAC classification: carcinoma, neoplasm, colloid goitre 
 
Inadequate category: Malignant 0, benign 0 
 
FNAC rated carcinoma or neoplasm  (+ve) [colloid goitre taken as -ve result] 
TP:     13   FN:  0    FP:     12   TN:  17 ;    sensitivity:1.0,   specificity:  0.586 
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Reference Pisani, 2000278 

 
FNAC rated carcinoma (+ve) [colloid goitre or neoplasm  taken as -ve result] 
TP:     10   FN:  3    FP:     0   TN:  29 ;    sensitivity: 0.769,   specificity:  1.0 
 
CNB 
 
Gold standard results: malignant=9 ;benign=22 
 
Inadequate category: Malignant 4, benign 10 
 
FNAC classification: non-diagnostic, carcinoma, neoplasm, colloid goitre 
 
FNAC rated carcinoma or neoplasm (+ve) [colloid goitre taken as -ve result] 
TP:     5   FN:  4    FP:   13   TN:  9 ;    sensitivity:0.556,   specificity:  0.409 
 
FNAC rated carcinoma (+ve) [colloid goitre or neoplasm  taken as -ve result] 
TP:     3   FN:  6    FP:     10   TN:  12 ;    sensitivity:0.333,   specificity:  0.545 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Radetic, 1984284 

Study type Retrospective 

Number of patients n = 2190 nodules 

Patient 
characteristics 

Age, mean: 45.7 
 
Gender (female to male ratio): 1975:215 
 
Ethnicity: not reported 
 
Setting: General Hospital 
 
Country: Croatia (was Yugoslavia at time of paper) 
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Reference Radetic, 1984284 

 
Inclusion criteria: Patients with thyroid goitres given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=248; benign=1942 
 
FNAC classification: Negative, suspicious, positive 
 

Inadequate category: not reported 
 
FNAC rated suspicious or positive (+ve) [negative taken as -ve result] 
TP:   170     FN:  78    FP:   179     TN:  1763 ;    sensitivity: 0.685,   specificity:  0.908 
FNAC rated positive (+ve) [suspicious or negative taken as -ve result] 
TP:   88     FN:  160    FP:   9     TN:  1933 ;    sensitivity: 0.355,   specificity:  0.995 
 

Source of funding No funding stated 
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Reference Radetic, 1984284 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Rammeh, 2019 #1349286 

Study type Retrospective/prospective 

Number of patients n = 64 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: Secondary care 
 
Country: Tunisia 
 
Inclusion criteria: Patients with palpable thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): No USG  
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
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Reference Rammeh, 2019 #1349286 

Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=24 ;benign=40 
 
FNAC classification: Bethesda I-VI 
 
Inadequate category: not reported 
 
 
FNAC rated V or VI  (+ve) [II to IV taken as -ve result (unclear if I included)] 
TP:  20      FN: 4     FP:    6    TN: 34  ;    sensitivity: 0.833,   specificity: 0.85  
 
:   
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Rana, 2021287 

Study type Retrospective 

Number of patients n = 445 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: India 
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Reference Rana, 2021287 

Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=105 ;benign=340 
 
FNAC classification: Bethesda I-VI 
 
Non-diagnostic cases were expressly excluded by study authors and not included in analysis; insufficient information to impute them. 
 
FNAC rated V or VI  (+ve) [II to IV taken as -ve result] 
TP:   89     FN:  16    FP:   3     TN:337   ;    sensitivity: 0.847,   specificity: 0.991  
 
Note that the sensitivity and specificity data differ from those in the paper. The results given here reflect the numbers with 
histopathological malignancy and benign findings (table 4 in paper) and the raw FN and FP data provided by the paper. It was 
assumed that the probability of error in calculated results was greater than that in the raw data. 
 

Source of funding No funding stated 



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
325 

Reference Rana, 2021287 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Rege, 1987289 

Study type Retrospective 

Number of patients n = 182 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: Thyroid clinic 
 
Country: India 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
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Reference Rege, 1987289 

Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=15 ;benign=170 
 
FNAC classification: Benign, malignant (no further information provided) 
 
Out of the original 215 cases, 30 people provided non diagnostic/unsatisfactory samples. The histopathology of these people were 
not provided and so cannot be imputed into the analysis 
 
FNAC rated malignant  (+ve) [benign taken as -ve result] 
TP:   13     FN: 2     FP:   0     TN: 170  ;    sensitivity: 0.867,   specificity: 1.0   
  
Note: data unclearly reported in the paper and the data reported here is the best interpretation. 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Rodriguez, 1994295 

Study type Retrospective 

Number of patients n = 170 nodules 

Patient 
characteristics 

Age, mean (SD): 41(3) 
 
Gender (female to male ratio): 154:16 
 
Ethnicity: not reported 
 
Setting: General Surgery 
 
Country: Spain 
 
Inclusion criteria: Patients with solitary or dominant thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: inadequate samples 
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Reference Rodriguez, 1994295 

 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=27 ;benign=143 
 
FNAC classification: benign (colloid nodule), suspicious (follicular proliferation), malignant (medullary, papillary or follicular 
carcinoma) 
 
Non-diagnostic cytology was excluded by study authors and so we were unable to impute this in analysis 
 
FNAC rated suspicious or malignant  (+ve) [benign taken as -ve result] 
TP:    26    FN:   1   FP:    67    TN: 76  ;    sensitivity: 0.963,   specificity:   0.531 
 
FNAC rated malignant  (+ve) [suspicious or benign taken as -ve result] 
TP:    17    FN:   10   FP:    0    TN: 143  ;    sensitivity: 0.630,   specificity: 1.00  
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 
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Reference Rodriguez, 1994295 

Comments  

 
Reference Rosen, 1993296 

Study type Retrospective 

Number of patients n = 41  nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: Canada 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG  

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Rosen, 1993296 

 

Results 
 

Gold standard results: malignant=16 ;benign=25 
 
FNAC classification: Inadequate, benign (cyst, colloid, thyroiditis), follicular lesion, cancer 
 
Inadequate aspirates: 1 malignant, 10 benign on histopathology.  
 
FNAC rated follicular lesion or cancer  (+ve) [benign taken as -ve result] 
TP:   13     FN:   3   FP:  23      TN: 2  ;    sensitivity:0.8125,   specificity:0.08   
 
FNAC rated cancer  (+ve) [follicular lesion or benign taken as -ve result] 
TP:   9    FN:   7   FP:  10      TN: 15  ;    sensitivity: 0.563,   specificity: 0.60  
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Rosen, 1981298 

Study type Retrospective 

Number of patients n = 153 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: Surgery and Endocrinology 
 
Country: Canada 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
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Reference Rosen, 1981298 

Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant= 40 ;benign= 113 
 
FNAC classification: Inadequate, Benign (cyst, colloid or thyroiditis), adenoma, carcinoma 
 
Inadequate aspirates: 1 malignant, 8 benign on histopathology.  
 
FNAC rated adenoma or carcinoma  (+ve) [benign taken as -ve result] 
TP:   34     FN:  6    FP:  87      TN:  26 ;    sensitivity: 0.85,   specificity: 0.230  
 
FNAC rated carcinoma  (+ve) [adenoma or benign taken as -ve result] 
TP:   16     FN:  24    FP:  10      TN:  103 ;    sensitivity: 0.40,   specificity: 0.911 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  
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Reference Rubenfeld, 1982300 

Study type Retrospective 

Number of patients n = 30 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: Secondary care 
 
Country: USA 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
 
Fine needle aspiration cytology with ROSE, with smear + cytospin and cell block. If the nodule was cystic as much of the fluid as 
possible was aspirated as smears prepared after centrifugation and/or filtration. A biopsy was performed on any mass remaining 
after aspiration after a cystic lesion. 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
332 

Reference Rubenfeld, 1982300 

Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant= 15;benign=15 
 
FNAC classification: unsatisfactory, negative, suspicious (suggestive but not confirmatory of malignancy), positive.  
 
Inadequate samples included in the analysis in paper – as a negative cytoscopic finding; unable to use as WCS strategy as do not 
know the number of unsatisfactory (only that total number of benign and unsatisfactory = 4). 
 
FNAC rated indeterminate or malignant  (+ve) [benign/unsatisfactory taken as -ve result] 
TP:   15     FN:   0   FP:   11     TN: 4;    sensitivity: 1.0,   specificity: 0.267  
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Russ, 1978301 

Study type Retrospective 

Number of patients n = 29 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: Secondary care 
 
Country: USA 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
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Reference Russ, 1978301 

Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant= 11 ;benign=18 
 
FNAC classification: benign (including indeterminate such as adenoma), malignant (carcinoma) 
 
Inadequate samples not reported and so could not be imputed 
 
FNAC rated malignant  (+ve) [benign taken as -ve result] 
TP:  8      FN:  3    FP:   0     TN: 18  ;    sensitivity: 0.727,   specificity:  1.0 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Schmid, 1986 #1370307 

Study type Retrospective/prospective 

Number of patients n = 2709 nodules 



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
334 

Reference Schmid, 1986 #1370307 

Patient 
characteristics 

Age, mean (SD): not reported  
 
Gender (female to male ratio): not reported  
 
Ethnicity: not reported 
 
Setting: Institute of pathology 
 
Country: Austria 
 
Inclusion criteria: Patients with cold or multinodular thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Schmid, 1986 #1370307 

Results 
 

Gold standard results: malignant=357 ;benign=2352 
 
FNAC classification: negative, suspect, positive, unsatisfactory 
 
Non-diagnostic findings: 17.7% overall but no breakdown given per histological findings 
 
FNAC rated suspect or positive  (+ve) [negative taken as -ve result] 
TP:    302    FN: 55     FP:  499      TN: 1852  ;    sensitivity: 0.846,   specificity: 0.787  
 
FNAC rated positive  (+ve) [suspect or negative taken as -ve result] 
TP:    255    FN: 102     FP:  207      TN: 2145  ;    sensitivity: 0.714,   specificity: 0.912  
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Schoedel, 2008 #1372309 

Study type Prospective 

Number of patients n = 46 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: Department of pathology 
 
Country: USA 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
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Reference Schoedel, 2008 #1372309 

 
Sub-group (US-guided / not US guided): USG used 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only. Both capillary and aspiration methods were tested separately but 
results have been combined for this review. 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant= 21 ;benign=25 
 
FNAC classification: positive, suspected, atypical, follicular neoplasm, negative, non-diagnostic 
 
Non diagnostic findings: malignant 1, benign 3. 
 
FNAC rated positive, suspected, atypical/follicular neoplasm (+ve) [negative taken as -ve result] 
TP:  14      FN:  7    FP:    7    TN:18   ;    sensitivity: 0.667,   specificity: 0.720   
 
FNAC rated positive, suspected (+ve) [atypical/follicular neoplasm or negative taken as -ve result] 
TP:  8      FN:  13    FP:    3    TN: 22   ;    sensitivity: 0.381,   specificity: 0.88   
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): none 

Comments  
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Reference Schwartz, 1982 #1373310 

Study type Retrospective 

Number of patients n = 102 nodules 

Patient 
characteristics 

Age, mean (range): 44(21-89) 
 
Gender (female to male ratio): 86:16 
 
Ethnicity: not reported 
 
Setting: Head and neck service, secondary care 
 
Country: USA 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
[note: core biopsy also studied but data insufficient for analysis in this review] 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Schwartz, 1982 #1373310 

 

Results 
 

Gold standard results: malignant=11 ;benign=81 
 
FNAC classification: malignant and benign 
 
Non-diagnostic findings: 10 patients but histologic findings not given so cannot be imputed 
 
FNAC rated malignant  (+ve) [benign taken as -ve result] 
TP:  5      FN:   6   FP:    3    TN: 78  ;    sensitivity:0/455,   specificity: 0.963  
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Scurry, 2000312 

Study type Retrospective 

Number of patients n = 109 nodules (standard smear), 92 nodules (cytospin) 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: secondary care 
 
Country: Australia and Canada 
 
Inclusion criteria: Patients with thyroid nodules given direct smear or smear/cytospin FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
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Reference Scurry, 2000312 

 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
OR 
Fine needle aspiration cytology without ROSE, with smear + cytospin and cell block [cell-block not mentioned]: cytospin preparations 
were made in cases that yielded cyst fluid. 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Standard smear 
Gold standard results: malignant=37 ;benign=73 
 
FNAC classification: negative, intermediate (includes follicular neoplasm and atypia), suspicious, malignant, non-diagnostic 
 
Non-diagnostic: 7 malignant, 33 benign 
 
FNAC rated indeterminate, suspicious or malignant  (+ve) [negative taken as -ve result] 
TP:   23     FN:  14    FP:  60      TN:13   ;    sensitivity:0.622,   specificity:  0.178 
 
FNAC rated suspicious or malignant  (+ve) [negative or indeterminate taken as -ve result] 
TP:   10     FN:  27    FP:  36      TN:37   ;    sensitivity:0.270,   specificity:  0.507 
 
 
 
 
Cytospin 
Gold standard results: malignant=32 ;benign=60 
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Reference Scurry, 2000312 

 
FNAC classification: negative, intermediate (includes follicular neoplasm and atypia), suspicious, malignant, non-diagnostic 
 
Non-diagnostic: 6 malignant, 25 benign 
 
FNAC rated indeterminate, suspicious or malignant  (+ve) [negative taken as -ve result] 
TP:   22     FN:  10    FP:  57      TN: 3   ;    sensitivity:0.688,   specificity:  0.005 
 
FNAC rated suspicious or malignant  (+ve) [negative or indeterminate taken as -ve result] 
TP:   10     FN:  22    FP:  28      TN:32   ;    sensitivity:0.455,   specificity:  0.533 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Settakorn, 2001316 

Study type Retrospective/prospective 

Number of patients n = 415  nodules 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: Thailand 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
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Reference Settakorn, 2001316 

Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=48 ;benign=182 
 
FNAC classification: Benign (goitre, diffuse thyroid hyperplasia), suspicious (follicular or Hurthle cell neoplasm), malignant 
 
Non-diagnostic: 185 unsatisfactory, but histological details not given so cannot be imputed. Inclusion of these data would have 
changed results significantly.  
 
FNAC rated suspicious or malignant  (+ve) [benign taken as -ve result] 
TP:   44     FN: 4     FP:   28     TN: 154 ;    sensitivity:0.917,   specificity:  0.846 
 
FNAC rated malignant  (+ve) [suspicious or benign taken as -ve result] 
TP:   37     FN: 11     FP:   4     TN: 178 ;    sensitivity:0.771,   specificity:  0.978 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  
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Reference Silverman, 1986327 

Study type Retrospective 

Number of patients n = 8 nodules (FNA) and 4 nodules (CNB) 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: USA 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
AND 
Core biopsy 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
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Reference Silverman, 1986327 

 
Blinding of gold standard test: No 
 

Results 
 

FNA 
Gold standard results: malignant=2 ;benign=6 
 
FNAC classification: Benign (follicular adenoma, benign nodular goitre), malignant (papillary carcinoma, etc) 
 
Non-diagnostic findings: malignant 0, benign 0 
 
FNAC rated malignant (+ve) [benign taken as -ve result] 
TP:   1     FN:  1    FP:   0     TN:  6 ;    sensitivity: 0.5,   specificity:  1.0 
 
CB 
Gold standard results: malignant=1 ;benign=3 
 
FNAC classification: Benign (follicular adenoma, benign nodular goitre), malignant (papillary carcinoma, etc) 
 
Non-diagnostic findings: malignant 1, benign 0 
 
FNAC rated malignant (+ve) [benign taken as -ve result] 
TP:   0     FN:  1    FP:   0     TN:  3 ;    sensitivity: 0.0,   specificity:  1.0 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Sirpal, 1996329 

Study type Retrospective 

Number of patients n = 128 nodules  

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
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Reference Sirpal, 1996329 

Ethnicity: not reported 
 
Setting: Army Hospital 
 
Country: India 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery. Surgery contemplated where FNA showed 
malignancy, follicular or HC tumour, cosmetically unacceptable cases, compression symptoms or cases non-responsive to therapy.  
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

 
Gold standard results: malignant=14 ;benign=114 
 
FNAC classification: Benign (cystic degeneration, colloid/adenomatous goitre, Hashitoxicosis), suspicious (HCA, FN), malignant, 
unsatisfactory 
 
Non-diagnostic findings:  0 malignant,   4 benign 
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Reference Sirpal, 1996329 

 
FNAC rated malignant or suspicious (+ve) [benign taken as -ve result] 
TP:   13     FN:  1    FP:   17     TN:  97 ;    sensitivity: 0.929,   specificity:  0.851 
 
FNAC rated malignant (+ve) [benign or suspicious taken as -ve result] 
TP:   12     FN:  2    FP:   4     TN:  110 ;    sensitivity: 0.857,   specificity:  0.965 
 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Spiliotis, 1992 #1394334 

Study type Retrospective 

Number of patients n = 201 nodules  

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: Greece 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Toxic nodules 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
346 

Reference Spiliotis, 1992 #1394334 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant= 31;benign=170 
 
FNAC classification: benign, indeterminate, suspicious, malignant, unsatisfactory 
 
Non-diagnostic findings: 0  malignant,  10 benign 
 
FNAC rated indeterminate, suspicious, malignant (+ve) [benign taken as -ve result] 
TP:   28     FN:  3    FP:   42     TN:  128 ;    sensitivity: 0.903,   specificity:  0.753 
 
FNAC rated suspicious, malignant (+ve) [benign or indeterminate  taken as -ve result] 
TP:   25     FN:  6    FP:   30     TN:  140 ;    sensitivity: 0.806,   specificity:  0.824 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Tabain, 2004342 

Study type Retrospective 

Number of patients n = 457  nodules  
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Reference Tabain, 2004342 

Patient 
characteristics 

Age, mean (SD): 47.7 (13.2) 
 
Gender (female to male ratio): 378: 79 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: Croatia 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Tabain, 2004342 

Results 
 

Gold standard results: malignant=93 ;benign=364 
 
FNAC classification: Benign (nodular goitre, thyroiditis), indeterminate (cellular Follicular lesion, suspicious follicular neoplasm), 
malignant (unequivocal evidence of carcinoma), non-diagnostic 
 
Non-diagnostic findings: 0  malignant, 8  benign 
 
FNAC rated malignant or indeterminate (+ve) [benign taken as -ve result] 
TP:   92     FN:  1    FP:   158     TN:  206 ;    sensitivity: 0.989,   specificity:  0.566 
 
FNAC rated malignant (+ve) [benign or indeterminate taken as -ve result] 
TP:   67     FN:  26    FP:   17     TN:  347 ;    sensitivity: 0.720,   specificity:  0.953 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Takashima, 1994344 

Study type Retrospective 

Number of patients n = 99 nodules (UG) and 34 nodules (palpation) 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: Japan 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
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Reference Takashima, 1994344 

Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG  and no USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

USG-FNA 
Gold standard results: malignant= 67;benign=32 
 
FNAC classification: malignant, benign 
 
Non-diagnostic findings:  not reported for histologic categories so cannot be imputed 
 
FNAC rated malignant (+ve) [benign taken as -ve result] 
TP:   64     FN:  3    FP:   3     TN:  29 ;    sensitivity: 0.955,   specificity:  0.906 
 
Non-USG-FNA 
Gold standard results: malignant= 24; benign=10 
 
FNAC classification: malignant, benign 
 
Non-diagnostic findings:  not reported for histologic categories so cannot be imputed 
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Reference Takashima, 1994344 

 
FNAC rated malignant (+ve) [benign taken as -ve result] 
TP:   21     FN:  3    FP:   1    TN:  9 ;    sensitivity: 0.875,   specificity:  0.900 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 
Reference Takashima, 1992345 

Study type Retrospective 

Number of patients n = 27 nodules (UG) and 14 nodules (palpation) 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: Japan 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG  and no USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
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Reference Takashima, 1992345 

Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

USG-FNA 
Gold standard results: malignant= 16;benign=11 
 
FNAC classification: malignant, benign 
 
Non-diagnostic findings:  not reported for histologic categories so cannot be imputed 
 
FNAC rated malignant (+ve) [benign taken as -ve result] 
TP:   16     FN:  0    FP:   0     TN:  11 ;    sensitivity: 1.0,   specificity:  1.0 
 
Non-USG-FNA 
Gold standard results: malignant= 8; benign=6 
 
FNAC classification: malignant, benign 
 
Non-diagnostic findings:  not reported for histologic categories so cannot be imputed 
 
FNAC rated malignant (+ve) [benign taken as -ve result] 
TP:   6     FN:  2    FP:   0    TN:  6 ;    sensitivity: 0.75,   specificity:  1.0 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  
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Reference Tal, 1992347 

Study type Retrospective 

Number of patients n = 30 nodules  

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: General Hospital 
 
Country: USA 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
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Reference Tal, 1992347 

 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=8 ;benign=22 
 
FNAC classification: negative, suspicious (cells suggestive of malignancy, or Hurthle cells), positive, inadequate 
 
Non-diagnostic findings: not reported 
 
FNAC rated positive or suspicious (+ve) [negative taken as -ve result] 
TP:   7     FN:  1    FP:   5     TN:  17 ;    sensitivity: 0.875,   specificity:  0.773 
 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Theoharis, 2013 #1410353 

Study type Retrospective 

Number of patients n = 372 nodules (pre Bethesda) and 379 nodules (post Bethesda implementation) 

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: Department of Pathology 
 
Country: USA 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
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Reference Theoharis, 2013 #1410353 

Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Pre-Bethesda 
Gold standard results: malignant=188 ;benign=184 
 
FNAC classification: unsatisfactory, benign, indeterminate, follicular neoplasm, suspicious, positive 
 
Non-diagnostic findings:  8 malignant,  18 benign 
 
FNAC rated indeterminate, follicular neoplasm, suspicious, positive (+ve) [benign taken as -ve result] 
TP:   168     FN:  20    FP:   99     TN:  85 ;    sensitivity: 0.894,   specificity:  0.462 
 
FNAC rated follicular neoplasm, suspicious, positive (+ve) [indeterminate, benign taken as -ve result] 
TP:   160     FN:  28    FP:   90     TN:  94 ;    sensitivity: 0.851,   specificity:  0.511 
 
FNAC rated suspicious, positive (+ve) [follicular neoplasm, indeterminate, benign taken as -ve result] 
TP:   136     FN:  52    FP:   21     TN:  163 ;    sensitivity: 0.723,   specificity:  0.886 
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Reference Theoharis, 2013 #1410353 

Post-Bethesda implementation 
Gold standard results: malignant=199 ;benign=180 
 
FNAC classification: Bethesda - non-diagnostic, benign, indeterminate, follicular neoplasm, suspicious, positive 
 
Non-diagnostic findings:  6 malignant,  10 benign 
 
FNAC rated indeterminate, follicular neoplasm, suspicious, positive (+ve) [benign taken as -ve result] 
TP:   177     FN:  22    FP:   79     TN:  101 ;    sensitivity: 0.889,   specificity:  0.561 
 
FNAC rated follicular neoplasm, suspicious, positive (+ve) [indeterminate, benign taken as -ve result] 
TP:   169     FN:  30    FP:   68     TN:  112 ;    sensitivity: 0.849,   specificity:  0.622 
 
FNAC rated suspicious, positive (+ve) [follicular neoplasm, indeterminate, benign taken as -ve result] 
TP:   144     FN:  55    FP:   14    TN:  166 ;    sensitivity: 0.724,   specificity:  0.922 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Theoharis, 2009 #1411354 

Study type Retrospective 

Number of patients n = 378  nodules  

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: USA 
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Reference Theoharis, 2009 #1411354 

 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG (majority)  
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Theoharis, 2009 #1411354 

Results 
 

Gold standard results: malignant=202 ;benign=176 
 
FNAC classification: unsatisfactory, benign, indeterminate, FN/HCN, SFM, Malignant 
 
Non-diagnostic findings: 8  malignant,  17 benign 
 
FNAC rated indeterminate, FN/HCN, SFM, Malignant (+ve) [benign taken as -ve result] 
TP:   186     FN:  16    FP:   102     TN:  74 ;    sensitivity: 0.921,   specificity:  0.420 
 
FNAC rated FN/HCN, SFM, Malignant (+ve) [indeterminate, benign taken as -ve result] 
TP:   173     FN:  29    FP:   88     TN:  88 ;    sensitivity: 0.856,   specificity:  0.500 
 
FNAC rated SFM, Malignant (+ve) FN/HCN, [FN/HCN, indeterminate, benign taken as -ve result] 
TP:   138     FN:  64    FP:   21     TN:  155 ;    sensitivity: 0.683,   specificity:  0.881 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Thomas, 1998355 

Study type Retrospective 

Number of patients n = 93 nodules  

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: Nigeria 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
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Reference Thomas, 1998355 

 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=18 ;benign=75 
 
FNAC classification: benign, indeterminate, malignant 
 
Non-diagnostic findings:   not reported 
 
FNAC rated malignant or indeterminate (+ve) [benign taken as -ve result] 
TP:   15     FN:  3    FP:   15     TN:  60 ;    sensitivity: 0.833,   specificity:  0.80 
 
FNAC rated malignant (+ve) [benign or indeterminate taken as -ve result] 
TP:   12     FN:  6    FP:   3     TN:  72 ;    sensitivity: 0.667,   specificity:  0.96 
 
 
 

Source of funding No funding stated 
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Reference Thomas, 1998355 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Tsou, 1997 #1417360 

Study type Retrospective 

Number of patients n = 61 nodules  

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: Cancer centre 
 
Country: Taiwan 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG / non USG – unclear if one of them was >75% 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only (Riu’s stain) 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
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Reference Tsou, 1997 #1417360 

Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

FNA 
Gold standard results: malignant=40 ;benign=21 
 
FNAC classification: Benign, suspicious, malignant 
 
Non-diagnostic findings:   none in the surgical cohort 
 
FNAC rated suspicious or malignant (+ve) [benign taken as -ve result] 
TP:   38     FN:  2    FP:   10     TN:  11 ;    sensitivity: 0.95,   specificity:  0.524 
 
FNAC rated malignant (+ve) [suspicious or benign taken as -ve result] 
TP:   29     FN:  11    FP:   0     TN:  21 ;    sensitivity: 0.725,   specificity:  1.0 
 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Varhaug, 1981 #1418361 

Study type Retrospective 

Number of patients n = 264 nodules  

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
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Reference Varhaug, 1981 #1418361 

 
Setting: University Hospital 
 
Country: Norway 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Diffuse goitre and toxic goitre 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear + cytospin and cell block – cystic fluid was centrifuged before making 
smears 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

FNA 
Gold standard results: malignant=68 ;benign=196 
 
FNAC classification: malignant, suspected, follicular neoplasia, benign, non-diagnostic 
 
Non-diagnostic findings:  7 malignant, 36  benign 
 
FNAC rated malignant, suspected, follicular neoplasia (+ve) [benign taken as -ve result] 
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Reference Varhaug, 1981 #1418361 

TP:   52     FN:  16    FP:   84     TN:  112 ;    sensitivity: 0.765,   specificity:  0.571 
 
FNAC rated malignant, suspected (+ve) [benign, follicular neoplasia taken as -ve result] 
TP:   42     FN:  26    FP:   47     TN:  149 ;    sensitivity: 0.618,   specificity:  0.760 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Vojvodich, 1994362 

Study type Retrospective 

Number of patients n = 98 nodules  

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: Canada 
 
Inclusion criteria: Patients with solitary thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 
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Reference Vojvodich, 1994362 

Index test(s) and 
reference standard 

Index test 
 
 
Fine needle aspiration cytology without ROSE, with smear + cytospin and cell block. If fluid was aspirated, cytospin preparations, 
rather than direct smears, were made. 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

FNA 
Gold standard results: malignant= 35 ;benign= 50 
 
FNAC classification: benign, suspicious for malignancy, diagnostic of malignancy, or unsatisfactory 
 
Non-diagnostic findings:   13 overall, but histological breakdown not provided so cannot be imputed into analysis 
 
FNAC rated suspicious or malignant (+ve) [benign taken as -ve result] 
TP:   29     FN:  6    FP:   6     TN:  44 ;    sensitivity: 0.829,   specificity:  0.88 
 
FNAC rated malignant (+ve) [suspicious or benign taken as -ve result] 
TP:   14     FN:  21    FP:   0     TN:  50 ;    sensitivity: 0.40,   specificity:  1.0 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  
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Reference Walsh, 1983363 

Study type Retrospective 

Number of patients n = 76 nodules  

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: secondary care 
 
Country: Australia 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Walsh, 1983363 

Results 
 

FNA 
Gold standard results: malignant=9 ; benign=67 
 
FNAC classification: benign, suspicious, malignant, unsatisfactory 
 
Non-diagnostic findings: 1 malignant, 9 benign 
 
FNAC rated malignant or suspicious (+ve) [benign taken as -ve result] 
TP:   7     FN:  2    FP:   14     TN:  53 ;    sensitivity: 0.778,   specificity:  0.791 
 
FNAC rated malignant (+ve) [benign or suspicious taken as -ve result] 
TP:   2     FN:  7    FP:   9     TN:  58 ;    sensitivity: 0.222,   specificity:  0.866 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Wu, 2006372 

Study type Retrospective 

Number of patients n = 401  nodules  

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country:  
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
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Reference Wu, 2006372 

Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Gold standard results: malignant=112 ; benign=289 
 
FNAC classification: benign (goitre/colloid/thyroiditis), suspicious (nuclear features and cellular features suggestive of malignancy but 
inadequate cellularity prohibits definitive diagnosis), malignant, atypical (nuclear atypia such as nuclear enlargement, grooves, 
pseudo inclusions and prominent nucleoli), follicular neoplasm, follicular lesion, inadequate (8-10 cluster on 2 slides) 
 
Non-diagnostic findings:  2 malignant, 15  benign 
 
FNAC rated malignant, suspicious, FN, atypia, FL (+ve) [benign taken as -ve result] 
TP:   99     FN:  13    FP:   141     TN:  148 ;    sensitivity: 0.884,   specificity:  0.512 
 
FNAC rated malignant, suspicious, FN, atypia (+ve) [benign, FL taken as -ve result] 
TP:   92     FN:  20   FP:   97     TN:  192 ;    sensitivity: 0.821,   specificity:  0.664 
 
FNAC rated malignant, suspicious, FN (+ve) [benign, FL, atypia taken as -ve result] 
TP:   76     FN:  36   FP:   80     TN:  209 ;    sensitivity: 0.679,   specificity:  0.723 
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Reference Wu, 2006372 

 
FNAC rated malignant, suspicious (+ve) [benign, FL, atypia, FN taken as -ve result] 
TP:   47     FN:  65   FP:   21     TN:  268 ;    sensitivity: 0.419,   specificity:  0.927 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Yavuz, 2020 #1436381 

Study type Retrospective 

Number of patients n = 34 nodules  

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country:  
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG  
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
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Reference Yavuz, 2020 #1436381 

Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

FNA 
Gold standard results: malignant=18 ;benign=16 
 
FNAC classification: positive, negative 
 
Non-diagnostic findings: not reported 
 
FNAC rated malignant (+ve) [benign taken as -ve result] 
TP:   17     FN:  1    FP:   2     TN:  14;    sensitivity: 0.944,   specificity:  0.875 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Yoder, 2006385 

Study type Retrospective 

Number of patients n = 200 nodules  

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
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Reference Yoder, 2006385 

Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: USA 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG for 81% 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology with ROSE, with smear only.  On site cytotechnologist for adequacy. 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Yoder, 2006385 

Results 
 

Gold standard results: malignant=66 ;benign=134 
 
FNAC classification: unsatisfactory, benign, indeterminate, suspicious, malignant. 
 
Non-diagnostic findings: 4 malignant, 5 benign 
 
FNAC rated indeterminate, suspicious, malignant (+ve) [benign taken as -ve result] 
TP:   59     FN:  7    FP:   78     TN:  56 ;    sensitivity: 0.894,   specificity:  0.418 
 
FNAC rated suspicious, malignant (+ve) [indeterminate, benign taken as -ve result] 
TP:   44     FN:  22    FP:   11     TN:  123 ;    sensitivity: 0.666,   specificity:  0.918 
 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Zajdela, 1987 #1442389 

Study type Retrospective 

Number of patients n = 372 nodules  

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: unclear 
 
Country: France 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
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Reference Zajdela, 1987 #1442389 

Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
 
Fine needle aspiration cytology without ROSE, with smear + cytospin and cell block. In the event of a liquid sample the centrifugation 
pellet is spread, fixed and stained  
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

FNA 
Gold standard results: malignant=126 ;benign=246 
 
FNAC classification: malignant, suspicious, benign 
 
Non-diagnostic findings not reported 
 
FNAC rated malignant or suspicious (+ve) [benign taken as -ve result] 
TP:   116     FN:  10    FP:   31     TN:  215 ;    sensitivity: 0.921,   specificity:  0.874 
 
FNAC rated malignant (+ve) [benign or suspicious taken as -ve result] 
TP:   94     FN:  32    FP:   3     TN:  243 ;    sensitivity: 0.746,   specificity:  0.988 
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Reference Zajdela, 1987 #1442389 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Zbar, 2009390 

Study type Retrospective 

Number of patients n = 63 nodules  

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: Barbados 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
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Reference Zbar, 2009390 

Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

FNA 
Gold standard results: malignant=8 ;benign=55 
 
FNAC classification: benign, follicular neoplasm, suspicious for PTC, PTC. 
 
Non-diagnostic findings:  not clearly reported 
 
FNAC rated follicular neoplasm, suspicious for PTC, PTC (+ve) [benign taken as -ve result] 
TP:   3     FN:  5    FP:   10     TN:  45 ;    sensitivity: 0.375,   specificity:  0.818 
 
FNAC rated suspicious for PTC, PTC (+ve) [follicular neoplasm, benign taken as -ve result] 
TP:   3     FN:  5    FP:   3     TN:  52 ;    sensitivity: 0.375,   specificity:  0.945 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Xu, 2014378 

Study type Retrospective 

Number of patients n = 945 nodules  

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
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Reference Xu, 2014378 

Setting: Cancer Hospital 
 
Country: China 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): prior US reported and appears to have been used as an indication for FNA 
 
Sub-group (US-guided / not US guided): USG  
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

FNA 
Gold standard results: malignant=659 ;benign=286 
 
FNAC classification: positive, negative 
 
Non-diagnostic findings: not reported 
 
FNAC rated positive (+ve) [negative taken as -ve result] 
TP:   572     FN:  87    FP:   49     TN:  237 ;    sensitivity: 0.868,   specificity:  0.829 
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Reference Xu, 2014378 

 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Liel, 1985208 

Study type Retrospective 

Number of patients n = 49 nodules  

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: Israel 
 
Inclusion criteria: Patients with ‘cold’ or ‘warm’ thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
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Reference Liel, 1985208 

Fine needle aspiration cytology without ROSE, with smear + cytospin and cell block. Whenever enough solid mass was left, 
aspiration of the cyst wall was performed. The fluid was centrifuged and examined after fixation and preparation as a cell block 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

FNA 
Gold standard results: malignant=13 ;benign=36 
 
FNAC classification: Inadequate, benign, follicular neoplasm, suspicious, malignant 
 
Non-diagnostic findings:  1 malignant,  7 benign 
 
FNAC rated follicular neoplasm, suspicious, malignant (+ve) [benign taken as -ve result] 
TP:   11     FN:  2    FP:   16     TN:  20 ;    sensitivity: 0.846,   specificity:  0.555 
 
FNAC rated suspicious, malignant (+ve) [follicular neoplasm, benign taken as -ve result] 
TP:   9     FN:  4    FP:   11     TN:  25 ;    sensitivity: 0.692,   specificity:  0.694 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Lioe, 1998 #1280210 

Study type Retrospective 
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Reference Lioe, 1998 #1280210 

Number of patients n = 67 nodules  

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: Departments of histo/cytopathology and surgery 
 
Country: UK 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Lioe, 1998 #1280210 

Results 
 

FNA 
Gold standard results: malignant=13 ;benign=54 
 
FNAC classification: unsatisfactory, non-neoplastic, reactive vs neoplastic, neoplastic 
 
Non-diagnostic findings:  2 malignant, 10  benign 
 
FNAC rated reactive vs neoplastic, neoplastic (+ve) [non-neoplastic taken as -ve result] 
TP:   11     FN:  2    FP:   37     TN:  17 ;    sensitivity: 0.846,   specificity:  0.315 
 
FNAC rated neoplastic (+ve) [reactive vs neoplastic, non-neoplastic taken as -ve result] 
TP:   9    FN:  4    FP:   23     TN:  31 ;    sensitivity: 0.692,   specificity:  0.574 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Aggarwal, 19897 

Study type Retrospective 

Number of patients n = 36 nodules  

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country:  
 
Inclusion criteria: Patients with ultrasonographically solitary cold thyroid nodules given FNAC and subsequent surgery 
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Reference Aggarwal, 19897 

Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): US used to select FNA cases on basis of solitary nodules 
 
Sub-group (US-guided / not US guided): USG in some but not others (not precisely defined) 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

FNA 
Gold standard results: malignant=16 ;benign=20 
 
FNAC classification: colloid goitre, follicular neoplasm, equivocal (indeterminate), carcinoma. 
 
Non-diagnostic findings:   not reported 
 
FNAC rated follicular neoplasm, equivocal (indeterminate), carcinoma (+ve) [colloid goitre taken as -ve result] 
TP:   16     FN:  0    FP:   5     TN:  15 ;    sensitivity: 1.0,   specificity:  0.75 
 
FNAC rated equivocal (indeterminate), carcinoma (+ve) [follicular neoplasm, colloid goitre taken as -ve result] 
TP:   16     FN:  0    FP:   2     TN:  18 ;    sensitivity: 1.0,   specificity:  0.90 
 
FNAC rated carcinoma (+ve) [equivocal (indeterminate), follicular neoplasm, colloid goitre taken as -ve result] 
TP:   12     FN:  4    FP:   0     TN:  20 ;    sensitivity: 0.75,   specificity:  1.0 
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Reference Aggarwal, 19897 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Seok, 2018315 

Study type Retrospective 

Number of patients n = 457  nodules  

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
 
Ethnicity: not reported 
 
Setting: University Hospital 
 
Country: South Korea 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only  
 
Reference (gold) standard:  
Surgical histopathological findings 
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Reference Seok, 2018315 

Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

FNA 
Gold standard results: malignant=377 ;benign=80 
 
FNAC classification: Bethesda I-VI 
 
Non-diagnostic findings:  10 malignant,  16 benign 
 
FNAC rated III-VI (+ve) [II taken as -ve result] 
TP:   364     FN:  13    FP:   60     TN:  20 ;    sensitivity: 0.966,   specificity:  0.25 
 
FNAC rated IV-VI (+ve) [II-III taken as -ve result] 
TP:   319     FN:  58    FP:   20     TN:  60 ;    sensitivity: 0.846,   specificity:  0.75 
 
FNAC rated V-VI (+ve) [II-IV taken as -ve result] 
TP:   316     FN:  61    FP:   16     TN:  64 ;    sensitivity: 0.838,   specificity:  0.80 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 
Reference Hougaard Chakera, 2003160 

Study type Retrospective 

Number of patients n = 67 nodules  

Patient 
characteristics 

Age, mean (SD): not reported for those given surgery 
 
Gender (female to male ratio): not reported for those given surgery 
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Reference Hougaard Chakera, 2003160 

 
Ethnicity: not reported 
 
Setting: unclear 
 
Country: Denmark 
 
Inclusion criteria: Patients with thyroid nodules given FNAC and subsequent surgery 
 
Exclusion criteria: Not reported 
 
Stratum (prior US assessment / no prior US assessment): no prior US reported 
 
Sub-group (US-guided / not US guided): USG not reported 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
 
Fine needle aspiration cytology without ROSE, with smear only 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

FNA 
Gold standard results: malignant=10 ;benign=57 
 
FNAC classification: malignant, suspicious, benign 
 
Non-diagnostic findings:   not reported 
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Reference Hougaard Chakera, 2003160 

FNAC rated malignant and suspicious (+ve) [benign taken as -ve result] 
TP:   6     FN:  4    FP:   7     TN:  50 ;    sensitivity: 0.6,   specificity:  0.877 
 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 

 
Reference Choden, 202169 

Study type Retrospective 

Number of patients n =  81 nodules 

Patient 
characteristics 

Age, mean (SD): 46.51(15.9), though this was in overall sample, not in those with surgical resection 
 
Gender (female to male ratio): unclear in those with surgical resection 
 
Ethnicity: not reported 
 
Setting: Secondary care 
 
Country: Bhutan 
 
Inclusion criteria: Patients undergoing FNA who also underwent surgical resection 
 
Exclusion criteria: Patients with missing data  
 
Stratum (prior US assessment / no prior US assessment): Unclear - US mentioned but FNAC appeared to depend on other factors such as 
radiological and clinical findings too. 
 
Sub-group (US-guided / not US guided): FNA guidance not mentioned 
 

Target condition(s) Thyroid nodule malignancy 
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Reference Choden, 202169 

Index test(s) and 
reference standard 

Index test 
Fine needle aspiration cytology without ROSE, with smear only  
 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Malignant nodules= 36 ; benign nodules = 45 
 
Non diagnostic Bethesda I = 0,0 
 
FNA grading: Bethesda rating 
 
FNAC rated III or above  (+ve) [II taken as -ve result] 
TP:  34      FN:  2    FP:  16      TN:29   ;    sensitivity: 0.944 ,   specificity:  0.644 
 
FNAC rated IV or above  (+ve) [II-III taken as -ve result] 
TP:  33      FN:  3    FP:  10      TN:35   ;    sensitivity: 0.917 ,   specificity:  0.778 
 
FNAC rated V or above  (+ve) [II-IV taken as -ve result] 
TP:  28      FN:  8    FP:  1      TN:44   ;    sensitivity: 0.778 ,   specificity:  0.978 
 
FNAC rated VI (+ve) [II-V taken as -ve result] 
TP:  21      FN:  15    FP:  0     TN:45   ;    sensitivity: 0.583 ,   specificity:  1.0 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  
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Reference Abou-Foul, 20212 

Study type Retrospective 

Number of patients n = 471 nodules 

Patient 
characteristics 

Age, mean (SD): not reported for analysed sub-group 
 
Gender (female to male ratio): not reported for analysed sub-group 
 
Ethnicity: not reported 
 
Setting: Secondary care 
 
Country: UK 
 
Inclusion criteria: all patients who had thyroid resection (total or hemithyroidectomy) and FNAC 
 
Exclusion criteria: If final histology reported incidental malignant lesions that were not sampled during the FNAC, these reports were excluded from 
the analysis 
 
Stratum (prior US assessment / no prior US assessment): unclear 
 
Sub-group (US-guided / not US guided): USG 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
Fine needle aspiration cytology without ROSE, with smear only  
 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Abou-Foul, 20212 

Results 
 

Malignant nodules= 119; benign nodules = 352 
 
Thy1: 32 malignant, 133 benign 
 
FNA grading: RCPath Thy grading system: Thy1, 2, 3a, 3f, 4, and 5 (generally regarded as equivalent to Bethesda categories I to V respectively) 
WCS results:  
 
Thy 3a and above  (+ve) [Thy2 taken as -ve result] 
TP:  59      FN:60      FP:   189     TN: 163  ;    sensitivity: 0.496,   specificity:  0.463 
 
Thy 3f and above  (+ve) [Thy2-3a taken as -ve result] 
TP:  45      FN:74      FP:   155     TN: 197  ;    sensitivity: 0.378,   specificity:  0.560 
 
Thy 4 and above  (+ve) [Thy2-3f taken as -ve result] 
TP:  24      FN:95      FP:   135     TN: 217  ;    sensitivity: 0.202,   specificity:  0.616 
 
Thy 5  (+ve) [Thy2-4 taken as -ve result] 
TP:  7      FN: 112      FP:   133     TN: 219  ;    sensitivity: 0.059,   specificity:  0.622 
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 

Reference Li, 2021207 

Study type Retrospective 

Number of patients n = 623 nodules 

Patient 
characteristics 

Age, mean (range): 47.3 (7-88) 
 
Gender (female to male ratio): 488:135 
 
Ethnicity: not reported 
 
Setting: Secondary care 
 
Country: China 
 
Inclusion criteria: Patients having FNAC and thyroid surgery 
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Reference Li, 2021207 

 
Exclusion criteria: No report on the sensation during puncture of the nodule – whether ‘soft’, ‘hard’ or ‘hard with grittiness’.   
 
Stratum (prior US assessment / no prior US assessment): Prior US assessment, but unclear if this was used as a criterion for FNAC 
 
Sub-group (US-guided / not US guided): USG. 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
Fine needle aspiration cytology without ROSE, with smear only  
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Malignant nodules= 508; benign nodules =115  
 
No data given for inadequate samples 
 
FNA grading: Bethesda 
 
Bethesda V or VI  (+ve) [I to IV taken as -ve result] 
TP:    452    FN: 56     FP:   8     TN: 107  ;    sensitivity: 0.889 ,   specificity: 0.930 
 
  
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  
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Reference Fiorentino, 2021108 

Study type Retrospective 

Number of patients n =  693 nodules (this study focussed on sub-centimetre nodules but also presented data for nodules >1cm. We have summed the data from both 
sub-groups because this review does not stratify for nodule size) 

Patient 
characteristics 

Age, mean (SD): not reported 
 
Gender (female to male ratio): not reported 
 
Ethnicity: not reported 
 
Setting: Secondary care 
 
Country: Italy 
 
Inclusion criteria: Patients with FNAC and surgical specimens 
 
Exclusion criteria: Not reported  
 
Stratum (prior US assessment / no prior US assessment): US performed but unclear if used as a criterion for FNAC 
 
Sub-group (US-guided / not US guided): unclear 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
Fine needle aspiration cytology without ROSE, with smear only  
 
 
Reference (gold) standard:  
Surgical histopathological findings 
 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
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Reference Fiorentino, 2021108 

Results 
 

Malignant nodules= 416; benign nodules =277  
 
ND: 2 malignant, 4 benign 
 
FNA grading: Bethesda 
 
WCS:  
FNAC III or higher  (+ve) [II taken as -ve result] 
TP:  408      FN:   8   FP:  91      TN: 186  ;    sensitivity: 0.981 ,   specificity: 0.671  
 
FNAC IV or higher  (+ve) [II - III taken as -ve result] 
TP:  402      FN:   14   FP:  49      TN: 228  ;    sensitivity: 0.966 ,   specificity: 0.823  
 
FNAC V or higher  (+ve) [II - IV taken as -ve result] 
TP:  387      FN:   29   FP:  6      TN: 271  ;    sensitivity: 0.930 ,   specificity: 0.978  
 
FNAC VI  (+ve) [II - V taken as -ve result] 
TP:  250      FN:   166   FP:  4      TN: 273  ;    sensitivity: 0.601 ,   specificity: 0.986  
 
 

Source of funding No funding stated 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  

 

 

Reference Bahaj, 202132 

Study type Retrospective 

Number of patients n =  314 nodules 

Patient 
characteristics 

Age, mean (SD): 42.3(7.3) 
 
Gender (female to male ratio): 258:56 
 
Ethnicity: not reported 
 
Setting: Secondary care 
 
Country: Saudi Arabia 
 
Inclusion criteria: Patients undergoing FNAC and thyroid surgery 
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Reference Bahaj, 202132 

 
Exclusion criteria: Not reported  
 
Stratum (prior US assessment / no prior US assessment): US was used but unclear if used as a criterion for FNAC 
 
Sub-group (US-guided / not US guided): USG used 
 

Target condition(s) Thyroid nodule malignancy 

Index test(s) and 
reference standard 

Index test 
Fine needle aspiration cytology without ROSE, with smear only  
 
Reference (gold) standard:  
Surgical histopathological findings 
 
Time between measurement of index test and reference standard:  
Not clear 
 
Blinding of index test: No 
 
Blinding of gold standard test: No 
 

Results 
 

Malignant nodules=150; benign nodules = 164 
 
Inadequate samples: 2 malignant, 6 benign  
 
FNA grading: Bethesda 
 
Bethesda III or higher  (+ve) [II taken as -ve result] 
TP:   127     FN: 23     FP:  33      TN: 131  ;    sensitivity: 0.847,   specificity: 0.799  
 
Bethesda IV or higher  (+ve) [II-III taken as -ve result] 
TP:   92     FN: 58     FP:  17      TN: 147  ;    sensitivity: 0.613,   specificity: 0.896  
 
Bethesda V or higher  (+ve) [II-IV taken as -ve result] 
TP:   86     FN: 64     FP:  10      TN: 154  ;    sensitivity: 0.573,   specificity: 0.939  
 
Bethesda VI or higher  (+ve) [II-V taken as -ve result] 
TP:   17     FN: 133     FP:  6      TN: 158  ;    sensitivity: 0.113,   specificity: 0.963  
 
 

Source of funding No funding stated 
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Reference Bahaj, 202132 

Limitations Risk of bias (QUADAS 2 – risk of bias): very serious risk of bias 
Indirectness (QUADAS 2 - applicability): serious (retrospective, so some bias possible in who was given surgery) 

Comments  
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Appendix E – QUADAS2 risk of bias assessment 

Table 29: QUADAS2 risk of bias assessment summary 
Study Patient selection Index test with 

blinding of gold 
standard test results 

Gold standard test 
with blinding of index 
test results 

Time interval 
between index and 
gold standard 
adequately short 
(within 1 month) 

Overall risk of bias 

Abboud, 20031 U U U U Very serious risk of bias 

Abou-Foul, 20212 U U U U Very serious risk of bias 

Acar, 20173 U U U U Very serious risk of bias 

Afroze, 20024 U U U U Very serious risk of bias 

Agcaoglu, 20136 U U U U Very serious risk of bias 

Aggarwal, 19897 U U U U Very serious risk of bias 

Agrawal, 19958  U U U U Very serious risk of bias 

Aguilar-Diosdado, 19979 U U U U Very serious risk of bias 

Al-Hureibi, 200318 U U U U Very serious risk of bias 

Altavilla, 199023 U U U U Very serious risk of bias 

Al-Taweel, 199019 U U U U Very serious risk of bias 

Ananthakrishnan, 199024 L Y Y U No serious risk of bias 

Anderson, 198725 U U Y U Very serious risk of bias 

Arul, 201529 U U U U Very serious risk of bias 

Aydogan, 201930 U U U U Very serious risk of bias 

Bahaj, 202132 U U U U Very serious risk of bias 

Bashier, 199638 U U U U Very serious risk of bias 

Belanger, 198341 U U U U Very serious risk of bias 

Bellantone, 200442 U U U U Very serious risk of bias 

Biscotti, 199547 U U U U Very serious risk of bias 

Bodo, 197950 U U U U Very serious risk of bias 

Borman, 199551 U U U U Very serious risk of bias 

Brauer, 198453 U U U U Very serious risk of bias 

Bugis, 198655 U U U U Very serious risk of bias 
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Study Patient selection Index test with 
blinding of gold 
standard test results 

Gold standard test 
with blinding of index 
test results 

Time interval 
between index and 
gold standard 
adequately short 
(within 1 month) 

Overall risk of bias 

Can, 200861 U U U U Very serious risk of bias 

Chang, 199767 U U U U Very serious risk of bias 

Choe, 201870 U U U U Very serious risk of bias 

Choden, 202169 U U U U Very serious risk of bias 

Chow, 199972 U U U U Very serious risk of bias 

Cristallini, 1989 #116180 U U U U Very serious risk of bias 

Danese, 199885 U U U U Very serious risk of bias 

Davidsohn, 199588 U U U U Very serious risk of bias 

de Roy van Zuidewijn, 199490 U U U U Very serious risk of bias 

de Vos tot Nederveen Cappel, 200191 U Y U U Very serious risk of bias 

Dwarakanathan, 198997 U U U U Very serious risk of bias 

El Hag, 202198 U U U U Very serious risk of bias 

Ferrari, 1985106 U U U U Very serious risk of bias 

Fiorentino, 2021108 U U U U Very serious risk of bias 

Francis, 1999115 U U U U Very serious risk of bias 

Gardiner, 1986123 U U U U Very serious risk of bias 

Gershengorn, 1977126 L Y U U Serious risk of bias 

Giansanti, 1989127 U U U U Very serious risk of bias 

Gossain, 1998131 U U U U Very serious risk of bias 

Gould, 1989133 U U U U Very serious risk of bias 

Guo, 2015138 U U U U Very serious risk of bias 

Haberal, 2009144 U U U U Very serious risk of bias 

Hamming, 1998150 U U U U Very serious risk of bias 

Hamming, 1990149 U U U U Very serious risk of bias 

Hawkins, 1987153 U U U U Very serious risk of bias 

Harsoulis, 1986152 U Y U U Very serious risk of bias 

Heimann, 1964155 U U U U Very serious risk of bias 

Hosokawa, 2019159 U U U U Very serious risk of bias 

Hougaard Chakera, 2003160 U U U U Very serious risk of bias 

Huang, 2020161 U U U U Very serious risk of bias 
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Study Patient selection Index test with 
blinding of gold 
standard test results 

Gold standard test 
with blinding of index 
test results 

Time interval 
between index and 
gold standard 
adequately short 
(within 1 month) 

Overall risk of bias 

Hussain, 1993163 U U U U Very serious risk of bias 

Jalan, 2017166 U U U U Very serious risk of bias 

Jat, 2019167 U U U U Very serious risk of bias 

Jayaram, 1999168 U U U U Very serious risk of bias 

Kelman, 2001175 U U U U Very serious risk of bias 

Kim, 2013182 U U U U Very serious risk of bias 

Kimoto, 1999187 U U U U Very serious risk of bias 

Kini, 1985188 U U U U Very serious risk of bias 

Kojic Katovic, 2004193 U U U U Very serious risk of bias 

Kolendorf, 1975194 U U U U Very serious risk of bias 

Kothari, 2019 #1269 196 U U U U Very serious risk of bias 

Kumar, 1992199 L U U U Very serious risk of bias 

La ROSE, 1991200 U U U U Very serious risk of bias 

Leenhardt, 1999204 U U U U Very serious risk of bias 

Li, 2013206 U U U U Very serious risk of bias 

Li, 2021207 U U U U Very serious risk of bias 

Liel, 1985208 U U U U Very serious risk of bias 

Lioe, 1998 #1280210 U U U U Very serious risk of bias 

Liu, 2009211 U U U U Very serious risk of bias 

Lukitto, 1998217 U U U U Very serious risk of bias 

Mamoon, 1997221 U U U U Very serious risk of bias 

Mandal, 2011223 U U U U Very serious risk of bias 

Mandreker, 1995224 U U U U Very serious risk of bias 

Mastorakis, 2014229 U U U U Very serious risk of bias 

McElroy, 2014233 U U U U Very serious risk of bias 

Mehrotra, 2006236 U U U U Very serious risk of bias 

Meko, 1995237 U U U U Very serious risk of bias 

Merchant, 1995239 U U U U Very serious risk of bias 

Mijovic, 2009240 L U U U Very serious risk of bias 

Mikosch, 2000241 U U U U Very serious risk of bias 
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Study Patient selection Index test with 
blinding of gold 
standard test results 

Gold standard test 
with blinding of index 
test results 

Time interval 
between index and 
gold standard 
adequately short 
(within 1 month) 

Overall risk of bias 

Miller, 1979242 U U U U Very serious risk of bias 

Munn, 1988 #1322252 U U U U Very serious risk of bias 

Nagarajan, 2015 #1326256 U U U U Very serious risk of bias 

Natarajan, 1994258 U U U U Very serious risk of bias 

Ng, 1988 #1330261 U U U U Very serious risk of bias 

Nart, 2010 #1327257 U U U U Very serious risk of bias 

Naz, 2014260 U U U U Very serious risk of bias 

Okumura, 1999 #1334266 U U U U Very serious risk of bias 

Ongphiphadhanakul, 1992 #1335267 U U Y U Very serious risk of bias 

Ozdemir, 2017269 U U Y U Very serious risk of bias 

Pepper, 1989275 U U U U Very serious risk of bias 

Petersen, 1984276 U U U U Very serious risk of bias 

Piana, 2011277 U U U U Very serious risk of bias 

Pisani, 2000278 L U U U Very serious risk of bias 

Prinz, 1983282 L U U U Very serious risk of bias 

Radetic, 1984284 U U U U Very serious risk of bias 

Raina, 2011285 U U U U Very serious risk of bias 

Rammeh, 2019 #1349286 U U U U Very serious risk of bias 

Rana, 2021287 U U U U Very serious risk of bias 

Rege, 1987289 U U U U Very serious risk of bias 

Rodriguez, 1994295 U U U U Very serious risk of bias 

Rosen, 1993296 U U U U Very serious risk of bias 

Rosen, 1981298 U U U U Very serious risk of bias 

Roy, 2019299 L U U U Very serious risk of bias 

Rubenfeld, 1982300 U U U U Very serious risk of bias 

Russ, 1978301 U U U U Very serious risk of bias 

Schmid, 1986 #1370307 U U U U Very serious risk of bias 

Schoedel, 2008 #1372309  U U U U Very serious risk of bias 

Schwartz, 1982 #1373310 U U U U Very serious risk of bias 

Sclabas, 2003311 U U U U Very serious risk of bias 
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Study Patient selection Index test with 
blinding of gold 
standard test results 

Gold standard test 
with blinding of index 
test results 

Time interval 
between index and 
gold standard 
adequately short 
(within 1 month) 

Overall risk of bias 

Scurry, 2000312 U U U U Very serious risk of bias 

Settakorn, 2001316 U U U U Very serious risk of bias 

Seya, 1990317 U U U U Very serious risk of bias 

Silverman, 1986327 U U U U Very serious risk of bias 

Sirpal, 1996329 U U U U Very serious risk of bias 

Slowinska-Klencka, 2008330 U U U N – 1 year Very serious risk of bias 

Seok, 2018315 U U U U Very serious risk of bias 

Son, 2014332 U U U U Very serious risk of bias 

Spiliotis, 1992 #1394334 U U U U Very serious risk of bias 

Sukumaran, 2014339 U U U U Very serious risk of bias 

Tabain, 2004342 U U U U Very serious risk of bias 

Tabaqchali, 2000343 U U U U Very serious risk of bias 

Takashima, 1994344 U U U U Very serious risk of bias 

Takashima, 1992345 U U U U Very serious risk of bias 

Tal, 1992347 U U U U Very serious risk of bias 

Theoharis, 2013 #1410353 U U U U Very serious risk of bias 

Theoharis, 2009 #1411354 U U U U Very serious risk of bias 

Thomas, 1998355 U U U U Very serious risk of bias 

Tsou, 1997 #1417360 U U U U Very serious risk of bias 

Varhaug, 1981 #1418361 U U U U Very serious risk of bias 

Vojvodich, 1994362 U U U U Very serious risk of bias 

Walsh, 1983363 U U U U Very serious risk of bias 

Wang, 2020364 U U U U Very serious risk of bias 

Wei, 2016365 U U U U Very serious risk of bias 

Wu, 2006372 U U U U Very serious risk of bias 

Xiong, 2019377 U Y Y U Serious risk of bias 

Xu, 2014378 U U U U Very serious risk of bias 

Yavuz, 2020 #1436381 U U U U Very serious risk of bias 

Yoder, 2006385 U U U U Very serious risk of bias 

Zajdela, 1987 #1442389 U U U U Very serious risk of bias 
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Study Patient selection Index test with 
blinding of gold 
standard test results 

Gold standard test 
with blinding of index 
test results 

Time interval 
between index and 
gold standard 
adequately short 
(within 1 month) 

Overall risk of bias 

Zbar, 2009390 U U U U Very serious risk of bias 

Zelmanovitz, 1998391 U U U U Very serious risk of bias 

Zhang, 2015392 U U U U Very serious risk of bias 

L=low risk, H=high risk, Y=Yes, N=No, U=unclear, which counts as ‘No’ 
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Appendix F  – Forest plots  

 

F.1 Coupled sensitivity and specificity forest plots 

Adjusted analysis 

FNAC, no ROSE, smear only, without prior US 

 

Figure 2: Bethesda Grade III or above  
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Figure 3: Bethesda Grade IV or above  
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Figure 4: Bethesda Grade V or above 
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Figure 5: Bethesda Grade VI 

 
Figure 6: BTA THY 3a or above

 

Figure 7: BTA THY 3f or above 

 

Figure 8: BTA THY 4 or above 
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Figure 9: BTA THY 5 

 

Figure 10: AC 3 or above 

 

Figure 11: AC 4 or above 

 

Figure 12: 2 way: malignant v benign 
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Figure 13: 3 way: suspicious or malignant (negative =benign)  
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Figure 14: 3 way: malignant (negative = suspicious or benign)  
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Figure 15: 4 way: malignant or suspicious or indeterminate (negative =  benign)  
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Figure 16: 4 way: malignant or suspicious  (negative =  benign or indeterminate)  

 

Figure 17: 4 way: malignant  (negative =  benign or indeterminate or suspicious)  
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Figure 18: 5 way: malignant or suspicious or two grades of indeterminate  (negative =  benign)  
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Figure 19: 5 way: malignant or suspicious or one grade of indeterminate  (negative =  lower grade of indeterminate or benign)  

 

Figure 20: 5 way: malignant  (negative =  suspicious or two grades of indeterminate or benign)  

 

Figure 21: 1 or more inclusions 

 

Figure 22: 1 or more grooves 
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Figure 23: 2 or more grooves 

 

Figure 24: 3 or more grooves 
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FNAC, no ROSE, smear only, with prior US 

Figure 25: Bethesda Grade III or above 

 

Figure 26: Bethesda Grade IV or above 

 

Figure 27: Bethesda Grade V or above 
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Figure 28: Bethesda Grade VI or above 

 

Figure 29: 2 way: malignant versus benign 

 

Figure 30: 3 way: suspicious or malignant (negative = benign) 

 

Figure 31: 3 way: malignant (negative = suspicious or benign) 
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Figure 32: 4 way De May classification: malignant, suspicious, non malignant follicular proliferation (negative =  benign) 

 

Figure 33: 4 way De May classification: malignant, suspicious (negative =  benign, non malignant follicular proliferation) 

 

Figure 34: 4 way De May classification: malignant (negative =  benign, non malignant follicular proliferation, suspicious) 

 

Figure 35: 4 way Piana classification: C3 or more 

 

Figure 36: 4 way Piana classification: C4 or more 
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Figure 37: 4 way Piana classification: C5 or more 

 

Figure 38: 4 way generic: malignant, suspicious, indeterminate (benign = negative) 

 

Figure 39: 4 way generic: malignant, suspicious(indeterminate, benign = negative) 
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FNAC, no ROSE, smear, with cytospin and/or cell-block, without prior US 

Figure 40: Bethesda Grade III or above 

 

Figure 41: Bethesda Grade IV or above 

 

Figure 42: Bethesda Grade V or above 
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Figure 43: Bethesda Grade VI or above 

 

 Figure 44: 2 way: malignant v benign  

 

 Figure 45: 3 way: malignant or suspicious (negative = benign)  
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Figure 46: 3 way: malignant  (negative = benign or suspicious)  

 

 Figure 47: 4 way: malignant, suspicious, indeterminate  (negative = benign)  
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 Figure 48: 4 way: malignant, suspicious  (negative = benign, indeterminate)  

 

 

 Figure 49: 4 way: malignant  (negative = benign, indeterminate, suspicious)  

 

 

 Figure 50: 5 way: malignant, suspicious, 2 grades of indeterminate (negative = benign)  
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FNAC, no ROSE, smear, with cytospin and/or cell-block, with prior US 

Figure 51: Bethesda Grade III or above 

 

Figure 52: Bethesda Grade IV or above 

 

Figure 53: Bethesda Grade V or above 

 

Figure 54: Bethesda Grade VI 

 

Figure 55: Benign or above 
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FNAC, with ROSE, smear only, without prior US 

Figure 56: Bethesda Grade III or above 

 

Figure 57: Bethesda Grade IV or above 

 

Figure 58: Bethesda Grade V or above 

 

Figure 59: Bethesda Grade VI  
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Figure 60: 3 way: malignant and suspicious (negative = benign) 

 

Figure 61: 3 way: malignant  (negative = benign and suspicious) 

 

Figure 62: 4 way: malignant, suspicious, indeterminate  (negative = benign) 

 

Figure 63: 4 way: malignant, suspicious  (negative = benign, indeterminate) 
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Figure 64: 4 way: malignant  (negative = benign, indeterminate, suspicious) 
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FNAC, with ROSE, smear only, with prior US 

Figure 65: intermediate or malignant 
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FNAC, with ROSE, smear, with cytospin and/or cell-block, without prior US 

Figure 66: 3 way: suspicious or malignant (negative = benign) 

 

Figure 67: 3 way:  malignant (negative = suspicious or benign) 

 

Figure 68: 4 way:  malignant, suspicious, indeterminate (negative = benign) 

 

Figure 69: 4 way:  malignant, suspicious (negative = benign, indeterminate) 
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Figure 70: 5 way:  malignant, suspicious, 2 grades of indeterminate (negative = benign) 

 

 

Figure 71: 5 way:  malignant, suspicious (negative = 2 grades of indeterminate, benign) 

 

Figure 72: 5 way:  malignant, suspicious (negative = suspicious, lower grade of indeterminate, benign) 

 

Figure 73: 5 way:  malignant (negative = suspicious, 2 grades of indeterminate, benign) 
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FNAC, with ROSE, smear, with cytospin and/or cell-block, with prior US 

Figure 74: indeterminate follicular, indeterminate Hurtle, Suspicious for malignancy, or positive 

 

Figure 75: Suspicious for malignancy, or indeterminate follicular or positive   

 

Figure 76: Suspicious for malignancy, or positive   

 

Figure 77: Positive for malignancy 
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Core biopsy, without prior US 

Figure 78: carcinoma or neoplasm (versus benign) 

 

Figure 79: carcinoma  (versus benign/indeterminate) 

 

Figure 80: CB grades V and VI 

 

Figure 81: CB grades III, V and VI 

 

Figure 82: positive (versus negative) with CEUS guidance 
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Figure 83: positive (versus negative) with US guidance 
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Core biopsy, with prior US 

Figure 84: indeterminate, follicular neoplasm, suspicious for malignancy, or malignant  

 

Figure 85: follicular neoplasm, suspicious for malignancy, or malignant  

 

 

 

Figure 86: suspicious for malignancy, or malignant   
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Raw data analysis 

FNAC, no ROSE, smear only, without prior US 

 

Figure 87: Bethesda Grade III or above 
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Figure 88: Bethesda Grade IV or above 

  

 

 

 

 

 

 

 

 



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
431 

Figure 89: Bethesda Grade V or above 
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Figure 90: Bethesda Grade VI 

 

 
Figure 91: BTA THY 3a or above 

 

Figure 92: BTA THY 3f or above 
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Figure 93: BTA THY 4 or above 

 

Figure 94: BTA THY 5 

 

Figure 95: AC 3 or above 

 

Figure 96: AC 4 or above 

 

Figure 97: 2 way: malignant v benign 
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Figure 98: 3 way: suspicious or malignant (negative =benign)  
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Figure 99: 3 way: malignant (negative = suspicious or benign)  
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Figure 100: 4 way: malignant or suspicious or indeterminate (negative =  benign)  
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Figure 101: 4 way: malignant or suspicious  (negative =  benign or indeterminate)  

 

Figure 102: 4 way: malignant  (negative =  benign or indeterminate or suspicious)  
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Figure 103: 5 way: malignant or suspicious or two grades of indeterminate  (negative =  benign)  

 

 

 

 

 

Figure 104: 5 way: malignant or suspicious or one grade of indeterminate  (negative =  lower grade of indeterminate or benign)  
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Figure 105: 5 way: malignant  (negative =  suspicious or two grades of indeterminate or benign)  

 

Figure 106: 1 or more inclusions 

 

 

 

 

Figure 107: 1 or more grooves 
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Figure 108: 2 or more grooves 

 

Figure 109: 3 or more grooves 
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FNAC, no ROSE, smear only, with prior US 

Figure 110: Bethesda Grade III or above 

 

Figure 111: Bethesda Grade IV or above 

 

Figure 112: Bethesda Grade V or above 
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Figure 113: Bethesda Grade VI or above 

 

Figure 114: 2 way: malignant versus benign 

 

Figure 115: 3 way: suspicious or malignant (negative = benign) 

 

Figure 116: 3 way: malignant (negative = suspicious or benign) 
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Figure 117: 4 way De May classification: malignant, suspicious, non malignant follicular proliferation (negative =  benign) 

 

Figure 118: 4 way De May classification: malignant, suspicious (negative =  benign, non malignant follicular proliferation) 

 

Figure 119: 4 way De May classification: malignant (negative =  benign, non malignant follicular proliferation, suspicious) 

 

Figure 120: 4 way Piana classification: C3 or more 

 

Figure 121: 4 way Piana classification: C4 or more 

 

Figure 122: 4 way Piana classification: C5 or more 
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Figure 123: 4 way generic: malignant, suspicious, indeterminate (benign = negative) 

 

Figure 124: 4 way generic: malignant, suspicious, indeterminate (benign = negative) 
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FNAC, no ROSE, smear, with cytospin and/or cell-block, without prior US 

Figure 125: Bethesda Grade III or above 

  

Figure 126: Bethesda Grade IV or above 
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Figure 127: Bethesda Grade V or above 

  

Figure 128: Bethesda Grade VI or above 

  

 Figure 129: 2 way: malignant v benign  

 

 

 Figure 130: 3 way: malignant or suspicious (negative = benign)  
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 Figure 131: 3 way: malignant  (negative = benign or suspicious)  
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Figure 132: 4 way: malignant, suspicious, indeterminate  (negative = benign)  

 

 Figure 133: 4 way: malignant, suspicious  (negative = benign, indeterminate)  

 

 Figure 134: 4 way: malignant  (negative = benign, indeterminate, suspicious)  
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Figure 135: 5 way: malignant, suspicious, 2 grades of indeterminate (negative = benign)  

 

 



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
450 

 

FNAC, no ROSE, smear, with cytospin and/or cell-block, with prior US 

Figure 136: Bethesda Grade III or above 

 

Figure 137: Bethesda Grade IV or above 

 

Figure 138: Bethesda Grade V or above 

 

Figure 139: Bethesda Grade VI 

 

Figure 140: Benign or above 
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FNAC, with ROSE, smear only, without prior US 

Figure 141: Bethesda Grade III or above 

 

Figure 142: Bethesda Grade IV or above 

 

Figure 143: Bethesda Grade V or above 

 

Figure 144: Bethesda Grade VI  
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Figure 145: 3 way: malignant and suspicious (negative = benign) 

 

Figure 146: 3 way: malignant  (negative = benign and suspicious) 

 

Figure 147: 4 way: malignant, suspicious, indeterminate  (negative = benign) 

 

Figure 148: 4 way: malignant, suspicious  (negative = benign, indeterminate) 
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Figure 149: 4 way: malignant  (negative = benign, indeterminate, suspicious) 
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FNAC, with ROSE, smear only, with prior US 

Figure 150: intermediate or malignant 
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FNAC, with ROSE, smear, with cytospin and/or cell-block, without prior US 

Figure 151: 3 way: suspicious or malignant (negative = benign) 

 

Figure 152: 3 way:  malignant (negative = suspicious or benign) 

 

Figure 153: 4 way:  malignant, suspicious, indeterminate (negative = benign) 

 

Figure 154: 4 way:  malignant, suspicious (negative = benign, indeterminate) 

 

Figure 155: 5 way:  malignant, suspicious, 2 grades of indeterminate (negative = benign) 
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Figure 156: 5 way:  malignant, suspicious (negative = 2 grades of indeterminate, benign) 

 

Figure 157: 5 way:  malignant, suspicious (negative = suspicious, lower grade of indeterminate, benign) 

 

Figure 158: 5 way:  malignant (negative = suspicious, 2 grades of indeterminate, benign) 
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FNAC, with ROSE, smear, with cytospin and/or cell-block, with prior US 

Figure 159: indeterminate follicular, indeterminate Hurtle, Suspicious for malignancy, or positive 

 

Figure 160: Suspicious for malignancy, or indeterminate follicular or positive   

 

Figure 161: Suspicious for malignancy, or positive   

 

Figure 162: Positive for malignancy 
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Core biopsy, without prior US 

Figure 163: carcinoma or neoplasm (versus benign) 

 

Figure 164: carcinoma  (versus benign/indeterminate) 

 

Figure 165: CB grades V and VI 

 

Figure 166: CB grades III, V and VI 
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Figure 167: positive (versus negative) with CEUS guidance 

 

Figure 168: positive (versus negative) with US guidance 
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Core biopsy, with prior US 

Figure 169: indeterminate, follicular neoplasm, suspicious for malignancy, or malignant  

 

Figure 170: follicular neoplasm, suspicious for malignancy, or malignant  

 

Figure 171: suspicious for malignancy, or malignant   
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F.2 Sensitivity / 1-specificity plots 

In the plots below, the black dot represents the point estimate and the ellipse corresponds to the 95% confidence region around the pooled 
sensitivity and specificity. 
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Adjusted analysis 

FNAC, no ROSE, smear only, without prior US 

 

Figure 172: Bethesda Grade III or above 
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Figure 173: Bethesda Grade IV or above  
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Figure 174: Bethesda Grade V or above 
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Figure 175: Bethesda Grade VI 
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Figure 176: BTA THY 3a or above 

No meta-analysis carried out as less than 3 studies  

 

Figure 177: BTA THY 3f or above 

No meta-analysis carried out as less than 3 studies  

 

Figure 178: BTA THY 4 or above 

No meta-analysis carried out as less than 3 studies  

 

Figure 179: BTA THY 5 

No meta-analysis carried out as less than 3 studies  

 

Figure 180: AC 3 or above 
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Figure 181: AC 4 or above 
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Figure 182: 2 way: malignant v benign 
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Figure 183: 3 way: suspicious or malignant (negative =benign)  
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Figure 184: 3 way: malignant (negative = suspicious or benign)  
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Figure 185: 4 way: malignant or suspicious or indeterminate (negative =  benign)  
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Figure 186: 4 way: malignant or suspicious  (negative =  benign or indeterminate)  
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Figure 187: 4 way: malignant  (negative =  benign or indeterminate or suspicious)  
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Figure 188: 5 way: malignant or suspicious or two grades of indeterminate  (negative =  benign)  

 

 

 

 

Figure 189: 5 way: malignant or suspicious or one grade of indeterminate  (negative =  lower grade of indeterminate or benign)  
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Figure 190: 5 way: malignant  (negative =  suspicious or two grades of indeterminate or benign)  
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Figure 191: 1 or more inclusions 

No meta-analysis carried out as less than 3 studies 
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Figure 192: 1 or more grooves 

No meta-analysis carried out as less than 3 studies 

 

Figure 193: 2 or more grooves 

No meta-analysis carried out as less than 3 studies 

 

Figure 194: 3 or more grooves 

No meta-analysis carried out as less than 3 studies 
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FNAC, no ROSE, smear only, with prior US 

Figure 195: Bethesda Grade III or above 
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Figure 196: Bethesda Grade IV or above 
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Figure 197: Bethesda Grade V or above 
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Figure 198: Bethesda Grade VI or above 
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Figure 199: 2 way: malignant versus benign 

No meta-analysis carried out as less than 3 studies 

 

Figure 200: 3 way: suspicious or malignant (negative = benign) 

No meta-analysis carried out as less than 3 studies 

 

Figure 201: 3 way: malignant (negative = suspicious or benign) 

No meta-analysis carried out as less than 3 studies 

 

Figure 202: 4 way De May classification: malignant, suspicious, non malignant follicular proliferation (negative =  benign) 

No meta-analysis carried out as less than 3 studies 

 

Figure 203: 4 way De May classification: malignant, suspicious (negative =  benign, non malignant follicular proliferation) 

No meta-analysis carried out as less than 3 studies 

 

Figure 204: 4 way De May classification: malignant (negative =  benign, non malignant follicular proliferation, suspicious) 

No meta-analysis carried out as less than 3 studies 

 

Figure 205: 4 way Piana classification: C3 or more 

No meta-analysis carried out as less than 3 studies 
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Figure 206: 4 way Piana classification: C4 or more 

No meta-analysis carried out as less than 3 studies 

 

 

Figure 207: 4 way Piana classification: C5 or more 

No meta-analysis carried out as less than 3 studies 

 

 

Figure 208: 4 way generic: malignant, suspicious, indeterminate (benign = negative) 

No meta-analysis carried out as less than 3 studies 

 

 

Figure 209: 4 way generic: malignant, suspicious, indeterminate (benign = negative) 

No meta-analysis carried out as less than 3 studies 
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FNAC, no ROSE, smear, with cytospin and/or cell-block, without prior US 

Figure 210: Bethesda Grade III or above 
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Figure 211: Bethesda Grade IV or above 
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Figure 212: Bethesda Grade V or above 
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Figure 213: Bethesda Grade VI or above 

 

 

Figure 214: 2 way: malignant v benign  

No meta-analysis carried out as less than 3 studies 
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Figure 215: 3 way: malignant or suspicious (negative = benign)  
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Figure 216: 3 way: malignant  (negative = benign or suspicious)  
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 Figure 217: 4 way: malignant, suspicious, indeterminate  (negative = benign)  
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Figure 218: 4 way: malignant, suspicious  (negative = benign, indeterminate)  
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 Figure 219: 4 way: malignant  (negative = benign, indeterminate, suspicious)  

 

Figure 220: 5 way: malignant, suspicious, 2 grades of indeterminate (negative = benign)  

No meta-analysis carried out as less than 3 studies
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FNAC, no ROSE, smear, with cytospin and/or cell-block, with prior US 

Figure 221: Bethesda Grade III or above 

No meta-analysis carried out as less than 3 studies 

 

Figure 222: Bethesda Grade IV or above 

No meta-analysis carried out as less than 3 studies 

 

Figure 223: Bethesda Grade V or above 

No meta-analysis carried out as less than 3 studies 

 

Figure 224: Bethesda Grade VI 

No meta-analysis carried out as less than 3 studies 

 

Figure 225: Benign or above 

No meta-analysis carried out as less than 3 studies 
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FNAC, with ROSE, smear only, without prior US 

Figure 226: Bethesda Grade III or above 

No meta-analysis carried out as less than 3 studies 

 

Figure 227: Bethesda Grade IV or above 

No meta-analysis carried out as less than 3 studies 

 

Figure 228: Bethesda Grade V or above 

No meta-analysis carried out as less than 3 studies 

 

Figure 229: Bethesda Grade VI  

No meta-analysis carried out as less than 3 studies 
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Figure 230: 3 way: malignant and suspicious (negative = benign) 
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Figure 231: 3 way: malignant  (negative = benign and suspicious) 

No meta-analysis carried out as less than 3 studies 

Figure 232: 4 way: malignant, suspicious, indeterminate  (negative = benign) 

No meta-analysis carried out as less than 3 studies 

 

Figure 233: 4 way: malignant, suspicious  (negative = benign, indeterminate) 

 



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
498 

 

 

Figure 234: 4 way: malignant  (negative = benign, indeterminate, suspicious) 

No meta-analysis carried out as less than 3 studies 
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FNAC, with ROSE, smear only, with prior US 

Figure 235: intermediate or malignant 

No meta-analysis carried out as less than 3 studies 
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FNAC, with ROSE, smear, with cytospin and/or cell-block, without prior US 

Figure 236: 3 way: suspicious or malignant (negative = benign) 

No meta-analysis carried out as less than 3 studies 

 

Figure 237: 3 way:  malignant (negative = suspicious or benign) 

No meta-analysis carried out as less than 3 studies 

 

Figure 238: 4 way:  malignant, suspicious, indeterminate (negative = benign)  

No meta-analysis carried out as less than 3 studies 

 

Figure 239: 4 way:  malignant, suspicious (negative = benign, indeterminate) 

No meta-analysis carried out as less than 3 studies 

 

Figure 240: 5 way:  malignant, suspicious, 2 grades of indeterminate (negative = benign) 

No meta-analysis carried out as less than 3 studies 

 

Figure 241: 5 way:  malignant, suspicious (negative = 2 grades of indeterminate, benign) 

No meta-analysis carried out as less than 3 studies 
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Figure 242: 5 way:  malignant, suspicious (negative = suspicious, lower grade of indeterminate, benign) 

No meta-analysis carried out as less than 3 studies 

 

Figure 243: 5 way:  malignant (negative = suspicious, 2 grades of indeterminate, benign) 

No meta-analysis carried out as less than 3 studies 

 

FNAC, with ROSE, smear, with cytospin and/or cell-block, with prior US 

Figure 244: indeterminate follicular, indeterminate Hurtle, Suspicious for malignancy, or positive 

No meta-analysis carried out as less than 3 studies 

 

Figure 245: Suspicious for malignancy, or indeterminate follicular or positive   

No meta-analysis carried out as less than 3 studies 

 

Figure 246: Suspicious for malignancy, or positive   

No meta-analysis carried out as less than 3 studies 

 

Figure 247: Positive for malignancy 

No meta-analysis carried out as less than 3 studies 
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Core biopsy, without prior US 

Figure 248: carcinoma or neoplasm (versus benign) 

No meta-analysis carried out as less than 3 studies 

 

Figure 249: carcinoma  (versus benign/indeterminate) 

No meta-analysis carried out as less than 3 studies 

 

Figure 250: CB grades V and VI 

No meta-analysis carried out as less than 3 studies 

 

Figure 251: CB grades III, V and VI 

No meta-analysis carried out as less than 3 studies 

 

Figure 252: positive (versus negative) with CEUS guidance 

No meta-analysis carried out as less than 3 studies 

 

Figure 253: positive (versus negative) with US guidance 

No meta-analysis carried out as less than 3 studies 
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Core biopsy, with prior US 

Figure 254: indeterminate, follicular neoplasm, suspicious for malignancy, or malignant  

No meta-analysis carried out as less than 3 studies 

 

Figure 255: follicular neoplasm, suspicious for malignancy, or malignant  

No meta-analysis carried out as less than 3 studies 

 

Figure 256: suspicious for malignancy, or malignant   

No meta-analysis carried out as less than 3 studies 
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Raw data analysis 

FNAC, no ROSE, smear only, without prior US 

 

Figure 257: Bethesda Grade III or above 
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Figure 258: Bethesda Grade IV or above  
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Figure 259: Bethesda Grade V or above 
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Figure 260: Bethesda Grade VI 

 

 
 

Figure 261: BTA THY 3a or above 

No meta-analysis carried out as less than 3 studies  

 

Figure 262: BTA THY 3f or above 

No meta-analysis carried out as less than 3 studies  
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Figure 263: BTA THY 4 or above 

No meta-analysis carried out as less than 3 studies  

 

Figure 264: BTA THY 5 

No meta-analysis carried out as less than 3 studies  

 

Figure 265: AC 3 or above 
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Figure 266: AC 4 or above 
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Figure 267: 2 way: malignant v benign 
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Figure 268: 3 way: suspicious or malignant (negative =benign)  
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Figure 269: 3 way: malignant (negative = suspicious or benign)  
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Figure 270: 4 way: malignant or suspicious or indeterminate (negative =  benign)  



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
514 

 

 

 

 

 

Figure 271: 4 way: malignant or suspicious  (negative =  benign or indeterminate)  
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Figure 272: 4 way: malignant  (negative =  benign or indeterminate or suspicious)  
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Figure 273: 5 way: malignant or suspicious or two grades of indeterminate  (negative =  benign)  
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Figure 274: 5 way: malignant or suspicious or one grade of indeterminate  (negative =  lower grade of indeterminate or benign)  

 

 

Figure 275: 5 way: malignant  (negative =  suspicious or two grades of indeterminate or benign)  
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Figure 276: 1 or more inclusions 

No meta-analysis carried out as less than 3 studies 

 

Figure 277: 1 or more grooves 

No meta-analysis carried out as less than 3 studies 

 

Figure 278: 2 or more grooves 

No meta-analysis carried out as less than 3 studies 

 

Figure 279: 3 or more grooves 

No meta-analysis carried out as less than 3 studies
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FNAC, no ROSE, smear only, with prior US 

Figure 280: Bethesda Grade III or above 
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Figure 281: Bethesda Grade IV or above 
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Figure 282: Bethesda Grade V or above 
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Figure 283: Bethesda Grade VI or above 
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Figure 284: 2 way: malignant versus benign 

No meta-analysis carried out as less than 3 studies 

 

Figure 285: 3 way: suspicious or malignant (negative = benign) 

No meta-analysis carried out as less than 3 studies 

 

Figure 286: 3 way: malignant (negative = suspicious or benign) 

No meta-analysis carried out as less than 3 studies 

 

Figure 287: 4 way De May classification: malignant, suspicious, non malignant follicular proliferation (negative =  benign) 

No meta-analysis carried out as less than 3 studies 

 

Figure 288: 4 way De May classification: malignant, suspicious (negative =  benign, non malignant follicular proliferation) 

No meta-analysis carried out as less than 3 studies 

 

Figure 289: 4 way De May classification: malignant (negative =  benign, non malignant follicular proliferation, suspicious) 

No meta-analysis carried out as less than 3 studies 

 

Figure 290: 4 way Piana classification: C3 or more 

No meta-analysis carried out as less than 3 studies 
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Figure 291: 4 way Piana classification: C4 or more 

No meta-analysis carried out as less than 3 studies 

 

Figure 292: 4 way Piana classification: C5 or more 

No meta-analysis carried out as less than 3 studies 

 

Figure 293: 4 way generic: malignant, suspicious, indeterminate (benign = negative) 

No meta-analysis carried out as less than 3 studies 

 

Figure 294: 4 way generic: malignant, suspicious, indeterminate (benign = negative) 

No meta-analysis carried out as less than 3 studies 
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FNAC, no ROSE, smear, with cytospin and/or cell-block, without prior US 

Figure 295: Bethesda Grade III or above 
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Figure 296: Bethesda Grade IV or above 

  

 

 



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
529 

Figure 297: Bethesda Grade V or above 
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Figure 298: Bethesda Grade VI or above 

 

 

 

Figure 299: 2 way: malignant v benign  

No meta-analysis carried out as less than 3 studies 
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Figure 300: 3 way: malignant or suspicious (negative = benign)  
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Figure 301: 3 way: malignant  (negative = benign or suspicious)  
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Figure 302: 4 way: malignant, suspicious, indeterminate  (negative = benign)  
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 Figure 303: 4 way: malignant, suspicious  (negative = benign, indeterminate)  
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 Figure 304: 4 way: malignant  (negative = benign, indeterminate, suspicious)  

 

  

Figure 305: 5 way: malignant, suspicious, 2 grades of indeterminate (negative = benign)  

No meta-analysis carried out as less than 3 studies 
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FNAC, no ROSE, smear, with cytospin and/or cell-block, with prior US 

Figure 306: Bethesda Grade III or above 

No meta-analysis carried out as less than 3 studies 

 

Figure 307: Bethesda Grade IV or above 

No meta-analysis carried out as less than 3 studies 

 

Figure 308: Bethesda Grade V or above 

No meta-analysis carried out as less than 3 studies 

 

Figure 309: Bethesda Grade VI 

No meta-analysis carried out as less than 3 studies 

 

Figure 310: Benign or above 

No meta-analysis carried out as less than 3 studies 
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FNAC, with ROSE, smear only, without prior US 

Figure 311: Bethesda Grade III or above 

No meta-analysis carried out as less than 3 studies 

 

Figure 312: Bethesda Grade IV or above 

No meta-analysis carried out as less than 3 studies 

 

Figure 313: Bethesda Grade V or above 

No meta-analysis carried out as less than 3 studies 

 

Figure 314: Bethesda Grade VI  

No meta-analysis carried out as less than 3 studies 
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Figure 315: 3 way: malignant and suspicious (negative = benign) 
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Figure 316: 3 way: malignant  (negative = benign and suspicious) 

No meta-analysis carried out as less than 3 studies 

 

Figure 317: 4 way: malignant, suspicious, indeterminate  (negative = benign) 

No meta-analysis carried out as less than 3 studies 

 

Figure 318: 4 way: malignant, suspicious  (negative = benign, indeterminate) 
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Figure 319: 4 way: malignant  (negative = benign, indeterminate, suspicious) 

No meta-analysis carried out as less than 3 studies 
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FNAC, with ROSE, smear only, with prior US 

Figure 320: intermediate or malignant 

No meta-analysis carried out as less than 3 studies 
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FNAC, with ROSE, smear, with cytospin and/or cell-block, without prior US 

Figure 321: 3 way: suspicious or malignant (negative = benign) 

No meta-analysis carried out as less than 3 studies 

 

Figure 322: 3 way:  malignant (negative = suspicious or benign) 

No meta-analysis carried out as less than 3 studies 

 

Figure 323: 4 way:  malignant, suspicious, indeterminate (negative = benign) 

No meta-analysis carried out as less than 3 studies 

 

Figure 324: 4 way:  malignant, suspicious (negative = benign, indeterminate) 

No meta-analysis carried out as less than 3 studies 

 

Figure 325: 5 way:  malignant, suspicious, 2 grades of indeterminate (negative = benign) 

No meta-analysis carried out as less than 3 studies 

 

Figure 326: 5 way:  malignant, suspicious (negative = 2 grades of indeterminate, benign) 

No meta-analysis carried out as less than 3 studies 

 

 



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
543 

Figure 327: 5 way:  malignant, suspicious (negative = suspicious, lower grade of indeterminate, benign) 

No meta-analysis carried out as less than 3 studies 

 

Figure 328: 5 way:  malignant (negative = suspicious, 2 grades of indeterminate, benign) 

No meta-analysis carried out as less than 3 studies 
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FNAC, with ROSE, smear, with cytospin and/or cell-block, with prior US 

Figure 329: indeterminate follicular, indeterminate Hurtle, Suspicious for malignancy, or positive 

No meta-analysis carried out as less than 3 studies 

 

Figure 330: Suspicious for malignancy, or indeterminate follicular or positive   

No meta-analysis carried out as less than 3 studies 

 

Figure 331: Suspicious for malignancy, or positive   

No meta-analysis carried out as less than 3 studies 

 

Figure 332: Positive for malignancy 

No meta-analysis carried out as less than 3 studies 
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Core biopsy, without prior US 

Figure 333: carcinoma or neoplasm (versus benign) 

No meta-analysis carried out as less than 3 studies 

 

Figure 334: carcinoma  (versus benign/indeterminate) 

No meta-analysis carried out as less than 3 studies 

 

Figure 335: CB grades V and VI 

No meta-analysis carried out as less than 3 studies 

 

Figure 336: CB grades III, V and VI 

No meta-analysis carried out as less than 3 studies 

 

Figure 337: positive (versus negative) with CEUS guidance 

No meta-analysis carried out as less than 3 studies 

 

Figure 338: positive (versus negative) with US guidance 

No meta-analysis carried out as less than 3 studies 

 



 

 

 
Thyroid Cancer 

Thyroid Cancer evidence review for FNAC or Biopsy  
546 

 

 

Core biopsy, with prior US 

Figure 339: indeterminate, follicular neoplasm, suspicious for malignancy, or malignant  

No meta-analysis carried out as less than 3 studies 

 

Figure 340: follicular neoplasm, suspicious for malignancy, or malignant  

No meta-analysis carried out as less than 3 studies 

 

Figure 341: suspicious for malignancy, or malignant   

No meta-analysis carried out as less than 3 studies
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Appendix G – Economic evidence study selection 

 

Records screened in 1st sift, n=1587 

Full-text papers assessed for eligibility 
in 2nd sift, n=78 

Records excluded* in 1st sift, n=1509 

Papers excluded* in 2nd sift, n=60 

Papers included n= 13 (13 
studies) 
 
Q1.1: US accuracy n = 0 
Q1.2: Blood tests = 0 
Q1.3: radioisotope scan n = 1 
Q1.4: Active surveillance n = 0 
Q1.5: FNAC with and without 
ROSE = 2 
Q1.6: Repeated FNAC n = 1 
Q1.7: Molecular testing n = 2 
Q1.8: CT, MRI, PET and bone 
scans n = 0 
Q2.1: Active surveillance vs HT 
vs TT n = 3 
Q3.1: RAI with and without 
thyrotropin alfa n = 4 
Q3.2: RAI dose n = 0 
Q3.3: External beam 
radiotherapy n = 0 
Q3.4: Length of treatment of 
levothyroxine n = 0 
Q4.1: measuring thyroglobulin 
with or without radioisotope 
scans n = 0 
Q4.2: stimulated thyroglobulin, 
imaging and radioisotope scans 
for recurrence n = 0 
Q4.3: Frequency of follow-up n 
= 0 
Q5.1: Patient information n = 0 

Papers selectively excluded, n= 
1 (1 study) 

 
Q1.1: US accuracy n = 0 
Q1.2: Blood tests = 0 
Q1.3: radioisotope scan n = 0 
Q1.4: Active surveillance n = 0 
Q1.5: FNAC with and without 
ROSE = 0 
Q1.6: Repeated FNAC n = 0 
Q1.7: Molecular testing n = 0 
Q1.8: CT, MRI, PET and bone 
scans n = 0 
Q2.1: Active surveillance vs HT 
vs TT n = 0 
Q3.1: RAI with and without 
thyrotropin alfa n = 1 
Q3.2: RAI dose n = 0 
Q3.3: External beam 
radiotherapy n = 0 
Q3.4: Length of treatment of 
levothyroxine n = 0 
Q4.1: measuring thyroglobulin 
with or without radioisotope 
scans n = 0 
Q4.2: stimulated thyroglobulin, 
imaging and radioisotope scans 
for recurrence n = 0 
Q4.3: Frequency of follow-up n 
= 0 
Q5.1: Patient information n = 0 

Records identified through database 
searching, n=1587 

Additional records identified through other sources: 
n=0 

Full-text papers assessed for 
applicability and quality of 
methodology, n=18 

Papers excluded, n= 4 (4 
studies) 

 
Q1.1: US accuracy n = 0 
Q1.2: Blood tests = 0 
Q1.3: radioisotope scan n = 0 
Q1.4: Active surveillance n = 0 
Q1.5: FNAC with and without 
ROSE = 0 
Q1.6: Repeated FNAC n = 1 
Q1.7: Molecular testing n = 2 
Q1.8: CT, MRI, PET and bone 
scans n = 0 
Q2.1: Active surveillance vs HT 
vs TT n = 0 
Q3.1: RAI with and without 
thyrotropin alfa n = 1 
Q3.2: RAI dose n = 0 
Q3.3: External beam 
radiotherapy n = 0 
Q3.4: Length of treatment of 
levothyroxine n = 0 
Q4.1: measuring thyroglobulin 
with or without radioisotope 
scans n = 0 
Q4.2: stimulated thyroglobulin, 
imaging and radioisotope scans 
for recurrence n = 0 
Q4.3: Frequency of follow-up n 
= 0 
Q5.1: Patient information n = 0 

* Non-relevant population, intervention, comparison, design or setting; non-English language 
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Appendix H – Economic evidence tables 
Study Breeze 201454 

Study details Population & 
interventions 

Costs Other outcomes Cost effectiveness 

Economic analysis: 
Cost-effectiveness 
analysis  

 

Study design: Cross-
sectional diagnostic 
study 

 

Approach to analysis: 
FNAC results for 
patients prior to a trial of 
biomedical scientist 
rapid onsite evaluation 
were compared 
prospectively with the 
results from four such 
clinics in which rapid 
onsite evaluation by a 
biomedical scientist was 
performed. 

 

Perspective: UK NHS 

 

Time horizon: NR 

 

Discounting:  

Costs: NR 

Outcomes: NR 

Population: Adults with 
suspected thyroid cancer 
who underwent 
ultrasound guided FNAC 
with and without rapid 
onsite evaluation by a 
biomedical scientist 

 

Cohort settings: 

Median age: NR 

Male: NR 

N: 138 

Intervention 1: FNA 
cytology without rapid 
onsite evaluation (ROSE) 

 

Intervention 2: FNA 
cytology with rapid onsite 
evaluation by a 
biomedical scientist 
(ROSE) 

Total costs (mean per 
patient): 

Intervention 1: £182.95 

Intervention 2: £235 

Incremental (2−1): £52.05 

(95% CI: NR; p=NR) 

 

Currency & cost year: 

2012 UK pounds  

 

Cost components 
incorporated: 
Ultrasound-guided FNAC, 
repeated FNAC, 
biomedical scientist 
evaluation 

 

Primary outcomes: 

Adequate samples (not 
requiring repeated 
FNAC): 

Intervention 1: 72% 

Intervention 2: 86% 

Incremental (2−1): 14% 

(95% CI: NR; P = 0.448) 

 

Secondary outcomes: 

Duration of visit (mean 
per patient):  

Intervention 1: 13 mins 

Intervention 2: 19 mins 

Incremental (2−1): 6 
mins 

(95% CI: NR; p=NR) 

 

Number of patients 
receiving a FNAC in a 
day in an average clinic: 

Intervention 1: 13 
people 

Intervention 2: 10 
people 

Incremental (2−1): -3 
people 

(95% CI: NR; p=NR) 

FNAC with ROSE costs £378 more for 
each additional satisfactory sample 
(different than non-diagnostic Thy1)  

 

Analysis of uncertainty: NR 
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Data sources 

Health outcomes: Adequacy rates were determined by retrospective review of the written pathology reports for the 20 consecutive clinics preceding the 
trial, and by review of the final pathology reports for each case taken after implementation of rapid onsite evaluation. The result used for statistical 
purposes was the final pathology result of all an individual patient’s slides taken including any in-clinic re-aspiration samples. The adequacy rate of FNA 
samples and accuracy of histological diagnosis were determined before and after the introduction of rapid onsite evaluation by a biomedical scientist. The 
diagnosis determined by FNA cytology was also compared with the eventual diagnosis in those patients in whom surgery was undertaken and therefore 
histology was available. The accuracy of FNA cytology was determined using those samples from which a diagnosis could be made (not just those 
deemed adequate) and which subsequently went on to have a tissue sample taken. For non-thyroid aspirates as there are no generally accepted criteria 
for cellular adequacy the criteria for cell adequacy were those used by the reporting pathologist, based on the subjective assessment of all the submitted 
slides taken from the final diagnostic cytology report. Quality-of-life weights: NA Cost sources: Cost of ultrasound-guided FNA cytology was obtained 
from Borget 2008. The cost of in-clinic rapid onsite evaluation by biomedical scientists was obtained from Poller 2013. The effect on timing of introducing a 
biomedical scientist was assessed using a time-in-motion analysis in a representative sample of 10 out of the total of 20 clinics. However, the cost of 
additional time for ultrasound or radiology attendance was not included. 

Comments 

Source of funding: NR Limitations: Small sample size in the ROSE arm. Clinical outcomes were not reported. Time horizon or duration over which clinic 
visits took place was not reported. FNAC costs were based on a French source. The estimation of the additional cost for ROSE is not adequately 
explained and likely overestimates the cost per hour of a cytopathologist in the UK. Cost and consequences of surgery or further testing if the second 
FNAC is inadequate (e.g. diagnostic thyroid lobectomy) were not included, potentially underestimating the impact of improved sampling associated with 
rapid onsite evaluation by biomedical scientist. Resource use was obtained from single centre study of unclear generalizability to wider UK context. 
Sensitivity analyses were not reported. Potential conflicts of interests were not declared. Funding source was not reported. Other: None 

Overall applicability:(a) Partially applicable Overall quality:(b) Potentially serious limitations 

Abbreviations: 95% CI= 95% confidence interval; CC= cost–comparison; da= deterministic analysis; FNAC = fine needle aspiration cytology; ICER= incremental cost-effectiveness 
ratio; NA = not applicable; NR= not reported; pa= probabilistic analysis; QALYs= quality-adjusted life years; ROSE= Rapid on-site evaluation. 
(a) Directly applicable / Partially applicable / Not applicable 
(b) Minor limitations / Potentially serious limitations / Very serious limitations 

 

Study Feletti 2021105 

Study details Population & 
interventions 

Costs Other outcomes Cost effectiveness 

Economic analysis: 
Cost-effectiveness 
analysis 

 

Population: people with 
suspected thyroid cancer 
who underwent 
ultrasound guided FNAC 
with and without the 

Total costs (mean per 
patient): 

Intervention 1: £99 

Intervention 2: £114 

Thy1 samples 

Intervention 1: 7.9% 

Intervention 2: 2.9% 

Incremental (2−1): - 5% 

FNAC with ROSE costs £300 more for 
each additional satisfactory sample 
(different than non-diagnostic Thy1) 

 

Analysis of uncertainty:  
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Study design: Decision 
tree model based on 
retrospective accuracy 
analysis 

 

Approach to analysis: 

US-guided FNACs of 
thyroid nodules 
conducted in a single 
centre were 
retrospectively 
compared with some 
randomly adopting 
cytopathologist 
assistance (including 
ROSE). A decision tree 
model was developed 
alongside to estimate 
cost-effectiveness 

 

Perspective: Italian 
NHS 

 

Time horizon: 1 year 

 

Discounting:  

Costs: NR 

Outcomes: NR 

assistance of a 
cytopathology 

 

Cohort settings: 

Median age: 58 

Male: 25.7% 

N: 4589 

Intervention 1: US-
guided FNAC without 
cytopathologist assistance 

 

Intervention 2: US-
guided FNAC with 
cytopathologist assistance 

Incremental (2−1): £15 

(95% CI: NR; p=NR) 

 

Currency & cost year: 

2020 Euros (presented 
here as 2020 UK 
pounds(b)) 

 

Cost components 
incorporated: 
Ultrasound-guided FNAC, 
repeated FNAC, cyto-
assistance assessment 

 

(95% CI: NR; P > 0.001) 

 

 

No analysis of uncertainty was conducted 

 

 

 

Data sources 

Health outcomes: Adequacy rates were determined by retrospective review of FNACs conducted in a single centre with some randomly receiving 
cytopathology assistance. FNACs conducted to refine a diagnosis of thyroiditis and FNACs performed on anatomic structures other than thyroids (e.g. 
parathyroid or lymph-nodes) were excluded. Quality-of-life weights: NA Cost sources: The cost of a FNAC without assistance was calculated with the 
assistance of the institution’s quality control department splitting the cost of the laboratory analysis and radiological component. The cost of adding a 
cytopathologist was separately calculated estimating 20 minutes needed for the execution of FNAC. 

Comments 
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Source of funding: No funding was obtained for this research Limitations: No analysis of uncertainty was conducted. Cytology assistance in this 
analysis is not limited to on-site evaluation (ROSE) but includes the presence of the cytopathologist during the entire procedure, who helps the radiologist 
choosing the best site of the nodule to perform the biopsy and assists the procedure in other ways. Thus, benefits estimated in this analysis may be larger 
than the results of other analyses based on ROSE only. Baseline inadequate rates come from a single Italian centre with an excellent performance. This 
may underestimate the cost-effectiveness of ROSE and cytopathology assistance as these are known to be particularly cost-effective when introduced to 
centres with poor performance. Relative treatment effects expressed as the reduction of FNAC receiving a non-diagnostic cytology THY1 were estimated 
from a single centre and it is unclear whether they can be generalised to other centres. Cost and consequences of surgery or further testing if the second 
FNAC is inadequate (e.g. diagnostic thyroid lobectomy) were not included, potentially underestimating the impact of improved sampling associated with 
rapid onsite evaluation by biomedical scientist. Resource use and unit costs were obtained from a single Italian centre of unclear generalisability to UK 
context. Other: None 

Overall applicability:(b) Partially applicable Overall quality:(c) Potentially serious limitations 

Abbreviations: 95% CI= 95% confidence interval; CC= cost–comparison; da= deterministic analysis; FNAC = fine needle aspiration cytology; ICER= incremental cost-effectiveness 
ratio; NA = not applicable; NR= not reported; pa= probabilistic analysis; QALYs= quality-adjusted life years; ROSE= Rapid on-site evaluation. 
(a) Converted using 2020/2021 purchasing power parities268 
(b) Directly applicable / Partially applicable / Not applicable 
(c) Minor limitations / Potentially serious limitations / Very serious limitations 
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Appendix I – Excluded studies 

I.1 Clinical studies 

Table 30: Studies excluded from the clinical review 

Reference Reason for exclusion 

Aftab, 2005 #10905 Cannot be sourced 

Ahari, 2020 #109510 No diagnostic accuracy data provided  

Ahn, 2010 #109712 Looked at the diagnostic accuracy of US  

Ahn, 2021 #109611 Not all participants had histopathological gold 
standard (some had cytological gold standard) 

Akerman, 1985 #109813 Data insufficient for diagnostic accuracy calculation 

Akhavan, 2016 #109914 No details of FNAC type 

Akhtar, 2007 #110015 No details of FNAC type 

Alalawi, 2019 #110120 No details of FNAC type 

Al-Chalabi, 2019 #110216 No diagnostic accuracy data relating to FNAC  

Al-Dbahri, 2001 #110317 No details of FNAC type 

Alhashem, 202121 Type of FNAC not reported 

Alshaikh, 2018 #110522 Type of FNAC not reported for all particpants 

Anderson, 2014 #111026 Not a diagnostic accuracy study 

Archondakis, 2009 #111127 No details of FNAC type 

Arena, 2014 #111228 Restricted to people at THY4 and 5 

Aysan, 2017 #111531 Not all CNB categories given opportunity for surgery 
- therefore the diagnostic accuracy analysis only 
performed with appropriate GS for people of thy3 
and above. This will skew accuracy of the categories 
given surgery. 

Bahar, 2003 #111633 No diagnostic accuracy data provided  

Bajaj, 200634 Serious inconsistencies between tabular results and 
text 

Balas, 1985 #111835 Statistics paper; no diagnostic accuracy analysis 

Bapat, 1992 #111936 No details on FNAC type 

Basharat, 2011 #112037 No details of FNAC type 

Baskin, 1987 #112239 Not all participants had histopathological gold 
standard  

Beecham, 1988 #112340 Not all participants had histopathological gold 
standard  

Bernante, 1998 #112643 Did not evaluate diagnostic accuracy of FNA 

Bhartiya, 2016 #112744 Data not reported clearly enough to permit extraction 
of raw data 

Bhatki, 2008 #112845 No definition of gold standard 

Bhatti, 2010 #112946 No details of FNAC type 

Bisi, 1992 #113148 Non-systematic review of literature 

Blumenfeld, 1999 #113249 Not relevant to protocol question 

Bozbiyik, 2017 #113552 No details of FNAC type 

Breeze, 2014 #7454 Insufficient data to calculate sensitivity and 
specificity 

Burch, 1996 #113956 No details of FNAC type 
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Buzdar, 201657 Type of FNAC not reported 

Caleo, 2016 #114058 Not all CNB categories given opportunity for surgery 
- therefore the diagnostic accuracy analysis only 
performed with appropriate GS for people of thy3B 
and above. This will skew accuracy of the categories 
given surgery. 

Camargo, 2007 #114159 Evaluated a combined US and FNAC score 

Can, 2009 #7760 Cost effectiveness paper 

Cappelli, 2009 #114462 Opinion piece 

Caraci, 2002 #114563 No details of FNAC type 

Carpi, 1994 #114664 unavailable for loan 

Cavallo, 2017 #114765 No details of FNAC type 

Chakravarthy, 2018 #114866 Not all participants had histopathological gold 
standard 

Chen, 1998 #115068 No details of FNAC type 

Choi, 2014 #115271 Not all participants had histopathological gold 
standard  

Chowdhury, 2008 #115473 No details of FNAC type 

Christ, 1979 #115574 Unavailable for loan 

Chu, 1979 #115675 Unavailable for loan 

Ciatti, 1983 #115776 Unable to source 

Ciobanu, 2006 #115877 No diagnostic accuracy analysis 

Clary, 2005 #115978 FNAC ratings limited to follicular lesions and 
follicular neoplasms 

Colacchio, 1980 #116079 Not all participants had histopathological gold 
standard  

Cristo, 2016 #116281 Excluded from accuracy analysis those with 
unsatisfactory, indeterminate (class III) and class IV 
lesions 

Crowe, 2011 #116383 Gold standard unclear - not reported that all had 
histopathology 

Daskalakis, 2008 #116586 Theoretical paper involving design of a multi-
classifier system 

Davidov, 2010 #116687 No details of FNAC type 

Davoudi, 1997 #116889 No details of FNAC type 

Dellal, 2021 #117192 No details of FNAC type 

Deshpande, 1997 #117293 Restricted to FNAC grading of follicular neoplasms 

Di Benedetto, 2013 #117394 Not all participants had histopathological gold 
standard  

Duek, 2002 #117495 No details of FNAC type 

Dumitriu, 1984 #117596 Not all participants had histopathological gold 
standard  

El Hag, 2003 #117899 Gold standard differentiated neoplasms from benign, 
not malignant from benign 

Erdogan, 1998 #1179100 No diagnostic accuracy analysis 

Ersoz, 2016 #1180101 No UK source 

Essex-Sorlie, 2000 #1181102 No details of FNAC type 

F, 2011 #1182103 No details of FNAC type 

Fadda, 1998 #1183104 Restricted to FNAC grading of follicular lesions 
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Ferraz de Oliveira, 2019 #1185107 Unclear if histopathology used as GS for all patients 

Flanagan, 2006 #1186109 Repeat FNAC in people with initially benign 
cytological results 

Fon, 1996 #1187110 No details of FNAC type 

Frable, 1979 #1191114 Not all participants had histopathological gold 
standard (some had long term clinical observation) 

Frable, 1980 #1188112 Not all participants had histopathological gold 
standard (some had long term clinical observation) 

Frable, 1982 #1189111 No useful data pertaining to thyroid nodules 

Frable, 1986 #1190113 Unclear if histopathology used as GS for all patients 

Franklyn, 1987 #1194117 Likely that clinical follow up used as GS for most 
patients 

Franklyn, 1993 #1193116 Unclear if all participants had histopathological gold 
standard 

Friedman, 1979 #1195118 Likely that clinical follow up used as GS for most 
patients 

Frost, 1998 #1196119 Not all participants had histopathological gold 
standard (some had cytological gold standard) 

Fulciniti, 2001 #1197120 Restricted to FNAC grading of follicular lesions 

Furlan, 2005 #86121 Raw data not available in the paper 

Galimberti, 1997 #1199122 No details of FNA; all patients had malignancy 

Garg, 2015 #1202125 No details of FNAC type 

Garg, 2018 #762124 Patients with bethesda score of benign not given 
histopathological gold standard (conservatively 
followed up) 

Gibb, 1995 #1205128 Unavailable for loan 

Godinho-Matos, 1992 #1206129 Tabular data conflated FNAC and clinical data; gold 
standard did not evaluate malignancy (neoplasms 
not malignancy) 

Goldfarb, 1982 #1207130 Review article 

Goulart, 2021 #1209132 Bethesda I,III and IV nodules excluded so does not 
represent population 

Granados-Garcia, 2010 #1211134 In Spanish 

Greenblatt, 2006 #1212135 No details of FNAC type 

Guadagni, 1988 #1213136 No details of FNAC type 

Gunes, 2015 #1214137 No details of FNAC type 

Gupta, 2016 #1216139 No details of FNAC type 

H, 2019 #1217140 Not all participants had histopathological gold 
standard (some had 1 year clinical follow up) 

Ha, 2018 #1218141 Diagnostic accuracy of US (GS not wholly surgical 
histopathology) 

Ha, 2021142 
Combined FNAC and CNB biopsies in same 
analysis, without subgrouping 

Haas, 1993 #1219143 Histopathology not used as GS for all patients 

Haider, 2011 #1221145 Restricted to analysis of inadequate smears 

Hajmanoochehri, 2015 Gold standard differentiated neoplasms and non-
neoplasms, not malignancy versus non-malignancy 

Hamaker, 1983 #1223146 Histopathology not used as GS for all patients 

Hamburger, 1985 #1225148 No details of FNAC type 
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Hamburger, 1988 #1224147 No diagnostic accuracy analysis 

Harach, 1989 #1228151 unavailable for loan 

Hawkins, 2021154 No diagnostic accuracy analysis 

Hirokawa, 2020 #1232156 No non-malignant participants in sample so 
specificity not measured 

Hoffman, 1986 #1233157 Non-systematic-review paper 

Hong, 2020158 No diagnostic accuracy analysis 

Hurtado-López, 2004 #1578162 Data not reported clearly enough to permit extraction 
of raw data 

Irish, 1992 #1239164 No details of FNAC type 

Irkorucu, 2007 #1240165 No details of FNAC type 

Jing, 2012 #1244169 re-analysis of group of aspirates previously 
interpreted as AUS/FLUS - likely to be a narrow 
band of applicability 

Kakudo, 2015 #1245170 Indeterminate nodules only evaluated 

Karadeniz, 2019 #1246171 No details of FNAC type 

Karstrup, 2001 #1247172 GS differentiated neoplasms and non-neoplasms, 
not malignancy versus non-malignancy 

Katagiri, 1994 #1248173 No details of FNAC type 

Kawai, 2012 #1249174 No details of FNAC type 

Kendall, 1989 #1251176 No diagnostic accuracy analysis 

Khan, 1996 #1254179 No diagnostic accuracy analysis relevant to FNAC 

Khan, 2004 #1252177 Cases restricted to people with FNAC grades of 
follicular neoplasms, Hurthle cell neoplasms and 
follicular carcinomas 

Khan, 2013 #1253178 No UK source 

Kikuchi, 2003 #1255180 No details of FNAC type 

Kim, 2003 #1259186 Not all participants had histopathological gold 
standard (some had cytological gold standard) 

Kim, 2008 #1256181 Only patients with suggestive malignant cytology or 
clinically suspicious of malignancy among the 
indeterminate category were referred to surgery for 
GS 

Kim, 2014 #1258184 No details of FNAC type 

Kim, 2021183 All benign on FNAC 

Kim, 2022185 
differentiated subtypes of follicular variant papillary 
thyroid carcinoma 

Kini, 1980 #1261189 Vast majority in study were malignant or 
indeterminate on cytology (no benign) 

Kizilkaya, 2014 #1263190 No details of FNAC type 

Kline, 1973 #1264191 Not specific to thyroid cancer 

Knezevic-Usaj, 2012 #1265192 Not in English 

Kollur, 2003 #1268195 unavailable for loan 

Krishnappa, 2013 #1270197 Gold standard differentiated neoplasms from benign, 
not malignant from benign 

Kulstad, 2016 #1271198 No details of FNAC type 

Lee, 2002 #1275203 raw data not clear enough to allow extraction of data 

Lee, 2013 #1274202 Not all participants had histopathological gold 
standard  
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Lewis, 2009 #1277205 Review paper 

Linhares, 2021209 Type of FNAC not reported 

Liu, 2021212 Restricted to patients with elevated serum calcitonin 

Lo Gerfo, 1982 #1282213 Nonbenign on FNAC so not representative 

Lobo, 2011 #1283214 Restricted to Thy 3a to Thy 5 only 

Lodewijk, 2016 #1284215 No details of FNAC type 

Lopez, 1997 #1285216 Not all participants had histopathological gold 
standard (some had 4 year follow up) 

Lyu, 2019 #1078218 Nodules at Bethesda I,III and IV excluded from 
analysis 

Makes, 2007 #1288219 No details of FNAC type 

Malberger, 1985 #1289220 Unclear reporting of results 

Manchanda, 2018 #1291222 Cannot be sourced 

Mandal, 2011 #1293223 Cannot be sourced 

Martinek, 2004 #1295225 No details of FNAC type 

Mary Lilly, 2019 #1297227 Cannot be sourced 

Masatsugu, 2005 #1298228 No details of FNAC type 

Mathur, 2005 #1300230 Sample were restricted to people with cytology 
suggesting goitre or histology suggesting goitre 

Maxwell, 1996 #1301231 No details of FNAC type 

McCoy, 2007 #1302232 No details of FNAC type 

McHenry, 1999 #1304234 Restricted to indeterminate findings on cytology 

McIvor, 1993 #1305235 Restricted to Hurthle cell neoplasia on 
cytology/histology 

Meng, 2019 #1308238 Special population with Hashimoto's thyroiditis 

Miller, 1981 #1313243 No diagnostic accuracy analysis that specifically and 
clearly used histopathological findings as the GS 

Miller, 1985 #1314244 Unclear description of gold standard 

Miller, 1986 #1315245 Case control study where the gold standard was 
papillary cancer vs no cancer, as opposed to any 
thyroid malignancy vs no cancer. 

Mo, 2017 #1316246 Not all participants had histopathological gold 
standard (some had 1 year clinical follow up) 

Montironi, 1989 #1317247 Only discriminated between follicular adenoma and 
follicular carcinoma, not the wider issue of thyroid 
malignancy vs no malignancy 

Montironi, 1990 #1319249 Sufficient quantitative data not provided for data 
extraction 

Montironi, 1992 #1318248 Unable to access 

Mora-Guzman, 2018 #1320250 No details of FNAC type 

Morgan, 2003 #1321251 No details of FNAC type 

Muratli 2014, #1323253 No details on FNAC type 

Na, 2012 #1324254 Patients previously had non-diagnostic FNAC 
readings so atypical population 

Na, 2015 #1325255 Patients previously had atypia/follicular lesion of 
undetermined significance FNAC readings so 
atypical population 
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Ng, 1999 #1331262 Only discriminated between Hurthle cell adenoma 
and Hurthle cell carcinoma, not the wider issue of 
thyroid malignancy vs no malignancy 

Nirmal, 2017 #1332264 Cannot be sourced 

Norton, 1981 #1333265 Gold standard did not differentiate between 
adenoma and carcinoma 

Pan, 2018 #1337270 Not all participants had histopathological gold 
standard (some had US follow up) 

Pasha, 2021271 Type of FNAC not reported 

Patel, 2014 #1338272 Gold standard differentiated neoplasms from benign, 
not malignant from benign 

Pavithra, 2014 #1339274 No UK source 

Postma, 2009 #1344281 No UK source 

Raab, 1995 #1346283 Not all had histopathological gold standard 

Rangaswamy, 2013 #1351288 Population only included malignant cases  

Renshaw, 2001 #1353290 Not all participants had histopathological gold 
standard (some had cytological follow up) 

Renshaw, 2002 #1354291 No diagnostic accuracy analysis 

Renshaw, 2007 #1356293 Not all participants had histopathological gold 
standard (some had cytological follow up) 

Renshaw, 2018 #1355292 Does not provide diagnostic accuracy data (no false 
positive rates) 

Reyaz, 2020 #1357294 Not possible to extract accuracy data because data 
unclearly reported 

Rosen, 1986 #1360297 Inadequate diagnostic accuracy data to allow 
extraction  

Sabel, 1997 #1365302 Insufficient data to enable extraction (data for all 
FNAC categories not provided) 

Sahin, 2006 #1366303 No details of FNAC type 

Sangalli, 2001 #1367 304  All cases were lymphomas 

Sarda, 1997 #1368305 No details of FNAC type 

Sarkis, 2014 #1369306 No details of FNAC type 

Schnurer, 1978 #1371308 No details of FNAC type 

Seifman, 2011 #1376313 No details of FNAC type 

Sengul, 2020314 
Unclearly reported in terms of gold standard and the 
threshold of index test accuracy 

Sharma, 2016 #1380318 No details on FNAC type 

Sharma, 2017 #1381319 No details of FNAC type 

Sharma, 2019320 Type of FNAC not reported 

Sheahan, 2004 #1382321 General paper on neck masses 

Shirzad, 2003 #1383323 No details of FNAC type 

Shrestha, 2012 #1384324 No details of FNAC type 

Sidawy, 1997 #1385325 Unclear reporting of results made it difficult to extract 
accuracy data 

Silver, 1984 #1386326 No details of FNAC type 

Silverman, 1986 #1388328 No details of FNAC type 

Smadi, 2008 #1391331 No details of FNAC type 

Soreide, 1979 #1393333 No diagnostic accuracy analysis 
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Stanek-Widera, 2016 #1395335 Patients restricted to Bethesda category V in primary 
test 

Stanek-Widera, 2016 #1396336 Patients restricted to Bethesda category IV in 
primary test 

Stavric, 1980 #1397337 Not all participants had histopathological gold 
standard (some had 6 month - 3.5 year clinical follow 
up) 

Suh, 2017 #1398338 Not a diagnostic accuracy analysis 

Sulejmanovic, 2019 #1400340 All in study had thyroid cancer 

Suwatthanarak, 2021341 Type of FNAC not reported 

Taki, 1997 #1405346 Unclear data 

Talpur, 2007 #1407348 No details of FNAC type 

Tan, 2010 #943349 No details of FNAC type 

Tao, 2021350 Type of FNAC not reported 

Tee, 2007 #1409351 Literature review 

Tele, 2020352 Type of FNAC not reported 

Thomas, 1999 #1413356 Not relevant to diagnostic accuracy of FNAC in 
thyroid cancer  

Thomsen, 1973 #1414357 insufficient data for inclusion (no data on TP and TN) 

Tilak, 2002 #1415358 Covered head and neck region - no specific analysis 
for thyroid gland 

Tomimori, 1999 #1416359 evaluated a combination of US and FNA 

Werga, 2000 #1423366 Review - useful info on FNAC techniques 

Williams, 2013 #1424367 No details of FNAC type 

Wong, 1993 #1426370 insufficient data for inclusion (no data on TP and TN) 

Wong, 2012 #1425369 Literature review 

Wood, 2005 #1427371 Restricted to cellular follicular lesions 

Wu, 2016 #1430374 No details of FNAC type 

Wu, 2017 #1431375 restricted to nodules with indeterminate elastography 

Wu, 2021 #1429373 Did not consider all classes of Bethesda in 
diagnostic accuracy evaluation 

Xavier-Junior, 2020376 
No diagnostic accuracy analysis; restricted to cystic 
nodules 

Yagmur, 2018 #1434379 No details of FNAC type 

Yassa, 2007 #1435380 Patients referred for surgery because of abnormal 
FNAC - therefore not possible to analyse accuracy in 
benign categories of FNAC, and exclusion of these 
groups will heavily skew accuracy in the remaining 
groups 

Yildirim, 2021382 Type of FNAC not reported 

Yilmaz, 2020383 Type of FNAC not reported 

Ylagan, 2004 #1437384 Not possible to extract diagnostic accuracy data from 
the data provided 

Yokozawa, 1995 #1439386 Surgery only offered to those with strong suspicion 
on FNA 

Yoo, 2013 #1440387 No details of FNAC type 

Zaidan, 2010 #1441388 No UK source 

Zhang, 2012 #1446393 Unclear reporting of results making extraction of data 
impossible 
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Zhong, 2015 #1447394 Not all participants had histopathological gold 
standard (some had 1 year clinical follow up) 

Zosin, 2013 #1448395 Population with Hashimoto's thyroiditis 

Zoulias, 2011 #1449396 No UK source 

 

I.2 Health Economic studies 

Published health economic studies that met the inclusion criteria (relevant population, 
comparators, economic study design, published 2005 or later and not from non-OECD 
country or USA) but that were excluded following appraisal of applicability and 
methodological quality are listed below. See the health economic protocol for more details.  

 


