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Abstract
Purpose The sensitivity of cytology after fine needle aspiration (FNA-cytology) in detecting medullary thyroid carcinoma
(MTC) is low. To overcome this problem, measuring calcitonin (CT) in washout fluid of FNA (FNA-CT) has been largely
diffused and showed good performance. However, no evidence-based study exists comparing systematically the sensitivity
of FNA-cytology and FNA-CT. This study aimed to systematically review the literature and collect data allowing a head-to-
head comparison meta-analysis between FNA-cytology and FNA-CT in detecting MTC lesions.
Methods The online databases of PubMed/MEDLINE and Scopus were searched until June 2021. Original articles reporting
the use of both FNA-cytology and FNA-CT in the same series of histologically proven MTC lesions were included They
were extracted general features of each study, number of MTC lesions (nodule and neck lymph nodes), and true positive and
false negatives of both FNA-cytology and FNA-CT.
Results Six studies were included. The sensitivity of FNA-cytology varied from 20% to 86% with a pooled value of 54%
(95% CI 35–73%) and significant heterogeneity. The sensitivity of FNA-CT was higher than 95% in almost all studies with a
pooled value of 98% (95% CI 96–100%) without heterogeneity. The sensitivity of FNA-CT was significantly higher than
that of FNA-cytology.
Conclusions FNA-CT is significantly more sensitive than FNA-cytology in detecting MTC. Accordingly, FNA-CT repre-
sents the standard method to use in patients with suspicious MTC lesions, combined with cytology.
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Introduction

Medullary thyroid carcinoma (MTC) is an infrequent thyr-
oid malignancy originating from C-cells and occurring as a
familial disorder in about one in five cases [1, 2]. The
timing of the detection of MTC has an impact on patient’s

outcome, being a delay in the diagnosis and/or incomplete
initial treatment correlated with poorer prognosis [3–5].
Even if the cytological evaluation after fine needle aspira-
tion (FNA-cytology) is recognized as the most reliable tool
for the assessment of thyroid nodules, its sensitivity in
detecting MTC is concerning [6, 7]. In this context, the
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measurement of calcitonin (CT), the most sensitive circu-
lating marker of MTC, can be interfered by several factors
and its routine use in all patients with nodular thyroid dis-
ease has not been generally accepted [1, 2]. On the other
hand, CT measurement in the washout fluid of FNA (FNA-
CT) has been largely diffused and is recommended by the
2015 American Thyroid Association (ATA) guidelines [2].
Several original papers have been published on this topic
but no evidence-based study exists comparing system-
atically the sensitivity of FNA-cytology and FNA-CT.

In addition to the above technical issues, the need for
systematic reviews of diagnostic accuracy has gained
interest in the modern cytopathology [8]. In fact, while a lot
of original papers reporting several heterogeneous cytolo-
gical procedures and ancillary techniques are daily pub-
lished, no strong recommendations can be developed since
the absence of evidence-based studies. Then, the precision
of the diagnostic estimation in the field of cytopathology
can be significantly improved by combining data from
different studies, as usually in a meta-analysis.

The present systematic review was conceived to collect
data allowing a head-to-head comparison meta-analysis
between FNA-cytology and FNA-CT in detecting MTC
lesions. Then, an online search strategy was designed to find
original papers reporting the performance of both methods
in the same patients’ series.

Materials and methods

Review conduction

The systematic review was conducted according to the
PRISMA-DTA statement [9].

Search strategy

The online databases of PubMed/MEDLINE and Scopus were
searched. Initially, the search was based on the combinations
of the following terms (i.e., medullary, thyroid, cytology,
FNA, FNAB, FNAC, fine needle aspiration, washout, fluids,
and measurement). Later, a specific algorithm, (medullary
thyroid OR calcitonin) AND (biopsy OR FNA OR FNAC)
AND (washout OR fluid), was used. No beginning date limit
was used. No language restriction was adopted. The last search
was done on June 28th, 2021. To identify additional studies,
the references list of the retrieved articles was screened.

Study selection

In accordance to the study’s aim, the ideal study to be included
was that reporting the use of both FNA-cytology and FNA-CT
in the same series of nodules or neck lymph nodes. In fact,

only this kind of study could allow us to calculate the pooled
sensitivity of both FNAs and compare them in a head-to-head
fashion. After screening the online databases, the main
exclusion criteria were: (a) articles not within the field of
interest of the study; (b) review articles, editorials, letters,
comments; (c) articles that did not provide clear study char-
acteristics or reporting overlapping patient data; (d) studies
including <10MTCs. Two researchers (PT, JG) independently
reviewed title and abstract of the retrieved articles, applied the
above selection criteria, and reviewed the full-text of the
remaining articles to determine their inclusion. Disagreements
between them were resolved in a mutual consensus.

Data extraction

For each included study, the following data were
extracted: (a) authors and country of origin; (b) journal;
(c) year of publication; (d) number of patients evaluated;
(e) number of histologically proved MTC lesions (nodule
and neck lymph nodes); (f) number of MTC lesions with
suspicious or positive report at FNA-cytology; (g) num-
ber of MTC lesions with positive FNA-CT; (h) number of
MTC lesions with negative FNA results. Then, true
positives (TP) and false negatives (FN) of both FNA-
cytology and FNA-CT were obtained. In addition, other
technical data about the CT measurement were extracted
for each study.

Study quality assessment

The risk of bias of the studies included was assessed inde-
pendently by two reviewers (PT, JG), according to QUADAS-
2 [10]. The risk of bias was rated as low, high, or unclear.

Statistical analysis

The sensitivity of FNA-cytology and FNA-CT in detecting
MTC lesions was calculated from each article on per lesion-
based analysis by using this formula: Sensitivity= TP /
(TP+ FN). FNA-cytology was considered as TP when an
MTC lesion was defined as malignant or when it was
defined suspicious for MTC by authors of the studies. FNA-
CT was considered as TP according to the criterion adopted
by the authors of the studies. A random effects model was
used. Pooled data were presented with 95% confidence
intervals (95% CI). To compare the sensitivity between
FNA-cytology and FNA-CT, a significant difference could
be detected if the 95% CIs of the two FNAs were not
overlapping. Heterogeneity was assessed by I2 index and it
was significant with value >50%. Statistical analyses were
performed by using OpenMeta[Analyst] (open-source soft-
ware developed by the Center for Evidence Synthesis in
Health, Brown University, Providence, RI, USA).
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Results

Articles retrieved

According to our searching algorithm, a number of 204
records was retrieved. After excluding duplicates and apply-
ing the above selection criteria, 6 articles [11–16] were finally
included in the present systematic review (Fig. 1). The main
characteristics of these studies are detailed in Table 1.

Qualitative analysis (systematic review)

From the six studies included in the systematic review, four
were published by Italian authors and the remaining two
were published by researchers from Portugal and China.
One study presented a multi-center series while the other
studies were single-center. All studies included patients
with suspicious MTC or recurrent MTC based on high
serum CT levels. The overall number of patients enrolled in
the studies was 278 and the lesions that undergone FNA-
cytology and FNA-CT was 399. Finally, a total of 173
histologically proven MTC lesions were available. The
sensitivity of both FNA-cytology and FNA-CT was repor-
ted in all six studies. In addition, some of them [14, 15] also
calculated the sensitivity of FNA-CT/serum CT ratio.
Table 2 illustrates the FNA results recorded in the six

studies. The technical approach used in the six studies to
prepare samples for FNA-cytology and FNA-CT is sum-
marized in the Table 3.

Qualitative assessment

The risk of bias was assessed based on four study char-
acteristics (Table 4). The risk of selection bias was unclear
in four studies, low in one and high in another one.
Remarkably, the standard of reference (i.e., surgical and
histological findings) was the optimal one to evaluate the
sensitivity of FNAs in all cases.

Quantitative analysis (meta-analysis)

The sensitivity of FNA-cytology recorded in the six studies
varied from 20% to 86%. The pooled sensitivity of FNA-
cytology obtained by the meta-analysis was 54% with 95%
CI from 35 to 73% and significant heterogeneity (Fig. 2). To
explore the heterogeneity both study design and date of
publication were considered as influencing factors. The
FNA-cytology sensitivity was 69% (95% CI 51–87%) in the
subgroup of retrospective studies [11, 13, 15] and 39%
(95% CI 9–68%) in the subgroup of prospective ones
[12, 14, 16]; also, it was 70% (95% CI 42–99%) in the

Fig. 1 Flow of search of articles

Table 1 Main features of the 6 included articles

First author Year Country Journal Study design Patients (n) Lesions undergone FNA

Nodules (n) Lymph nodes (n)

Boi 2007 Italy J Clin Endocrinol Metab Retrospective, single-center 23 18 18

Diazzi 2013 Italy Endocr Pract Prospective, single-center 27 60 0

Trimboli 2014 Italy Clin Endocrinol Retrospective, multi-center 88 82 3

De Crea 2014 Italy Arch Otoryngol Ital Prospective, single-center 38 NA NA

Marques 2020 Portugal Int J Endocrinol Retrospective, single-center 42 0 69

Liu 2021 China Endocrine Prospective, single-center 78 87/84a 0

a87 nodules underwent FNA-CT and 84 of them underwent also FNA-cytology

Table 2 Histologically proven MTC lesions and number of positive
cases among them

First author Year MTC
lesions at
histology

Positive/
Suspicious
FNA-
cytology

Positive
FNA-CT

Positive
FNA-CT/
serum
CT ratio

Boi 2007 21 13 21 NR

Diazzi 2013 10 1 10 NR

Trimboli 2014 34 20 34 NR

De Crea 2014 18 9 16 15

Marques 2020 21 18 21 7

Liu 2021 69 39 68 NR

NR not reported/performed
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subgroup of most recent studies [15, 16] and 45% (95% CI
20–69%) in the subgroup of the previous ones [11–14].

The sensitivity of FNA-CT was higher than 95% in all
studies except for one that recorded 88%. The pooled sen-
sitivity of FNA-CT was 98 with 95% CI from 96% to 100%
in the complete absence of heterogeneity (Fig. 3).

Since the 95% CI of FNA-cytology and FNA-CT were
not overlapping, the pooled sensitivity of FNA-CT could be

assessed as significantly higher than that observed for FNA-
cytology.

Discussion

The diagnosis of MTC can be challenging and the sig-
nificant limitations of FNA-cytology in detecting this

Table 3 Management of FNA samples for cytology and FNA-CT in the 6 studies

First author Year FNA-cytology FNA-calcitonin

Preparation Sample dilution CT assay FNA-CT cut-off proposed (pg/ml)

Boi 2007 Conventional smears 0.5 ml CT-free buffer Immulite 36 (three times the high serum CT in
non-MTC cases)

Diazzi 2013 Conventional smears
plus ICC

1.0 ml saline Dia Sorin (CLIA) 17 (after multiple cut-offs comparison)

Trimboli 2014 Conventional smears
plus ICC

1.0 ml saline Immulite 39.6 (serum CT cut-off obtained by
ROC analysis plus interlaboratory CV)

De Crea 2014 Thin-layer and
conventional smears
plus ICC

0.5 ml saline Dia Sorin (CLIA) 10.4 (ROC analysis)

Marques 2020 Conventional smears 1.0 ml saline Siemens Healthcare
Diagnostics (CLIA)

23 (ROC analysis)

Liu 2021 Conventional smears 1.0 ml saline Mindray Medical
International (CLIA)

36 (according to Boi et al. [11])

ICC immunocytochemistry, CV coefficient of variation

Table 4 Quality assessment of
the studies included in the meta-
analysis

Risk of bias Feasibility

First author Year Patient
selection

Study test Reference
standard

Timing Patient
selection

Study test Reference
standard

Boi 2007 U L L L L L L

Diazzi 2013 U L L L L L L

Trimboli 2014 U L L L L L L

De Crea 2014 H L L L L L L

Marques 2020 U L L L L L L

Liu 2021 L L L L L L L

H high, L low, U unclear

Fig. 2 Pooled sensitivity of
FNA-cytology. Diamond
indicates the pooled sensitivity.
Square size indicates the sample.
Line indicates 95% CI

Fig. 3 Pooled sensitivity of
FNA-CT. Diamond indicates the
pooled sensitivity. Square size
indicates the sample. Line
indicates 95% CI
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neoplasm are recognized. As reported in a meta-analysis
published in 2015 [6], only 56% of histologically proven
MTC lesions can be correctly detected by cytological eva-
luation. The results of that meta-analysis were not particu-
larly different compared to single studies enrolling large or
small series of MTC. Elisei et al. [17] found a 45% sensi-
tivity in 44 MTCs, Bugalho et al. [18] recorded a 63%
sensitivity in 67 cases, and Essig et al. [19] collected 245
MTCs from 12 institutions over 29 years and 112 (45.7%)
were correctly diagnosed. In this context, two historical
studies with different design must be mentioned [20, 21], as
they found a positive predictive value regarding FNA-
cytology of 89% [20] and 81% [21], respectively. The
present meta-analysis found FNA-cytology to have a 54%
sensitivity, thus perfectly confirming the previous results
obtained in a different collection of studies [6]. In recent
years, the use of FNA-CT in patients with suspicious MTC
(i.e., high serum CT levels) has gained momentum and this
strategy was introduced in 2015 ATA guidelines [2]. Since
its first description [11], FNA-CT showed high sensitivity
and an apparently higher diagnostic performance than FNA-
cytology. The main advantage of FNA-CT is that it can be
used in any institution with a laboratory department. Even if
the conventional assays for CT are not developed for this
use, no specific concerns regarding the measurement of CT
in FNA fluids have been reported in the literature. The
major potential limitation of FNA-CT should be the lack of
a fixed threshold to be adopted in the clinical practice [22].
Nevertheless, a three-point discussion has to be addressed
about this debated issue: (1) as intrinsically showed in the
data of the herein included studies, adopting an institutional
cut-off can solve this problem; (2) the complete absence of
heterogeneity we observed in the pooled sensitivity of
FNA-CT could intrinsically demonstrate that the different
technical approaches used to prepare and measure FNA-CT
(Table 3) did not influence the final result; (3) the FNA-CT
values recorded in MTC lesions are generally very high
enabling us to correctly diagnose it. Other potential weak-
nesses of FNA-CT are fully shared with alternative diag-
nostic options (i.e., immunocytochemistry for CT). Mainly,
C cell hyperplasia may result as a false positive case for
both FNA-CT and immunocytochemistry [22]. However,
while immunocytochemistry cannot be performed in a
suboptimal sample collected by FNA, FNA-CT can be
perfectly evaluated in these cases. All in all, it has to be
underlined that we need a high value of serum CT before
FNA to better select the cases in which the use of FNA-CT
might be appropriate, being this clinical strategy debatable
[23]. Moreover, measuring serum CT value represents a
key-information to better enhance the morphological eva-
luation of FNA specimens. In order to improve the perfor-
mance of both FNA-CT and FNA-cytology, testing for
serum CT in patients undergoing FNA should be considered

in clinical setting. The present meta-analysis demonstrates
with strong statistical power that the sensitivity of FNA-CT
is significantly higher than that of FNA-cytology. The use
of FNA-CT has been recommended by ATA guidelines
with Grade B recommendation [2]. With the present new
evidence-based data, the use of FNA-CT should be upgra-
ded to Grade A recommendation (strong evidence) in the
future revised guidelines. In addition, the use of FNA-CT
should be included in next revised guidelines for thyroid
cytology (i.e., Bethesda system, etc.).

A critical discussion about the herein recorded results
should be addressed. As showed by our sub-analysis, the
pooled sensitivity of FNA-cytology was negatively influ-
enced by its poor performance in prospective studies; this
corroborates that the cytological diagnosis of MTC during
the clinical practice is more difficult than its detection when
reviewing the cytological specimens for research purpose.
Furthermore, the FNA-cytology sensitivity of the most
recent studies [15, 16] was improved with respect that of the
previously published ones; we can speculate that cyto-
pathologists have recently become more aware of this dif-
ficult diagnosis and, maybe, have been positively influenced
by the concomitant use of FNA-CT. In addition, one study
[12] showed a very poor sensitivity of cytology; this finding
might be due to several reasons such as the prospective
enrollment of cases and the potential difficult sampling in
small nodules (i.e., median size 9.5 mm). Furthermore, it
should be relevant to underline the role of different pre-
paration for cytological evaluation adopted by the six studies
(Table 3). Overall, the use of the conventional smears is the
most widely used method while immunohistochemistry can
be crucial to detect MTC [20–22]. Regarding FNA-CT, the
low sensitivity recorded by De Crea et al. [14] might be due
to the prospective design and the enrollment of thyr-
oidectomized patients only; some patients of that series
might be operated-upon following suspicious serum CT and/
or FNA-cytology despite of low CT value in the washout
fluids (these cases were described as false-negative FNA-CT
cases). Anyway, the heterogeneous ultrasound presentation
of MTC has to be taken into account when critically ana-
lyzing the limitations of FNA procedure in detecting it. In
fact, as recently reported by Matrone et al. [24], <50% of
MTCs is correctly identified as suspicious by ultrasound
systems for risk stratification of thyroid nodule. The Fig. 4
illustrates the ultrasound presentation of one MTC case.

Due to the aim and conceptualization of the present
study, the specificity of FNAs could not be known. How-
ever, in most cases, patients with negative FNAs were not
operated upon and we had no strong reference of standard to
calculate the true negatives and false positives cases with
high reliability.

As usual, some potential limitations may affect the pre-
sent meta-analysis. First, no large-sample studies were
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found and this influenced the pooled sample size. This
obviously depends on the infrequent incidence of MTC.
The herein recorded difference in sensitivity between FNA-
CT and FNA-cytology was significant (i.e., non-
overlapping 95% CIs) and this data suggests to perform,
as a further proof, prospective multicenter studies with
direct comparison between FNA-CT and FNA-cytology.
Second, some studies were retrospective. This could influ-
ence the findings of FNA-cytology (with potential over-
estimate) and explain the heterogeneity observed only in
FNA-cytology. Third, the series of patients should be not
consecutive and a potential selection bias should be taken
into account. Fourth, we must be aware that a different use
of serum CT testing could be adopted by different institu-
tions. This might have influenced in clinical practice the
selection of patients undergoing FNA with or without
measurement of CT in washout fluids. However, the major
strength of the present data is that FNA-CT showed
excellent sensitivity with no discordant data among studies
(i.e., I2= 0).

In conclusion, our meta-analysis (1) confirms that FNA-
cytology can only detect approximately a half of histolo-
gically proven MTC lesions, and (2) demonstrates that
FNA-CT is significantly more sensitive than FNA-cytology.
Accordingly, FNA-CT is the standard method to use in
patients with suspicious MTC lesions and it has to be
combined with FNA-cytology in all cases.
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